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PREFACE

This book belongs to a series of online books summarizing the recent state Topological Geometrodynamics (TGD) and its applications. TGD can be regarded as a unified theory of fundamental
interactions but is not the kind of unified theory as so called GUTs constructed by graduate students at seventies and eighties using detailed recipes for how to reduce everything to group theory.
Nowadays this activity has been completely computerized and it probably takes only a few hours
to print out the predictions of this kind of unified theory as an article in the desired format. TGD
is something different and I am not ashamed to confess that I have devoted the last 37 years of
my life to this enterprise and am still unable to write The Rules.
If I remember correctly, I got the basic idea of Topological Geometrodynamics (TGD) during
autumn 1977, perhaps it was October. What I realized was that the representability of physical
space-times as 4-dimensional surfaces of some higher-dimensional space-time obtained by replacing
the points of Minkowski space with some very small compact internal space could resolve the conceptual difficulties of general relativity related to the definition of the notion of energy. This belief
was too optimistic and only with the advent of what I call zero energy ontology the understanding
of the notion of Poincare invariance has become satisfactory. This required also the understanding
of the relationship to General Relativity.
It soon became clear that the approach leads to a generalization of the notion of space-time
with particles being represented by space-time surfaces with finite size so that TGD could be also
seen as a generalization of the string model. Much later it became clear that this generalization is
consistent with conformal invariance only if space-time is 4-dimensional and the Minkowski space
factor of imbedding space is 4-dimensional. During last year it became clear that 4-D Minkowski
space and 4-D complex projective space CP2 are completely unique in the sense that they allow
twistor space with Kähler structure.
It took some time to discover that also the geometrization of also gauge interactions and
elementary particle quantum numbers could be possible in this framework: it took two years to
find the unique internal space (CP2 ) providing this geometrization involving also the realization
that family replication phenomenon for fermions has a natural topological explanation in TGD
framework and that the symmetries of the standard model symmetries are much more profound
than pragmatic TOE builders have believed them to be. If TGD is correct, main stream particle
physics chose the wrong track leading to the recent deep crisis when people decided that quarks
and leptons belong to same multiplet of the gauge group implying instability of proton.
There have been also longstanding problems.
• Gravitational energy is well-defined in cosmological models but is not conserved. Hence
the conservation of the inertial energy does not seem to be consistent with the Equivalence
Principle. Furthermore, the imbeddings of Robertson-Walker cosmologies turned out to
be vacuum extremals with respect to the inertial energy. About 25 years was needed to
realize that the sign of the inertial energy can be also negative and in cosmological scales the
density of inertial energy vanishes: physically acceptable universes are creatable from vacuum.
Eventually this led to the notion of zero energy ontology (ZEO) which deviates dramatically
from the standard ontology being however consistent with the crossing symmetry of quantum
field theories. In this framework the quantum numbers are assigned with zero energy states
located at the boundaries of so called causal diamonds defined as intersections of future and
past directed light-cones. The notion of energy-momentum becomes length scale dependent
since one has a scale hierarchy for causal diamonds. This allows to understand the nonconservation of energy as apparent.
Equivalence Principle as it is expressed by Einstein’s equations follows from Poincare invariance once it is realized that GRT space-time is obtained from the many-sheeted space-time of
TGD by lumping together the space-time sheets to a regionof Minkowski space and endowing
it with an effective metric given as a sum of Minkowski metric and deviations of the metrices
of space-time sheets from Minkowski metric. Similar description relates classical gauge potentials identified as components of induced spinor connection to Yang-Mills gauge potentials
in GRT space-time. Various topological inhomogenities below resolution scale identified as
particles are described using energy momentum tensor and gauge currents.
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• From the beginning it was clear that the theory predicts the presence of long ranged classical
electro-weak and color gauge fields and that these fields necessarily accompany classical
electromagnetic fields.
It took about 26 years to gain the maturity to admit the obvious: these fields are classical
correlates for long range color and weak interactions assignable to dark matter. The only
possible conclusion is that TGD physics is a fractal consisting of an entire hierarchy of fractal
copies of standard model physics. Also the understanding of electro-weak massivation and
screening of weak charges has been a long standing problem, and 32 years was needed to
discover that what I call weak form of electric-magnetic duality gives a satisfactory solution
of the problem and provides also surprisingly powerful insights to the mathematical structure
of quantum TGD.
The latest development was the realization that the well- definedness of electromagnetic
charge as quantum number for the modes of the induced spinors field requires that the CP2
projection of the region in which they are non-vanishing carries vanishing W boson field and
is 2-D. This implies in the generic case their localization to 2-D surfaces: string world sheets
and possibly also partonic 2-surfaces. This localization applies to all modes except covariantly
constant right handed neutrino generating supersymmetry and mplies that string model in
4-D space-time is part of TGD. Localization is possible only for Kähler-Dirac assigned with
Kähler action defining the dynamics of space-time surfaces. One must however leave open the
question whether W field might vanish for the space-time of GRT if related to many-sheeted
space-time in the proposed manner even when they do not vanish for space-time sheets.
I started the serious attempts to construct quantum TGD after my thesis around 1982. The
original optimistic hope was that path integral formalism or canonical quantization might be
enough to construct the quantum theory but the first discovery made already during first year of
TGD was that these formalisms might be useless due to the extreme non-linearity and enormous
vacuum degeneracy of the theory. This turned out to be the case.
• It took some years to discover that the only working approach is based on the generalization of
Einstein’s program. Quantum physics involves the geometrization of the infinite-dimensional
“world of classical worlds” (WCW) identified as 3-dimensional surfaces. Still few years had
to pass before I understood that general coordinate invariance leads to a more or less unique
solution of the problem and in positive energyontology implies that space-time surfaces are
analogous to Bohr orbits. This in positive energy ontology in which space-like 3-surface is
basic object. It is not clear whether Bohr orbitology is necessary also in ZEO in which spacetime surfaces connect space-like 3-surfaces at the light-like boundaries of causal diamond CD
obtained as intersection of future and past directed light-cones (with CP2 factor included).
The reason is that the pair of 3-surfaces replaces the boundary conditions at single 3-surface
involving also time derivatives. If one assumes Bohr orbitology then strong correlations
between the 3-surfaces at the ends of CD follow. Still a couple of years and I discovered that
quantum states of the Universe can be identified as classical spinor fields in WCW. Only
quantum jump remains the genuinely quantal aspect of quantum physics.
• During these years TGD led to a rather profound generalization of the space-time concept.
Quite general properties of the theory led to the notion of many-sheeted space-time with
sheets representing physical subsystems of various sizes. At the beginning of 90s I became
dimly aware of the importance of p-adic number fields and soon ended up with the idea that
p-adic thermodynamics for a conformally invariant system allows to understand elementary
particle massivation with amazingly few input assumptions. The attempts to understand padicity from basic principles led gradually to the vision about physics as a generalized number
theory as an approach complementary to the physics as an infinite-dimensional spinor geometry of WCW approach. One of its elements was a generalization of the number concept
obtained by fusing real numbers and various p-adic numbers along common rationals. The
number theoretical trinity involves besides p-adic number fields also quaternions and octonions and the notion of infinite prime.
• TGD inspired theory of consciousness entered the scheme after 1995 as I started to write
a book about consciousness. Gradually it became difficult to say where physics ends and
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consciousness theory begins since consciousness theory could be seen as a generalization of
quantum measurement theory by identifying quantum jump as a moment of consciousness
and by replacing the observer with the notion of self identified as a system which is conscious
as long as it can avoid entanglement with environment. The somewhat cryptic statement
“Everything is conscious and consciousness can be only lost” summarizes the basic philosophy
neatly.
The idea about p-adic physics as physics of cognition and intentionality emerged also rather
naturally and implies perhaps the most dramatic generalization of the space-time concept in
which most points of p-adic space-time sheets are infinite in real sense and the projection
to the real imbedding space consists of discrete set of points. One of the most fascinating
outcomes was the observation that the entropy based on p-adic norm can be negative. This
observation led to the vision that life can be regarded as something in the intersection of real
and p-adic worlds. Negentropic entanglement has interpretation as a correlate for various
positively colored aspects of conscious experience and means also the possibility of strongly
correlated states stable under state function reduction and different from the conventional
bound states and perhaps playing key role in the energy metabolism of living matter.
If one requires consistency of Negentropy Mazimization Pronciple with standard measurement theory, negentropic entanglement defined in terms of number theoretic negentropy is
necessarily associated with a density matrix proportional to unit matrix and is maximal and
is characterized by the dimension n of the unit matrix. Negentropy is positive and maximal
for a p-adic unique prime dividing n.
• One of the latest threads in the evolution of ideas is not more than nine years old. Learning
about the paper of Laurent Nottale about the possibility to identify planetary orbits as Bohr
orbits with a gigantic value of gravitational Planck constant made once again possible to see
the obvious. Dynamical quantized Planck constant is strongly suggested by quantum classical
correspondence and the fact that space-time sheets identifiable as quantum coherence regions
can have arbitrarily large sizes. Second motivation for the hierarchy of Planck constants
comes from bio-electromagnetism suggesting that in living systems Planck constant could
have large values making macroscopic quantum coherence possible. The interpretation of
dark matter as a hierarchy of phases of ordinary matter characterized by the value of Planck
constant is very natural.
During summer 2010 several new insights about the mathematical structure and interpretation of TGD emerged. One of these insights was the realization that the postulated hierarchy
of Planck constants might follow from the basic structure of quantum TGD. The point is that
due to the extreme non-linearity of the classical action principle the correspondence between
canonical momentum densities and time derivatives of the imbedding space coordinates is
one-to-many and the natural description of the situation is in terms of local singular covering
spaces of the imbedding space. One could speak about effective value of Planck constant
hef f = n × h coming as a multiple of minimal value of Planck constant. Quite recently it
became clear that the non-determinism of Kähler action is indeed the fundamental justification for the hierarchy: the integer n can be also interpreted as the integer characterizing
the dimension of unit matrix characterizing negentropic entanglement made possible by the
many-sheeted character of the space-time surface.
Due to conformal invariance acting as gauge symmetry the n degenerate space-time sheets
must be replaced with conformal equivalence classes of space-time sheets and conformal
transformations correspond to quantum critical deformations leaving the ends of space-time
surfaces invariant. Conformal invariance would be broken: only the sub-algebra for which
conformal weights are divisible by n act as gauge symmetries. Thus deep connections between conformal invariance related to quantum criticality, hierarchy of Planck constants,
negentropic entanglement, effective p-adic topology, and non-determinism of Kähler action
perhaps reflecting p-adic non-determinism emerges.
The implications of the hierarchy of Planck constants are extremely far reaching so that the
significance of the reduction of this hierarchy to the basic mathematical structure distinguishing between TGD and competing theories cannot be under-estimated.
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From the point of view of particle physics the ultimate goal is of course a practical construction
recipe for the S-matrix of the theory. I have myself regarded this dream as quite too ambitious
taking into account how far reaching re-structuring and generalization of the basic mathematical
structure of quantum physics is required. It has indeed turned out that the dream about explicit
formula is unrealistic before one has understood what happens in quantum jump. Symmetries
and general physical principles have turned out to be the proper guide line here. To give some
impressions about what is required some highlights are in order.
• With the emergence of ZEO the notion of S-matrix was replaced with M-matrix defined
between positive and negative energy parts of zero energy states. M-matrix can be interpreted
as a complex square root of density matrix representable as a diagonal and positive square
root of density matrix and unitary S-matrix so that quantum theory in ZEO can be said to
define a square root of thermodynamics at least formally. M-matrices in turn bombine to
form the rows of unitary U-matrix defined between zero energy states.
• A decisive step was the strengthening of the General Coordinate Invariance to the requirement
that the formulations of the theory in terms of light-like 3-surfaces identified as 3-surfaces
at which the induced metric of space-time surfaces changes its signature and in terms of
space-like 3-surfaces are equivalent. This means effective 2-dimensionality in the sense that
partonic 2-surfaces defined as intersections of these two kinds of surfaces plus 4-D tangent
space data at partonic 2-surfaces code for the physics. Quantum classical correspondence
requires the coding of the quantum numbers characterizing quantum states assigned to the
partonic 2-surfaces to the geometry of space-time surface. This is achieved by adding to the
modified Dirac action a measurement interaction term assigned with light-like 3-surfaces.
• The replacement of strings with light-like 3-surfaces equivalent to space-like 3-surfaces means
enormous generalization of the super conformal symmetries of string models. A further generalization of these symmetries to non-local Yangian symmetries generalizing the recently
discovered Yangian symmetry of N = 4 supersymmetric Yang-Mills theories is highly suggestive. Here the replacement of point like particles with partonic 2-surfaces means the
replacement of conformal symmetry of Minkowski space with infinite-dimensional superconformal algebras. Yangian symmetry provides also a further refinement to the notion of
conserved quantum numbers allowing to define them for bound states using non-local energy
conserved currents.
• A further attractive idea is that quantum TGD reduces to almost topological quantum field
theory. This is possible if the Kähler action for the preferred extremals defining WCW
Kähler function reduces to a 3-D boundary term. This takes place if the conserved currents
are so called Beltrami fields with the defining property that the coordinates associated with
flow lines extend to single global coordinate variable. This ansatz together with the weak
form of electric-magnetic duality reduces the Kähler action to Chern-Simons term with the
condition that the 3-surfaces are extremals of Chern-Simons action subject to the constraint
force defined by the weak form of electric magnetic duality. It is the latter constraint which
prevents the trivialization of the theory to a topological quantum field theory. Also the
identification of the Kähler function of WCW as Dirac determinant finds support as well as
the description of the scattering amplitudes in terms of braids with interpretation in terms of
finite measurement resolution coded to the basic structure of the solutions of field equations.
• In standard QFT Feynman diagrams provide the description of scattering amplitudes. The
beauty of Feynman diagrams is that they realize unitarity automatically via the so called
Cutkosky rules. In contrast to Feynman’s original beliefs, Feynman diagrams and virtual
particles are taken only as a convenient mathematical tool in quantum field theories. QFT
approach is however plagued by UV and IR divergences and one must keep mind open for
the possibility that a genuine progress might mean opening of the black box of the virtual
particle.
In TGD framework this generalization of Feynman diagrams indeed emerges unavoidably.
Light-like 3-surfaces replace the lines of Feynman diagrams and vertices are replaced by 2-D
partonic 2-surfaces. Zero energy ontology and the interpretation of parton orbits as light-like
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“wormhole throats” suggests that virtual particle do not differ from on mass shell particles
only in that the four- and three- momenta of wormhole throats fail to be parallel. The two
throats of the wormhole contact defining virtual particle would contact carry on mass shell
quantum numbers but for virtual particles the four-momenta need not be parallel and can
also have opposite signs of energy.
The localization of the nodes of induced spinor fields to 2-D string world sheets (and possibly
also to partonic 2-surfaces) implies a stringy formulation of the theory analogous to stringy
variant of twistor formalism with string world sheets having interpretation as 2-braids. In
TGD framework fermionic variant of twistor Grassmann formalism leads to a stringy variant
of twistor diagrammatics in which basic fermions can be said to be on mass-shell but carry
non-physical helicities in the internal lines. This suggests the generalization of the Yangian
symmetry to infinite-dimensional super-conformal algebras.
What I have said above is strongly biased view about the recent situation in quantum TGD. This
vision is single man’s view and doomed to contain unrealistic elements as I know from experience.
My dream is that young critical readers could take this vision seriously enough to try to demonstrate
that some of its basic premises are wrong or to develop an alternative based on these or better
premises. I must be however honest and tell that 32 years of TGD is a really vast bundle of
thoughts and quite a challenge for anyone who is not able to cheat himself by taking the attitude
of a blind believer or a light-hearted debunker trusting on the power of easy rhetoric tricks.
Karkkila, October, 30, Finland
Matti Pitkänen
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Chapter 1

Introduction
1.1

Basic Ideas Of Topological Geometrodynamics (TGD)

Standard model describes rather successfully both electroweak and strong interactions but sees
them as totally separate and contains a large number of parameters which it is not able to predict.
For about four decades ago unified theories known as Grand Unified Theories (GUTs) trying to
understand electroweak interactions and strong interactions as aspects of the same fundamental
gauge interaction assignable to a larger symmetry group emerged. Later superstring models trying
to unify even gravitation and strong and weak interactions emerged. The shortcomings of both
GUTs and superstring models are now well-known. If TGD - whose basic idea emerged 37 years
ago - would emerge now it would be seen as an attempt trying to solve the difficulties of these
approaches to unification.
The basic physical picture behind TGD corresponds to a fusion of two rather disparate
approaches: namely TGD as a Poincare invariant theory of gravitation and TGD as a generalization
of the old-fashioned string model.

1.1.1

Basic Vision Very Briefly

T(opological) G(eometro)D(ynamics) is one of the many attempts to find a unified description of
basic interactions. The development of the basic ideas of TGD to a relatively stable form took
time of about half decade [K2].
The basic vision and its relationship to existing theories is now rather well understood.
1. Space-times are representable as 4-surfaces in the 8-dimensional imbedding space H = M 4 ×
CP2 , where M 4 is 4-dimensional (4-D) Minkowski space and CP2 is 4-D complex projective
space (see Appendix).
2. Induction procedure (a standard procedure in fiber bundle theory, see Appendix) allows to
geometrize various fields. Space-time metric characterizing gravitational fields corresponds to
the induced metric obtained by projecting the metric tensor of H to the space-time surface.
Electroweak gauge potentials are identified as projections of the components of CP2 spinor
connection to the space-time surface, and color gauge potentials as projections of CP2 Killing
vector fields representing color symmetries. Also spinor structure can be induced: induced
spinor gamma matrices are projections of gamma matrices of H and induced spinor fields
just H spinor fields restricted to space-time surface. Spinor connection is also projected.
The interpretation is that distances are measured in imbedding space metric and parallel
translation using spinor connection of imbedding space.
The induction procedure applies to octonionic structure and the conjecture is that for preferred extremals the induced octonionic structure is quaternionic: again one just projects
the octonion units. I have proposed that one can lift space-time surfaces in H to the Cartesian product of the twistor spaces of M 4 and CP2 , which are the only 4-manifolds allowing
twistor space with Kähler structure [A37]. Now the twistor structure would be induced in
some sense, and should co-incide with that associated with the induced metric. Clearly, the
1

2
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2-spheres defining the fibers of twistor spaces of M 4 and CP2 must allow identification: this
2-sphere defines the S 2 fiber of the twistor space of space-time surface. This poses constraint
on the imbedding of the twistor space of space-time surfaces as sub-manifold in the Cartesian
product of twistor spaces.
3. Geometrization of quantum numbers is achieved. The isometry group of the geometry of
CP2 codes for the color gauge symmetries of strong interactions. Vierbein group codes
for electroweak symmetries, and explains their breaking in terms of CP2 geometry so that
standard model gauge group results. There are also important deviations from standard
model: color quantum numbers are not spin-like but analogous to orbital angular momentum:
this difference is expected to be seen only in CP2 scale. In contrast to GUTs, quark and
lepton numbers are separately conserved and family replication has a topological explanation
in terms of topology of the partonic 2-surface carrying fermionic quantum numbers.
M 4 and CP2 are unique choices for many other reasons. For instance, they are the unique 4D space-times allowing twistor space with Kähler structure. M 4 light-cone boundary allows
a huge extension of 2-D conformal symmetries. Imbedding space H has a number theoretic
interpretation as 8-D space allowing octonionic tangent space structure. M 4 and CP2 allow quaternionic structures. Therefore standard model symmetries have number theoretic
meaning.
4. Induced gauge potentials are expressible in terms of imbedding space coordinates and their
gradients and general coordinate invariance implies that there are only 4 field like variables
locally. Situation is thus extremely simple mathematically. The objection is that one loses
linear superposition of fields. The resolution of the problem comes from the generalization
of the concepts of particle and space-time.
Space-time surfaces can be also particle like having thus finite size. In particular, space-time
regions with Euclidian signature of the induced metric (temporal and spatial dimensions in
the same role) emerge and have interpretation as lines of generalized Feynman diagrams.
Particle in space-time can be identified as a topological inhomogenuity in background spacetime surface which looks like the space-time of general relativity in long length scales.
One ends up with a generalization of space-time surface to many-sheeted space-time with
space-time sheets having extremely small distance of about 104 Planck lengths (CP2 size).
As one adds a particle to this kind of structure, it touches various space-time sheets and
thus interacts with the associated classical fields. Their effects superpose linearly in good
approximation and linear superposition of fields is replaced with that for their effects.
This resolves the basic objection. It also leads to the understanding of how the space-time
of general relativity and quantum field theories emerges from TGD space-time as effective
space-time when the sheets of many-sheeted space-time are lumped together to form a region of Minkowski space with metric replaced with a metric identified as the sum of empty
Minkowski metric and deviations of the metrics of sheets from empty Minkowski metric.
Gauge potentials are identified as sums of the induced gauge potentials. TGD is therefore
a microscopic theory from which standard model and general relativity follow as a topological simplification however forcing to increase dramatically the number of fundamental field
variables.
5. A further objection is that classical weak fields identified as induced gauge fields are long
ranged and should cause large parity breaking effects due to weak interactions. These effects
are indeed observed but only in living matter. A possible resolution of problem is implied by
the condition that the modes of the induced spinor fields have well-defined electromagnetic
charge. This forces their localization to 2-D string world sheets in the generic case having
vanishing weak gauge fields so that parity breaking effects emerge just as they do in standard
model. Also string model like picture emerges from TGD and one ends up with a rather
concrete view about generalized Feynman diagrammatics. A possible objection is that the
Kähler-Dirac gamma matrices do not define an integrable distribution of 2-planes defining
string world sheet.
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An even strong condition would be that the induced classical gauge fields at string world sheet
vanish: this condition is allowed by the topological description of particles. The CP2 projection of string world sheet would be 1-dimensional. Also the number theoretical condition
that octonionic and ordinary spinor structures are equivalent guaranteeing that fermionic
dynamics is associative leads to the vanishing of induced gauge fields.
The natural action would be given by string world sheet area, which is present only in the
space-time regions with Minkowskian signature. Gravitational constant would be present
as a fundamental constant in string action and the ratio ~/G/R2 would be determined by
quantum criticality condition. The hierarchy of Planck constants hef f /h = n assigned to
dark matter in TGD framework would allow to circumvent the objection that only objects of
length of order Planck length are possible since string tension given by T = 1/~ef f G apart
from numerical factor could be arbitrary small. This would make possible gravitational
bound states as partonic 2-surfaces as structures connected by strings and solve the basic
problem of super string theories. This option allows the natural interpretation of M 4 type
vacuum extremals with CP2 projection, which is Lagrange manifold as good approximations
for space-time sheets at macroscopic length scales. String area does not contribute to the
Kähler function at all.
Whether also induced spinor fields associated with Kähler-Dirac action and de-localized inside entire space-time surface should be allowed remains an open question: super-conformal
symmetry strongly suggests their presence. A possible interpretation for the corresponding
spinor modes could be in terms of dark matter, sparticles, and hierarchy of Planck constants.
It is perhaps useful to make clear what TGD is not and also what new TGD can give to
physics.
1. TGD is not just General Relativity made concrete by using imbeddings: the 4-surface property is absolutely essential for unifying standard model physics with gravitation and to circumvent the incurable conceptual problems of General Relativity. The many-sheeted spacetime of TGD gives rise only at macroscopic limit to GRT space-time as a slightly curved
Minkowski space. TGD is not a Kaluza-Klein theory although color gauge potentials are
analogous to gauge potentials in these theories.
TGD space-time is 4-D and its dimension is due to completely unique conformal properties of
light-cone boundary and 3-D light-like surfaces implying enormous extension of the ordinary
conformal symmetries. Light-like 3-surfaces represent orbits of partonic 2-surfaces and carry
fundamental fermions at 1-D boundaries of string world sheets. TGD is not obtained by
performing Poincare gauging of space-time to introduce gravitation and plagued by profound
conceptual problems.
2. TGD is not a particular string model although string world sheets emerge in TGD very
naturally as loci for spinor modes: their 2-dimensionality makes among other things possible
quantum deformation of quantization known to be physically realized in condensed matter,
and conjectured in TGD framework to be crucial for understanding the notion of finite
measurement resolution. Hierarchy of objects of dimension up to 4 emerge from TGD: this
obviously means analogy with branes of super-string models.
TGD is not one more item in the collection of string models of quantum gravitation relying
on Planck length mystics. Dark matter becomes an essential element of quantum gravitation
and quantum coherence in astrophysical scales is predicted just from the assumption that
strings connecting partonic 2-surfaces serve are responsible for gravitational bound states.
TGD is not a particular string model although AdS/CFT duality of super-string models
generalizes due to the huge extension of conformal symmetries and by the identification
of WCW gamma matrices as Noether super-charges of super-symplectic algebra having a
natural conformal structure.
3. TGD is not a gauge theory. In TGD framework the counterparts of also ordinary gauge
symmetries are assigned to super-symplectic algebra (and its Yangian [A17] [B24, B19, B20]),
which is a generalization of Kac-Moody algebras rather than gauge algebra and suffers a
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fractal hierarchy of symmetry breakings defining hierarchy of criticalities. TGD is not one
more quantum field theory like structure based on path integral formalism: path integral
is replaced with functional integral over 3-surfaces, and the notion of classical space-time
becomes exact part of the theory. Quantum theory becomes formally a purely classical
theory of WCW spinor fields: only state function reduction is something genuinely quantal.
4. TGD view about spinor fields is not the standard one. Spinor fields appear at three levels.
Spinor modes of the imbedding space are analogs of spinor modes charactering incoming
and outgoing states in quantum field theories. Induced second quantized spinor fields at
space-time level are analogs of stringy spinor fields. Their modes are localized by the welldefinedness of electro-magnetic charge and by number theoretic arguments at string world
sheets. Kähler-Dirac action is fixed by supersymmetry implying that ordinary gamma matrices are replaced by what I call Kähler-Dirac gamma matrices - this something new. WCW
spinor fields, which are classical in the sense that they are not second quantized, serve as
analogs of fields of string field theory and imply a geometrization of quantum theory.
5. TGD is in some sense an extremely conservative geometrization of entire quantum physics:
no additional structures such as gauge fields as independent dynamical degrees of freedom
are introduced: Kähler geometry and associated spinor structure are enough. “Topological”
in TGD should not be understood as an attempt to reduce physics to torsion (see for instance
[B18]) or something similar. Rather, TGD space-time is topologically non-trivial in all scales
and even the visible structures of everyday world represent non-trivial topology of space-time
in TGD Universe.
6. Twistor space - or rather, a generalization of twistor approach replacing masslessness in 4-D
sense with masslessness in 8-D sense and thus allowing description of also massive particles
- emerged originally as a technical tool, and its Kähler structure is possible only for H =
M 4 × CP2 . It however turned out that much more than a technical tool is in question. What
is genuinely new is the infinite-dimensional character of the Kähler geometry making it highly
unique, and its generalization to p-adic number fields to describe correlates of cognition. Also
the hierarchies of Planck constants hef f = n × h reducing to the quantum criticality of TGD
Universe and p-adic length scales and Zero Energy Ontology represent something genuinely
new.
The great challenge is to construct a mathematical theory around these physically very
attractive ideas and I have devoted the last41 years for the realization of this dream and this
has resulted 24 online books about TGD and nine online books about TGD inspired theory of
consciousness and of quantum biology.

1.1.2

Two Visions About TGD And Their Fusion

As already mentioned, TGD can be interpreted both as a modification of general relativity and
generalization of string models.
TGD as a Poincare invariant theory of gravitation
The first approach was born as an attempt to construct a Poincare invariant theory of gravitation.
Space-time, rather than being an abstract manifold endowed with a pseudo-Riemannian structure,
4
is regarded as a surface in the 8-dimensional space H = M×
CP2 , where M 4 denotes Minkowski
space and CP2 = SU (3)/U (2) is the complex projective space of two complex dimensions [A28,
A36, A22, A34].
The identification of the space-time as a sub-manifold [A29, A40] of M 4 × CP2 leads to
an exact Poincare invariance and solves the conceptual difficulties related to the definition of the
energy-momentum in General Relativity.
It soon however turned out that sub-manifold geometry, being considerably richer in structure than the abstract manifold geometry, leads to a geometrization of all basic interactions. First,
the geometrization of the elementary particle quantum numbers is achieved. The geometry of
CP2 explains electro-weak and color quantum numbers. The different H-chiralities of H-spinors
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correspond to the conserved baryon and lepton numbers. Secondly, the geometrization of the field
concept results. The projections of the CP2 spinor connection, Killing vector fields of CP2 and of
H-metric to four-surface define classical electro-weak, color gauge fields and metric in X 4 .
The choice of H is unique from the condition that TGD has standard model symmetries.
Also number theoretical vision selects H = M 4 × CP2 uniquely. M 4 and CP2 are also unique
spaces allowing twistor space with Kähler structure.
TGD as a generalization of the hadronic string model
The second approach was based on the generalization of the mesonic string model describing mesons
as strings with quarks attached to the ends of the string. In the 3-dimensional generalization 3surfaces correspond to free particles and the boundaries of the 3- surface correspond to partons
in the sense that the quantum numbers of the elementary particles reside on the boundaries.
Various boundary topologies (number of handles) correspond to various fermion families so that
one obtains an explanation for the known elementary particle quantum numbers. This approach
leads also to a natural topological description of the particle reactions as topology changes: for
instance, two-particle decay corresponds to a decay of a 3-surface to two disjoint 3-surfaces.
This decay vertex does not however correspond to a direct generalization of trouser vertex of
string models. Indeed, the important difference between TGD and string models is that the analogs
of string world sheet diagrams do not describe particle decays but the propagation of particles via
different routes. Particle reactions are described by generalized Feynman diagrams for which 3-D
light-like surface describing particle propagating join along their ends at vertices. As 4-manifolds
the space-time surfaces are therefore singular like Feynman diagrams as 1-manifolds.
Quite recently, it has turned out that fermionic strings inside space-time surfaces define an
exact part of quantum TGD and that this is essential for understanding gravitation in long length
scales. Also the analog of AdS/CFT duality emerges in that the Kähler metric can be defined
either in terms of Kähler function identifiable as Kähler action assignable to Euclidian space-time
regions or Kähler action + string action assignable to Minkowskian regions.
The recent view about construction of scattering amplitudes is very “stringy”. By strong
form of holography string world sheets and partonic 2-surfaces provide the data needed to construct scattering amplitudes. Space-time surfaces are however needed to realize quantum-classical
correspondence necessary to understand the classical correlates of quantum measurement. There
is a huge generalization of the duality symmetry of hadronic string models. Scattering amplitudes
can be regarded as sequences of computational operations for the Yangian of super-symplectic algebra. Product and co-product define the basic vertices and realized geometrically as partonic
2-surfaces and algebraically as multiplication for the elements of Yangian identified as supersymplectic Noether charges assignable to strings. Any computational sequences connecting given
collections of algebraic objects at the opposite boundaries of causal diamond (CD) produce identical
scattering amplitudes.
Fusion of the two approaches via a generalization of the space-time concept
The problem is that the two approaches to TGD seem to be mutually exclusive since the orbit of a
particle like 3-surface defines 4-dimensional surface, which differs drastically from the topologically
trivial macroscopic space-time of General Relativity. The unification of these approaches forces a
considerable generalization of the conventional space-time concept. First, the topologically trivial
3-space of General Relativity is replaced with a “topological condensate” containing matter as
particle like 3-surfaces “glued” to the topologically trivial background 3-space by connected sum
operation. Secondly, the assumption about connectedness of the 3-space is given up. Besides the
“topological condensate” there could be “vapor phase” that is a “gas” of particle like 3-surfaces
and string like objects (counterpart of the “baby universes” of GRT) and the non-conservation of
energy in GRT corresponds to the transfer of energy between different sheets of the space-time
and possibly existence vapour phase.
What one obtains is what I have christened as many-sheeted space-time (see Fig. http:
//tgdtheory.fi/appfigures/manysheeted.jpg or Fig. ?? in the appendix of this book). One
particular aspect is topological field quantization meaning that various classical fields assignable to
a physical system correspond to space-time sheets representing the classical fields to that particular
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system. One can speak of the field body of a particular physical system. Field body consists of
topological light rays, and electric and magnetic flux quanta. In Maxwell’s theory system does not
possess this kind of field identity. The notion of magnetic body is one of the key players in TGD
inspired theory of consciousness and quantum biology.
This picture became more detailed with the advent of zero energy ontology (ZEO). The
basic notion of ZEO is causal diamond (CD) identified as the Cartesian product of CP2 and of the
intersection of future and past directed light-cones and having scale coming as an integer multiple
of CP2 size is fundamental. CDs form a fractal hierarchy and zero energy states decompose to
products of positive and negative energy parts assignable to the opposite boundaries of CD defining
the ends of the space-time surface. The counterpart of zero energy state in positive energy ontology
is the pair of initial and final states of a physical event, say particle reaction.
At space-time level ZEO means that 3-surfaces are pairs of space-like 3-surfaces at the
opposite light-like boundaries of CD. Since the extremals of Kähler action connect these, one can
say that by holography the basic dynamical objects are the space-time surface connecting these
3-surfaces. This changes totally the vision about notions like self-organization: self-organization
by quantum jumps does not take for a 3-D system but for the entire 4-D field pattern associated
with it.
General Coordinate Invariance (GCI) allows to identify the basic dynamical objects as spacelike 3-surfaces at the ends of space-time surface at boundaries of CD: this means that spacetime surface is analogous to Bohr orbit. An alternative identification is as light-like 3-surfaces at
which the signature of the induced metric changes from Minkowskian to Euclidian and interpreted
as lines of generalized Feynman diagrams. Also the Euclidian 4-D regions would have similar
interpretation. The requirement that the two interpretations are equivalent, leads to a strong
form of General Coordinate Invariance. The outcome is effective 2-dimensionality stating that
the partonic 2-surfaces identified as intersections of the space-like ends of space-time surface and
light-like wormhole throats are the fundamental objects. That only effective 2-dimensionality is in
question is due to the effects caused by the failure of strict determinism of Kähler action. In finite
length scale resolution these effects can be neglected below UV cutoff and above IR cutoff. One
can also speak about strong form of holography.

1.1.3

Basic Objections

Objections are the most powerful tool in theory building. The strongest objection against TGD
is the observation that all classical gauge fields are expressible in terms of four imbedding space
coordinates only- essentially CP2 coordinates. The linear superposition of classical gauge fields
taking place independently for all gauge fields is lost. This would be a catastrophe without manysheeted space-time. Instead of gauge fields, only the effects such as gauge forces are superposed.
Particle topologically condenses to several space-time sheets simultaneously and experiences the
sum of gauge forces. This transforms the weakness to extreme economy: in a typical unified theory
the number of primary field variables is countered in hundreds if not thousands, now it is just four.
Second objection is that TGD space-time is quite too simple as compared to GRT spacetime due to the imbeddability to 8-D imbedding space. One can also argue that Poincare invariant
theory of gravitation cannot be consistent with General Relativity. The above interpretation allows
to understand the relationship to GRT space-time and how Equivalence Principle (EP) follows
from Poincare invariance of TGD. The interpretation of GRT space-time is as effective spacetime obtained by replacing many-sheeted space-time with Minkowski space with effective metric
determined as a sum of Minkowski metric and sum over the deviations of the induced metrices of
space-time sheets from Minkowski metric. Poincare invariance suggests strongly classical EP for
the GRT limit in long length scales at least. One can consider also other kinds of limits such as the
analog of GRT limit for Euclidian space-time regions assignable to elementary particles. In this case
deformations of CP2 metric define a natural starting point and CP2 indeed defines a gravitational
instanton with very large cosmological constant in Einstein-Maxwell theory. Also gauge potentials
of standard model correspond classically to superpositions of induced gauge potentials over spacetime sheets.
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Topological field quantization
Topological field quantization distinguishes between TGD based and more standard - say Maxwellian
- notion of field. In Maxwell’s fields created by separate systems superpose and one cannot tell
which part of field comes from which system except theoretically. In TGD these fields correspond
to different space-time sheets and only their effects on test particle superpose. Hence physical
systems have well-defined field identifies - field bodies - in particular magnetic bodies.
The notion of magnetic body carrying dark matter with non-standard large value of Planck
constant has become central concept in TGD inspired theory of consciousness and living matter,
and by starting from various anomalies of biology one ends up to a rather detailed view about the
role of magnetic body as intentional agent receiving sensory input from the biological body and
controlling it using EEG and its various scaled up variants as a communication tool. Among other
thins this leads to models for cell membrane, nerve pulse, and EEG.

1.1.4

P-Adic Variants Of Space-Time Surfaces

There is a further generalization of the space-time concept inspired by p-adic physics forcing a
generalization of the number concept through the fusion of real numbers and various p-adic number
fields. One might say that TGD space-time is adelic. Also the hierarchy of Planck constants forces
a generalization of the notion of space-time but this generalization can be understood in terms of
the failure of strict determinism for Kähler action defining the fundamental variational principle
behind the dynamics of space-time surfaces.
A very concise manner to express how TGD differs from Special and General Relativities
could be following. Relativity Principle (Poincare Invariance), General Coordinate Invariance, and
Equivalence Principle remain true. What is new is the notion of sub-manifold geometry: this allows
to realize Poincare Invariance and geometrize gravitation simultaneously. This notion also allows
a geometrization of known fundamental interactions and is an essential element of all applications
of TGD ranging from Planck length to cosmological scales. Sub-manifold geometry is also crucial
in the applications of TGD to biology and consciousness theory.

1.1.5

The Threads In The Development Of Quantum TGD

The development of TGD has involved several strongly interacting threads: physics as infinitedimensional geometry; TGD as a generalized number theory, the hierarchy of Planck constants
interpreted in terms of dark matter hierarchy, and TGD inspired theory of consciousness. In the
following these threads are briefly described.
The theoretical framework involves several threads.
1. Quantum T(opological) G(eometro)D(ynamics) as a classical spinor geometry for infinitedimensional WCW, p-adic numbers and quantum TGD, and TGD inspired theory of consciousness and of quantum biology have been for last decade of the second millenium the
basic three strongly interacting threads in the tapestry of quantum TGD.
2. The discussions with Tony Smith initiated a fourth thread which deserves the name “TGD as
a generalized number theory”. The basic observation was that classical number fields might
allow a deeper formulation of quantum TGD. The work with Riemann hypothesis made time
ripe for realization that the notion of infinite primes could provide, not only a reformulation,
but a deep generalization of quantum TGD. This led to a thorough and extremely fruitful
revision of the basic views about what the final form and physical content of quantum TGD
might be. Together with the vision about the fusion of p-adic and real physics to a larger
coherent structure these sub-threads fused to the “physics as generalized number theory”
thread.
3. A further thread emerged from the realization that by quantum classical correspondence TGD
predicts an infinite hierarchy of macroscopic quantum systems with increasing sizes, that it is
not at all clear whether standard quantum mechanics can accommodate this hierarchy, and
that a dynamical quantized Planck constant might be necessary and strongly suggested by
the failure of strict determinism for the fundamental variational principle. The identification
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of hierarchy of Planck constants labelling phases of dark matter would be natural. This also
led to a solution of a long standing puzzle: what is the proper interpretation of the predicted
fractal hierarchy of long ranged classical electro-weak and color gauge fields. Quantum classical correspondences allows only single answer: there is infinite hierarchy of p-adically scaled
up variants of standard model physics and for each of them also dark hierarchy. Thus TGD
Universe would be fractal in very abstract and deep sense.
The chronology based identification of the threads is quite natural but not logical and it is
much more logical to see p-adic physics, the ideas related to classical number fields, and infinite
primes as sub-threads of a thread which might be called “physics as a generalized number theory”.
In the following I adopt this view. This reduces the number of threads to four.
TGD forces the generalization of physics to a quantum theory of consciousness, and represent
TGD as a generalized number theory vision leads naturally to the emergence of p-adic physics as
physics of cognitive representations. The eight online books [K39, K33, K27, K49, K36, K48,
K47, K35] about TGD and nine online books about TGD inspired theory of consciousness and of
quantum biology [K37, K8, K29, K7, K14, K18, K20, K34, K46] are warmly recommended to the
interested reader.
Quantum TGD as spinor geometry of World of Classical Worlds
A turning point in the attempts to formulate a mathematical theory was reached after seven years
from the birth of TGD. The great insight was “Do not quantize”. The basic ingredients to the new
approach have served as the basic philosophy for the attempt to construct Quantum TGD since
then and have been the following ones:
1. Quantum theory for extended particles is free(!), classical(!) field theory for a generalized
Schrödinger amplitude in the configuration space CH (“world of classical worlds”, WCW)
consisting of all possible 3-surfaces in H. “All possible” means that surfaces with arbitrary
many disjoint components and with arbitrary internal topology and also singular surfaces
topologically intermediate between two different manifold topologies are included. Particle
reactions are identified as topology changes [A39, A42, A45]. For instance, the decay of a
3-surface to two 3-surfaces corresponds to the decay A → B + C. Classically this corresponds
to a path of WCW leading from 1-particle sector to 2-particle sector. At quantum level this
corresponds to the dispersion of the generalized Schrödinger amplitude localized to 1-particle
sector to two-particle sector. All coupling constants should result as predictions of the theory
since no nonlinearities are introduced.
2. During years this naı̈ve and very rough vision has of course developed a lot and is not
anymore quite equivalent with the original insight. In particular, the space-time correlates of
Feynman graphs have emerged from theory as Euclidian space-time regions and the strong
form of General Coordinate Invariance has led to a rather detailed and in many respects unexpected visions. This picture forces to give up the idea about smooth space-time surfaces
and replace space-time surface with a generalization of Feynman diagram in which vertices
represent the failure of manifold property. I have also introduced the word “world of classical
worlds” (WCW) instead of rather formal “configuration space”. I hope that “WCW” does
not induce despair in the reader having tendency to think about the technicalities involved!
3. WCW is endowed with metric and spinor structure so that one can define various metric
related differential operators, say Dirac operator, appearing in the field equations of the
theory 1
4. WCW Dirac operator appearing in Super-Virasoro conditions, imbedding space Dirac operator whose modes define the ground states of Super-Virasoro representations, Kähler-Dirac
operator at space-time surfaces, and the algebraic variant of M 4 Dirac operator appearing in
1 There

are four kinds of Dirac operators in TGD. The geometrization of quantum theory requires Kähler metric
definable either in terms of Kähler function identified as Kähler action for Euclidian space-time regions or as anticommutators for WCW gamma matrices identified as conformal Noether super-charges associated with the second
quantized modified Dirac action consisting of string world sheet term and possibly also Kähler Dirac action in
Minkowskian space-time regions. These two possible definitions reflect a duality analogous to AdS/CFT duality.
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propagators. The most ambitious dream is that zero energy states correspond to a complete
solution basis for the Dirac operator of WCW so that this classical free field theory would
dictate M-matrices defined between positive and negative energy parts of zero energy states
which form orthonormal rows of what I call U-matrix as a matrix defined between zero energy
states. Given M-matrix in turn would decompose to a product of a hermitian square root of
density matrix and unitary S-matrix.
M-matrix would define time-like entanglement coefficients between positive and negative energy parts of zero energy states (all net quantum numbers vanish for them) and can be
regarded as a hermitian square root of density matrix multiplied by a unitary S-matrix.
Quantum theory would be in well-defined sense a square root of thermodynamics. The orthogonality and hermiticity of the M-matrices commuting with S-matrix means that they
span infinite-dimensional Lie algebra acting as symmetries of the S-matrix. Therefore quantum TGD would reduce to group theory in well-defined sense.
In fact the Lie algebra of Hermitian M-matrices extends to Kac-Moody type algebra obtained
by multiplying hermitian square roots of density matrices with powers of the S-matrix. Also
the analog of Yangian algebra involving only non-negative powers of S-matrix is possible and
would correspond to a hierarchy of CDs with the temporal distances between tips coming as
integer multiples of the CP2 time.
The M-matrices associated with CDs are obtained by a discrete scaling from the minimal
CD and characterized by integer n are naturally proportional to a representation matrix of
scaling: S(n) = S n , where S is unitary S-matrix associated with the minimal CD [K43]. This
conforms with the idea about unitary time evolution as exponent of Hamiltonian discretized
to integer power of S and represented as scaling with respect to the logarithm of the proper
time distance between the tips of CD.
U-matrix elements between M-matrices for various CDs are proportional to the inner products
T r[S −n1 ◦ H i H j ◦ S n2 λ], where λ represents unitarily the discrete Lorentz boost relating the
moduli of the active boundary of CD and H i form an orthonormal basis of Hermitian square
roots of density matrices. ◦ tells that S acts at the active boundary of CD only. It turns out
possible to construct a general representation for the U-matrix reducing its construction to
that of S-matrix. S-matrix has interpretation as exponential of the Virasoro generator L−1
of the Virasoro algebra associated with super-symplectic algebra.
5. By quantum classical correspondence the construction of WCW spinor structure reduces to
the second quantization of the induced spinor fields at space-time surface. The basic action
is so called modified Dirac action (or Kähler-Dirac action) in which gamma matrices are
replaced with the modified (Kähler-Dirac) gamma matrices defined as contractions of the
canonical momentum currents with the imbedding space gamma matrices. In this manner
one achieves super-conformal symmetry and conservation of fermionic currents among other
things and consistent Dirac equation. The Kähler-Dirac gamma matrices define as anticommutators effective metric, which might provide geometrization for some basic observables
of condensed matter physics. One might also talk about bosonic emergence in accordance
with the prediction that the gauge bosons and graviton are expressible in terms of bound
states of fermion and anti-fermion.
6. An important result relates to the notion of induced spinor connection. If one requires
that spinor modes have well-defined em charge, one must assume that the modes in the
generic situation are localized at 2-D surfaces - string world sheets or perhaps also partonic
2-surfaces - at which classical W boson fields vanish. Covariantly constant right handed
neutrino generating super-symmetries forms an exception. The vanishing of also Z 0 field is
possible for Kähler-Dirac action and should hold true at least above weak length scales. This
implies that string model in 4-D space-time becomes part of TGD. Without these conditions
classical weak fields can vanish above weak scale only for the GRT limit of TGD for which
gauge potentials are sums over those for space-time sheets.
The localization simplifies enormously the mathematics and one can solve exactly the KählerDirac equation for the modes of the induced spinor field just like in super string models.
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At the light-like 3-surfaces at which the signature of the induced metric changes from Eu√
clidian to Minkowskian so that g4 vanishes one can pose the condition that the algebraic
analog of massless Dirac equation is satisfied by the nodes so that Kähler-Dirac action gives
massless Dirac propagator localizable at the boundaries of the string world sheets.
The evolution of these basic ideas has been rather slow but has gradually led to a rather
beautiful vision. One of the key problems has been the definition of Kähler function. Kähler
function is Kähler action for a preferred extremal assignable to a given 3-surface but what this
preferred extremal is? The obvious first guess was as absolute minimum of Kähler action but
could not be proven to be right or wrong. One big step in the progress was boosted by the idea
that TGD should reduce to almost topological QFT in which braids would replace 3-surfaces in
finite measurement resolution, which could be inherent property of the theory itself and imply
discretization at partonic 2-surfaces with discrete points carrying fermion number.
It took long time to realize that there is no discretization in 4-D sense - this would lead to
difficulties with basic symmetries. Rather, the discretization occurs for the parameters characterizing co-dimension 2 objects representing the information about space-time surface so that they
belong to some algebraic extension of rationals. These 2-surfaces - string world sheets and partonic
2-surfaces - are genuine physical objects rather than a computational approximation. Physics itself
approximates itself, one might say! This is of course nothing but strong form of holography.
1. TGD as almost topological QFT vision suggests that Kähler action for preferred extremals
reduces to Chern-Simons term assigned with space-like 3-surfaces at the ends of space-time
(recall the notion of causal diamond (CD)) and with the light-like 3-surfaces at which the
signature of the induced metric changes from Minkowskian to Euclidian. Minkowskian and
Euclidian regions would give at wormhole throats the same contribution apart from coeffi√
cients and in Minkowskian regions the g4 factorc coming from metric would be imaginary
so that one would obtain sum of real term identifiable as Kähler function and imaginary
term identifiable as the ordinary Minkowskian action giving rise to interference effects and
stationary phase approximation central in both classical and quantum field theory.
Imaginary contribution - the presence of which I realized only after 33 years of TGD - could
also have topological interpretation as a Morse function. On physical side the emergence of
Euclidian space-time regions is something completely new and leads to a dramatic modification of the ideas about black hole interior.
2. The manner to achieve the reduction to Chern-Simons terms is simple. The vanishing of
Coulomb contribution to Kähler action is required and is true for all known extremals if one
makes a general ansatz about the form of classical conserved currents. The so called weak
form of electric-magnetic duality defines a boundary condition reducing the resulting 3-D
terms to Chern-Simons terms. In this manner almost topological QFT results. But only
“almost” since the Lagrange multiplier term forcing electric-magnetic duality implies that
Chern-Simons action for preferred extremals depends on metric.
TGD as a generalized number theory
Quantum T(opological)D(ynamics) as a classical spinor geometry for infinite-dimensional configuration space (“world of classical worlds”, WCW), p-adic numbers and quantum TGD, and TGD
inspired theory of consciousness, have been for last ten years the basic three strongly interacting
threads in the tapestry of quantum TGD. The fourth thread deserves the name “TGD as a generalized number theory”. It involves three separate threads: the fusion of real and various p-adic
physics to a single coherent whole by requiring number theoretic universality discussed already, the
formulation of quantum TGD in terms of hyper-counterparts of classical number fields identified
as sub-spaces of complexified classical number fields with Minkowskian signature of the metric
defined by the complexified inner product, and the notion of infinite prime.
1. p-Adic TGD and fusion of real and p-adic physics to single coherent whole
The p-adic thread emerged for roughly ten years ago as a dim hunch that p-adic numbers
might be important for TGD. Experimentation with p-adic numbers led to the notion of canonical
identification mapping reals to p-adics and vice versa. The breakthrough came with the successful
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p-adic mass calculations using p-adic thermodynamics for Super-Virasoro representations with the
super-Kac-Moody algebra associated with a Lie-group containing standard model gauge group.
Although the details of the calculations have varied from year to year, it was clear that p-adic
physics reduces not only the ratio of proton and Planck mass, the great mystery number of physics,
but all elementary particle mass scales, to number theory if one assumes that primes near prime
powers of two are in a physically favored position. Why this is the case, became one of the key
puzzles and led to a number of arguments with a common gist: evolution is present already at
the elementary particle level and the primes allowed by the p-adic length scale hypothesis are the
fittest ones.
It became very soon clear that p-adic topology is not something emerging in Planck length
scale as often believed, but that there is an infinite hierarchy of p-adic physics characterized by
p-adic length scales varying to even cosmological length scales. The idea about the connection of
p-adics with cognition motivated already the first attempts to understand the role of the p-adics
and inspired “Universe as Computer” vision but time was not ripe to develop this idea to anything
concrete (p-adic numbers are however in a central role in TGD inspired theory of consciousness). It
became however obvious that the p-adic length scale hierarchy somehow corresponds to a hierarchy
of intelligences and that p-adic prime serves as a kind of intelligence quotient. Ironically, the
almost obvious idea about p-adic regions as cognitive regions of space-time providing cognitive
representations for real regions had to wait for almost a decade for the access into my consciousness.
In string model context one tries to reduces the physics to Planck scale. The price is the
inability to say anything about physics in long length scales. In TGD p-adic physics takes care of
this shortcoming by predicting the physics also in long length scales.
There were many interpretational and technical questions crying for a definite answer.
1. What is the relationship of p-adic non-determinism to the classical non-determinism of the
basic field equations of TGD? Are the p-adic space-time region genuinely p-adic or does p-adic
topology only serve as an effective topology? If p-adic physics is direct image of real physics,
how the mapping relating them is constructed so that it respects various symmetries? Is the
basic physics p-adic or real (also real TGD seems to be free of divergences) or both? If it is
both, how should one glue the physics in different number field together to get the Physics?
Should one perform p-adicization also at the level of the WCW? Certainly the p-adicization
at the level of super-conformal representation is necessary for the p-adic mass calculations.
2. Perhaps the most basic and most irritating technical problem was how to precisely define padic definite integral which is a crucial element of any variational principle based formulation
of the field equations. Here the frustration was not due to the lack of solution but due to
the too large number of solutions to the problem, a clear symptom for the sad fact that
clever inventions rather than real discoveries might be in question. Quite recently I however
learned that the problem of making sense about p-adic integration has been for decades
central problem in the frontier of mathematics and a lot of profound work has been done
along same intuitive lines as I have proceeded in TGD framework. The basic idea is certainly
the notion of algebraic continuation from the world of rationals belonging to the intersection
of real world and various p-adic worlds.
Despite various uncertainties, the number of the applications of the poorly defined p-adic
physics has grown steadily and the applications turned out to be relatively stable so that it was
clear that the solution to these problems must exist. It became only gradually clear that the
solution of the problems might require going down to a deeper level than that represented by reals
and p-adics.
The key challenge is to fuse various p-adic physics and real physics to single larger structures.
This has inspired a proposal for a generalization of the notion of number field by fusing real numbers
and various p-adic number fields and their extensions along rationals and possible common algebraic
numbers. This leads to a generalization of the notions of imbedding space and space-time concept
and one can speak about real and p-adic space-time sheets. One can talk about adelic space-time,
imbedding space, and WCW.
The notion of p-adic manifold [K98] identified as p-adic space-time surface solving p-adic
analogs of field equations and having real space-time sheet as chart map provided a possible
solution of the basic challenge of relating real and p-adic classical physics. One can also speak of
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real space-time surfaces having p-adic space-time surfaces as chart maps (cognitive maps, “thought
bubbles” ). Discretization required having interpretation in terms of finite measurement resolution
is unavoidable in this approach and this leads to problems with symmetries: canonical identification
does not commute with symmetries.
It is now clear that much more elegant approach based on abstraction exists [K96]. The map
of real preferred extremals to p-adic ones is not induced from a local correspondence between points
but is global. Discretization occurs only for the parameters characterizing string world sheets and
partonic 2-surfaces so that they belong to some algebraic extension of rationals. Restriction to
these 2-surfaces is possible by strong form of holography. Adelization providing number theoretical
universality reduces to algebraic continuation for the amplitudes from this intersection of reality
and various p-adicities - analogous to a back of a book - to various number fields. There are no
problems with symmetries but canonical identification is needed: various group invariant of the
amplitude are mapped by canonical identification to various p-adic number fields. This is nothing
but a generalization of the mapping of the p-adic mass squared to its real counterpart in p-adic
mass calculations.
This leads to surprisingly detailed predictions and far reaching conjectures. For instance,
the number theoretic generalization of entropy concept allows negentropic entanglement central
for the applications to living matter (see Fig. http://tgdtheory.fi/appfigures/cat.jpg or
Fig. ?? in the appendix of this book). One can also understand how preferred p-adic primes could
emerge as so called ramified primes of algebraic extension of rationals in question and characterizing
string world sheets and partonic 2-surfaces. Preferred p-adic primes would be ramified primes for
extensions for which the number of p-adic continuations of two-surfaces to space-time surfaces
(imaginations) allowing also real continuation (realization of imagination) would be especially
large. These ramifications would be winners in the fight for number theoretical survival. Also a
generalization of p-adic length scale hypothesis emerges from NMP [K21].
The characteristic non-determinism of the p-adic differential equations suggests strongly that
p-adic regions correspond to “mind stuff”, the regions of space-time where cognitive representations
reside. This interpretation implies that p-adic physics is physics of cognition. Since Nature is
probably a brilliant simulator of Nature, the natural idea is to study the p-adic physics of the
cognitive representations to derive information about the real physics. This view encouraged by
TGD inspired theory of consciousness clarifies difficult interpretational issues and provides a clear
interpretation for the predictions of p-adic physics.
2. The role of classical number fields
The vision about the physical role of the classical number fields relies on certain speculative
questions inspired by the idea that space-time dynamics could be reduced to associativity or coassociativity condition. Associativity means here associativity of tangent spaces of space-time
region and co-associativity associativity of normal spaces of space-time region.
1. Could space-time surfaces X 4 be regarded as associative or co-associative (“quaternionic”
is equivalent with “associative” ) surfaces of H endowed with octonionic structure in the
sense that tangent space of space-time surface would be associative (co-associative with
normal space associative) sub-space of octonions at each point of X 4 [K89]. This is certainly
possible and an interesting conjecture is that the preferred extremals of Kähler action include
associative and co-associative space-time regions.
2. Could the notion of compactification generalize to that of number theoretic compactification in the sense that one can map associative (co-associative) surfaces of M 8 regarded as
octonionic linear space to surfaces in M 4 × CP2 [K89] ? This conjecture - M 8 − H duality
- would give for M 4 × CP2 deep number theoretic meaning. CP2 would parametrize associative planes of octonion space containing fixed complex plane M 2 ⊂ M 8 and CP2 point
would thus characterize the tangent space of X 4 ⊂ M 8 . The point of M 4 would be obtained
by projecting the point of X 4 ⊂ M 8 to a point of M 4 identified as tangent space of X 4 .
This would guarantee that the dimension of space-time surface in H would be four. The
conjecture is that the preferred extremals of Kähler action include these surfaces.
3. M 8 −H duality can be generalized to a duality H → H if the images of the associative surface
in M 8 is associative surface in H. One can start from associative surface of H and assume
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that it contains the preferred M 2 tangent plane in 8-D tangent space of H or integrable
distribution M 2 (x) of them, and its points to H by mapping M 4 projection of H point to
itself and associative tangent space to CP2 point. This point need not be the original one! If
the resulting surface is also associative, one can iterate the process indefinitely. WCW would
be a category with one object.
4. G2 defines the automorphism group of octonions, and one might hope that the maps of
octonions to octonions such that the action of Jacobian in the tangent space of associative
or co-associative surface reduces to that of G2 could produce new associative/co-associative
surfaces. The action of G2 would be analogous to that of gauge group.
5. One can also ask whether the notions of commutativity and co-commutativity could have
physical meaning. The well-definedness of em charge as quantum number for the modes of
the induced spinor field requires their localization to 2-D surfaces (right-handed neutrino is
an exception) - string world sheets and partonic 2-surfaces. This can be possible only for
Kähler action and could have commutativity and co-commutativity as a number theoretic
counterpart. The basic vision would be that the dynamics of Kähler action realizes number
theoretical geometrical notions like associativity and commutativity and their co-notions.
The notion of number theoretic compactification stating that space-time surfaces can be
regarded as surfaces of either M 8 or M 4 × CP2 . As surfaces of M 8 identifiable as a sub-space of
complexified octonions (addition of commuting imaginary unit i) their tangent space or normal
space is quaternionic- and thus maximally associative or co-associative. These surfaces can be
mapped in natural manner to surfaces in M 4 × CP2 [K89] provided one can assign to each point
of tangent space a hyper-complex plane M 2 (x) ⊂ M 4 ⊂ M 8 . One can also speak about M 8 − H
duality.
This vision has very strong predictive power. It predicts that the preferred extremals of
Kähler action correspond to either quaternionic or co-quaternionic surfaces such that one can
assign to tangent space at each point of space-time surface a hyper-complex plane M 2 (x) ⊂ M 4 .
As a consequence, the M 4 projection of space-time surface at each point contains M 2 (x) and its
orthogonal complement. These distributions are integrable implying that space-time surface allows
dual slicings defined by string world sheets Y 2 and partonic 2-surfaces X 2 . The existence of this
kind of slicing was earlier deduced from the study of extremals of Kähler action and christened as
Hamilton-Jacobi structure. The physical interpretation of M 2 (x) is as the space of non-physical
polarizations and the plane of local 4-momentum.
Number theoretical compactification has inspired large number of conjectures. This includes
dual formulations of TGD as Minkowskian and Euclidian string model type theories, the precise
identification of preferred extremals of Kähler action as extremals for which second variation vanishes (at least for deformations representing dynamical symmetries) and thus providing space-time
correlate for quantum criticality, the notion of number theoretic braid implied by the basic dynamics of Kähler action and crucial for precise construction of quantum TGD as almost-topological
QFT, the construction of WCW metric and spinor structure in terms of second quantized induced
spinor fields with modified Dirac action defined by Kähler action realizing the notion of finite
measurement resolution and a connection with inclusions of hyper-finite factors of type II1 about
which Clifford algebra of WCW represents an example.
The two most important number theoretic conjectures relate to the preferred extremals of
Kähler action. The general idea is that classical dynamics for the preferred extremals of Kähler
action should reduce to number theory: space-time surfaces should be either associative or coassociative in some sense.
Associativity (co-associativity) would be that tangent (normal) spaces of space-time surfaces
associative (co-associative) in some sense and thus quaternionic (co-quaternionic). This can be
formulated in two manners.
1. One can introduce octonionic tangent space basis by assigning to the “free” gamma matrices octonion basis or in terms of octonionic representation of the imbedding space gamma
matrices possible in dimension D = 8.
2. Associativity (quaternionicity) would state that the projections of octonionic basic vectors or
induced gamma matrices basis to the space-time surface generates associative (quaternionic)
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sub-algebra at each space-time point. Co-associativity is defined in analogous manner and
can be expressed in terms of the components of second fundamental form.
3. For gamma matrix option induced rather than Kähler-Dirac gamma matrices must be in
question since Kähler-Dirac gamma matrices can span lower than 4-dimensional space and
are not parallel to the space-time surfaces as imbedding space vectors.
3. Infinite primes
The discovery of the hierarchy of infinite primes and their correspondence with a hierarchy
defined by a repeatedly second quantized arithmetic quantum field theory gave a further boost for
the speculations about TGD as a generalized number theory.
After the realization that infinite primes can be mapped to polynomials possibly representable as surfaces geometrically, it was clear how TGD might be formulated as a generalized
number theory with infinite primes forming the bridge between classical and quantum such that
real numbers, p-adic numbers, and various generalizations of p-adics emerge dynamically from algebraic physics as various completions of the algebraic extensions of rational (hyper-)quaternions and
(hyper-)octonions. Complete algebraic, topological and dimensional democracy would characterize
the theory.
The infinite primes at the first level of hierarchy, which represent analogs of bound states,
can be mapped to irreducible polynomials, which in turn characterize the algebraic extensions of
rationals defining a hierarchy of algebraic physics continuable to real and p-adic number fields.
The products of infinite primes in turn define more general algebraic extensions of rationals. The
interesting question concerns the physical interpretation of the higher levels in the hierarchy of
infinite primes and integers mappable to polynomials of n > 1 variables.

1.1.6

Hierarchy Of Planck Constants And Dark Matter Hierarchy

By quantum classical correspondence space-time sheets can be identified as quantum coherence
regions. Hence the fact that they have all possible size scales more or less unavoidably implies that
Planck constant must be quantized and have arbitrarily large values. If one accepts this then also
the idea about dark matter as a macroscopic quantum phase characterized by an arbitrarily large
value of Planck constant emerges naturally as does also the interpretation for the long ranged
classical electro-weak and color fields predicted by TGD. Rather seldom the evolution of ideas
follows simple linear logic, and this was the case also now. In any case, this vision represents the
fifth, relatively new thread in the evolution of TGD and the ideas involved are still evolving.
Dark matter as large ~ phases
D. Da Rocha and Laurent Nottale [E2] have proposed that Schrödinger equation with Planck
(~ = c =
constant ~ replaced with what might be called gravitational Planck constant ~gr = GmM
v0
1). v0 is a velocity parameter having the value v0 = 144.7 ± .7 km/s giving v0 /c = 4.6 × 10−4 .
This is rather near to the peak orbital velocity of stars in galactic halos. Also subharmonics and
harmonics of v0 seem to appear. The support for the hypothesis coming from empirical data is
impressive.
Nottale and Da Rocha believe that their Schrödinger equation results from a fractal hydrodynamics. Many-sheeted space-time however suggests that astrophysical systems are at some
levels of the hierarchy of space-time sheets macroscopic quantum systems. The space-time sheets
in question would carry dark matter.
Nottale’s hypothesis would predict a gigantic value of hgr . Equivalence Principle and the
independence of gravitational Compton length on mass m implies however that one can restrict
the values of mass m to masses of microscopic objects so that hgr would be much smaller. Large
hgr could provide a solution of the black hole collapse (IR catastrophe) problem encountered at
the classical level. The resolution of the problem inspired by TGD inspired theory of living matter
is that it is the dark matter at larger space-time sheets which is quantum coherent in the required
time scale [K84].
It is natural to assign the values of Planck constants postulated by Nottale to the space-time
sheets mediating gravitational interaction and identifiable as magnetic flux tubes (quanta) possibly
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carrying monopole flux and identifiable as remnants of cosmic string phase of primordial cosmology.
The magnetic energy of these flux quanta would correspond to dark energy and magnetic tension
would give rise to negative “pressure” forcing accelerate cosmological expansion. This leads to a
rather detailed vision about the evolution of stars and galaxies identified as bubbles of ordinary
and dark matter inside magnetic flux tubes identifiable as dark energy.
Certain experimental findings suggest the identification hef f = n× = hgr . The large value
of hgr can be seen as a manner to reduce the string tension of fermionic strings so that gravitational
(in fact all!) bound states can be described in terms of strings connecting the partonic 2-surfaces
defining particles (analogous to AdS/CFT description). The values hef f /h = n can be interpreted
in terms of a hierarchy of breakings of super-conformal symmetry in which the super-conformal
generators act as gauge symmetries only for a sub-algebras with conformal weights coming as
multiples of n. Macroscopic quantum coherence in astrophysical scales is implied. If also KählerDirac action is present, part of the interior degrees of freedom associated with the Kähler-Dirac
part of conformal algebra become physical. A possible is that tfermionic oscillator operators
generate super-symmetries and sparticles correspond almost by definition to dark matter with
hef f /h = n > 1. One implication would be that at least part if not all gravitons would be dark and
be observed only through their decays to ordinary high frequency graviton (E = hfhigh = hef f flow )
of bunch of n low energy gravitons.
Hierarchy of Planck constants from the anomalies of neuroscience and biology
The quantal ELF effects of ELF em fields on vertebrate brain have been known since seventies.
ELF em fields at frequencies identifiable as cyclotron frequencies in magnetic field whose intensity
is about 2/5 times that of Earth for biologically important ions have physiological effects and
affect also behavior. What is intriguing that the effects are found only in vertebrates (to my best
knowledge). The energies for the photons of ELF em fields are extremely low - about 10−10 times
lower than thermal energy at physiological temperatures- so that quantal effects are impossible
in the framework of standard quantum theory. The values of Planck constant would be in these
situations large but not gigantic.
This inspired the hypothesis that these photons correspond to so large a value of Planck
constant that the energy of photons is above the thermal energy. The proposed interpretation was
as dark photons and the general hypothesis was that dark matter corresponds to ordinary matter
with non-standard value of Planck constant. If only particles with the same value of Planck
constant can appear in the same vertex of Feynman diagram, the phases with different value of
Planck constant are dark relative to each other. The phase transitions changing Planck constant
can however make possible interactions between phases with different Planck constant but these
interactions do not manifest themselves in particle physics. Also the interactions mediated by
classical fields should be possible. Dark matter would not be so dark as we have used to believe.
The hypothesis hef f = hgr - at least for microscopic particles - implies that cyclotron
energies of charged particles do not depend on the mass of the particle and their spectrum is thus
universal although corresponding frequencies depend on mass. In bio-applications this spectrum
would correspond to the energy spectrum of bio-photons assumed to result from dark photons by
hef f reducing phase transition and the energies of bio-photons would be in visible and UV range
associated with the excitations of bio-molecules.
Also the anomalies of biology (see for instance [K30, K31, K44] ) support the view that dark
matter might be a key player in living matter.
Does the hierarchy of Planck constants reduce to the vacuum degeneracy of Kähler
action?
This starting point led gradually to the recent picture in which the hierarchy of Planck constants
is postulated to come as integer multiples of the standard value of Planck constant. Given integer
multiple ~ = n~0 of the ordinary Planck constant ~0 is assigned with a multiple singular covering
of the imbedding space [K65]. One ends up to an identification of dark matter as phases with
non-standard value of Planck constant having geometric interpretation in terms of these coverings
providing generalized imbedding space with a book like structure with pages labelled by Planck
constants or integers characterizing Planck constant. The phase transitions changing the value of
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Planck constant would correspond to leakage between different sectors of the extended imbedding
space. The question is whether these coverings must be postulated separately or whether they are
only a convenient auxiliary tool.
The simplest option is that the hierarchy of coverings of imbedding space is only effective.
Many-sheeted coverings of the imbedding space indeed emerge naturally in TGD framework. The
huge vacuum degeneracy of Kähler action implies that the relationship between gradients of the
imbedding space coordinates and canonical momentum currents is many-to-one: this was the very
fact forcing to give up all the standard quantization recipes and leading to the idea about physics
as geometry of the “world of classical worlds”. If one allows space-time surfaces for which all sheets
corresponding to the same values of the canonical momentum currents are present, one obtains
effectively many-sheeted covering of the imbedding space and the contributions from sheets to the
Kähler action are identical. If all sheets are treated effectively as one and the same sheet, the value
of Planck constant is an integer multiple of the ordinary one. A natural boundary condition would
be that at the ends of space-time at future and past boundaries of causal diamond containing the
space-time surface, various branches co-incide. This would raise the ends of space-time surface in
special physical role.
A more precise formulation is in terms of presence of large number of space-time sheets
connecting given space-like 3-surfaces at the opposite boundaries of causal diamond. Quantum
criticality presence of vanishing second variations of Kähler action and identified in terms of conformal invariance broken down to to sub-algebras of super-conformal algebras with conformal weights
divisible by integer n is highly suggestive notion and would imply that n sheets of the effective
covering are actually conformal equivalence classes of space-time sheets with same Kähler action
and same values of conserved classical charges (see Fig. http://tgdtheory.fi/appfigures/
planckhierarchy.jpg or Fig. ?? the appendix of this book). n would naturally correspond the
value of hef f and its factors negentropic entanglement with unit density matrix would be between
the n sheets of two coverings of this kind. p-Adic prime would be largest prime power factor of n.
Dark matter as a source of long ranged weak and color fields
Long ranged classical electro-weak and color gauge fields are unavoidable in TGD framework. The
smallness of the parity breaking effects in hadronic, nuclear, and atomic length scales does not
however seem to allow long ranged electro-weak gauge fields. The problem disappears if long
range classical electro-weak gauge fields are identified as space-time correlates for massless gauge
fields created by dark matter. Also scaled up variants of ordinary electro-weak particle spectra
are possible. The identification explains chiral selection in living matter and unbroken U (2)ew
invariance and free color in bio length scales become characteristics of living matter and of biochemistry and bio-nuclear physics.
The recent view about the solutions of Kähler- Dirac action assumes that the modes have a
well-defined em charge and this implies that localization of the modes to 2-D surfaces (right-handed
neutrino is an exception). Classical W boson fields vanish at these surfaces and also classical Z 0
field can vanish. The latter would guarantee the absence of large parity breaking effects above
intermediate boson scale scaling like hef f .

1.1.7

Twistors in TGD and connection with Veneziano duality

The twistorialization of TGD has two aspects. The attempt to generalize twistor Grassmannian
approach emerged first. It was however followed by the realization that also the twistor lift of TGD
at classical space-time level is needed. It turned out that the progress in the understanding of the
classical twistor lift has been much faster - probably this is due to my rather limited technical QFT
skills.
Twistor lift at space-time level
8-dimensional generalization of ordinary twistors is highly attractive approach to TGD [K91]. The
reason is that M 4 and CP2 are completely exceptional in the sense that they are the only 4-D
manifolds allowing twistor space with Kähler structure [A37]. The twistor space of M 4 × CP2 is
Cartesian product of those of M 4 and CP2 . The obvious idea is that space-time surfaces allowing
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twistor structure if they are orientable are representable as surfaces in H such that the properly
induced twistor structure co-incides with the twistor structure defined by the induced metric.
In fact, it is enough to generalize the induction of spinor structure to that of twistor structure
so that the induced twistor structure need not be identical with the ordinary twistor structure
possibly assignable to the space-time surface. The induction procedure reduces to a dimensional
reduction of 6-D Kähler action giving rise to 6-D surfaces having bundle structure with twistor
sphere as fiber and space-time as base. The twistor sphere of this bundle is imbedded as sphere in
the product of twistor spheres of twistor spaces of M 4 and CP2 .
This condition would define the dynamics, and the original conjecture was that this dynamics
is equivalent with the identification of space-time surfaces as preferred extremals of Kähler action.
The dynamics of space-time surfaces would be lifted to the dynamics of twistor spaces, which
are sphere bundles over space-time surfaces. What is remarkable that the powerful machinery of
complex analysis becomes available.
It however turned out that twistor lift of TGD is much more than a mere technical tool.
First of all, the dimensionally reduction of 6-D Kähler action contained besides 4-D Kähler action
also a volume term having interpretation in terms of cosmological constant. This need not bring
anything new, since all known extremals of Kähler action with non-vanishing induced Kähler form
are minimal surfaces. There is however a large number of imbeddings of twistor sphere of spacetime surface to the product of twistor spheres. Cosmological constant has spectrum and depends on
length scale, and the proposal is that coupling constant evolution reduces to that for cosmological
constant playing the role of cutoff length. That cosmological constant could transform from a mere
nuisance to a key element of fundamental physics was something totally new and unexpected.
1. The twistor lift of TGD at space-time level forces to replace 4-D Kähler action with 6-D
dimensionally reduced Kähler action for 6-D surface in the 12-D Cartesian product of 6-D
twistor spaces of M 4 and CP2 . The 6-D surface has bundle structure with twistor sphere as
fiber and space-time surface as base.
Twistor structure is obtained by inducing the twistor structure of 12-D twistor space using
dimensional reduction. The dimensionally reduced 6-D Kähler action is sum of 4-D Kähler
action and volume term having interpretation in terms of a dynamical cosmological constant
depending on the size scale of space-time surface (or of causal diamond CD in zero energy
ontology (ZEO)) and determined by the representation of twistor sphere of space-time surface
in the Cartesian product of the twistor spheres of M 4 and CP2 .
2. The preferred extremal property as a representation of quantum criticality would naturally
correspond to minimal surface property meaning that the space-time surface is separately
an extremal of both Kähler action and volume term almost everywhere so that there is no
coupling between them. This is the case for all known extremals of Kähler action with
non-vanishing induced Kähler form.
Minimal surface property could however fail at 2-D string world sheets, their boundaries and
perhaps also at partonic 2-surfaces. The failure is realized in minimal sense if the 3-surface
has 1-D edges/folds (strings) and 4-surface 2-D edges/folds (string world sheets) at which
some partial derivatives of the imbedding space coordinates are discontinuous but canonical
momentum densities for the entire action are continuous.
There would be no flow of canonical momentum between interior and string world sheet and
minimal surface equations would be satisfied for the string world sheet, whose 4-D counterpart
in twistor bundle is determined by the analog of 4-D Kähler action. These conditions allow
the transfer of canonical momenta between Kähler- and volume degrees of freedom at string
world sheets. These no-flow conditions could hold true at least asymptotically (near the
boundaries of CD).
M 8 − H duality suggests that string world sheets (partonic 2-surfaces) correspond to images
of complex 2-sub-manifolds of M 8 (having tangent (normal) space which is complex 2-plane
of octonionic M 8 ).
3. Cosmological constant would depend on p-adic length scales and one ends up to a concrete
model for the evolution of cosmological constant as a function of p-adic length scale and
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other number theoretic parameters (such as Planck constant as the order of Galois group):
this conforms with the earlier picture.
Inflation is replaced with its TGD counterpart in which the thickening of cosmic strings to
flux tubes leads to a transformation of Kähler magnetic energy to ordinary and dark matter.
Since the increase of volume increases volume energy, this leads rapidly to energy minimum
at some flux tube thickness. The reduction of cosmological constant by a phase transition
however leads to a new expansion phase. These jerks would replace smooth cosmic expansion
of GRT. The discrete coupling constant evolution predicted by the number theoretical vision
could be understood as being induced by that of cosmological constant taking the role of
cutoff parameter in QFT picture [L55].
Twistor lift at the level of scattering amplitudes and connection with Veneziano duality
The classical part of twistor lift of TGD is rather well-understood. Concerning the twistorialization
at the level of scattering amplitudes the situation is much more difficult conceptually - I already
mentioned my limited QFT skills.
1. From the classical picture described above it is clear that one should construct the 8-D
twistorial counterpart of theory involving space-time surfaces, string world sheets and their
boundaries, plus partonic 2-surfaces and that this should lead to concrete expressions for the
scattering amplitudes.
The light-like boundaries of string world sheets as carriers of fermion numbers would correspond to twistors as they appear in twistor Grassmann approach and define the analog
for the massless sector of string theories. The attempts to understand twistorialization have
been restricted to this sector.
2. The beautiful basic prediction would be that particles massless in 8-D sense can be massive
in 4-D sense. Also the infrared cutoff problematic in twistor approach emerges naturally and
reduces basically to the dynamical cosmological constant provided by classical twistor lift.
One can assign 4-momentum both to the spinor harmonics of the imbedding space representing ground states of super-conformal representations and to light-like boundaries of string
world sheets at the orbits of partonic 2-surfaces. The two four-momenta should be identical
by quantum classical correspondence: this could be seen as a concretization of Equivalence
Principle. Also a connection with string model emerges.
3. As far as symmetries are considered, the picture looks rather clear. Ordinary twistor Grassmannian approach boils down to the construction of scattering amplitudes in terms of Yangian
invariants for conformal group of M 4 . Therefore a generalization of super-symplectic symmetries to their Yangian counterpart seems necessary. These symmetries would be gigantic
but how to deduce their implications?
4. The notion of positive Grassmannian is central in the twistor approach to the scattering amplitudes in calN = 4 SUSYs. TGD provides a possible generalization and number theoretic
interpretation of this notion. TGD generalizes the observation that scattering amplitudes in
twistor Grassmann approach correspond to representations for permutations. Since 2-vertex
is the only fermionic vertex in TGD, OZI rules for fermions generalizes, and scattering amplitudes are representations for braidings.
Braid interpretation encourages the conjecture that non-planar diagrams can be reduced to
ordinary ones by a procedure analogous to the construction of braid (knot) invariants by
gradual un-braiding (un-knotting).
This is however not the only vision about a solution of non-planarity. Quantum criticality
provides different view leading to a totally unexpected connection with string models, actually
with the Veneziano duality, which was the starting point of dual resonance model in turn leading
via dual resonance models to super string models.
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1. Quantum criticality in TGD framework means that coupling constant evolution is discrete
in the sense that coupling constants are piecewise constant functions of length scale replaced
by dynamical cosmological constant. Loop corrections would vanish identically and the
recursion formulas for the scattering amplitudes (allowing only planar diagrams) deduced in
twistor Grassmann would involve no loop corrections. In particular, cuts would be replaced
by sequences of poles mimicking them like sequences of point charge mimic line charges. In
momentum discretization this picture follows automatically.
2. This would make sense in finite measurement resolution realized in number theoretical vision by number-theoretic discretization of the space-time surface (cognitive representation)
as points with coordinates in the extension of rationals defining the adele [L45]. Similar discretization would take place for momenta. Loops would vanish at the level of discretization
but what would happen at the possibly existing continuum limit: does the sequence of poles
integrate to cuts? Or is representation as sum of resonances something much deeper?
3. Maybe it is! The basic idea of behind the original Veneziano amplitudes (see http://
tinyurl.com/yyhwvbqb) was Veneziano duality. This 4-particle amplitude was generalized
by Yoshiro Nambu, Holber-Beck Nielsen, and Leonard Susskind to N-particle amplitude (see
http://tinyurl.com/yyvkx7as) based on string picture, and the resulting model was called
dual resonance model. The model was forgotten as QCD emerged. Later came superstring
models and led to M-theory. Now it has become clear that something went wrong, and it
seems that one must return to the roots. Could the return to the roots mean a careful
reconsideration of the dual resonance model?
4. Recall that Veneziano duality (1968) was deduced by assuming that scattering amplitude can
be described as sum over s-channel resonances or t-channel Regge exchanges and Veneziano
duality stated that hadronic scattering amplitudes have representation as sums over s- or tchannel resonance poles identified as excitations of strings. The sum over exchanges defined
by t-channel resonances indeed reduces at larger values of s to Regge form.
The resonances had zero width, which was not consistent with unitarity. Further, there
were no counterparts for the sum of s-, t-, and u-channel diagrams with continuous cuts
in the kinematical regions encountered in QFT approach. What puts bells ringing is the uchannel diagrams would be non-planar and non-planarity is the problem of twistor Grassmann
approach.
5. Veneziano duality is true only for s- and t- channels but not been s- and u-channel. Stringy
description makes t-channel and s-channel pictures equivalent. Could it be that in fundamental description u-channels diagrams cannot be distinguished from s-channel diagrams or
t-channel diagrams? Could the stringy representation of the scattering diagrams make uchannel twist somehow trivial if handles of string world sheet representing stringy loops in
turn representing the analog of non-planarity of Feynman diagrams are absent? The permutation of external momenta for tree diagram in absence of loops in planar representation
would be a twist of π in the representation of planar diagram as string world sheet and would
not change the topology of the string world sheet and would not involve non-trivial world
sheet topology.
For string world sheets loops would correspond to handles. The presence of handle would
give an edge with a loop at the level of 3-surface (self energy correction in QFT). Handles
are not allowed if the induced metric for the string world sheet has Minkowskian signature.
If the stringy counterparts of loops are absent, also the loops in scattering amplitudes should
be absent.
This argument applies only inside the Minkowskian space-time regions. If string world sheets
are present also in Euclidian regions, they might have handles and loop corrections could
emerge in this manner. In TGD framework strings (string world sheets) are identified to 1D edges/folds of 3-surface at which minimal surface property and topological QFT property
fails (minimal surfaces as calibrations). Could the interpretation of edge/fold as discontinuity
of some partial derivatives exclude loopy edges: perhaps the branching points would be too
singular?
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A reduction to a sum over s-channel resonances is what the vanishing of loops would suggest.
Could the presence of string world sheets make possible the vanishing of continuous cuts even at
the continuum limit so that continuum cuts would emerge only in the approximation as the density
of resonances is high enough?
The replacement of continuous cut with a sum of infinitely narrow resonances is certainly an
approximation. Could it be that the stringy representation as a sum of resonances with finite width
is an essential aspect of quantum physics allowing to get rid of infinities necessarily accompanying
loops? Consider now the arguments against this idea.
1. How to get rid of the problems with unitarity caused by the zero width of resonances? Could
finite resonance widths make unitarity possible? Ordinary twistor Grassmannian approach
predicts that the virtual momenta are light-like but complex: obviously, the imaginary part
of the energy in rest frame would have interpretation as resonance with.
In TGD framework this generalizes for 8-D momenta. By quantum-classical correspondence
(QCC) the classical Noether charges are equal to the eigenvalues of the fermionic charges
in Cartan algebrable (maximal set of mutually commuting observables) and classical TGD
indeed predicts complex momenta (Kähler coupling strength is naturally complex). QCC
thus supports this proposal.
2. Sum over resonances/exchanges picture is in conflict with QFT picture about scattering of
particles. Could finite resonance widths due to the complex momenta give rise to the QFT
type scattering amplitudes as one develops the amplitudes in Taylor series with respect to
the resonance width? Unitarity condition indeed gives the first estimate for the resonance
width.
QFT amplitudes should emerge in an approximation obtained by replacing the discrete set of
finite width resonances with a cut as the distance between poles is shorter than the resolution
for mass squared.
In superstring models string tension has single very large value and one cannot obtain QFT
type behavior at low energies (for instance, scattering amplitudes in hadronic string model
are concentrated in forward direction). TGD however predicts an entire hierarchy of padic length scales with varying string tension. The hierarchy of mass scales corresponding
roughly to the lengths and thickness of magnetic flux tubes as thickened cosmic strings and
characterized by the value of cosmological constant predicted by twistor lift of TGD. Could
this give rise to continuous QCT type cuts at the limit when measurement resolution cannot
distinguish between resonances?
The dominating term in the sum over sums of resonances in t-channel gives near forward
direction approximately the lowest mass resonance for strings with the smallest string tension.
This gives the behavior 1/(t − m2min ), where mmin corresponds to the longest mass scale
involved (the largest space-time sheet involved), approximating the 1/t-behavior of massless
theories. This also brings in IR cutoff, the lack of which is a problem of gauge theories.
This should give rise to continuous QFT type cuts at the limit when measurement resolution
cannot distinguish between resonances.

1.2

Bird’s Eye of View about the Topics of the Book

The book is devoted to the applications of p-adic length scale hypothesis and the proposal dark
matter corresponds to phases of ordinary matter with non-standard value of Planck constant.
1. p-Adic length scale hypothesis states that primes p ' 2k , k integer, in particular prime, define
preferred p-adic length scales. Physical arguments supporting this hypothesis are based on
the generalization of Hawking’s area law for blackhole entropy so that it applies in case of
elementary particles.
A much deeper number theory based justification for this hypothesis is based on the generalization of the number concept fusing real number fields and p-adic number fields among
common rationals or numbers in their non-trivial algebraic extensions. This approach also
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justifies the notion of multi-p-fractality and allows to understand scaling law in terms of
simultaneous p ' 2k - and 2-fractality. p-Adic prime characterizing particle could correspond
to so called ramified prime for extension of rationals. Generic prime decomposes to a product
of N = n different primes of n-dimensional extension of rationals. For ramified primes one
has N < n. The number of ramified primes is finite.
2. p-Adic thermodynamics is used to calculate particle masses as thermodynamical expectation values of mass squared operator represented essentially by the scaling generator L0 of
conformal transformation in conformally invariant dynamics. p-ADic thermodynamics replaces Boltzman weight with pL0 /Tp and the integer valued spectrum of L0 is essential for
guaranteeing the existence of conformal weights for Tp = 1/n. The free parameter is p and
p-adic length scaleshypothesis leaves only the integer parameter k. The p-adic values mass
squared is mapped to a real number by canonical identification or its variant. For physically
interesting primes the expansion in powers of p converges extremely rapidly so that the predictions are essentially exact once model is correct. Higgs mechanism is replaced with p-adic
thermodynamics although Higgs itself is predicted to exist.
3. Certain anomalous empirical findings inspire in TGD framework the hypothesis about the
existence of entire hierarchy of phases of matter identifiable as dark matter. The levels of
dark matter hierarchy are labeled by the values of dynamical quantized Planck constant. The
justification for the hypothesis provided by quantum classical correspondence and the fact
the sizes of space-time sheets identifiable as quantum coherence regions can be arbitrarily
large.
4. A lot of new physics is predicted. The question whether TGD predicts SUSY is not completely
settled but the right-handed neutrino serving as candidate for the generator of super-partners
is eaten in the massivation of neutrino. The right-handed neutrino assignable to the interior
of space-time surface might however generate SUSY.
p-Adic length scale hypothesis predicts that given particle can appear in several p-adic mass
scales - neutrinos could be example of this. Also the possibility of scaled up variants of
strong and weak interactions is predicted. Mersenne primes and Gaussian Mersennes are
good candidates for the corresponding p-adic length scales. At LHC M89 hadron physics
or possibly its dark variant could make itself visible and there are indications for bumps
with the masses 512 larger than the masses of corresponding ordinary hadrons. The value of
hef f /h0 = n would guarantee that the sizes of these dark hadrons are same as the sizes of
ordinary hadrons.
TGD based topological explanation of family replication phenomenon suggests that also
gauge bosons have higher families. Whereas fermions would correspond to family color
triplet, gauge bosons would correspond to family color octet and single with 3 relatively light
gauge boson families. The prediction is breaking of the universality of electroweak and color
couplings.
The organization of the book is following.
1. The first part of the book is devoted to the description of elementary particle massivation in
terms of p-adic thermodynamics.
2. The second part is devoted to the detailed calculation of masses of elementary particles and
hadrons, and to various new physics suggested or predicted by the resulting scenario.

1.3

Sources

The eight online books about TGD [K39, K33, K49, K36, K27, K48, K47, K35] and nine online
books about TGD inspired theory of consciousness and quantum biology [K37, K8, K29, K7, K14,
K18, K20, K34, K46] are warmly recommended for the reader willing to get overall view about
what is involved.
My homepage (http://tinyurl.com/ybv8dt4n) contains a lot of material about TGD. In
particular, a TGD glossary at http://tinyurl.com/yd6jf3o7).
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I have published articles about TGD and its applications to consciousness and living matter in Journal of Non-Locality (http://tinyurl.com/ycyrxj4o founded by Lian Sidorov and in
Prespacetime Journal (http://tinyurl.com/ycvktjhn), Journal of Consciousness Research and
Exploration (http://tinyurl.com/yba4f672), and DNA Decipher Journal (http://tinyurl.
com/y9z52khg), all of them founded by Huping Hu. One can find the list about the articles published at http://tinyurl.com/ybv8dt4n. I am grateful for these far-sighted people for providing
a communication channel, whose importance one cannot overestimate.

1.4

The contents of the book

1.4.1

PART I: P-ADIC DESCRIPTION OF PARTICLE MASSIVATION

Overall view about TGD from particle physics perspective
Topological Geometrodynamics is able to make rather precise and often testable predictions. In
this and two other articles I want to describe the recent over all view about the aspects of quantum
TGD relevant for particle physics.
In the first chapter I concentrate the heuristic picture about TGD with emphasis on particle
physics.
• First I represent briefly the basic ontology: the motivations for TGD and the notion of manysheeted space-time, the concept of zero energy ontology, the identification of dark matter in
terms of hierarchy of Planck constant which now seems to follow as a prediction of quantum
TGD, the motivations for p-adic physics and its basic implications, and the identification
of space-time surfaces as generalized Feynman diagrams and the basic implications of this
identification.
• Symmetries of quantum TGD are discussed. Besides the basic symmetries of the imbedding
space geometry allowing to geometrize standard model quantum numbers and classical fields
there are many other symmetries. General Coordinate Invariance is especially powerful in
TGD framework allowing to realize quantum classical correspondence and implies effective
2-dimensionality realizing strong form of holography. Super-conformal symmetries of super
string models generalize to conformal symmetries of 3-D light-like 3-surfaces.
What GRT limit of TGD and Equivalence Principle mean in TGD framework have are
problems which found a solution only quite recently (2014). GRT space-time is obtained
by lumping together the sheets of many-sheeted space-time to single piece of M 4 provided
by an effective metric defined by the sum of Minkowski metric and the deviations of the
induced metrics of space-time sheets from Minkowski metric. Same description applies to
gauge potentials of gauge theory limit. Equivalence Principle as expressed by Einstein’s
equations reflects Poincare invariance of TGD.
Super-conformal symmetries imply generalization of the space-time supersymmetry in TGD
framework consistent with the supersymmetries of minimal supersymmetric variant of the
standard model. Twistorial approach to gauge theories has gradually become part of quantum TGD and the natural generalization of the Yangian symmetry identified originally as
symmetry of N = 4 SYMs is postulated as basic symmetry of quantum TGD.
• The so called weak form of electric-magnetic duality has turned out to have extremely far
reaching consequences and is responsible for the recent progress in the understanding of
the physics predicted by TGD. The duality leads to a detailed identification of elementary
particles as composite objects of massless particles and predicts new electro-weak physics at
LHC. Together with a simple postulate about the properties of preferred extremals of Kähler
action the duality allows also to realized quantum TGD as almost topological quantum field
theory giving excellent hopes about integrability of quantum TGD.
• There are two basic visions about the construction of quantum TGD. Physics as infinitedimensional Kähler geometry of world of classical worlds (WCW) endowed with spinor structure and physics as generalized number theory. These visions are briefly summarized as also
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the practical constructing involving the concept of Dirac operator. As a matter fact, the
construction of TGD involves four Dirac operators.
1. The Kähler Dirac equation holds true in the interior of space-time surface: the welldefinedness of em charge as quantum number of zero modes implies localization of the
modes of the induced spinor field to 2-surfaces. It is quite possible that this localization
is consistent with Kähler-Dirac equation only in the Minkowskian regions where the effective metric defined by Kähler-Dirac gamma matrices can be effectively 2-dimensional
and parallel to string world sheet.
2. Assuming measurement interaction term for four-momentum, the boundary condition
for Kähler-Dirac operator gives essentially massless M 4 Dirac equation in algebraic form
coupled to what looks like Higgs term but gives a space-time correlate for the stringy
mass formula at stringy curves at the space-like ends of space-time surface.
3. The ground states of the Super-Virasoro representations are constructed in terms of the
modes of imbedding space spinor fields which are massless in 8-D sense.
4. The fourth Dirac operator is associated with super Virasoro generators and super Virasoro conditions defining Dirac equation in WCW. These conditions characterize zero
energy states as modes of WCW spinor fields and code for the generalization of S-matrix
to a collection of what I call M -matrices defining the rows of unitary U -matrix defining
unitary process.
• Twistor approach has inspired several ideas in quantum TGD during the last years. The
basic finding is that M 4 resp. CP2 is in a well-defined sense the only 4-D manifold with
Minkowskian resp. Euclidian signature of metric allowing twistor space with Kähler structure. It seems that the Yangian symmetry and the construction of scattering amplitudes in
terms of Grassmannian integrals generalizes to TGD framework. This is due to ZEO allowing
to assume that all particles have massless fermions as basic building blocks. ZEO inspires the
hypothesis that incoming and outgoing particles are bound states of fundamental fermions
associated with wormhole throats. Virtual particles would also consist of on mass shell massless particles but without bound state constraint. This implies very powerful constraints
on loop diagrams and there are excellent hopes about their finiteness: contrary to original
expectations the stringy character of the amplitudes seems necessary to guarantee finiteness.

1.4.2

WCW spinor structure

Quantum TGD should be reducible to the classical spinor geometry of the configuration space
(“world of classical worlds” (WCW)). The possibility to express the components of WCW Kähler
metric as anti-commutators of WCW gamma matrices becomes a practical tool if one assumes
that WCW gamma matrices correspond to Noether super charges for super-symplectic algebra of
WCW. The possibility to express the Kähler metric also in terms of Kähler function identified as
Kähler for Euclidian space-time regions leads to a duality analogous to AdS/CFT duality.
Physical states should correspond to the modes of the WCW spinor fields and the identification of the fermionic oscillator operators as super-symplectic charges is highly attractive. WCW
spinor fields cannot, as one might naively expect, be carriers of a definite spin and unit fermion
number. Concerning the construction of the WCW spinor structure there are some important
clues.
1. Geometrization of fermionic statistics in terms of WCW spinor structure
The great vision has been that the second quantization of the induced spinor fields can
be understood geometrically in terms of the WCW spinor structure in the sense that the anticommutation relations for WCW gamma matrices require anti-commutation relations for the oscillator operators for free second quantized induced spinor fields.
1. One must identify the counterparts of second quantized fermion fields as objects closely related to the WCW spinor structure. Ramond model has as its basic field the anti-commuting
field Γk (x), whose Fourier components are analogous to the gamma matrices of the WCW
and which behaves like a spin 3/2 fermionic field rather than a vector field. This suggests that
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the complexified gamma matrices of the WCW are analogous to spin 3/2 fields and therefore
expressible in terms of the fermionic oscillator operators so that their anti-commutativity
naturally derives from the anti-commutativity of the fermionic oscillator operators.
As a consequence, WCW spinor fields can have arbitrary fermion number and there would
be hopes of describing the whole physics in terms of WCW spinor field. Clearly, fermionic
oscillator operators would act in degrees of freedom analogous to the spin degrees of freedom
of the ordinary spinor and bosonic oscillator operators would act in degrees of freedom
analogous to the “orbital” degrees of freedom of the ordinary spinor field.
2. The classical theory for the bosonic fields is an essential part of the WCW geometry. It would
be very nice if the classical theory for the spinor fields would be contained in the definition of
the WCW spinor structure somehow. The properties of the modified massless Dirac operator
associated with the induced spinor structure are indeed very physical. The modified massless
Dirac equation for the induced spinors predicts a separate conservation of baryon and lepton
numbers. The differences between quarks and leptons result from the different couplings to
the CP2 Kähler potential. In fact, these properties are shared by the solutions of massless
Dirac equation of the imbedding space.
3. Since TGD should have a close relationship to the ordinary quantum field theories it would
be highly desirable that the second quantized free induced spinor field would somehow appear
in the definition of the WCW geometry. This is indeed true if the complexified WCW gamma
matrices are linearly related to the oscillator operators associated with the second quantized
induced spinor field on the space-time surface and/or its boundaries. There is actually no
deep reason forbidding the gamma matrices of the WCW to be spin half odd-integer objects
whereas in the finite-dimensional case this is not possible in general. In fact, in the finitedimensional case the equivalence of the spinorial and vectorial vielbeins forces the spinor
and vector representations of the vielbein group SO(D) to have same dimension and this
is possible for D = 8-dimensional Euclidian space only. This coincidence might explain
the success of 10-dimensional super string models for which the physical degrees of freedom
effectively correspond to an 8-dimensional Euclidian space.
4. It took a long time to realize that the ordinary definition of the gamma matrix algebra in
terms of the anti-commutators {γA , γB } = 2gAB must in TGD context be replaced with
†
{γA
, γB } = iJAB , where JAB denotes the matrix elements of the Kähler form of the WCW.
The presence of the Hermitian conjugation is necessary because WCW gamma matrices
carry fermion number. This definition is numerically equivalent with the standard one in
the complex coordinates. The realization of this delicacy is necessary in order to understand
how the square of the WCW Dirac operator comes out correctly.
2. Kähler-Dirac equation for induced spinor fields
Super-symmetry between fermionic and and WCW degrees of freedom dictates that KählerDirac action is the unique choice for the Dirac action
There are several approaches for solving the Kähler-Dirac (or Kähler-Dirac) equation.
1. The most promising approach assumes that the solutions are restricted on 2-D stringy world
sheets and/or partonic 2-surfaces. This strange looking view is a rather natural consequence
of both strong form of holography and of number theoretic vision, and also follows from
the notion of finite measurement resolution having discretization at partonic 2-surfaces as a
geometric correlate. Furthermore, the conditions stating that electric charge is well-defined
for preferred extremals forces the localization of the modes to 2-D surfaces in the generic
case. This also resolves the interpretational problems related to possibility of strong parity
breaking effects since induce W fields and possibly also Z 0 field above weak scale, vahish at
these surfaces.
The condition that also spinor dynamics is associative suggests strongly that the localization
to 2-D surface occurs always (for right-handed neutrino the above conditions does not apply
this). The induced gauge potentials are the possible source of trouble but the holomorphy of
spinor modes completely analogous to that encountered in string models saves the situation.
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Whether holomorphy could be replaced with its quaternionic counterpart in Euclidian regions
is not clear (this if W fields vanish at the entire space-time surface so that 4-D modes are
possible). Neither it is clear whether the localization to 2-D surfaces occurs also in Euclidian
regions with 4-D CP2 projection.
2. One expects that stringy approach based on 4-D generalization of conformal invariance or
its 2-D variant at 2-D preferred surfaces should also allow to understand the Kähler-Dirac
equation. Conformal invariance indeed allows to write the solutions explicitly using formulas
similar to encountered in string models. In accordance with the earlier conjecture, all modes
of the Kähler-Dirac operator generate badly broken super-symmetries.
3. Well-definedness of em charge is not enough to localize spinor modes at string world sheets.
Covariantly constant right-handed neutrino certainly defines solutions de-localized inside entire space-time sheet. This need not be the case if right-handed neutrino is not covarianty
constant since the non-vanishing CP2 part for the induced gamma matrices mixes it with
left-handed neutrino. For massless extremals (at least) the CP2 part however vanishes and
right-handed neutrino allows also massless holomorphic modes de-localized at entire spacetime surface and the de-localization inside Euclidian region defining the line of generalized
Feynman diagram is a good candidate for the right-handed neutrino generating the least
broken super-symmetry. This super-symmetry seems however to differ from the ordinary
one in that νR is expected to behave like a passive spectator in the scattering. Also for
the left-handed neutrino solutions localized inside string world sheet the condition that coupling to right-handed neutrino vanishes is guaranteed if gamma matrices are either purely
Minkowskian or CP2 like inside the world sheet.
awcwspin
Quantum TGD should be reducible to the classical spinor geometry of the configuration
space (“world of classical worlds” (WCW)). The possibility to express the components of WCW
Kähler metric as anti-commutators of WCW gamma matrices becomes a practical tool if one
assumes that WCW gamma matrices correspond to Noether super charges for super-symplectic
algebra of WCW. The possibility to express the Kähler metric also in terms of Kähler function
identified as Kähler for Euclidian space-time regions leads to a duality analogous to AdS/CFT
duality.
Physical states should correspond to the modes of the WCW spinor fields and the identification of the fermionic oscillator operators as super-symplectic charges is highly attractive. WCW
spinor fields cannot, as one might naively expect, be carriers of a definite spin and unit fermion
number. Concerning the construction of the WCW spinor structure there are some important
clues.
1. Geometrization of fermionic statistics in terms of WCW spinor structure
The great vision has been that the second quantization of the induced spinor fields can
be understood geometrically in terms of the WCW spinor structure in the sense that the anticommutation relations for WCW gamma matrices require anti-commutation relations for the oscillator operators for free second quantized induced spinor fields.
1. One must identify the counterparts of second quantized fermion fields as objects closely related to the WCW spinor structure. Ramond model has as its basic field the anti-commuting
field Γk (x), whose Fourier components are analogous to the gamma matrices of the WCW
and which behaves like a spin 3/2 fermionic field rather than a vector field. This suggests that
the complexified gamma matrices of the WCW are analogous to spin 3/2 fields and therefore
expressible in terms of the fermionic oscillator operators so that their anti-commutativity
naturally derives from the anti-commutativity of the fermionic oscillator operators.
As a consequence, WCW spinor fields can have arbitrary fermion number and there would
be hopes of describing the whole physics in terms of WCW spinor field. Clearly, fermionic
oscillator operators would act in degrees of freedom analogous to the spin degrees of freedom
of the ordinary spinor and bosonic oscillator operators would act in degrees of freedom
analogous to the “orbital” degrees of freedom of the ordinary spinor field.
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2. The classical theory for the bosonic fields is an essential part of the WCW geometry. It would
be very nice if the classical theory for the spinor fields would be contained in the definition of
the WCW spinor structure somehow. The properties of the modified massless Dirac operator
associated with the induced spinor structure are indeed very physical. The modified massless
Dirac equation for the induced spinors predicts a separate conservation of baryon and lepton
numbers. The differences between quarks and leptons result from the different couplings to
the CP2 Kähler potential. In fact, these properties are shared by the solutions of massless
Dirac equation of the imbedding space.
3. Since TGD should have a close relationship to the ordinary quantum field theories it would
be highly desirable that the second quantized free induced spinor field would somehow appear
in the definition of the WCW geometry. This is indeed true if the complexified WCW gamma
matrices are linearly related to the oscillator operators associated with the second quantized
induced spinor field on the space-time surface and/or its boundaries. There is actually no
deep reason forbidding the gamma matrices of the WCW to be spin half odd-integer objects
whereas in the finite-dimensional case this is not possible in general. In fact, in the finitedimensional case the equivalence of the spinorial and vectorial vielbeins forces the spinor
and vector representations of the vielbein group SO(D) to have same dimension and this
is possible for D = 8-dimensional Euclidian space only. This coincidence might explain
the success of 10-dimensional super string models for which the physical degrees of freedom
effectively correspond to an 8-dimensional Euclidian space.
4. It took a long time to realize that the ordinary definition of the gamma matrix algebra in
terms of the anti-commutators {γA , γB } = 2gAB must in TGD context be replaced with
†
{γA
, γB } = iJAB , where JAB denotes the matrix elements of the Kähler form of the WCW.
The presence of the Hermitian conjugation is necessary because WCW gamma matrices
carry fermion number. This definition is numerically equivalent with the standard one in
the complex coordinates. The realization of this delicacy is necessary in order to understand
how the square of the WCW Dirac operator comes out correctly.
2. Kähler-Dirac equation for induced spinor fields
Super-symmetry between fermionic and and WCW degrees of freedom dictates that KählerDirac action is the unique choice for the Dirac action
There are several approaches for solving the Kähler-Dirac (or Kähler-Dirac) equation.
1. The most promising approach assumes that the solutions are restricted on 2-D stringy world
sheets and/or partonic 2-surfaces. This strange looking view is a rather natural consequence
of both strong form of holography and of number theoretic vision, and also follows from
the notion of finite measurement resolution having discretization at partonic 2-surfaces as a
geometric correlate. Furthermore, the conditions stating that electric charge is well-defined
for preferred extremals forces the localization of the modes to 2-D surfaces in the generic
case. This also resolves the interpretational problems related to possibility of strong parity
breaking effects since induce W fields and possibly also Z 0 field above weak scale, vahish at
these surfaces.
The condition that also spinor dynamics is associative suggests strongly that the localization
to 2-D surface occurs always (for right-handed neutrino the above conditions does not apply
this). The induced gauge potentials are the possible source of trouble but the holomorphy of
spinor modes completely analogous to that encountered in string models saves the situation.
Whether holomorphy could be replaced with its quaternionic counterpart in Euclidian regions
is not clear (this if W fields vanish at the entire space-time surface so that 4-D modes are
possible). Neither it is clear whether the localization to 2-D surfaces occurs also in Euclidian
regions with 4-D CP2 projection.
2. One expects that stringy approach based on 4-D generalization of conformal invariance or
its 2-D variant at 2-D preferred surfaces should also allow to understand the Kähler-Dirac
equation. Conformal invariance indeed allows to write the solutions explicitly using formulas
similar to encountered in string models. In accordance with the earlier conjecture, all modes
of the Kähler-Dirac operator generate badly broken super-symmetries.
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3. Well-definedness of em charge is not enough to localize spinor modes at string world sheets.
Covariantly constant right-handed neutrino certainly defines solutions de-localized inside entire space-time sheet. This need not be the case if right-handed neutrino is not covarianty
constant since the non-vanishing CP2 part for the induced gamma matrices mixes it with
left-handed neutrino. For massless extremals (at least) the CP2 part however vanishes and
right-handed neutrino allows also massless holomorphic modes de-localized at entire spacetime surface and the de-localization inside Euclidian region defining the line of generalized
Feynman diagram is a good candidate for the right-handed neutrino generating the least
broken super-symmetry. This super-symmetry seems however to differ from the ordinary
one in that νR is expected to behave like a passive spectator in the scattering. Also for
the left-handed neutrino solutions localized inside string world sheet the condition that coupling to right-handed neutrino vanishes is guaranteed if gamma matrices are either purely
Minkowskian or CP2 like inside the world sheet.
Elementary particle vacuum functionals
Genus-generation correspondence is one of the basic ideas of TGD approach. In order to answer
various questions concerning the plausibility of the idea, one should know something about the
dependence of the elementary particle vacuum functionals on the vibrational degrees of freedom
for the partonic 2-surface.
The construction of the elementary particle vacuum functionals based on Diff invariance,
2-dimensional conformal symmetry, modular invariance plus natural stability requirements indeed
leads to an essentially unique form of the vacuum functionals and one can understand why g > 0
bosonic families are experimentally absent and why lepton numbers are conserved separately.
An argument suggesting that the number of the light fermion families is three, is developed.
The crux of the argument is that the partonic 2-surfaces coding for quantum states are for the
maxima of Kähler action hyper-elliptic, that is possess Z2 conformal symmetry, which for g > 2
implies that elementary particle vacuum functional vanishes.
Although the the original model of elementary particle have been modified and replaced
with more complex one, the basic idea about the origin of three generations remains intact.
Massless states and particle massivation
This chapter represents the most recent view about elementary particle massivation in TGD framework. This topic is necessarily quite extended since many several notions and new mathematics
is involved. Therefore the calculation of particle masses involves five chapters. In the following
my goal is to provide an up-to-date summary whereas the chapters are unavoidably a story about
evolution of ideas.
The identification of the spectrum of light particles reduces to two tasks: the construction of
massless states and the identification of the states which remain light in p-adic thermodynamics.
The latter task is relatively straightforward. The thorough understanding of the massless spectrum
requires however a real understanding of quantum TGD. It would be also highly desirable to
understand why p-adic thermodynamics combined with p-adic length scale hypothesis works. A
lot of progress has taken place in these respects during last years.
Zero energy ontology providing a detailed geometric view about bosons and fermions, the
generalization of S-matrix to what I call M -matrix, the notion of finite measurement resolution
characterized in terms of inclusions of von Neumann algebras, the derivation of p-adic coupling
constant evolution and p-adic length scale hypothesis from the first principles, the realization
that the counterpart of Higgs mechanism involves generalized eigenvalues of the Kähler-Dirac
operator: these are represent important steps of progress during last years with a direct relevance
for the understanding of particle spectrum and massivation although the predictions of p-adic
thermodynamics are not affected.
Since 2010 a further progress took place. These steps of progress relate closely to ZEO,
bosonic emergence, the discovery of the weak form of electric-magnetic duality, the realization of
the importance of twistors in TGD, and the discovery that the well-definedness of em charge forces
the modes of Kähler-Dirac operator to 2-D surfaces - string world sheets and possibly also partonic
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2-surfaces. This allows to assign to elementary particle closed string with pieces at two parallel
space-time sheets and accompanying a Kähler magnetic flux tube carrying monopole flux.
Twistor approach and the understanding of the solutions of Kähler-Dirac Dirac operator
served as a midwife in the process giving rise to the birth of the idea that all fundamental fermions
are massless and that both ordinary elementary particles and string like objects emerge from them.
Even more, one can interpret virtual particles as being composed of these massless on mass shell
particles assignable to wormhole throats. Four-momentum conservation poses extremely powerful
constraints on loop integrals but does not make them manifestly finite as believed first. String
picture is necessary for getting rid of logarithmic divergences.
The weak form of electric-magnetic duality led to the realization that elementary particles
correspond to bound states of two wormhole throats with opposite Kähler magnetic charges with
second throat carrying weak isospin compensating that of the fermion state at second wormhole
throat. Both fermions and bosons correspond to wormhole contacts: in the case of fermions
topological condensation generates the second wormhole throat. This means that altogether four
wormhole throats are involved with both fermions, gauge bosons, and gravitons (for gravitons this
is unavoidable in any case). For p-adic thermodynamics the mathematical counterpart of string
corresponds to a wormhole contact with size of order CP2 size with the role of its ends played by
wormhole throats at which the signature of the induced 4-metric changes. The key observation
is that for massless states the throats of spin 1 particle must have opposite three-momenta so
that gauge bosons are necessarily massive, even photon and other particles usually regarded as
massless must have small mass which in turn cancels infrared divergences and give hopes about
exact Yangian symmetry generalizing that of N = 4 SYM. A the level of effective space-time
assiged to many-sheeted space-time this symmetry is broken. Besides this there is weak “stringy”
contribution to the mass assignable to the magnetic flux tubes connecting the two wormhole throats
at the two space-time sheets.
1. Physical states as representations of super-symplectic and Super Kac-Moody algebras
The basic constraint is that the super-conformal algebra involved must have five tensor
factors. The precise identification of the Kac-Moody type algebra has however turned out to
be a surprisingly difficult task. The latest view is as follows. Electroweak algebra U (2)ew =
SU (2)L × U (1) and symplectic isometries of light-cone boundary (SU (2)rot × SU (3)c ) give 2+2
factors and full supersymplectic algebra involving only covariantly constant right-handed neutrino
mode would give 1 factor. This algebra could be associated with the 2-D surfaces X 2 defined by
4
× CP2 . These 2-surfaces have interpretation as
the intersections of light-like 3-surfaces with δM±
partons.
For conformal algebra there are several candidates. For symplectic algebra radial light-like
coordinate of light-cone boundary replaces complex coordinate. Light-cone boundary S 2 × R+ allows extended conformal symmetries which can be interpreted as conformal transformations of S 2
depending parametrically on the light-like coordinate of R+ . There is infinite-D subgroup of conformal isometries with S 2 dependent radial scaling compensating for the conformal scaling in S 2 .
Kähler-Dirac equation allows ordinary conformal symmetry very probably liftable to imbedding
space. The light-like orbits of partonic 2-surface are expected to allow super-conformal symmetries presumably assignable to quantum criticality and hierarchy of Planck constants. How these
conformal symmetries integrate to what is expected to be 4-D analog of 2-D conformal symmetries
remains to be understood.
Yangian algebras associated with the super-conformal algebras and motivated by twistorial
approach generalize the super-conformal symmetry and make it multi-local in the sense that generators can act on several partonic 2-surfaces simultaneously. These partonic 2-surfaces generalize
the vertices for the external massless particles in twistor Grassmann diagrams. The implications
of this symmetry are yet to be deduced but one thing is clear: Yangians are tailor made for the
description of massive bound states formed from several partons identified as partonic 2-surfaces.
2. Particle massivation
Particle massivation can be regarded as a generation of thermal mass squared and due to
a thermal mixing of a state with vanishing conformal weight with those having higher conformal
weights. The obvious objection is that Poincare invariance is lost. One could argue that one
calculates just the vacuum expectation of conformal weight so that this is not case. If this is not
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assumed, one would have in positive energy ontology superposition of ordinary quantum states with
different four-momenta and breaking of Poincare invariance since eigenstates of four-momentum
are not in question. In Zero Energy Ontology this is not the case since all states have vanishing net
quantum numbers and one has superposition of time evolutions with well-defined four-momenta.
Lorentz invariance with respect to the either boundary of CD is achieved but there is small breaking
of Poincare invariance characterized by the inverse of p-adic prime p characterizing the particle.
For electron one has 1/p = 1/M127 ∼ 10−38 .
One can imagine several microscopic mechanisms of massivation. The following proposal is
the winner in the fight for survival between several competing scenarios.
1. Instead of energy, the Super Kac-Moody Virasoro (or equivalently super-symplectic) generator L0 (essentially mass squared) is thermalized in p-adic thermodynamics (and also in its
real version assuming it exists). That mass squared, rather than energy, is a fundamental
quantity at CP2 length scale is also suggested by a simple dimensional argument (Planck
mass squared is proportional to ~ so that it should correspond to a generator of some Liealgebra (Virasoro generator L0 !)). What basically matters is the number of tensor factors
involved and five is the favored number.
2. There is also a modular contribution to the mass squared, which can be estimated using
elementary particle vacuum functionals in the conformal modular degrees of freedom of the
partonic 2-surface. It dominates for higher genus partonic 2-surfaces. For bosons both
Virasoro and modular contributions seem to be negligible and could be due to the smallness
of the p-adic temperature.
3. A natural identification of the non-integer contribution to the conformal weight is as stringy
contributions to the vacuum conformal weight (strings are now “weak strings”). TGD predicts Higgs particle and Higgs is necessary to give longitudinal polarizations for gauge bosons.
The notion of Higgs vacuum expectation seems to replaced by an analog of Higgs vacuum
expectation which gives space-time correlate for the stringy mass formula in case of fundamental fermions. Also gauge bosons usually regarded as exactly massless particles would
naturally receive small mass from p-adic thermodynamics. The theoretetical motivation for
a small mass would be exact Yangian symmetry which broken at the QFT limit of the theory
using GRT limit of many-sheeted space-time.
4. Hadron massivation requires the understanding of the CKM mixing of quarks reducing to
different topological mixing of U and D type quarks. Number theoretic vision suggests that
the mixing matrices are rational or algebraic and this together with other constraints gives
strong constraints on both mixing and masses of the mixed quarks.
p-Adic thermodynamics is what gives to this approach its predictive power.
1. p-Adic temperature is quantized by purely number theoretical constraints (Boltzmann weight
exp(−E/kT ) is replaced with pL0 /Tp , 1/Tp integer) and fermions correspond to Tp = 1
whereas Tp = 1/n, n > 1, seems to be the only reasonable choice for gauge bosons.
2. p-Adic thermodynamics forces to conclude
√ that CP2 radius is essentially the p-adic length
scale R ∼ L and thus of order R ' 103.5 ~G and therefore roughly 103.5 times larger than
the naive guess. Hence p-adic thermodynamics describes the mixing of states with vanishing
conformal weights with their Super Kac-Moody Virasoro excitations having masses of order
10−3.5 Planck mass.
p-Adic particle massivation: hadron masses
In this chapter the results of the calculation of elementary particle masses will be used to construct
a model predicting hadron masses.
1. Topological mixing of quarks
In TGD framework CKM mixing is induced by topological mixing of quarks (that is 2dimensional topologies characterized by genus). Number theoretical constraints on topological
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mixing can be realized by assuming that topological mixing leads to a thermodynamical equilibrium. This gives an upper bound of 1200 for the number of different U and D matrices and the
input from top quark mass and π + −π 0 mass difference implies that physical U and D matrices can
be constructed as small perturbations of matrices expressible as direct sum of essentially unique
2 × 2 and 1 × 1 matrices. The maximally entropic solutions can be found numerically by using the
fact that only the probabilities p11 and p21 can be varied freely. The solutions are unique in the
accuracy used, which suggests that the system allows only single thermodynamical phase.
The matrices U and D associated with the probability matrices can be deduced straightforwardly in the standard gauge. The U and D matrices derived from the probabilities determined
by the entropy maximization turn out to be unitary for most values of n1 and n2 . This is a highly
non-trivial result and means that mass and probability constraints together with entropy maximization define a sub-manifold of SU (3) regarded as a sub-manifold in 9-D complex space. The
choice (n(u), n(c)) = (4, n), n < 9, does not allow unitary U whereas (n(u), n(c)) = (5, 6) does.
This choice is still consistent with top quark mass and together with n(d) = n(s) = 5 it leads to a
rather reasonable CKM matrix with a value of CP breaking invariant within experimental limits.
The elements Vi3 and V3i , i = 1, 2 are however roughly twice larger than their experimental values
deduced assuming standard model. V31 is too large by a factor 1.6. The possibility of scaled up
variants of light quarks could lead to too small experimental estimates for these matrix elements.
The whole parameter space has not been scanned so that better candidates for CKM matrices
might well exist.
2. Higgs contribution to fermion masses is negligible
There are good reasons to believe that Higgs expectation for the fermionic space-time sheets
is vanishing although fermions couple to Higgs. Much later good reasons for believing that Higgs
expectaton does not play any role in massivation in TGD famework have emerged. Thus p-adic
thermodynamics would explain fermion masses completely. This together with the fact that the
prediction of the model for the top quark mass is consistent with the most recent limits on it, fixes
the CP2 mass scale with a high accuracy to the maximal one obtained if second order contribution
to electron’s p-adic mass squared vanishes. This is very strong constraint on the model.
3. The p-adic length scale of quark is dynamical
The assumption about the presence of scaled up variants of light quarks in light hadrons
leads to a surprisingly successful model for pseudo scalar meson masses using only quark masses
and the assumption mass squared is additive for quarks with same p-adic length scale and mass for
quarks labelled by different primes p. This conforms with the idea that pseudo scalar mesons are
Goldstone bosons in the sense that color Coulombic and magnetic contributions to the mass cancel
each other. Also the mass differences between hadrons containing different numbers of strange and
heavy quarks can be understood if s, b and c quarks appear as several scaled up versions.
This hypothesis yields surprisingly good fit for meson masses but for some mesons the
predicted mass is slightly too high. The reduction of CP2 mass scale to cure the situation is not
possible since top quark mass would become too low. In case of diagonal mesons for which quarks
correspond to same p-adic prime, quark contribution to mass squared can be reduced by ordinary
color interactions and in the case of non-diagonal mesons one can require that quark contribution
is not larger than meson mass.
4. Super-symplectic bosons at hadronic space-time sheet can explain the constant contribution
to baryonic masses
Quarks explain only a small fraction of the baryon mass and that there is an additional
contribution which in a good approximation does not depend on baryon. This contribution should
correspond to the non-perturbative aspects of QCD.
Classically this contribution would naturally be assigned with the Kähler magnetic energy
of color magnetic flux tubes connecting valence quarks. A possible quantal identification of this
contribution is in terms of super-symplectic gluons predicted by TGD. Baryonic space-time sheet
with k = 107 would contain a many-particle state of super-symplectic gluons with net conformal
weight of 16 units. This leads to a model of baryons masses in which masses are predicted with an
accuracy better than 1 per cent. Super-symplectic gluons also provide a possible solution to the
spin puzzle of proton.
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Hadronic string model provides a phenomenological description of non-perturbative aspects
of QCD and a connection with the hadronic string model indeed emerges. Hadronic string tension is
predicted correctly from the additivity of mass squared for J = 2 bound states of super-symplectic
quanta. If the topological mixing for super-symplectic bosons is equal to that for U type quarks
then a 3-particle state formed by 2 super-symplectic quanta from the first generation and 1 quantum
from the second generation would define baryonic ground state with 16 units of conformal weight.
In the case of mesons pion could contain super-symplectic boson of first generation preventing
the large negative contribution of the color magnetic spin-spin interaction to make pion a tachyon.
For heavier bosons super-symplectic boson need not to be assumed. The preferred role of pion
would relate to the fact that its mass scale is below QCD Λ.
5. Description of color magnetic spin-spin splitting in terms of conformal weight
What remains to be understood are the contributions of color Coulombic and magnetic
interactions to the mass squared. There are contributions coming from both ordinary gluons and
super-symplectic gluons and the latter is expected to dominate by the large value of color coupling
strength.
Conformal weight replaces energy as the basic variable but group theoretical structure of
color magnetic contribution to the conformal weight associated with hadronic space-time sheet
(k = 107) is same as in case of energy. The predictions for the masses of mesons are not so good
than for baryons, and one might criticize the application of the format of perturbative QCD in an
essentially non-perturbative situation.
The comparison of the super-symplectic conformal weights associated with spin 0 and spin
1 states and spin 1/2 and spin 3/2 states shows that the different masses of these states could
be understood in terms of the super-symplectic particle contents of the state correlating with the
total quark spin. The resulting model allows excellent predictions also for the meson masses and
implies that only pion and kaon can be regarded as Goldstone boson like states. The model based
on spin-spin splittings is consistent with the model.
To sum up, the model provides a satisfcatory understanding of baryon and meson masses.
This success is highly non-trivial since the fit involves only the integers characterizing the p-adic
length scales of quarks and the integers characterizing color magnetic spin-spin splitting plus p-adic
thermodynamics and topological mixing for super-symplectic gluons. The next challenge would be
to predict the correlation of hadron spin with super-symplectic particle content in case of long-lived
hadrons.

1.4.3

PART II: NEW PHYSICS PREDICTED BY TGD

Higgs or something else?
The question whether TGD predicts Higgs or not has been one of the longstanding issues of TGD.
For 10 years ago I would not have hesitated to tell that TGD does not predict Higgs and had good
looking arguments for my claim. During years my views have been alternating between Higgs and
no-Higgs option. In the light of after wisdom the basic mistake has been the lack of a conscious
attempt to localize precisely the location of the problem and suggest a minimal modification of
standard theory picture to solve it.
Now the situation is settled experimentally: Higgs is there. It is however somewhat too
light so that Higgs mechanism is not stable against radiative corrections. SUSY cannot take care
of this problem since LHC demonstrated that SUSY mass scale is too high. One has the problem
known as loss of “naturalness”. Hence Higgs is not yet a fully written page in the history of
physics. Furthermore, the experiments demonstrate the existence of Higgs, not the reality of Higgs
mechanism. Higgs mechanism in fermionic sector is indeed an ugly duckling: the dimensionless
couplings of fermions to Higgs vary in huge range: 12 orders of magnitude between neutrinos and
top quark.
1. In TGD framework Higgs mechanism is replaced by p-adic thermodynamics. The couplings
of Higgs to fermions are by dimensional arguments very naturally gradient couplings with
coupling constant, which has dimensions of inverse mass. This dimensional coupling is same
for all fermions so that naturalness is achieved.
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2. Massivation of gauge bosons combines Higgs components and weak gauge bosons to massive particles in unitary gauge but leaves photon massless apart from small higher order
corrections form p-adic thermodynamics. Unitary gauge is in TGD uniquely fixed by CP2
geometry. This trivial observation means that there is no need for Higgs vacuum expectation value to define the em neutral direction in gauge algebra. Furthermore, the absence
of covariantly constant holomorphic CP2 vector fields strongly suggests that Higgs vacuum
expectation does not make sense. This does not exclude the existence of Higgs like particle
as the original wrong conclusion was.
3. W/Z mass squared ratio - the source of troubles in p-adic thermodynamics based approach
- is expressible in terms of corresponding gauge coupling strengths gi2 , i = W, Z, if the string
tension of the flux tube connecting the two wormhole contacts assignable to gauge boson
is proportional to gi2 . This is definitely a new element in the physical picture and replaces
Higgs vacuum energy with the energy of string.
4. p-Adic thermodynamics relying on super-conformal invariance can describe in its recent form
only the contributions of wormhole contacts to the particle masses. The contributions from
“long strings” connecting different wormhole contacts cannot be calculated. To achieve this
one must generalize conformal invariance to include two conformal weights: the conformal
weight assignable to the conformal weight for the light-like radial coordinate of light-cone
boundary and the spinorial conformal weight assignable to the induced spinor fields at string
world sheets. It seems that also an extension to Yangian algebra containing poly-local generators with locus defined as partonic 2-surface is needed: the number of partonic 2-surface
would define a quantum number. p-Adic thermodynamics for the representations of Yangian
with states labeled by these three integers could provide the complete description of the
states.
The recent construction of WCW geometry indeed leads to a picture allowing interpretation
in terms of Yangian extension of super-conformal invariance. The matrix elements of WCW
metrix are labelled by two conformal weights assignable to the light-like radial coordinate of
light-cone boundary and to the coordinate along string defining the boundary of string world
sheet at which fermions are located from the condition that spinor modes have a well-defined
value of em charge.
In this chapter the recent view about Higgs is described and reader is saved from the many
alternatives that I have considered during last years.
SUSY in TGD Universe
Contrary to the original expectations, TGD seems to allow a generalization of the space-time
SUSY to its 8-D variant with masslessness in 4-D sense replaced with masslessness in 8-D sense.
The algebra in question is the Clifford algebra of fermionic oscillator operators associated with
given partonic 2-surface. In terms of these algebras one can in turn construct generators supersymplectic algebra as stringy Noether charges and also other super-conformal algebras and even
their Yangians used to create quantum states. This also forces to generalize twistor approach to
give 8-D counterparts of ordinary 4-D twistors.
The 8-D analog of super Poincare algebra emerges at the fundamental level through the anticommutation relations of the fermionic oscillator operators. For this algebra N = ∞ holds true.
Most of the states in the representations of this algebra are massive in 4 − D sense. The restriction
to the massless sector gives the analog of ordinary SUSY with a finite value of N - essentially
as the number of massless states of fundamental fermions to be distinguished from elementary
fermions. The addition of a fermion in particular mode defines particular super-symmetry. This
super-symmetry is broken due to the dynamics of the Kähler-Dirac operator, which also mixes M 4
chiralities inducing massivation. Since right-handed neutrino has no electro-weak couplings the
breaking of the corresponding super-symmetry should be weakest.
The question is whether this SUSY has a restriction to a SUSY algebra at space-time level
and whether the QFT limit of TGD could be formulated as a generalization of SUSY QFT. There
are several problems involved.
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1. In TGD framework super-symmetry means addition of a fermion to the state and since the
number of spinor modes is larger states with large spin and fermion numbers are obtained.
This picture does not fit to the standard view about super-symmetry. In particular, the identification of theta parameters as Majorana spinors and super-charges as Hermitian operators
is not possible.
The belief that Majorana spinors are somehow an intrinsic aspect of super-symmetry is however only a belief. Weyl spinors meaning complex theta parameters are also possible. Theta
parameters can also carry fermion number meaning only the supercharges carry fermion
number and are non-hermitian. The general classification of super-symmetric theories indeed
demonstrates that for D = 8 Weyl spinors and complex and non-hermitian super-charges are
possible. The original motivation for Majorana spinors might come from MSSM assuming
that right handed neutrino does not exist. This belief might have also led to string theories
in D=10 and D=11 as the only possible candidates for TOE after it turned out that chiral
anomalies cancel.
In superstring theory the hermiticity of super generator G0 giving as its square scaling generator L0 is strong argument in favor if Majorana spinors since G0 appears as a propagator. In
TGD framework the counterparts of G0 in quark and lepton sector carry fermion number so
that identification as a propagator does not make sense. The recent formulation of scattering
amplitudes in terms of Yangian algebra allows to circumvent the problem. Fundamental
propagators are fermion propagators for fermions massless in 8-D sense.
2. The spinor components of imbedding space spinors identifiable with physical helicities and
with fixed fermion number correspond to the generators of the SUSY algebra at QFT limit.
This SUSY is broken due to electroweak and color interactions. Right-handed neutrinos do
not have these interactions but there is a mixing with left-handed neutrinos due to the mixing
of M 4 and CP2 gamma matrices in the Kähler-Dirac gamma matrices appearing in the K-D
action. Therefore also the N = 2 sub-SUSY generated by right-handed neutrinos is broken.
In this chapter the details of the above general picture are discussed. Also the existing
experimental constraints on SUSY are discussed.
The Recent View about SUSY in TGD Universe
The progress in understanding of M 8 − H duality throws also light to the problem whether SUSY
is realized in TGD and what SUSY breaking does mean. It is now rather clear that sparticles are
predicted and SUSY remains exact but that p-adic thermodynamics causes thermal massivation:
unlike Higgs mechanism, this massivation mechanism is universal and has nothing to do with
dynamics. This is due to the fact that zero energy states are superpositions of states with different
masses. The selection of p-adic prime characterizing the sparticle causes the mass splitting between
members of super-multiplets although the mass formula is same for all of them.
The question how to realize super-field formalism at the level of H = M 4 × CP2 led to
a dramatic progress in the identification of elementary particles and SUSY dynamics. The most
surprising outcome was the possibility to interpret leptons and corresponding neutrinos as local
3-quark composites with quantum numbers of anti-proton and anti-neutron. Leptons belong to
the same super-multiplet as quarks and are antiparticles of neutron and proton as far quantum
numbers are consided. One implication is the understanding of matter-antimatter asymmetry.
Also bosons can be interpreted as local composites of quark and anti-quark.
Hadrons and hadronic gluons would still correspond to the analog of monopole phase in
QFTs. Homology charge would appear as space-time correlate for color at space-time level and
explain color confinement. Also color octet variants of weak bosons, Higgs, and Higgs like particle
and the predicted new pseudo-scalar are predicted. They could explain the successes of conserved
vector current hypothesis (CVC) and partially conserved axial current hypothesis (PCAC).
One ends up with the precise understanding of quantum criticality and understand the
relation between its descriptions at M 8 level and H-level. Polynomials describing a hierarchy of
dark matters describe also a hierarchy of criticalities and one can identify inclusion hierarchies
as sub-hierarchies formed by functional composition of polynomials. The Wick contractions of
quark-antiquark monomials appearing in the expansion of super-coordinate of H could define the
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analog of radiative corrections in discrete approach. M 8 − H duality and number theoretic vision
require that the number of non-vanishing Wick contractions is finite. The number of contractions
is indeed bounded by the finite number of points in cognitive representation and increases with
the degree of the octonionic polynomial and gives rise to a discrete coupling constant evolution
parameterized by the extensions of rationals.
Quark oscillator operators in cognitive representation correspond to quark field q. Only
terms with quark number 1 appear in q and leptons emerge in Kähler action as local 3-quark
composites. Internal consistency requires that q must be the super-spinor field satisfying super
Dirac equation. This leads to a self-referential condition qs = q identifying q and its supercounterpart qs . Also super-coordinate hs must satisfy analogous condition (hs )s = hs , where
hs → (hs )s means replacement of h in the argument of hs with hs .
The conditions have an interpretation in terms of a fixed point of iteration and expression
of quantum criticality. The coefficients of various terms in qs and hs are analogous to coupling
constants can be fixed from this condition so that one obtains discrete number theoretical coupling
constant evolution. The basic equations are quantum criticality condition hs = (hs )s , q = qs ,
Dα,s Γα
s = 0 coming from Kähler action, and the super-Dirac equation Ds q = 0.
One also ends up to the first completely concrete proposal for how to construct S-matrix
directly from the solutions of super-Dirac equations and super-field equations for space-time supersurfaces. The idea inspired by WKB approximation is that the exponent of the super variant
of Kähler function including also super-variant of Dirac action defines S-matrix elements as its
matrix elements between the positive and negative energy parts of the zero energy states formed
from the corresponding vacua at the two boundaries of CD annihilated by annihilation operators
and resp. creation operators. The states would be created by the monomials appearing in the
super-coordinates and super-spinor.
Super-Dirac action vanishes on-mass-shell. The proposed construction relying on ZEO allows however to get scattering amplitudes between all possible states using the exponential of
super-Kähler action. Super-Dirac equation is however needed and makes possible to express the
derivatives of the quark oscillator operators (values of quark field at points of cognitive representation) so that one can use only the points of cognitive representation without introducing lattice
discretization. Discrete coupling constant evolution conforms with the fact that the contractions of
oscillator operators occur at the boundary of CD and their number is limited by the finite number
of points of cognitive representation.
p-Adic Particle Massivation: New Physics: part I
TGD predicts a lot of new physics and it is quite possible that this new physics becomes visible at
LHC. Although the calculational formalism is still lacking, p-adic length scale hypothesis allows
to make precise quantitative predictions for particle masses by using simple scaling arguments.
The basic elements of quantum TGD responsible for new physics are following.
1. The new view about particles relies on their identification as partonic 2-surfaces (plus 4-D
tangent space data to be precise). This effective metric 2-dimensionality implies generalizaton
of the notion of Feynman diagram and holography in strong sense. One implication is the
notion of field identity or field body making sense also for elementary particles and the Lamb
shift anomaly of muonic hydrogen could be explained in terms of field bodies of quarks.
2. The topological explanation for family replication phenomenon implies genus generation correspondence and predicts in principle infinite number of fermion families. One can however
develop a rather general argument based on the notion of conformal symmetry known as
hyper-ellipticity stating that only the genera g = 0, 1, 2 are light. What “light” means is
however an open question. If light means something below CP2 mass there is no hope of
observing new fermion families at LHC. If it means weak mass scale situation changes.
For bosons the implications of family replication phenomenon can be understood from the
fact that they can be regarded as pairs of fermion and antifermion assignable to the opposite
wormhole throats of wormhole throat. This means that bosons formally belong to octet and
singlet representations of dynamical SU(3) for which 3 fermion families define 3-D representation. Singlet would correspond to ordinary gauge bosons. Also interacting fermions suffer
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topological condensation and correspond to wormhole contact. One can either assume that
the resulting wormhole throat has the topology of sphere or that the genus is same for both
throats.
3. The view about space-time supersymmetry differs from the standard view in many respects.
First of all, the super symmetries are not associated with Majorana spinors. Super generators
correspond to the fermionic oscillator operators assignable to leptonic and quark-like induced
spinors and there is in principle infinite number of them so that formally one would have
N = ∞ SUSY. I have discussed the required modification of the formalism of SUSY theories
and it turns out that effectively one obtains just N = 1 SUSY required by experimental
constraints. The reason is that the fermion states with higher fermion number define only
short range interactions analogous to van der Waals forces. Right handed neutrino generates
this super-symmetry broken by the mixing of the M 4 chiralities implied by the mixing of
M 4 and CP2 gamma matrices for induced gamma matrices. The simplest assumption is that
particles and their superpartners obey the same mass formula but that the p-adic length
scale can be different for them.
4. The new view about particle massivation based on p-adic thermodynamics raises the question
about the role of Higgs field. The vacuum expectation value (VEV) of Higgs is not feasible in
TGD since CP2 does not allow covariantly constant holomorphic vector fields. The original
too strong conclusion from this was that TGD does not allow Higgs. Higgs VEV is not needed
for the selection of preferred electromagnetic direction in electro-weak gauge algebra (unitary
gauge) since CP2 geometry does that. p-Adic thermodynamics explains fermion masses bout
the masses of weak bosons cannot be understood on basis of p-adic thermodynamics alone
giving extremely small second order contribution only and failing to explain W/Z mass ratio.
Weak boson mass can be associated to the string tension of the strings connecting the throats
of two wormhole contacts associated with elementary particle (two of them are needed since
the monopole magnetic flux must have closed field lines).
5. One of the basic distinctions between TGD and standard model is the new view about color.
(a) The first implication is separate conservation of quark and lepton quantum numbers
implying the stability of proton against the decay via the channels predicted by GUTs.
This does not mean that proton would be absolutely stable. p-Adic and dark length
scale hierarchies indeed predict the existence of scale variants of quarks and leptons and
proton could decay to hadons of some zoomed up copy of hadrons physics. These decays
should be slow and presumably they would involve phase transition changing the value
of Planck constant characterizing proton. It might be that the simultaneous increase of
Planck constant for all quarks occurs with very low rate.
(b) Also color excitations of leptons and quarks are in principle possible. Detailed calculations would be required to see whether their mass scale is given by CP2 mass scale. The
so called leptohadron physics proposed to explain certain anomalies associated with both
electron, muon, and τ lepton could be understood in terms of color octet excitations of
leptons.
6. Fractal hierarchies of weak and hadronic physics labelled by p-adic primes and by the levels
of dark matter hierarchy are highly suggestive. Ordinary hadron physics corresponds to
M107 = 2107 − 1 One especially interesting candidate would be scaled up hadronic physics
which would correspond to M89 = 289 − 1 defining the p-adic prime of weak bosons. The
corresponding string tension is about 512 GeV and it might be possible to see the first
signatures of this physics at LHC. Nuclear string model in turn predicts that nuclei correspond
to nuclear strings of nucleons connected by colored flux tubes having light quarks at their
ends. The interpretation might be in terms of M127 hadron physics. In biologically most
interesting length scale range 10 nm-2.5 µm there are four Gaussian Mersennes and the
conjecture is that these and other Gaussian Mersennes are associated with zoomed up variants
of hadron physics relevant for living matter. Cosmic rays might also reveal copies of hadron
physics corresponding to M61 and M31
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The well-definedness of em charge for the modes of induced spinor fields localizes them at
2-D surfaces with vanishing W fields and also Z 0 field above weak scale. This allows to avoid
undesirable parity breaking effects. It is quite possible that this localization is consistent with
Kähler-Dirac equation only in the Minkowskian regions where the effective metric defined by
Kähler-Dirac gamma matrices can be effectively 2-dimensional and parallel to string world
sheet.
7. Weak form of electric magnetic duality implies that the fermions and antifermions associated
with both leptons and bosons are Kähler magnetic monopoles accompanied by monopoles
of opposite magnetic charge and with opposite weak isospin. For quarks Kähler magnetic
charge need not cancel and cancellation might occur only in hadronic length scale. The
magnetic flux tubes behave like string like objects and if the string tension is determined by
weak length scale, these string aspects should become visible at LHC. If the string tension is
512 GeV the situation becomes less promising.
In this chapter some aspects of the predicted new physics and possible indications for it are
discussed. The evolution of the TGD based view about possible existing Higgs like particle and
about space-time SUSY are discussed in separate chapters.
p-Adic Particle Massivation: New Physics: part II
In this chapter the focus is on the hadron physics. The applications are to various anomalies
discovered during years.
1. Application of the many-sheeted space-time concept in hadron physics
The many-sheeted space-time concept involving also the notion of field body can be applied
to hadron physics to explain findings which are difficult to understand in the framework of standard
model.
1. The spin puzzle of proton is a two decades old mystery with no satisfactory explanation
in QCD framework. The notion of hadronic space-time sheet which could be imagined as
string like rotating object suggests a possible approach to the spin puzzle. The entanglement
between valence quark spins and the angular momentum states of the rotating hadronic
space-time sheet could allow natural explanation for why the average valence quark spin
vanishes.
2. The notion of Pomeron was invented during the Bootstrap era preceding QCD to solve difficulties of Regge approach. There are experimental findings suggesting the reincarnation of
this concept. The possibility that the newly born concept of Pomeron of Regge theory might
be identified as the sea of perturbative QCD in TGD framework is considered. Geometrically
Pomeron would correspond to hadronic space-time sheet without valence quarks.
3. The discovery that the charge radius of proton deduced from the muonic version of hydrogen
atom is about 4 per cent smaller than from the radius deduced from hydrogen atom is in
complete conflict with the cherished belief that atomic physics belongs to the museum of
science. The title of the article Quantum electrodynamics-a chink in the armour? of the
article published in Nature expresses well the possible implications, which might actually go
well extend beyond QED. TGD based model for the findings relies on the notion of color
magnetic body carrying both electromagnetic and color fields and extends well beyond the
size scale of the particle. This gives rather detailed constraints on the model of the magnetic
body.
4. The soft photon production rate in hadronic reactions is by an average factor of about four
higher than expected. In the article soft photons assignable to the decays of Z 0 to quarkantiquark pairs. This anomaly has not reached the attention of particle physics which seems
to be the fate of anomalies quite generally nowadays: large extra dimensions and black-holes
at LHC are much more sexy topics of study than the anomalies about which both existing
and speculative theories must remain silent. TGD based model is based on the notion of
electric flux tube.
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2. Quark gluon plasma
QCD predicts that at sufficiently high collision energies de-confinement phase transitions for
quarks should take place leading to quark gluon plasma. In heavy ion collisions at RHIC something
like this was found to happen. The properties of the quark gluon plasma were however not what
was expected. There are long range correlations and the plasma seems to behave like perfect fluid
with minimal viscosity/entropy ratio. The lifetime of the plasma phase is longer than expected
and its density much higher than QCD would suggest. The experiments at LHC for proton proton
collisions suggest also the presence of quark gluon plasma with similar properties.
TGD suggests an interpretation in terms of long color magnetic flux tubes containing the
plasma. The confinement to color magnetic flux tubes would force higher density. The preferred
extremals of Kähler action have interpretation as defining a flow of perfect incompressible fluid
and the perfect fluid property is broken only by the many-sheeted structure of space-time with
smaller space-time sheets assignable to sub-CDs representing radiative corrections. The phase in
question corresponds to a non-standard value of Planck constant: this could also explain why the
lifetime of the phase is longer than expected.
3. Breaking of discrete symmetries
Zero energy ontology provides a fresh approach to discrete symmetries and provides also
a general mechanism for their breaking. A general vision about breaking of discrete symmetries
relies on quantum measurement theory: the quantum jump selecting the quantization axes induces
localization to a single CD and therefore induces breaking of discrete symmetries due to the choice
of quantization axes. The time scale of CD is excellent candidate for defining mass and time scales
characterizing the symmetry breaking. Entropic gravity idea has a variant in TGD framework
resulting from the fact that in ZEO quantum theory is a square root of thermodynamics in a
well-defined sense. Thermodynamical stability could force the generation of the arrow of time and
also force it to be different for matter and antimatter inducing in this manner matter antimatter
asymmetry and breaking of discrete symmetries like CP. Also CPT could be broken spontaneously
and there are experimental indications that this takes place for top quark with mass difference
which is surprisingly large- few per cent of top mass.
4. Are exotic Super Virasoro representations relevant for hadron physics?
In p-adic context exotic representations of Super Virasoro with M 2 ∝ pk , k = 1, 2, ..m are
possible. For k = 1 the states of these representations have same mass scale as elementary particles
although in real context the masses would be gigantic. This inspires the question whether nonperturbative aspects of hadron physics could be assigned to the presence of these representations.
Some intriguing numerical co-incidences suggest that the exotic representations of Super-Virasoro
should be assigned with hadron and whereas ordinary Virasoro representations would be assigned
with the quark-gluon plasma or possibly sea quarks.

Part I

P-ADIC DESCRIPTION OF
PARTICLE MASSIVATION
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Chapter 2

Overall View About TGD from
Particle Physics Perspective
2.1

Introduction

Topological Geometrodynamics is able to make rather precise and often testable predictions. In the
following I want to describe the recent over all view about the aspects of quantum TGD relevant
for particle physics.
During these 37 years TGD has become quite an extensive theory involving also applications
to quantum biology and quantum consciousness theory. Therefore it is difficult to decide in which
order to proceed. Should one represent first the purely mathematical theory as done in the articles
in Prespace-time Journal [L7, L8, L12, L13, L10, L6, L11, L2]? Or should one start from the
TGD inspired heuristic view about space-time and particle physics and represent the vision about
construction of quantum TGD briefly after that? In this and other two chapters I have chosen the
latter approach since the emphasis is on the applications on particle physics.
Second problem is to decide about how much material one should cover. If the representation
is too brief no-one understands and if it is too detailed no-one bothers to read. I do not know
whether the outcome was a success or whether there is any way to success but in any case I have
been sweating a lot in trying to decide what would be the optimum dose of details.
The third problem are the unavoidable mammoth bones and redundancy as one deals with
are extensive material as TGD is. The attempts to get rid of them have turned out to be a Sisyfian
task but I have done my best!
In the first chapter I concentrate the heuristic picture about TGD with emphasis on particle
physics.
• First I represent briefly the basic ontology: the motivations for TGD and the notion of manysheeted space-time, the concept of zero energy ontology, the identification of dark matter in
terms of hierarchy of Planck constant which now seems to follow as a prediction of quantum
TGD, the motivations for p-adic physics and its basic implications, and the identification
of space-time surfaces as generalized Feynman diagrams and the basic implications of this
identification.
• Symmetries of quantum TGD are discussed. Besides the basic symmetries of the imbedding space geometry allowing to geometrize standard model quantum numbers and classical
fields there are many other symmetries. General Coordinate Invariance is especially powerful in TGD framework allowing to realize quantum classical correspondence and implies
effective 2-dimensionality realizing strong form of holography. Super-conformal symmetries
of super string models generalize to conformal symmetries of 3-D light-like 3-surfaces associated with light-like boundaries of so called causal diamonds defined as intersections of future
and past directed light-cones (CDs) and with light-like 3-surfaces. Whether super-conformal
symmetries imply space-time SUSY is far from a trivial question. What is suggested is a
generalization of the space-time supersymmetry analogous to N = 2 SUSY and not involving Majorana spinors since fermion numbers are conserved in TGD. Twistorial approach to
40
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gauge theories has gradually become part of quantum TGD and the natural generalization
of the Yangian symmetry identified originally as symmetry of N = 4 SYMs is postulated as
basic symmetry of quantum TGD.
• The understanding of the relationship between TGD and GRT and quantum and classical
variants of Equivalence Principle (EP) in TGD have develope rather slowly but the recent
picture is rather feasible.
1. The recent view is that EP at quantum level reduces to Quantum Classical Correspondence (QCC) in the sense that Cartan algebra Noether charges assignable to 3-surface
in case of Kähler action (inertial charges) are identical with eigenvalues of the quantal variants of Noether charges for Kähler-Dirac action (gravitational charges). The
well-definedness of the latter charges is due to the conformal invariance assignable to
2-D surfaces (string world sheets and possibly partonic 2-surfaces) at which the spinor
modes are localized in generic case. This localization follows from the condition that em
charge has well defined value for the spinor modes. The localization is possibly only for
the Kähler-Dirac action and key role is played by the modification of gamma matrices
to Kähler-Dirac gamma matrices. The gravitational four-momentum is thus completely
analogous to stringy four-momentum.
2. At classical level EP follows from the interpretation of GRT space-time as effective
space-time obtained by replacing many-sheeted space-time with Minkowski space with
effective metric determined as a sum of Minkowski metric and sum over the deviations
of the induced metrics of space-time sheets from Minkowski metric. Poincare invariance
suggests strongly classical EP for the GRT limit in long length scales at least. Similar
procedure applies to induced gauge fields.
The classical four-momentum assignable to the light-like boundaries of string world
sheets at partonic orbits can be identified as gravitational momentum naturally identifiable as inertial momentum assignable to imbedding space spinor harmonics defined a
ground state of super-conformal representation.
• The so called weak form of electric-magnetic duality has turned out to have extremely far
reaching consequences and is responsible for the recent progress in the understanding of
the physics predicted by TGD. The duality leads to a detailed identification of elementary
particles as composite objects of massless particles and predicts new electro-weak physics at
LHC. Together with a simple postulate about the properties of preferred extremals of Kähler
action the duality allows also to realized quantum TGD as almost topological quantum field
theory giving excellent hopes about integrability of quantum TGD.
• There are two basic visions about the construction of quantum TGD. Physics as infinitedimensional Kähler geometry of world of classical worlds (WCW) endowed with spinor structure and physics as generalized number theory. These visions are briefly summarized as also
the practical construction involving the concept of Dirac operator. As a matter fact, the
construction of TGD involves several Dirac operators.
1. The Kähler Dirac equation holds true in the interior of space-time surface and its solutions localized at string world sheets have a natural interpretation in terms of fundamental fermions forming building bricks of all particles.
2. A very natural boundary condition at the light-like boundaries of string world sheets is
that induced 1-D Dirac operator annihilates the spinor modes so that they are characterized by light-like 8-momentum crucial for 8-D tangent space twistorialization.
3. Third Dirac operator is associated with imbedding space spinor harmonics defining
ground states of super-conformal representations.
4. The fourth Dirac operator is associated with super Virasoro generators and super Virasoro conditions define Dirac equation in WCW. These conditions characterize zero
energy states as modes of WCW spinor fields and code for the generalization of Smatrix to a collection of what I call M -matrices defining the rows of unitary U -matrix
defining unitary process.
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• Twistor approach has inspired several ideas in quantum TGD during the last years and it
seems that the Yangian symmetry and the construction of scattering amplitudes in terms
of Grassmannian integrals generalizes to TGD framework. This is due to ZEO allowing to
assume that all particles have massless fermions as basic building blocks. ZEO inspires the
hypothesis that incoming and outgoing particles are bound states of fundamental fermions
associated with wormhole throats. Virtual particles would also consist of on mass shell
massless particles but without bound state constraint. This implies very powerful constraints
on loop diagrams and there are excellent hopes about their finiteness.
The discussion of this chapter is rather sketchy and the reader interesting in details can
consult the books about TGD [K39, K33, K27, K48, K49, K36, K38] .
The appendix of the book gives a summary about basic concepts of TGD with illustrations.
Pdf representation of same files serving as a kind of glossary can be found at http://tgdtheory.
fi/tgdglossary.pdf [L22].

2.2

Some Aspects Of Quantum TGD

In the following I summarize very briefly those basic notions of TGD which are especially relevant
for the applications to particle physics. The representation will be practically formula free. The
article series published in Prespace-time Journal [L7, L8, L12, L13, L10, L6, L11, L14] describes
the mathematical theory behind TGD. The seven books about TGD [K39, K33, K27, K49, K36,
K48, K47, K35] provide a detailed summary about the recent state of TGD.

2.2.1

New Space-Time Concept

The physical motivation for TGD was what I have christened the energy problem of General
Relativity. The notion of energy is ill-defined because the basic symmetries of empty space-time
are lost in the presence of gravity. The way out is based on assumption that space-times are
imbeddable as 4-surfaces to certain 8-dimensional space by replacing the points of 4-D empty
Minkowski space with 4-D very small internal space. This space -call it S- is unique from the
requirement that the theory has the symmetries of standard model: S = CP2 , where CP2 is
complex projective space with 4 real dimensions [L14] , is the unique choice.
The replacement of the abstract manifold geometry of general relativity with the geometry
of surfaces brings the shape of surface as seen from the perspective of 8-D space-time and this
means additional degrees of freedom giving excellent hopes of realizing the dream of Einstein
about geometrization of fundamental interactions.
The work with the generic solutions of the field equations assignable to almost any general
coordinate invariant variational principle led soon to the realization that the notion space-time in
this framework is much more richer than in general relativity quite contrary to what one might
expect on basis of representability as a surface in 8-D imbedding space.
1. Space-time decomposes into space-time sheets (see Fig. ?? in the appendix of this book)
with finite size: this lead to the identification of physical objects that we perceive around us
as space-time sheets. For instance, the outer boundary of the table is where that particular
space-time sheet ends. Besides sheets also string like objects and elementary particle like
objects appear so that TGD can be regarded also as a generalization of string models obtained
by replacing strings with 3-D surfaces.
2. Elementary particles are identified as topological inhomogenuities glued to these space-time
sheets (see figs. http://tgdtheory.fi/appfigures/particletgd.jpg, http://tgdtheory.
fi/appfigures/elparticletgd.jpg, which are also in the appendix of this book). In this
conceptual framework material structures and shapes are not due to some mysterious substance in slightly curved space-time but reduce to space-time topology just as energy- momentum currents reduce to space-time curvature in general relativity.
3. Also the view about classical fields changes. One can assign to each material system a
field identity since electromagnetic and other fields decompose to topological field quanta.
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Examples are magnetic and electric flux tubes and flux sheets and topological light rays
representing light propagating along tube like structure without dispersion and dissipation
making em ideal tool for communications [K28] . One can speak about field body or magnetic
body of the system.
Field body indeed becomes the key notion distinguishing TGD inspired model of quantum
biology from competitors but having applications also in particle physics since also leptons and
quarks possess field bodies. The is evidence for the Lamb shift anomaly of muonic hydrogen [C12]
and the color magnetic body of u quark whose size is somethat larger than the Bohr radius could
explain the anomaly [K22] .

2.2.2

ZEO

In standard ontology of quantum physics physical states are assumed to have positive energy. In
ZEO physical states decompose to pairs of positive and negative energy states such that all net
values of the conserved quantum numbers vanish. The interpretation of these states in ordinary
ontology would be as transitions between initial and final states, physical events. By quantum
classical correspondences zero energy states must have space-time and imbedding space correlates.
1. Positive and negative energy parts reside at future and past light-like boundaries of causal
diamond (CD) defined as intersection of future and past directed light-cones and visualizable
as double cone (see ig. ?? in the appendix of this book) ). The analog of CD in cosmology
is big bang followed by big crunch. CDs for a fractal hierarchy containing CDs within CDs.
Disjoint CDs are possible and CDs can also intersect.
2. p-Adic length scale hypothesis [K75] motivates the hypothesis that the temporal distances
between the tips of the intersecting light-cones come as octaves T = 2n T0 of a fundamental
time scale T0 defined by CP2 size R as T0 = R/c. One prediction is that in the case of
electron this time scale is .1 seconds defining the fundamental biorhythm. Also in the case
u and d quarks the time scales correspond to biologically important time scales given by 10
ms for u quark and by and 2.5 ms for d quark [K6] . This means a direct coupling between
microscopic and macroscopic scales.
ZEO conforms with the crossing symmetry of quantum field theories meaning that the final
states of the quantum scattering event are effectively negative energy states. As long as one can
restrict the consideration to either positive or negative energy part of the state ZEO is consistent
with positive energy ontology. This is the case when the observer characterized by a particular
CD studies the physics in the time scale of much larger CD containing observer’s CD as a sub-CD.
When the time scale sub-CD of the studied system is much shorter that the time scale of subCD characterizing the observer, the interpretation of states associated with sub-CD is in terms of
quantum fluctuations.
ZEO solves the problem which results in any theory assuming symmetries giving rise to
conservation laws. The problem is that the theory itself is not able to characterize the values of
conserved quantum numbers of the initial state. In ZEO this problem disappears since in principle
any zero energy state is obtained from any other state by a sequence of quantum jumps without
breaking of conservation laws. The fact that energy is not conserved in general relativity based
cosmologies can be also understood since each CD is characterized by its own conserved quantities.
As a matter fact, one must be speak about average values of conserved quantities since one can
have a quantum superposition of zero energy states with the quantum numbers of the positive
energy part varying over some range.
For thermodynamical states this is indeed the case and this leads to the idea that quantum
theory in ZEO can be regarded as a “complex square root” of thermodynamics obtained as a
product of positive diagonal square root of density matrix and unitary S-matrix. M -matrix defines
time-like entanglement coefficients between positive and negative energy parts of the zero energy
state and replaces S-matrix as the fundamental observable. In standard quantum measurement
theory this time-like entanglement would be reduced in quantum measurement and regenerated
in the next quantum jump if one accepts Negentropy Maximization Principle (NMP) [K21] as the
fundamental variational principle. Various M -matrices define the rows of the unitary U matrix
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characterizing the unitary process part of quantum jump. From the point of view of consciousness
theory the importance of ZEO is that conservation laws in principle pose no restrictions for the
new realities created in quantum jumps: free will is maximal.
The most dramatic implications of ZEO are to the modelling of living matter since the basic
unit is now a pair of space-like 3-surfaces at the opposite boundaries of CD rather than single
3-surface at either boundary. By holography the space-time surface connecting them can be taken
as basic units and define space-time correlates for behavioral patterns. This modifies dramatically
the views about self-organization and morphogenesis.

2.2.3

The Hierarchy Of Planck Constants

The motivations for the hierarchy of Planck constants come from both astrophysics [K84] and
biology [K32, K13] . In astrophysics the observation of Nottale [E2] that planetary orbits in solar
system seem to correspond to Bohr orbits with a gigantic gravitational Planck constant motivated
the proposal that Planck constant might not be constant after all [K84, K78] .
This led to the introduction of the quantization of Planck constant as an independent postulate. It has however turned that quantized Planck constant in effective sense could emerge
from the basic structure of TGD alone. Canonical momentum densities and time derivatives of
the imbedding space coordinates are the field theory analogs of momenta and velocities in classical mechanics. The extreme non-linearity and vacuum degeneracy of Kähler action imply that
the correspondence between canonical momentum densities and time derivatives of the imbedding
space coordinates is 1-to-many: for vacuum extremals themselves 1-to-infinite (see Fig. ?? in the
appendix of this book).
A convenient technical manner to treat the situation is to replace imbedding space with
its n-fold singular covering. Canonical momentum densities to which conserved quantities are
proportional would be same at the sheets corresponding to different values of the time derivatives.
At each sheet of the covering Planck constant is effectively hef f = n × h. This splitting to
multi-sheeted structure can be seen as a phase transition reducing the densities of various charges
by factor 1/n and making it possible to have perturbative phase at each sheet (gauge coupling
strengths are proportional to 1/hef f and scaled down by 1/n). The connection with fractional
quantum Hall effect [D1] is suggestive [K80] .
This has many profound implications, which are welcome from the point of view of quantum
biology but the implications would be profound also from particle physics perspective and one could
say that living matter represents zoome up version of quantum world at elementary particle length
scales.
1. Quantum coherence and quantum superposition become possible in arbitrary long length
scales. One can speak about zoomed up variants of elementary particles and zoomed up sizes
make it possible to satisfy the overlap condition for quantum length parameters used as a
criterion for the presence of macroscopic quantum phases. In the case of quantum gravitation
the length scale involved are astrophysical. This would conform with Penrose’s intuition that
quantum gravity is fundamental for the understanding of consciousness and also with the
idea that consciousness cannot be localized to brain.
2. Photons with given frequency can in principle have arbitrarily high energies by E = hf
formula, and this would explain the strange anomalies associated with the interaction of
ELF em fields with living matter [J1] . Quite generally the cyclotron frequencies which
correspond to energies much below the thermal energy for ordinary value of Planck constant
could correspond to energies above thermal threshold.
3. The value of Planck constant is a natural characterizer of the evolutionary level and biological
evolution would mean a gradual increase of the largest Planck constant in the hierarchy
characterizing given quantum system. Evolutionary leaps would have interpretation as phase
transitions increasing the maximal value of Planck constant for evolving species. The spacetime correlate would be the increase of both the number and the size of the sheets of the
covering associated with the system so that its complexity would increase.
4. The phase transitions changing Planck constant change also the length of the magnetic flux
tubes. The natural conjecture is that biomolecules form a kind of Indra’s net connected by
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the flux tubes and ~ changing phase transitions are at the core of the quantum bio-dynamics.
The contraction of the magnetic flux tube connecting distant biomolecules would force them
near to each other making possible for the bio-catalysis to proceed. This mechanism could
be central for DNA replication and other basic biological processes. Magnetic Indra’s net
could be also responsible for the coherence of gel phase and the phase transitions affecting
flux tube lengths could induce the contractions and expansions of the intracellular gel phase.
The reconnection of flux tubes would allow the restructuring of the signal pathways between
biomolecules and other subsystems and would be also involved with ADP-ATP transformation inducing a transfer of negentropic entanglement [K67] (see Fig. ?? in the appendix of
this book). The braiding of the magnetic flux tubes could make possible topological quantum computation like processes and analog of computer memory realized in terms of braiding
patterns [K52] .
5. p-Adic length scale hypothesis and hierarchy of Planck constants suggest entire hierarchy of
zoomed up copies of standard model physics with range of weak interactions and color forces
scaling like ~. This is not conflict with the known physics for the simple reason that we know
very little about dark matter (partly because we might be making misleading assumptions
about its nature). One implication is that it might be someday to study zoomed up variants
particle physics at low energies using dark matter.
Dark matter would make possible the large parity breaking effects manifested as chiral selection of bio-molecules [C180] . The classical Z 0 and possibly also W fields responsible for
parity breaking effects must be experienced by fundamental fermions in cellular length scale.
This is not possible for ordinary value of Planck constant above weak scale since the induced
spinor modes are restricted on string world sheets at which W and Z 0 fields vanish: this
follows from the well-definedness of em charge. If the value of Planck constant is so large
that weak scale is some biological length scale, weak fields are effectively massless below this
scale and large parity breaking effects become possible.
For the solutions of field equations which are almost vacuum extremals Z0 field is nonvanishing and proportional to electromagnetic field. The hypothesis that cell membrane
corresponds to a space-time sheet near a vacuum extremal (this corresponds to criticality
very natural if the cell membrane is to serve as an ideal sensory receptor) leads to a rather
successful model for cell membrane as sensory receptor with lipids representing the pixels
of sensory qualia chart. The surprising prediction is that bio-photons [I3] and bundles of
EEG photons can be identified as different decay products of dark photons with energies
of visible photons. Also the peak frequencies of sensitivity for photoreceptors are predicted
correctly [K32] .
The hierarchy of Planck constants has become key part of TGD and is actually forced by
the condition that strings connecting partonic 2-surfaces are correlates for the formation of bound
states. The basic problem of both QFTs and string theories is the failure to describe bound states,
and the generalization of quantum theory by introducing the hierarchy of Planck constant solves
this problem.

2.2.4

P-Adic Physics And Number Theoretic Universality

p-Adic physics [K48, K89] has become gradually a key piece of TGD inspired biophysics. Basic
quantitative predictions relate to p-adic length scale hypothesis and to the notion of number
theoretic entropy. Basic ontological ideas are that life resides in the intersection of real and p-adic
worlds and that p-adic space-time sheets serve as correlates for cognition. Number theoretical
universality requires the fusion of real physics and various p-adic physics to single coherent whole
analogous to adeles. On implication is the generalization of the notion of number obtained by
fusing real and p-adic numbers to a larger structure.
p-Adic number fields
p-Adic number fields Qp [A20] -one for each prime p- are analogous to reals in the sense that one
can speak about p-adic continuum and that also p-adic numbers are obtained as completions of the
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field of rational numbers. One can say that rational numbers belong to the intersection of real and
p-adic numbers. p-Adic number field Qp allows also an infinite number of its algebraic extensions.
Also transcendental extensions are possible. For reals the only extension is complex numbers.
p-Adic topology defining the notions of nearness and continuity differs dramatically from
the real topology. An integer which is infinite as a real number can be completely well defined
and finite as a p-adic number. In particular, powers pn of prime p have p-adic norm (magnitude)
equal to p−n in Qp so that at the limit of very large n real magnitude becomes infinite and p-adic
magnitude vanishes.
p-Adic topology is rough since p-adic distance d(x, y) = d(x−y) depends on the lowest pinary
digit of x−y only and is analogous to the distance between real points when approximated by taking
into account only the lowest digit in the decimal expansion of x − y. A possible interpretation is
in terms of a finite measurement resolution and resolution of sensory perception. p-Adic topology
looks somewhat strange. For instance, p-adic spherical surface is not infinitely thin but has a finite
thickness and p-adic surfaces possess no boundary in the topological sense. Ultra-metricity is the
technical term characterizing the basic properties of p-adic topology and is coded by the inequality
d(x − y) ≤ M in{d(x), d(y)}. p-Adic topology brings in mind the decomposition of perceptive field
to objects.
Motivations for p-adic number fields
The physical motivations for p-adic physics came from the observation that p-adic thermodynamics
-not for energy but infinitesimal scaling generator of so called super-conformal algebra [A12] acting
as symmetries of quantum TGD [K33] - predicts elementary particle mass scales and also masses
correctly under very general assumptions [K48] . The calculations are discussed in more detail in
the second article of the series. In particular, the ratio of proton mass to Planck mass, the basic
mystery number of physics, is predicted correctly. The basic assumption is that the preferred primes
characterizing the p-adic number fields involved are near powers of two: p ' 2k , k positive integer.
Those nearest to power of two correspond to Mersenne primes Mn = 2n − 1. One can also consider
complex primes known as Gaussian primes, in particular Gaussian Mersennes MG,n = (1 + i)n − 1.
It turns out that Mersennes and Gaussian Mersennes are in a preferred position physically
in TGD based world order. What is especially interesting that the length√scale range 10 nm-5
µm contains as many as four scaled up electron Compton lengths Le (k) = 5L(k) assignable to
Gaussian Mersennes Mk = (1 + i)k − 1, k = 151, 157, 163, 167, [K32] . This number theoretical
miracle supports the view that p-adic physics is especially important for the understanding of
living matter.
The philosophical for p-adic numbers fields come from the question about the possible physical correlates of cognition [K26]. Cognition forms representations of the external world which have
finite cognitive resolution and the decomposition of the perceptive field to objects is an essential
element of these representations. Therefore p-adic space-time sheets could be seen as candidates
of thought bubbles, the mind stuff of Descartes.
Rational numbers belong to the intersection of real and p-adic continua. An obvious generalization of this statement applies to real manifolds and their p-adic variants. When extensions of
p-adic numbers are allowed, also some algebraic numbers can belong to the intersection of p-adic
and real worlds. The notion of intersection of real and p-adic worlds has actually two meanings.
1. The intersection could consist of the rational and possibly some algebraic points in the
intersection of real and p-adic partonic 2-surfaces at the ends of CD. This set is in general
discrete. The interpretation could be as discrete cognitive representations.
2. The intersection could also have a more abstract meaning. For instance, the surfaces defined
by rational functions with rational coefficients have a well-defined meaning in both real and
p-adic context and could be interpreted as belonging to this intersection. There is strong
temptation to assume that intentions are transformed to actions only in this intersection.
One could say that life resides in the intersection of real and p-adic worlds in this abstract
sense.
−

P Additional support for the idea comes from the observation that Shannon entropy S =
pn log(pn ) allows a p-adic generalization if the probabilities are rational numbers by replacing
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log(pn ) with −log(|pn |p ), where |x|p is p-adic norm. Also algebraic numbers in some extension
of p-adic numbers can be allowed. The unexpected property of the number theoretic Shannon
entropy is that it can be negative and its unique minimum value as a function of the p-adic prime
p it is always negative. Entropy transforms to information!
In the case of number theoretic entanglement entropy there is a natural interpretation for
this. Number theoretic entanglement entropy would measure the information carried by the entanglement whereas ordinary entanglement entropy would characterize the uncertainty about the
state of either entangled system. For instance, for p maximally entangled states both ordinary
entanglement entropy and number theoretic entanglement negentropy are maximal with respect
to Rp norm. Negentropic entanglement carries maximal information. The information would be
about the relationship between the systems, a rule. Schrödinger cat would be dead enough to know
that it is better to not open the bottle completely (see Fig. ?? in the appendix of this book).
Negentropy Maximization Principle [K21] coding the basic rules of quantum measurement
theory implies that negentropic entanglement can be stable against the effects of quantum jumps
unlike entropic entanglement. Therefore living matter could be distinguished from inanimate
matter also by negentropic entanglement possible in the intersection of real and p-adic worlds. In
consciousness theory negentropic entanglement could be seen as a correlate for the experience of
understanding or any other positively colored experience, say love.
Negentropically entangled states are stable but binding energy and effective loss of relative
translational degrees of freedom is not responsible for the stability. Therefore bound states are not
in question. The distinction between negentropic and bound state entanglement could be compared
to the difference between unhappy and happy marriage. The first one is a social jail but in the
latter case both parties are free to leave but do not want to. The special characterics of negentropic
entanglement raise the question whether the problematic notion of high energy phosphate bond [I1]
central for metabolism could be understood in terms of negentropic entanglement. This would also
allow an information theoretic interpretation of metabolism since the transfer of metabolic energy
would mean a transfer of negentropy [K67] .

2.3

Symmetries Of TGD

Symmetry principles play key role in the construction of WCW geometry have become and deserve a separate explicit treatment even at the risk of repetitions. Symmetries of course manifest
themselves also at space-time level and space-time supersymmetry - possibly present also in TGD
- is the most non-trivial example of this.

2.3.1

General Coordinate Invariance

General coordinate invariance is certainly of the most important guidelines and is much more
powerful in TGD framework thanin GRT context.
1. General coordinate transformations as a gauge symmetries so that the diffeomorphic slices
of space-time surface equivalent physically. 3-D light-like 3-surfaces defined by wormhole
throats define preferred slices and allows to fix the gauge partially apart from the remaining
3-D variant of general coordinate invariance and possible gauge degeneracy related to the
choice of the light-like 3-surface due to the Kac-Moody invariance. This would mean that the
random light-likeness represents gauge degree of freedom except at the ends of the light-like
3-surfaces.
2. GCI can be strengthened so that the pairs of space-like ends of space-like 3-surfaces at
CDs are equivalent with light-like 3-surfaces connecting them. The outcome is effective 2dimensionality because their intersections at the boundaries of CDs must carry the physically
relevant information. One must however notice also the presence of string world sheets
emerging from number theoretic vision and from the condition that spinor modes have welldefined cm charge. Partonic 2-surfaces (plus 4-D tangent space data) and string world sheets
would carry the data about quantum states and the interpretation would be in terms of
strong holography. The role of string world sheets in TGD is very much analogous to their
role in AdS/CFT duality.

48

Chapter 2. Overall View About TGD from Particle Physics Perspective

2.3.2

Generalized Conformal Symmetries

One can assign Kac-Moody type conformal symmetries to light-like 3-surfaces as isometries of H
localized with respect to light-like 3-surfaces. Kac Moody algebra essentially the Lie algebra of
gauge group with central extension meaning that projective representation in which representation
matrices are defined only modulo a phase factor. Kac-Moody symmetry is not quite a pure gauge
symmetry.
One can assign a generalization of Kac-Moody symmetries to the boundaries of CD by
replacing Lie-group of Kac-Moody algebra with the group of symplectic (contact-) transformations
[A24, A15, A14] of H+ provided with a degenerate Kähler structure made possible by the effective
4
4
2-dimensionality of δM+
. The light-like radial coordinate of δM+
plays the role of the complex
coordinate of conformal transformations or their hyper-complex analogs. The basic hypothesis is
that these transformations define the isometry algebra of WCW.
p-Adic mass calculations require also second super-conformal symmetry. It is defined by
Kac-Moody algebra assignable to the isometries of the imbedding space or possibly those of δCD.
This algebra must appear together with symplectic algebra as a direct sum. The original guess
was that Kac-Moody algebra is associated with light-like 3-surfaces as a local algebra localized by
hand with respect to the internal coordinates. A more elegant identification emerged in light of the
wisdom gained from the solutions of the Kähler-Dirac equation. Neutrino modes and symplectic
Hamiltonians generate symplectic algebra and the remaining fermion modes and Hamiltonians of
symplectic isometries generate the Kac-Moody algebra and the direct sum of these algebras acts
naturally on physical states.
A further physically well-motivated hypothesis inspired by holography and extended GCI
is that these symmetries extend so that they apply at the entire space-time sheet and also at the
level of imbedding space.
1. The extension to the entire space-time surface requires the slicing of space-time surface by
partonic 2- surfaces and by stringy world sheets such that each point of stringy world sheet
defines a partonic 2-surface and vice versa. This slicing has deep physical motivations since
it realizes geometrically standard facts about gauge invariance (partonic 2-surface defines
the space of physical polarizations and stringy space-time sheet corresponds to non-physical
polarizations) and its existence is a hypothesis about the properties of the preferred extremals
of Kähler action.
There is a similar decomposition also at the level of CD and so called Hamilton-Jacobi
4
coordinates for M+
[K57] define this kind of slicings. This slicing can induced the slicing of the
space-time sheet. The number theoretic vision gives a further justification for this hypothesis
and also strengthens it by postulating the presence of the preferred time direction having
interpretation in terms of real unit of octonions. In ZEO this time direction corresponds to
the time-like vector connecting the tips of CD.
2. The simplest extension of the symplectic algebra at the level of imbedding space is by parallel
translating the light-cone boundary. This would imply duality of the formulations using lightlike and space-like 3-surfaces and Equivalence Principle (EP) might correspond to this duality
in turn implied by strong form of general coordinate invariance (GCI).
Conformal symmetries (see Fig. 2.1) would provide the realization of W CW as a union of
symmetric spaces. Symmetric spaces are coset spaces of form G/H. The natural identification of
G and H is as groups of symplectic transformations and its subroup leaving preferred 3-surface
invariant (acting as diffeomorphisms for it). Quantum fluctuating (metrically non-trivial) degrees
of freedom would correspond to symplectic transformations of H+ and fluxes of the induced Kähler
form would define a local representation for zero modes: not necessarily all of them.
A highly attractive hypothesis motivated by fractality is that the algebras of conformal symmetries represent broken conformal symmetries in the sense that the sub-algebras with conformal
weights coming as integer multiples of fixed integer n annihilate the physical states and corresponding Noether charges associated with Kähler and Kähler-Dirac
action vanish. The hierarchies of
Q
symmetry breakings defined by the sequences ni+1 = k<i+1 mk would correspond to hierarchies
of Planck constants hef f and hierarchies of CDs with increasing sizes characterized by the distance
between the tips of CD. The transformation of generators from those of gauge symmetries to real
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Figure 2.1: Conformal symmetry preserves angles in complex plane
physical symmetries would bring in new degrees of freedom increasing measurement resolution.
The hierarchies would define also inclusion hierarchies of hyper-finite factors of type II1 [K97].
The level of Kähler action n would tell the number of conformal equivalence classes connecting the
3-surfaces at the boundaries of CD.

2.3.3

Equivalence Principle And Super-Conformal Symmetries

Equivalence Principle (EP) is a second corner stone of General Relativity and together with GCI
leads to Einstein’s equations. What EP states is that inertial and gravitational masses are identical.
In this form it is not well-defined even in GRT since the definition of gravitational and inertial fourmomenta is highly problematic because Noether theorem is not available. Therefore the realization
is in terms of local equations identifying energy momentum tensor with Einstein tensor.
Thinking EP in terms of scattering amplitudes for graviton exchange, it seems obvious that
EP is true in TGD since all particles are string like objects (monopole flux tubes connecting pairs
of wormhole contacts accompanied by fermionic strings). How EP is realized in TGD has been a
longstanding open question [K94]. The problem has been that at the classical level EP in its GRT
form can hold true only in long enough length scales and it took long to time to realize that only
the stringy form of this principle is required. The first question is how to identify the gravitational
and inertial four-momenta. I have considered very many proposals in this regard!
One could argue that Equivalence Principle (EP) reduces to a mere tautology in TGD
framework since stringy picture implies stringy scattering amplitudes for graviton exchanges. This
might be the case at quantum level. There are however problems: how the exact Poincare invariance
can be consistent with the non-conservation of four-momentum in GRT based cosmologies? What
EP could mean at quantum level? Does EP reduce at classical level to Einstein’s equations in
some sense. How to take into account the many-sheetedness of TGD space-time? The following
represents the latest vision about EP in TGD.
1. ZEO and non-conservation of Poincare charges in Poincare invariant theory of gravitation
In positive energy ontology the Poincare invarance of TGD is in sharpt contrast with the
fact that GRT based cosmology predicts non-conservation of Poincare charges (as a matter fact,
the definition of Poincare charges is very questionable for general solutions of field equations).
In zero energy ontology (ZEO) all conserved (that is Noether-) charges of the Universe
vanish identically and their densities should vanish in scales below the scale defining the scale for
observations and assignable to causal diamond (CD). This observation allows to imagine a ways
out of what seems to be a conflict of Poincare invariance with cosmological facts.
ZEO would explain the local non-conservation of average energies and other conserved quantum numbers in terms of the contributions of sub-CDs analogous to quantum fluctuations. Classical
gravitation should have a thermodynamical description if this interpretation is correct. The average values of the quantum numbers assignable to a space-time sheet would depend on the size
of CD and possibly also its location in M 4 . If the temporal distance between the tips of CD
is interpreted as a quantized variant of cosmic time, the non-conservation of energy-momentum
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defined in this manner follows. One can say that conservation laws hold only true in given scale
defined by the largest CD involved.
2. Equivalence Principle at quantum level
The interpretation of EP at quantum level has developed slowly and the recent view is that
it reduces to quantum classical correspondence meaning that the classical charges of Kähler action
can be identified with eigen values of quantal charges associated with Kähler-Dirac action.
1. At quantum level I have proposed coset representations for the pair of super-symplectic
algebras assignable to the light-like boundaries of CD and the Super Kac-Moody algebra
assignable to the light-like 3-surfaces defining the orbits of partonic 2-surfaces as realization
of EP. For coset representation the differences of super-conformal generators would annihilate
the physical states so that one can argue that the corresponding four-momenta are identical.
One could even say that one obtains coset representation for the “vibrational” parts of the
super-conformal algebras in question. It is now clear that this idea does not work. Note
however that coset representations occur naturally for the subalgebras of symplectic algebra
and Super Kac-Moody algebra and are naturally induced by finite measurement resolution.
2. The most recent view (2014) about understanding how EP emerges in TGD is described
in [K94] and relies heavily on superconformal invariance and a detailed realisation of ZEO
at quantum level. In this approach EP corresponds to quantum classical correspondence
(QCC): four-momentum identified as classical conserved Noether charge for space-time sheets
associated with Käbler action is identical with quantal four-momentum assignable to the
representations of super-symplectic and super Kac-Moody algebras as in string models and
having a realisation in ZEO in terms of wave functions in the space of causal diamonds (CDs).
3. The latest realization is that the eigenvalues of quantal four-momentum can be identified as
eigenvalues of the four-momentum operator assignable to the Kähler-Dirac equation. This
realisation seems to be consistent with the p-adic mass calculations requiring that the superconformal algebra acts in the tensor product of 5 tensor factors.
3. Equivalence Principle at classical level
How Einstein’s equations and General Relativity in long length scales emerges from TGD
has been a long-standing interpretational problem of TGD.
The first proposal making sense even when one does not assume ZEO is that vacuum extremals are only approximate representations of the physical situation and that small fluctuations
around them give rise to an inertial four-momentum identifiable as gravitational four-momentum
identifiable in terms of Einstein tensor. EP would hold true in the sense that the average gravitational four-momentum would be determined by the Einstein tensor assignable to the vacuum
extremal. This interpretation does not however take into account the many-sheeted character of
TGD spacetime and is therefore questionable.
The resolution of the problem came from the realization that GRT is only an effective theory
obtained by endowing M 4 with effective metric.
1. The replacement of superposition of fields with superposition of their effects means replacing
superposition of fields with the set-theoretic union of space-time surfaces. Particle experiences
sum of the effects caused by the classical fields at the space-time sheets.
2. This is true also for the classical gravitational field defined by the deviation from flat
Minkowski metric instandard M 4 coordinates for the space-time sheets. One can define
effective metric as sum of M 4 metric and deviations. This effective metric would correspond
to that of General Relativity. This resolves long standing issues relating to the interpretation
of TGD.
3. Einstein’s equations could hold true for the effective metric. They are motivated by the
underlying Poincare invariance which cannot be realized as global conservation laws for the
effective metric. The conjecture vanishing of divergence of Kähler energy momentum tensor
can be seen as the microscopic justification for the claim that Einstein’s equations hold true
for the effective space-time.
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4. The breaking of Poincare invariance could have interpretation as effective breaking in zero
energy ontology (ZEO), in which various conserved charges are length dependent and defined
separately for each causal diamond (CD).
One can of course consider the possibility that Einstein’s equations generalize for preferred
extremals of Kähbler action. This would actually represent at space-time level the notion of QCC
rather than realise QCC interpreted as EP. The condition that the energy momentum tensor for
Kähler action has vanishing covariant divergence would be satisfied in GRT if Einstein’s equations
with cosmological term hold true. This is the case.
An interesting question is whether inertial-gravitational duality generalizes to the case of
color gauge charges so that color gauge fluxes would correspond to “gravitational” color charges and
the charges defined by the conserved currents associated with color isometries would define “inertial” color charges. Since the induced color fields are proportional to color Hamiltonians multiplied
by Kähler form they vanish identically for vacuum extremals in accordance with “gravitational”
color confinement.
The latest clarification related to EP comes from the natural boundary condition that the
boundaries of string world sheets at light-like orbits of the partonic 2-surfaces are light-like (if the
boundary curve is not light-like, it is necessarily space-like). These orbits correspond to light-like
imbedding space 8-momenta classically, which leads to a generalization of 4-D twistors to 8-D ones
at the level of the tangent space M 8 by introducing octonion structure and allowing to generalize
twistor formalism so that it applies to particles massive in M 4 sense [K91]. If the light-like curve is
light-like geodesic, the 8-momentum is conserved and its M 4 and CP2 parts have constant length.
In E 4 degrees of freedom this means SO(4) symmetry, which might allow an interpretation as the
symmetry of strong interactions in the description applying at hadron level. The particle states
would not be eigenstates of E 4 momentum but characterized by wave functions in S 3 assignable to
irreducible SO(4) representations. At quark and gluon level the harmonics of CP2 would describe
color. At the level of generalized Feynman diagrams the natural identification of M 4 part of
the 8-momentum would be as incoming M 4 momentum labelling the harmonics of the imbedding
space and this identification would provide a concrete realization of EP. In CP2 degrees of freedom
CP2 − E 4 duality relating hadrons and quarks and gluons would be a more abstract realization of
EP.

2.3.4

Extension Of Super-Conformal Symmetries

The original idea behind the extension of conformal symmetries to super-conformal symmetries
was the observation that isometry currents defining infinitesimal isometries of W CW have natural
super-counterparts obtained by contracting the Killing vector fields with the complexified gamma
matrices of the imbedding space.
This vision has generalized considerably as the construction of WCW spinor structure in
terms of Kähler-Dirac action has developed. The basic philosophy behind this idea is that WCW
spinor structure must relate directly to the fermionic sector of quantum physics. In particular,
Kähler-Dirac gamma matrices should be expressible in terms of the fermionic oscillator operators
associated with the second quantized induced spinor fields.
The explicit realization of this program leads to an identification of rich spectrum of superconformal symmetries and generalization of the ordinary notion of space-time supersymmetry.
What happens that all fermionic oscillator operator generate broken super-conformal gauge symmetries whereas in SUSYs there is only finite number of them.
One can however identify sub-algebra of super-conformal symmetries associated with right
handed neutrino and this suggests N = 2 super-symmetry respecting conservation of fermion
numbers as the least broken SUSY [B8] [K45].
One must be however extremely cautious here since one can imagine several variants for
space-time SUSY. The sparticles predicted by a typical supersymmetric extension of standard
model have not been observed at LHC. A possible explanation is that supersymmetric matter
corresponds to a non-standard value of hef f and thus dark matter and does not appear in the
vertices of Feynman diagrams involving ordinary matter. If this is the case, the mass scales of
sparticles and particles could be same.
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2.3.5

Does TGD Allow The Counterpart Of Space-Time Super-Symmetry?

It has been clear from the beginning that the notion of super-conformal symmetry crucial for
the successes of super-string models generalizes in TGD framework. The answer to the question
whether space-time SUSY makes sense in TGD framework has not been obvious at all but it seems
now that the answer is affirmative. The evolution of the ideas relevant for the formulation of SUSY
in TGD framework is summarized in the chapters of [K49] . The chapters devoted to the SUSY
QFT limit of TGD [K66], to twistor approach to TGD [K91] , and to the generalization of Yangian
symmetry of N = 4 SYM manifest in the Grassmannian twistor approach [B24] to a multi-local
variant of super-conformal symmetries [K91] represent a gradual development of the ideas about
how super-symmetric M -matrix could be constructed in TGD framework.
Before continuing a warning to the reader is in order. In their recent form the above listed
chapters do not represent the final outcome but just an evolution of ideas proceeding by trial and
error.
Contrary to the original expectations, TGD seems to allow a generalization of the spacetime super-symmetry. This became clear with the increased understanding of the Kähler-Dirac
action [K40, K60] . It is possible to define SUSY algebra at fundamental level as anti-commutation
relations of fermionic oscillator operators. Depending on the situation N = 2N SUSY algebra
(an inherent cutoff on the number of fermionic modes at light-like wormhole throat) or fermionic
part of super-conformal algebra with infinite number of oscillator operators results. The addition
of fermion in particular mode would define particular super-symmetry. This super-symmetry is
badly broken due to the dynamics of the Kähler-Dirac operator which also mixes M 4 chiralities
inducing massivation. Since right-handed neutrino has no electro-weak couplings the breaking of
the corresponding super-symmetry should be weakest.
ZEO combined with the analog of the twistor approach to N = 4 SYMs and weak form of
electric-magnetic duality has actually led to this kind of formulation [K91] . What is new that also
virtual particles have massless fermions as their building blocks. This implies manifest finiteness of
loop integrals so that the situation simplifies dramatically. What is also new element that physical
particles and also string like objects correspond to bound states of massless fermions.
The question is whether this SUSY has a realization as a SUSY algebra at space-time level
and whether the QFT limit of TGD could be formulated as a generalization of SUSY QFT. There
are several problems involved.
1. In TGD framework super-symmetry means addition of a fermion to the state and since the
number of spinor modes is larger states with large spin and fermion numbers are obtained.
This picture does not fit to the standard view about super-symmetry. In particular, the identification of theta parameters as Majorana spinors and super-charges as Hermitian operators
is not possible.
2. The belief that Majorana spinors are somehow an intrinsic aspect of super-symmetry is however only a belief. Weyl spinors meaning complex theta parameters are also possible. Theta
parameters can also carry fermion number meaning only the supercharges carry fermion
number and are non-hermitian. The general classification of super-symmetric theories indeed
demonstrates that for D = 8 Weyl spinors and complex and non-hermitian super-charges are
possible. The original motivation for Majorana spinors might come from MSSM assuming
that right handed neutrino does not exist. This belief might have also led to string theories
in D = 10 and D = 11 as the only possible candidates for TOE after it turned out that chiral
anomalies cancel. It indeed turns out that TGD view about space-time SUSY is internally
consistent. Even more, the separate conservation of quark and lepton number is essential for
the internal consistency of this view [K66] .
3. The massivation of particles is the basic problem of both SUSYs and twistor approach. I
have discussed several solutions to this problem [K91]. Twistor Grassmannian approach to
N = 4 SYM and the generalization of the Yangian symmetry of this theory inspires two
approaches to the problem.
(a) In ZEO one can construct physical particles as bound states of massless particles associated with the opposite wormhole throats. If the particles have opposite 3-momenta the
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resulting state is automatically massive. In fact, this forces massivation of also spin one
bosons since the fermion and anti-fermion must move in opposite directions for their
spins to be parallel so that the net mass is non-vanishing: note that this means that
even photon, gluons, and graviton have small mass.
This mechanism makes topologically condensed fermions massive and padic thermodynamics allows to describe the massivation in terms of zero energy states and M -matrix.
Bosons would receive to their mass besides the small mass coming from thermodynamics
also a stringy contribution which would be the counterpart of the contribution coming
from Higgs vacuum expectation value and Higgs gives rise to longitudinal polarizations.
No Higgs potential is however needed. The cancellation of infrared divergences necessary for exact Yangian symmetry and the observation that even photon receives small
mass suggest that scalar Higgs would disappear completely from the spectrum.
(b) Second approach relies on the generalization of twistor approach. 4-D twistors become
8-dimensional when quaternionic sigma matrices are replaced by octonionic ones. Lightlikeness in 8-D sense would allow massive particles in 4-D sense [K91]. The classical
8-momentum associated with the light-like boundary of string world sheet would realize
M 8 octonionic twistoriality concretely. This approach is very elegant and allows the
4-momenta of fermions decomposing particles to be massive and there are no problems
with the massivation and emergence of the third polarization. Infrared problems are
automatically absent in this framework. Encouragingly, M 4 and CP2 are indeed the
unique four-manifolds allowing twistor space which is Kähler manifold. It seems that
this option is the only physically plausible one.
Basic data bits
Let us first summarize the data bits about possible relevance of super-symmetry for TGD before
the addition of the 3-D measurement interaction term to the Kähler-Dirac action [K40] .
1. Right-handed covariantly constant neutrino spinor νR defines a super-symmetry in CP2 degrees of freedom in the sense that Dirac equation is satisfied by covariant constancy and there
is no need for the usual ansatz Ψ = DΨ0 giving D2 Ψ = 0. This super-symmetry allows to
construct solutions of Dirac equation in CP2 [A28, A36, A22, A34].
2. In M 4 × CP2 this means the existence of massless modes Ψ = p/Ψ0 , where Ψ0 is the tensor
product of M 4 and CP2 spinors. For these solutions M 4 chiralities are not mixed unlike
for all other modes which are massive and carry color quantum numbers depending on the
CP2 chirality and charge. As matter fact, covariantly constant right-handed neutrino spinor
mode is the only color singlet. The mechanism leading to non-colored states for fermions
is based on super-conformal representations for which the color is neutralized [K19, K19]
. The negative conformal weight of the vacuum (assumption) also cancels the enormous
contribution to mass squared coming from mass in CP2 degrees of freedom.
3. The massless right-handed neutrinos would be associated with string boundaries light-like
M 4 - rather than only M 8 sense. They would satisfy massless Dirac equation. What this
Dirac equation is, is far from obvious and I have considered almost all possibilities that one
can imagine.
The minimal option is that the gamma matrix associated with the fermion line is the lightlike Kähler-Dirac gamma matrix since the K-D gamma matrix in normal direction should
vanish by natural boundary conditions for the extremal of Kähler action. This gamma matrix
should have a vanishing covariant divergence by field equations.
This would allow a light-like M 4 momentum with varying direction: light-likeness of M 4
momentum gives just Virasoro conditions in the same manner as for CP2 type vacuum
extremals. For general M 8 type orbits a mixing with left handed neutrino would take place
but if string world sheets do not carry induced W boson fields, the mixing with charged spinor
components does not occur (W gauge potential is present but can be gauge transformed
away). This mixing would induce breaking of SUSY and give mass for the right-handed
neutrino.
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4. Space-time super-symmetry in the conventional sense of the word is impossible in TGD
framework since it would require Majorana spinors. In 8-D space-time with Minkowski
signature of metric Majorana spinors are definitely ruled out by the standard argument
leading to super string model. Majorana spinors would also break separate conservation of
lepton and baryon numbers in TGD framework.
Could one generalize super-symmetry?
Could one then consider a more general space-time super-symmetry with “space-time” identified
as space-time surface rather than Minkowski space?
1. The TGD variant of the super-symmetry could correspond quite concretely to the addition
of right-handed neutrinos to fermion and boson states at partonic 2-surfaces. Since righthanded neutrinos do not have electro-weak interactions, the addition might not appreciably
affect the mass formula although it could affect the p-adic prime defining the mass scale.
2. The problem is to understand what this addition of the right-handed neutrino means. To
begin with, notice that in TGD Universe fermions reside at light-like 3-surfaces at which
the signature of induced metric changes. Bosons correspond to pairs of light-like wormhole
throats with wormhole contact having Euclidian signature of the induced metric.
The long standing head ache has been that for bosons with parallel light-like four-momenta
with same sign of energy the spins of fermion and anti-fermion are opposite so that one
would obtain only scalar bosons! The problem disappears when 4-D light-likeness is replaced
with 8-D light-likeness. The massless Dirac equation using induced gamma matrices at the
light-like boundary of string world sheet indeed allows momenta which are light-like in 8-D
sense and massive in M 4 sense so that a mixing of M 4 chiralities occurs. This allows to have
both spin one bosonic states.
3. The super-symmetry as an addition of a fermion carrying right handed neutrino quantum
numbers to the wormhole throat opposite to that carrying many-fermion state does not
make sense since the resulting state cannot be distinguished from gauge boson or Higgs type
particle. The light-like 3-surfaces can however carry fermion numbers up to the number of
modes of the induced spinor field, which is expected to be infinite inside string like objects
having wormhole throats at ends and finite when one has space time sheets containing the
throats [K40]. In very general sense one could say that each mode defines a very large broken
N -super-symmetry with the value of N depending on state and light-like 3-surface. The
breaking of this super-symmetry would come from electro-weak - , color - , and gravitational
interactions. Right-handed neutrino would by its electro-weak and color inertness define a
minimally broken super-symmetry.
4. What this addition of the right handed neutrinos or more general fermion modes could precisely mean? One cannot assign fermionic oscillator operators to right handed neutrinos
which are covariantly constant in both M 4 and CP2 degrees of freedom since the modes
with vanishing energy (frequency) cannot correspond to fermionic oscillator operator creating a physical state since one would have a = a† . The intuitive view is that all the spinor
modes move in an exactly collinear manner - somewhat like quarks inside hadron do approximately. This would suggest right-handed neutrinos have a non-vanishing but massless
four-momentum so that there is an unavoidable breaking of SUSY.
TGD counterpart of space-time super-symmetry
This picture allows to define more precisely what one means with the approximate super-symmetries
in TGD framework.
1. One can in principle construct many-fermion states containing both fermions and antifermions at given light-like 3-surface. The four-momenta of states related by super-symmetry
need not be same. Super-symmetry breaking is present and has as the space-time correlate
the deviation of the Kähler-Dirac gamma matrices from the ordinary M 4 gamma matrices. In
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particular, the fact that Γ̂α possesses CP2 part in general means that different M 4 chiralities
are mixed: a space-time correlate for the massivation of the elementary particles.
2. For right-handed neutrino super-symmetry breaking is expected to be smallest but also in
the case of the right-handed neutrino mode mixing of M 4 chiralities takes place and breaks
the TGD counterpart of super-symmetry.
3. The fact that all helicities in the state are physical for a given light-like 3-surface has important implications. For instance, the addition of a right-handed antineutrino to right-handed
(left-handed) electron state gives scalar (spin 1) state. Also states with fermion number two
are obtained from fermions. For instance, for eR one obtains the states {eR , eR νR ν R , eR ν R , eR νR }
with lepton numbers (1, 1, 0, 2) and spins (1/2, 1/2, 0, 1). For eL one obtains the states
{eL , eL νR ν R , eL ν R , eL νR } with lepton numbers (1, 1, 0, 2) and spins (1/2, 1/2, 1, 0). In the
case of gauge boson and Higgs type particles -allowed by TGD but not required by p-adic
mass calculations- gauge boson has 15 super partners with fermion numbers [2, 1, 0, −1, −2].
The cautious conclusion is that the recent view about quantum TGD allows the analog of
super-symmetry which is necessary broken and for which the multiplets are much more general
than for the ordinary super-symmetry. Right-handed neutrinos might however define something
resembling ordinary super-symmetry to a high extent. The question is how strong prediction one
can deduce using quantum TGD and proposed super-symmetry.
1. For a minimal breaking of super-symmetry only the p-adic length scale characterizing the
super-partner differs from that for partner but the mass of the state is same. This would
allow only a discrete set of masses for various super-partners coming as half octaves of the
mass of the particle in question. A highly predictive model results.
2. The quantum field theoretic description should be based on QFT limit of TGD formulated
in terms of bosonic emergence . This formulation should allow to calculate the propagators
of the super-partners in terms of fermionic loops.
3. This TGD variant of space-time super-symmetry resembles ordinary super-symmetry in the
sense that selection rules due to the right-handed neutrino number conservation and analogous to the conservation of R-parity hold true. The states inside super-multiplets have
identical electro-weak and color quantum numbers but their p-adic mass scales can be different. It should be possible to estimate reaction reaction rates using rules very similar to
those of super-symmetric gauge theories.
4. It might be even possible to find some simple generalization of standard super-symmetric
gauge theory to get rough estimates for the reaction rates. There are however problems. The
fact that spins J = 0, 1, 2, 3/2, 2 are possible for super-partners of gauge bosons forces to ask
whether these additional states define an analog of non-stringy strong gravitation. Note that
graviton in TGD framework corresponds to a pair of wormhole throats connected by flux
tube (counterpart of string) and for gravitons one obtains 28 -fold degeneracy.
To sum up, this approach does not suggest that particles and sparticles should have different
p-adic mass scales. A possible way out of the problem is that the p-adic mass scales are same but
sparticles have different hef f and dark relative to particles so that they are not observable in
particle physics experiments. The breaking of super-conformal symmetry indeed occurs and could
mean a transformation of super-conformal gauge degrees of freedom to dynamical ones and increase
of hef f /h = n characterizing the breaking of the conformal symmetry.

2.3.6

What Could Be The Generalization Of Yangian Symmetry Of N =
4 SUSY In TGD Framework?

There has been impressive steps in the understanding of N = 4 maximally sypersymmetric YM
theory possessing 4-D super-conformal symmetry. This theory is related by AdS/CFT duality to
certain string theory in AdS5 × S 5 background. Second stringy representation was discovered by
Witten and is based on 6-D Calabi-Yau manifold defined by twistors. The unifying proposal is
that so called Yangian symmetry is behind the mathematical miracles involved.
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The notion of Yangian symmetry would have a generalization in TGD framework obtained by
replacing conformal algebra with appropriate super-conformal algebras. Also a possible realization
of twistor approach and the construction of scattering amplitudes in terms of Yangian invariants
defined by Grassmannian integrals is considered in TGD framework and based on the idea that in
zero energy ontology one can represent massive states as bound states of massless particles. There
is also a proposal for a physical interpretation of the Cartan algebra of Yangian algebra allowing
to understand at the fundamental level how the mass spectrum of n-particle bound states could
be understood in terms of the n-local charges of the Yangian algebra.
Twistors were originally introduced by Penrose to characterize the solutions of Maxwell’s
equations. Kähler action is Maxwell action for the induced Kähler form of CP2 . The preferred
extremals allow a very concrete interpretation in terms of modes of massless non-linear field. Both
conformally compactified Minkowski space identifiable as so called causal diamond and CP2 allow
a description in terms of twistors. These observations inspire the proposal that a generalization of
Witten’s twistor string theory relying on the identification of twistor string world sheets with certain
holomorphic surfaces assigned with Feynman diagrams could allow a formulation of quantum TGD
in terms of 3-dimensional holomorphic surfaces of CP3 × CP3 mapped to 6-surfaces dual CP3 ×
CP3 , which are sphere bundles so that they are projected in a natural manner to 4-D space-time
surfaces. Very general physical and mathematical arguments lead to a highly unique proposal for
the holomorphic differential equations defining the complex 3-surfaces conjectured to correspond
to the preferred extremals of Kähler action.
Background
I am outsider as far as concrete calculations in N = 4 SUSY are considered and the following
discussion of the background probably makes this obvious. My hope is that the reader had patience
to not care about this and try to see the big pattern.
The developments began from the observation of Parke and Taylor [B35] that n-gluon tree
amplitudes with less than two negative helicities vanish and those with two negative helicities have
unexpectedly simple form when expressed in terms of spinor variables used to represent light-like
momentum. In fact, in the formalism based on Grassmanian integrals the reduced tree amplitude
for two negative helicities is just “1” and defines Yangian invariant. The article Perturbative Gauge
Theory As a String Theory In Twistor Space [B21] by Witten led to so called Britto-Cachazo-FengWitten (BCFW) recursion relations for tree level amplitudes [B15, B16, B15] allowing to construct
tree amplitudes using the analogs of Feynman rules in which vertices correspond to maximally
helicity violating tree amplitudes (2 negative helicity gluons) and propagator is massless Feynman
propagator for boson. The progress inspired the idea that the theory might be completely integrable
meaning the existence of infinite-dimensional un-usual symmetry. This symmetry would be so
called Yangian symmetry [K91] assigned to the super counterpart of the conformal group of 4-D
Minkowski space.
Drumond, Henn, and Plefka represent in the article Yangian symmetry of scattering amplitudes in N = 4 super Yang-Mills theory [B20] an argument suggesting that the Yangian invariance
of the scattering amplitudes ins an intrinsic property of planar N = 4 super Yang Mills at least at
tree level.
The latest step in the progress was taken by Arkani-Hamed, Bourjaily, Cachazo, CarotHuot, and Trnka and represented in the article Yangian symmetry of scattering amplitudes in
N = 4 super Yang-Mills theory [B24]. At the same day there was also the article of Rutger
Boels entitled On BCFW shifts of integrands and integrals [B36] in the archive. Arkani-Hamed
et al argue that a full Yangian symmetry of the theory allows to generalize the BCFW recursion
relation for tree amplitudes to all loop orders at planar limit (planar means that Feynman diagram
allows imbedding to plane without intersecting lines). On mass shell scattering amplitudes are in
question.
Yangian symmetry
The notion equivalent to that of Yangian was originally introduced by Faddeev and his group in the
study of integrable systems. Yangians are Hopf algebras which can be assigned with Lie algebras
as the deformations of their universal enveloping algebras. The elegant but rather cryptic looking
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definition is in terms of the modification of the relations for generating elements [K91]. Besides
ordinary product in the enveloping algebra there is co-product ∆ which maps the elements of the
enveloping algebra to its tensor product with itself. One can visualize product and co-product is
in terms of particle reactions. Particle annihilation is analogous to annihilation of two particle so
single one and co-product is analogous to the decay of particle to two. ∆ allows to construct higher
generators of the algebra.
Lie-algebra can mean here ordinary finite-dimensional simple Lie algebra, Kac-Moody algebra or Virasoro algebra. In the case of SUSY it means conformal algebra of M 4 - or rather its
super counterpart. Witten, Nappi and Dolan have described the notion of Yangian for superconformal algebra in very elegant andconcrete manner in the article Yangian Symmetry in D=4
superconformal Yang-Mills theory [B19]. Also Yangians for gauge groups are discussed.
In the general case Yangian resembles Kac-Moody algebra with discrete index n replaced
with a continuous one. Discrete index poses conditions on the Lie group and its representation
(adjoint representation in the case of N = 4 SUSY). One of the conditions conditions is that the
tensor product R ⊗ R∗ for representations involved contains adjoint representation only once. This
condition is non-trivial. For SU (n) these conditions are satisfied for any representation. In the
case of SU (2) the basic branching rule for the tensor product of representations implies that the
condition is satisfied for the product of any representations.
Yangian algebra with a discrete basis is in many respects analogous to Kac-Moody algebra.
Now however the generators are labelled by non-negative integers labeling the light-like incoming
and outgoing momenta of scattering amplitude whereas in in the case of Kac-Moody algebra
also negative values are allowed. Note that only the generators with non-negative conformal
weight appear in the construction of states of Kac-Moody and Virasoro representations so that the
extension to Yangian makes sense.
The generating elements are labelled by the generators of ordinary conformal transformations
acting in M 4 and their duals acting in momentum space. These two sets of elements can be labelled
by conformal weights n = 0 and n = 1 and and their mutual commutation relations are same as for
Kac-Moody algebra. The commutators of n = 1 generators with themselves are however something
different for a non-vanishing deformation parameter h. Serre’s relations characterize the difference
and involve the deformation parameter h. Under repeated commutations the generating elements
generate infinite-dimensional symmetric algebra, the Yangian. For h = 0 one obtains just one half
of the Virasoro algebra or Kac-Moody algebra. The generators with n > 0 are n + 1-local in the
sense that they involve n + 1-forms of local generators assignable to the ordered set of incoming
particles of the scattering amplitude. This non-locality generalizes the notion of local symmetry
and is claimed to be powerful enough to fix the scattering amplitudes completely.
How to generalize Yangian symmetry in TGD framework?
As far as concrete calculations are considered, I have nothing to say. I am just perplexed. It is
however possible to keep discussion at general level and still say something interesting (as I hope!).
The key question is whether it could be possible to generalize the proposed Yangian symmetry and
geometric picture behind it to TGD framework.
1. The first thing to notice is that the Yangian symmetry of N = 4 SUSY in question is quite
too limited since it allows only single representation of the gauge group and requires massless
particles. One must allow all representations and massive particles so that the representation
of symmetry algebra must involve states with different masses, in principle arbitrary spin and
arbitrary internal quantum numbers. The candidates are obvious: Kac-Moody algebras [A6]
and Virasoro algebras [A12] and their super counterparts. Yangians indeed exist for arbitrary
super Lie algebras. In TGD framework conformal algebra of Minkowski space reduces to
Poincare algebra and its extension to Kac-Moody allows to have also massive states.
2. The formal generalization looks surprisingly straightforward at the formal level. In zero energy ontology one replaces point like particles with partonic two-surfaces appearing at the
ends of light-like orbits of wormhole throats located to the future and past light-like boundaries of causal diamond (CD × CP2 or briefly CD). Here CD is defined as the intersection
of future and past directed light-cones. The polygon with light-like momenta is naturally
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replaced with a polygon with more general momenta in zero energy ontology and having partonic surfaces as its vertices. Non-point-likeness forces to replace the finite-dimensional super
Lie-algebra with infinite-dimensional Kac-Moody algebras and corresponding super-Virasoro
algebras assignable to partonic 2-surfaces.
3. This description replaces disjoint holomorphic surfaces in twistor space with partonic 2surfaces at the boundaries of CD × CP2 so that there seems to be a close analogy with
Cachazo-Svrcek-Witten picture. These surfaces are connected by either light-like orbits of
partonic 2-surface or space-like 3-surfaces at the ends of CD so that one indeed obtains the
analog of polygon.
What does this then mean concretely (if this word can be used in this kind of context?
1. At least it means that ordinary Super Kac-Moody and Super Virasoro algebras associated
with isometries of M 4 × CP2 annihilating the scattering amplitudes must be extended to a
co-algebras with a non-trivial deformation parameter. Kac-Moody group is thus the product
of Poincare and color groups. This algebra acts as deformations of the light-like 3-surfaces
representing the light-like orbits of particles which are extremals of Chern-Simon action with
the constraint that weak form of electric-magnetic duality holds true. I know so little about
the mathematical side that I cannot tell whether the condition that the product of the representations of Super-Kac-Moody and Super-Virasoro algebras ontains adjoint representation
only once, holds true in this case. In any case, it would allow all representations of finitedimensional Lie group in vertices whereas N = 4 SUSY would allow only the adjoint.
2. Besides this ordinary kind of Kac-Moody algebra there is the analog of Super-Kac-Moody
algebra associated with the light-cone boundary which is metrically 3-dimensional. The
finite-dimensional Lie group is in this case replaced with infinite-dimensional group of sym4
plectomorphisms of δM+/−
made local with respect to the internal coordinates of partonic
2-surface. A coset construction is applied to these two Virasoro algebras so that the differences of the corresponding Super-Virasoro generators and Kac-Moody generators annihilate
physical states. Contrary to the original belief, this construction does not provide a realization of Equivalence Principle at quantum level. The proper realization of EP at quantum
level seems to be based on the identification of classical Noether charges in Cartan algebra
with the eigenvalues of their quantum counterparts assignable to Kähler-Dirac action. At
classical level EP follows at GRT limit obtained by lumping many-sheeted space-time to M 4
with effective metric satisfying Einstein’s equations as a reflection of the underlying Poincare
invariance.
3. The construction of TGD leads also to other super-conformal algebras and the natural guess
is that the Yangians of all these algebras annihilate the scattering amplitudes.
4. Obviously, already the starting point symmetries look formidable but they still act on single
partonic surface only. The discrete Yangian associated with this algebra associated with
the closed polygon defined by the incoming momenta and the negatives of the outgoing
momenta acts in multi-local manner on scattering amplitudes. It might make sense to speak
about polygons defined also by other conserved quantum numbers so that one would have
generalized light-like curves in the sense that state are massless in 8-D sense.
Is there any hope about description in terms of Grassmannians?
At technical level the successes of the twistor approach rely on the observation that the amplitudes
can be expressed in terms of very simple integrals over sub-manifolds of the space consisting of
k-dimensional planes of n-dimensional space defined by delta function appearing in the integrand.
These integrals define super-conformal Yangian invariants appearing in twistorial amplitudes and
the belief is that by a proper choice of the surfaces of the twistor space one can construct all
invariants. One can construct also the counterparts of loop corrections by starting from tree
diagrams and annihilating pair of particles by connecting the lines and quantum entangling the
states at the ends in the manner dictated by the integration over loop momentum. These operations
can be defined as operations for Grassmannian integrals in general changing the values of n and
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k. This description looks extremely powerful and elegant and nosta importantly involves only the
external momenta.
The obvious question is whether one could use similar invariants in TGD framework to
construct the momentum dependence of amplitudes.
1. The first thing to notice is that the super algebras in question act on infinite-dimensional
representations and basically in the world of classical worlds assigned to the partonic 2surfaces correlated by the fact that they are associated with the same space-time surface.
This does not promise anything very practical. On the other hand, one can hope that
everything related to other than M 4 degrees of freedom could be treated like color degrees
of freedom in N = 4 SYM and would boil down to indices labeling the quantum states. The
Yangian conditions coming from isometry quantum numbers, color quantum numbers, and
electroweak quantum numbers are of course expected to be highly non-trivial and could fix
the coefficients of various singlets resulting in the tensor product of incoming and outgoing
states.
2. The fact that incoming particles can be also massive seems to exclude the use of the twistor
space. The following observation however raises hopes. The Dirac propagator for wormhole
throat is massless propagator but for what I call pseudo momentum. It is still unclear how
this momentum relates to the actual four-momentum. Could it be actually equal to it? The
recent view about pseudo-momentum does not support this view but it is better to keep mind
open. In any case this finding suggests that twistorial approach could work in in more or
less standard form. What would be needed is a representation for massive incoming particles
as bound states of massless partons. In particular, the massive states of super-conformal
representations should allow this kind of description.
Could zero energy ontology allow to achieve this dream?
1. As far as divergence cancellation is considered, zero energy ontology suggests a totally new
approach producing the basic nice aspects of QFT approach, in particular unitarity and
coupling constant evolution. The big idea related to zero energy ontology is that all virtual
particle particles correspond to wormhole throats, which are pairs of on mass shell particles. If
their momentum directions are different, one obtains time-like continuum of virtual momenta
and if the signs of energy are opposite one obtains also space-like virtual momenta. The
on mass shell property for virtual partons (massive in general) implies extremely strong
constraints on loops and one expect that only very few loops remain and that they are finite
since loop integration reduces to integration over much lower-dimensional space than in the
QFT approach. There are also excellent hopes about Cutkoski rules.
2. Could zero energy ontology make also possible to construct massive incoming particles from
massless ones? Could one construct the representations of the super conformal algebras using
only massless states so that at the fundamental level incoming particles would be massless
and one could apply twistor formalism and build the momentum dependence of amplitudes
using Grassmannian integrals.
One could indeed construct on mass shell massive states from massless states with momenta
along the same line but with three-momenta at opposite directions. Mass squared is given by
M 2 = 4E 2 in the coordinate frame, where the momenta are opposite and of same magnitude.
One could also argue that partonic 2-surfaces carrying quantum numbers of fermions and
their superpartners serve as the analogs of point like massless particles and that topologically
condensed fermions and gauge bosons plus their superpartners correspond to pairs of wormhole throats. Stringy objects would correspond to pairs of wormhole throats at the same
space-time sheet in accordance with the fact that space-time sheet allows a slicing by string
worlds sheets with ends at different wormhole throats and defining time like braiding.
The weak form of electric magnetic duality indeed supports this picture. To understand
how, one must explain a little bit what the weak form of electric magnetic duality means.
1. Elementary particles correspond to light-like orbits of partonic 2-surfaces identified as 3-D
surfaces at which the signature of the induced metric of space-time surface changes from
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Euclidian to Minkowskian and 4-D metric is therefore degenerate. The analogy with black
hole horizon is obvious but only partial. Weak form of electric-magnetic duality states that
the Kähler electric field at the wormhole throat and also at space-like 3-surfaces defining
the ends of the space-time surface at the upper and lower light-like boundaries of the causal
diamond is proportonial to Kähler magnetic field so that Kähler electric flux is proportional
Kähler magnetic flux. This implies classical quantization of Kähler electric charge and fixes
the value of the proportionality constant.
2. There are also much more profound implications. The vision about TGD as almost topological QFT suggests that Kähler function defining the Kähler geometry of the “world of classical
worlds” ( WCW ) and identified as Kähler action for its preferred extremal reduces to the
3-D Chern-Simons action evaluated at wormhole throats and possible boundary components.
Chern-Simons action would be subject to constraints. Wormhole throats and space-like 3surfaces would represent extremals of Chern-Simons action restricted by the constraint force
stating electric-magnetic duality (and realized in terms of Lagrange multipliers as usual).
If one assumes that Kähler current and other conserved currents are proportional to current
defining Beltrami flow whose flow lines by definition define coordinate curves of a globally
defined coordinate, the Coulombic term of Kähler action vanishes and it reduces to ChernSimons action if the weak form of electric-magnetic duality holds true. One obtains almost
topological QFT. The absolutely essential attribute “almost” comes from the fact that ChernSimons action is subject to constraints. As a consequence, one obtains non-vanishing fourmomenta and WCW geometry is non-trivial in M 4 degrees of freedom. Otherwise one would
have only topological QFT not terribly interesting physically.
Consider now the question how one could understand stringy objects as bound states of
massless particles.
1. The observed elementary particles are not Kähler monopoles and there much exist a mechanism neutralizing the monopole charge. The only possibility seems to be that there is
opposite Kähler magnetic charge at second wormhole throat. The assumption is that in the
case of color neutral particles this throat is at a distance of order intermediate gauge boson
Compton length. This throat would carry weak isospin neutralizing that of the fermion and
only electromagnetic charge would be visible at longer length scales. One could speak of
electro-weak confinement. Also color confinement could be realized in analogous manner by
requiring the cancellation of monopole charge for many-parton states only. What comes out
are string like objects defined by Kähler magnetic fluxes and having magnetic monopoles at
ends. Also more general objects with three strings branching from the vertex appear in the
case of baryons. The natural guess is that the partons at the ends of strings and more general
objects are massless for incoming particles but that the 3-momenta are in opposite directions
so that stringy mass spectrum and representations of relevant super-conformal algebras are
obtained. This description brings in mind the description of hadrons in terms of partons
moving in parallel apart from transversal momentum about which only momentum squared
is taken as observable.
2. Quite generally, one expects for the preferred extremals of Kähler action the slicing of spacetime surface with string world sheets with stringy curves connecting wormhole throats. The
ends of the stringy curves can be identified as light-like braid strands. Note that the strings
themselves define a space-like braiding and the two braidings are in some sense dual. This
has a concrete application in TGD inspired quantum biology, where time-like braiding defines
topological quantum computer programs and the space-like braidings induced by it its storage
into memory. Stringlike objects defining representations of super-conformal algebras must
correspond to states involving at least two wormhole throats. Magnetic flux tubes connecting
the ends of magnetically charged throats provide a particular realization of stringy on mass
shell states. This would give rise to massless propagation at the parton level. The stringy
quantization condition for mass squared would read as 4E 2 = n in suitable units for the
representations of super-conformal algebra associated with the isometries. For pairs of throats
of the same wormhole contact stringy spectrum does not seem plausible since the wormhole
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contact is in the direction of CP2 . One can however expect generation of small mass as
deviation of vacuum conformal weight from half integer in the case of gauge bosons.
If this picture is correct, one might be able to determine the momentum dependence of the
scattering amplitudes by replacing free fermions with pairs of monopoles at the ends of string and
topologically condensed fermions gauge bosons with pairs of this kind of objects with wormhole
throat replaced by a pair of wormhole throats. This would mean suitable number of doublings of
the Grassmannian integrations with additional constraints on the incoming momenta posed by the
mass shell conditions for massive states.
Could zero energy ontology make possible full Yangian symmetry?
The partons in the loops are on mass shell particles have a discrete mass spectrum but both signs
of energy are possible for opposite wormhole throats. This implies that in the rules for constructing
loop amplitudes from tree amplitudes, propagator entanglement is restricted to that corresponding
to pairs of partonic on mass shell states with both signs of energy. As emphasized in [B24], it is
the Grassmannian integrands and leading order singularities of N = 4 SYM, which possess the full
Yangian symmetry. The full integral over the loop momenta breaks the Yangian symmetry and
brings in IR singularities. Zero energy ontologist finds it natural to ask whether QFT approach
shows its inadequacy both via the UV divergences and via the loss of full Yangian symmetry.
The restriction of virtual partons to discrete mass shells with positive or negative sign of energy
imposes extremely powerful restrictions on loop integrals and resembles the restriction to leading
order singularities. Could this restriction guarantee full Yangian symmetry and remove also IR
singularities?
Could Yangian symmetry provide a new view about conserved quantum numbers?
The Yangian algebra has some properties which suggest a new kind of description for bound states.
The Cartan algebra generators of n = 0 and n = 1 levels of Yangian algebra commute. Since the
co-product ∆ maps n = 0 generators to n = 1 generators and these in turn to generators with
high value of n, it seems that they commute also with n ≥ 1 generators. This applies to fourmomentum, color isospin and color hyper charge, and also to the Virasoro generator L0 acting on
Kac-Moody algebra of isometries and defining mass squared operator.
Could one identify total four momentum and Cartan algebra quantum numbers as sum
of contributions from various levels? If so, the four momentum and mass squared would involve
besides the local term assignable to wormhole throats also n-local contributions. The interpretation
in terms of n-parton bound states would be extremely attractive. n-local contribution would involve
interaction energy. For instance, string like object would correspond to n = 1 level and give
n = 2-local contribution to the momentum. For baryonic valence quarks one would have 3-local
contribution corresponding to n = 2 level. The Yangian view about quantum numbers could give
a rigorous formulation for the idea that massive particles are bound states of massless particles.

2.4

Weak Form Electric-Magnetic Duality And Its Implications

The notion of electric-magnetic duality [B6] was proposed first by Olive and Montonen and is
central in N = 4 supersymmetric gauge theories. It states that magnetic monopoles and ordinary
particles are two different phases of theory and that the description in terms of monopoles can be
applied at the limit when the running gauge coupling constant becomes very large and perturbation
theory fails to converge. The notion of electric-magnetic self-duality is more natural since for
CP2 geometry Kähler form is self-dual and Kähler magnetic monopoles are also Kähler electric
monopoles and Kähler coupling strength is by quantum criticality renormalization group invariant
rather than running coupling constant. The notion of electric-magnetic (self-)duality emerged
already two decades ago in the attempts to formulate the Kähler geometric of world of classical
worlds. Quite recently a considerable step of progress took place in the understanding of this
notion [K11] . What seems to be essential is that one adopts a weaker form of the self-duality
applying at partonic 2-surfaces. What this means will be discussed in the sequel.
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Every new idea must be of course taken with a grain of salt but the good sign is that
this concept leads to precise predictions. The point is that elementary particles do not generate
monopole fields in macroscopic length scales: at least when one considers visible matter. The first
question is whether elementary particles could have vanishing magnetic charges: this turns out to
be impossible. The next question is how the screening of the magnetic charges could take place and
leads to an identification of the physical particles as string like objects identified as pairs magnetic
charged wormhole throats connected by magnetic flux tubes.
1. The first implication is a new view about electro-weak massivation reducing it to weak confinement in TGD framework. The second end of the string contains particle having electroweak
isospin neutralizing that of elementary fermion and the size scale of the string is electro-weak
scale would be in question. Hence the screening of electro-weak force takes place via weak
confinement realized in terms of magnetic confinement.
2. This picture generalizes to the case of color confinement. Also quarks correspond to pairs of
magnetic monopoles but the charges need not vanish now. Rather, valence quarks would be
connected by flux tubes of length of order hadron size such that magnetic charges sum up to
zero. For instance, for baryonic valence quarks these charges could be (2, −1, −1) and could
be proportional to color hyper charge.
3. The highly non-trivial prediction making more precise the earlier stringy vision is that elementary particles are string like objects: this could become manifest at LHC energies.
4. The weak form electric-magnetic duality together with Beltrami flow property of Kähler leads
to the reduction of Kähler action to Chern-Simons action so that TGD reduces to almost
topological QFT and that Kähler function is explicitly calculable. This has enormous impact
concerning practical calculability of the theory.
5. One ends up also to a general solution ansatz for field equations from the condition that the
theory reduces to almost topological QFT. The solution ansatz is inspired by the idea that
all isometry currents are proportional to Kähler current which is integrable in the sense that
the flow parameter associated with its flow lines defines a global coordinate. The proposed
solution ansatz would describe a hydrodynamical flow with the property that isometry charges
are conserved along the flow lines (Beltrami flow). A general ansatz satisfying the integrability
conditions is found.
The strongest form of the solution ansatz states that various classical and quantum currents
flow along flow lines of the Beltrami flow defined by Kähler current. Intuitively this picture
is attractive. A more general ansatz would allow several Beltrami flows meaning multihydrodynamics. The integrability conditions boil down to two scalar functions: the first
one satisfies massless d’Alembert equation in the induced metric and the gradients of the
scalar functions are orthogonal. The interpretation in terms of momentum and polarization
directions is natural.

2.4.1

Could A Weak Form Of Electric-Magnetic Duality Hold True?

Holography means that the initial data at the partonic 2-surfaces should fix the WCW metric. A
weak form of this condition allows only the partonic 2-surfaces defined by the wormhole throats
at which the signature of the induced metric changes. A stronger condition allows all partonic
2-surfaces in the slicing of space-time sheet to partonic 2-surfaces and string world sheets. Number
theoretical vision suggests that hyper-quaternionicity resp. co-hyperquaternionicity constraint
could be enough to fix the initial values of time derivatives of the imbedding space coordinates
in the space-time regions with Minkowskian resp. Euclidian signature of the induced metric.
This is a condition on modified gamma matrices and hyper-quaternionicity states that they span
a hyper-quaternionic sub-space.
Definition of the weak form of electric-magnetic duality
One can also consider alternative conditions possibly equivalent with this condition. The argument
goes as follows.
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1. The expression of the matrix elements of the metric and Kähler form of W CW in terms of
4
the Kähler fluxes weighted by Hamiltonians of δM±
at the partonic 2-surface X 2 looks very
attractive. These expressions however carry no information about the 4-D tangent space of
the partonic 2-surfaces so that the theory would reduce to a genuinely 2-dimensional theory,
which cannot hold true. One would like to code to the WCW metric also information about
the electric part of the induced Kähler form assignable to the complement of the tangent
space of X 2 ⊂ X 4 .
2. Electric-magnetic duality of the theory looks a highly attractive symmetry. The trivial
manner to get electric magnetic duality at the level of the full theory would be via the
identification of the flux Hamiltonians as sums of of the magnetic and electric fluxes. The
presence of the induced metric is however troublesome since the presence of the induced
metric means that the simple transformation properties of flux Hamiltonians under symplectic
transformations -in particular color rotations- are lost.
3. A less trivial formulation of electric-magnetic duality would be as an initial condition which
eliminates the induced metric from the electric flux. In the Euclidian version of 4-D YM
theory this duality allows to solve field equations exactly in terms of instantons. This approach involves also quaternions. These arguments suggest that the duality in some form
might work. The full electric magnetic duality is certainly too strong and implies that spacetime surface at the partonic 2-surface corresponds to piece of CP2 type vacuum extremal
and can hold only in the deep interior of the region with Euclidian signature. In the region
surrounding wormhole throat at both sides the condition must be replaced with a weaker
condition.
4. To formulate a weaker form of the condition let us introduce coordinates (x0 , x3 , x1 , x2 )
such (x1 , x2 ) define coordinates for the partonic 2-surface and (x0 , x3 ) define coordinates
labeling partonic 2-surfaces in the slicing of the space-time surface by partonic 2-surfaces
and string world sheets making sense in the regions of space-time sheet with Minkowskian
signature. The assumption about the slicing allows to preserve general coordinate invariance.
The weakest condition is that the generalized Kähler electric fluxes are apart from constant
proportional to Kähler magnetic fluxes. This requires the condition

√
J 03 g4

= KJ12 .

(2.4.1)

A more general form of this duality is suggested by the considerations of [K15] reducing the
hierarchy of Planck constants to basic quantum TGD and also reducing Kähler function for
preferred extremals to Chern-Simons terms [B2] at the boundaries of CD and at light-like
wormhole throats. This form is following

√
J nβ g4

√
= K × nβγδ Jγδ g4 .

(2.4.2)

Here the index n refers to a normal coordinate for the space-like 3-surface at either boundary
of CD or for light-like wormhole throat.  is a sign factor which is opposite for the two ends of
CD. It could be also opposite of opposite at the opposite sides of the wormhole throat. Note
that the dependence on induced metric disappears at the right hand side and this condition
eliminates the potentials singularity due to the reduction of the rank of the induced metric
at wormhole throat.
5. Information about the tangent space of the space-time surface can be coded to the WCW
metric with loosing the nice transformation properties of the magnetic flux Hamiltonians if
Kähler electric fluxes or sum of magnetic flux and electric flux satisfying this condition are
used and K is symplectic invariant. Using the sum
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Je + Jm

=

(1 + K)J12 ,

(2.4.3)

where J denotes the Kähler magnetic flux, , makes it possible to have a non-trivial WCW
metric even for K = 0, which could correspond to the ends of a cosmic string like solution
carrying only Kähler magnetic fields. This condition suggests that it can depend only on
Kähler magnetic flux and other symplectic invariants. Whether local symplectic coordinate
invariants are possible at all is far from obvious, If the slicing itself is symplectic invariant
then K could be a non-constant function of X 2 depending on string world sheet coordinates.
The light-like radial coordinate of the light-cone boundary indeed defines a symplectically
invariant slicing and this slicing could be shifted along the time axis defined by the tips of
CD.
Electric-magnetic duality physically
What could the weak duality condition mean physically? For instance, what constraints are obtained if one assumes that the quantization of electro-weak charges reduces to this condition at
classical level?
1. The first thing to notice is that the flux of J over the partonic 2-surface is analogous to
magnetic flux
Qm

e
=
~

I
BdS = n .

n is non-vanishing only if the surface is homologically non-trivial and gives the homology
charge of the partonic 2-surface.
2. The expressions of classical electromagnetic and Z 0 fields in terms of Kähler form [L3] , [L3]
read as

γ

=

Z0

=

eFem
= 3J − sin2 (θW )R03 ,
~
gZ FZ
= 2R03 .
~

(2.4.4)

Here R03 is one of the components of the curvature tensor in vielbein representation and Fem
and FZ correspond to the standard field tensors. From this expression one can deduce

J

=

gZ
e
Fem + sin2 (θW ) FZ .
3~
6~

(2.4.5)

3. The weak duality condition when integrated over X 2 implies

e2
g2 p
Qem + Z QZ,V
3~
6
QZ,V

I
= K
=

J = Kn ,

IV3
− Qem , p = sin2 (θW ) .
2

(2.4.6)

Here the vectorial part of the Z 0 charge rather than as full Z 0 charge QZ = IL3 +sin2 (θW )Qem
appears. The reason is that only the vectorial isospin is same for left and right handed
components of fermion which are in general mixed for the massive states.

2.4. Weak Form Electric-Magnetic Duality And Its Implications

65

The coefficients are dimensionless and expressible in terms of the gauge coupling strengths
and using ~ = r~0 one can write

αem Qem
αem

3
αZ
QZ,V =
× rnK ,
2
4π
2
e
g2
αem
, αZ = Z =
.
4π~0
4π~0
p(1 − p)

+ p
=

(2.4.7)

4. There is a great temptation to assume that the values of Qem and QZ correspond to their
quantized values and therefore depend on the quantum state assigned to the partonic 2surface. The linear coupling of the Kähler-Dirac operator to conserved charges implies correlation between the geometry of space-time sheet and quantum numbers assigned to the
partonic 2-surface. The assumption of standard quantized values for Qem and QZ would
be also seen as the identification of the fine structure constants αem and αZ . This however
requires weak isospin invariance.
The value of K from classical quantization of Kähler electric charge
The value of K can be deduced by requiring classical quantization of Kähler electric charge.
1. The condition that the flux of F 03 = (~/gK )J 03 defining the counterpart of Kähler electric
2
/~, where gK is Kähler
field equals to the Kähler charge gK would give the condition K = gK
coupling constant which should invariant under coupling constant evolution by quantum
2
/4π~0 = αem ' 1/137, where
criticality. Within experimental uncertainties one has αK = gK
αem is finite structure constant in electron length scale and ~0 is the standard value of Planck
constant.
2. The quantization of Planck constants makes the condition highly non-trivial. The most general quantization of r is as rationals but there are good arguments favoring the quantization
as integers corresponding to the allowance of only singular coverings of CD andn CP2 . The
point is that in this case a given value of Planck constant corresponds to a finite number
pages of the “Big Book”. The quantization of the Planck constant implies a further quantization of K and would suggest that K scales as 1/r unless the spectrum of values of Qem
and QZ allowed by the quantization condition scales as r. This is quite possible and the
interpretation would be that each of the r sheets of the covering carries (possibly same) elementary charge. Kind of discrete variant of a full Fermi sphere would be in question. The
interpretation in terms of anyonic phases [K80] supports this interpretation.
3. The identification of J as a counterpart of eB/~ means that Kähler action and thus also
Kähler function is proportional to 1/αK and therefore to ~. This implies that for large
2
/4π becomes very small and large fluctuations are
values of ~ Kähler coupling strength gK
suppressed in the functional integral. The basic motivation for introducing the hierarchy of
Planck constants was indeed that the scaling α → α/r allows to achieve the convergence
of perturbation theory: Nature itself would solve the problems of the theoretician. This of
course does not mean that the physical states would remain as such and the replacement of
single particles with anyonic states in order to satisfy the condition for K would realize this
concretely.
2
4. The condition K = gK
/~ implies that the Kähler magnetic charge is always accompanied by
Kähler electric charge. A more general condition would read as

K

=

n×

2
gK
,n ∈ Z .
~

(2.4.8)

This would apply in the case of cosmic strings and would allow vanishing Kähler charge
possible when the partonic 2-surface has opposite fermion and anti-fermion numbers (for
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both leptons and quarks) so that Kähler electric charge should vanish. For instance, for
neutrinos the vanishing of electric charge strongly suggests n = 0 besides the condition that
abelian Z 0 flux contributing to em charge vanishes.
It took a year to realize that this value of K is natural at the Minkowskian side of the
wormhole throat. At the Euclidian side much more natural condition is
1
.
(2.4.9)
hbar
In fact, the self-duality of CP2 Kähler form favours this boundary condition at the Euclidian side
of the wormhole throat. Also the fact that one cannot distinguish between electric and magnetic
charges in Euclidian region since all charges are magnetic can be used to argue in favor of this
form. The same constraint arises from the condition that the action for CP2 type vacuum extremal
has the value required by the argument leading to a prediction for gravitational constant in terms
2
of the square of CP2 radius and αK the effective replacement gK
→ 1 would spoil the argument.
The boundary condition JE = JB for the electric and magnetic parts of Kählwer form at
the Euclidian side of the wormhole throat inspires the question whether all Euclidian regions could
be self-dual so that the density of Kähler action would be just the instanton density. Self-duality
follows if the deformation of the metric induced by the deformation of the canonically imbedded
√
CP2 is such that in CP2 coordinates for the Euclidian region the tensor (g αβ g µν − g αν g µβ )/ g
remains invariant. This is certainly the case for CP2 type vacuum extremals since by the lightlikeness of M 4 projection the metric remains invariant. Also conformal scalings of the induced
metric would satisfy this condition. Conformal scaling is not consistent with the degeneracy of the
4-metric at the wormhole.
K

=

Reduction of the quantization of Kähler electric charge to that of electromagnetic
charge
The best manner to learn more is to challenge the form of the weak electric-magnetic duality based
on the induced Kähler form.
1. Physically it would seem more sensible to pose the duality on electromagnetic charge rather
than Kähler charge. This would replace induced Kähler form with electromagnetic field,
which is a linear combination of induced Kahler field and classical Z 0 field

γ

=

3J − sin2 θW R12 ,

Z0

=

2R03 .

(2.4.10)

Here Z0 = 2R03 is the appropriate component of CP2 curvature form [L3]. For a vanishing
Weinberg angle the condition reduces to that for Kähler form.
2. For the Euclidian space-time regions having interpretation as lines of generalized Feynman
diagrams Weinberg angle should be non-vanishing. In Minkowskian regions Weinberg angle
could however vanish. If so, the condition guaranteeing that electromagnetic charge of the
partonic 2-surfaces equals to the above condition stating that the em charge assignable to
the fermion content of the partonic 2-surfaces reduces to the classical Kähler electric flux
at the Minkowskian side of the wormhole throat. One can argue that Weinberg angle must
increase smoothly from a vanishing value at both sides of wormhole throat to its value in the
deep interior of the Euclidian region.
3. The vanishing of the Weinberg angle in Minkowskian regions conforms with the physical
intuition. Above elementary particle length scales one sees only the classical electric field
reducing to the induced Kähler form and classical Z 0 fields and color gauge fields are effectively absent. Only in phases with a large value of Planck constant classical Z 0 field and
other classical weak fields and color gauge field could make themselves visible. Cell membrane could be one such system [K32]. This conforms with the general picture about color
confinement and weak massivation.
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The GRT limit of TGD suggests a further reason for why Weinberg angle should vanish in
Minkowskian regions.
1. The value of the Kähler coupling strength mut be very near to the value of the fine structure
constant in electron length scale and these constants can be assumed to be equal.
2. GRT limit of TGD with space-time surfaces replaced with abstract 4-geometries would
naturally correspond to Einstein-Maxwell theory with cosmological constant which is nonvanishing only in Euclidian regions of space-time so that both Reissner-Nordström metric and
CP2 are allowed as simplest possible solutions of field equations [K94]. The extremely small
value of the observed cosmological constant needed in GRT type cosmology could be equal
to the large cosmological constant associated with CP2 metric multiplied with the 3-volume
fraction of Euclidian regions.
3. Also at GRT limit quantum theory would reduce to almost topological QFT since EinsteinMaxwell action reduces to 3-D term by field equations implying the vanishing of the Maxwell
current and of the curvature scalar in Minkowskian regions and curvature scalar + cosmological constant term in Euclidian regions. The weak form of electric-magnetic duality would
guarantee also now the preferred extremal property and prevent the reduction to a mere
topological QFT.
4. GRT limit would make sense only for a vanishing Weinberg angle in Minkowskian regions. A
non-vanishing Weinberg angle would make sense in the deep interior of the Euclidian regions
where the approximation as a small deformation of CP2 makes sense.
The weak form of electric-magnetic duality has surprisingly strong implications for the basic
view about quantum TGD as following considerations show.

2.4.2

Magnetic Confinement, The Short Range Of Weak Forces, And
Color Confinement

The weak form of electric-magnetic duality has surprisingly strong implications if one combines it
with some very general empirical facts such as the non-existence of magnetic monopole fields in
macroscopic length scales.
How can one avoid macroscopic magnetic monopole fields?
Monopole fields are experimentally absent in length scales above order weak boson length scale
and one should have a mechanism neutralizing the monopole charge. How electroweak interactions
become short ranged in TGD framework is still a poorly understood problem. What suggests itself
is the neutralization of the weak isospin above the intermediate gauge boson Compton length by
neutral Higgs bosons. Could the two neutralization mechanisms be combined to single one?
1. In the case of fermions and their super partners the opposite magnetic monopole would be
a wormhole throat. If the magnetically charged wormhole contact is electromagnetically
neutral but has vectorial weak isospin neutralizing the weak vectorial isospin of the fermion
only the electromagnetic charge of the fermion is visible on longer length scales. The distance
of this wormhole throat from the fermionic one should be of the order weak boson Compton
length. An interpretation as a bound state of fermion and a wormhole throat state with the
quantum numbers of a neutral Higgs boson would therefore make sense. The neutralizing
throat would have quantum numbers of X−1/2 = νL ν R or X1/2 = ν L νR . νL ν R would
not be neutral Higgs boson (which should correspond to a wormhole contact) but a superpartner of left-handed neutrino obtained by adding a right handed neutrino. This mechanism
would apply separately to the fermionic and anti-fermionic throats of the gauge bosons and
corresponding space-time sheets and leave only electromagnetic interaction as a long ranged
interaction.
2. One can of course wonder what is the situation situation for the bosonic wormhole throats
feeding gauge fluxes between space-time sheets. It would seem that these wormhole throats
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must always appear as pairs such that for the second member of the pair monopole charges
and IV3 cancel each other at both space-time sheets involved so that one obtains at both
space-time sheets magnetic dipoles of size of weak boson Compton length. The proposed
magnetic character of fundamental particles should become visible at TeV energies so that
LHC might have surprises in store!
Well-definedness of electromagnetic charge implies stringiness
Well-definedness of electromagnetic charged at string world sheets carrying spinor modes is very
natural constraint and not trivially satisfied because classical W boson fields are present. As a
matter fact, all weak fields should be effectively absent above weak scale. How this is possible
classical weak fields identified as induced gauge fields are certainly present.
The condition that em charge is well defined for spinor modes implies that the space-time
region in which spinor mode is non-vanishing has 2-D CP2 projection such that the induced W
boson fields are vanishing. The vanishing of classical Z 0 field can be poses as additional condition
- at least in scales above weak scale. In the generic case this requires that the spinor mode is
restricted to 2-D surface: string world sheet or possibly also partonic 2-surface. This implies
that TGD reduces to string model in fermionic sector. Even for preferred extremals with 2-D
projecting the modes are expected to allow restriction to 2-surfaces. This localization is possible
only for Kähler-Dirac action.
A word of warning is however in order. The GRT limit or rather limit of TGD as Einstein
Yang-Mills theory replaces the sheets of many-sheeted space-time with Minkowski space with
effective metric obtained by summing to Minkowski metric the deviations of the induced metrics
of space-time sheets from Minkowski metric. For gauge potentials a similar identification applies.
YM-Einstein equations coupled with matter and with non-vanishing cosmological constant are
expected on basis of Poincare invariance. One cannot exclude the possibility that the sums of
weak gauge potentials from different space-time sheet tend to vanish above weak scale and that
well-definedness of em charge at classical level follows from the effective absence of classical weak
gauge fields.
Magnetic confinement and color confinement
Magnetic confinement generalizes also to the case of color interactions. One can consider also the
situation in which the magnetic charges of quarks (more generally, of color excited leptons and
quarks) do not vanish and they form color and magnetic singles in the hadronic length scale. This
would mean that magnetic charges of the state q±1/2 − X∓1/2 representing the physical quark
would not vanish and magnetic confinement would accompany also color confinement. This would
explain why free quarks are not observed. To how degree then quark confinement corresponds to
magnetic confinement is an interesting question.
For quark and antiquark of meson the magnetic charges of quark and antiquark would be
opposite and meson would correspond to a Kähler magnetic flux so that a stringy view about
meson emerges. For valence quarks of baryon the vanishing of the net magnetic charge takes
place provided that the magnetic net charges are (±2, ∓1, ∓1). This brings in mind the spectrum
of color hyper charges coming as (±2, ∓1, ∓1)/3 and one can indeed ask whether color hypercharge correlates with the Kähler magnetic charge. The geometric picture would be three strings
connected to single vertex. Amusingly, the idea that color hypercharge could be proportional to
color hyper charge popped up during the first year of TGD when I had not yet discovered CP2
and believed on M 4 × S 2 .
p-Adic length scale hypothesis and hierarchy of Planck constants defining a hierarchy of
dark variants of particles suggest the existence of scaled up copies of QCD type physics and√weak
physics. For p-adically scaled up variants the mass scales would be scaled by a power of 2 in
the most general case. The dark variants of the particle would have the same mass as the original
one. In particular, Mersenne primes Mk = 2k − 1 and Gaussian Mersennes MG,k = (1 + i)k − 1
has been proposed to define zoomed copies of these physics. At the level of magnetic confinement
this would mean hierarchy of length scales for the magnetic confinement.
One particular proposal is that the Mersenne prime M89 should define a scaled up variant
of the ordinary hadron physics with mass scaled up roughly by a factor 2(107−89)/2 = 512. The size
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scale of color confinement for this physics would be same as the weal length scale. It would look
more natural that the weak confinement for the quarks of M89 physics takes place in some shorter
scale and M61 is the first Mersenne prime to be considered. The mass scale of M61 weak bosons
would be by a factor 2(89−61)/2 = 214 higher and about 1.6 × 104 TeV. M89 quarks would have
virtually no weak interactions but would possess color interactions with weak confinement length
scale reflecting themselves as new kind of jets at collisions above TeV energies.
In the biologically especially important length scale
√ range 10 nm -2500 nm there are as many
as four scaled up electron Compton lengths Le (k) = 5L(k): they are associated with Gaussian
Mersennes MG,k , k = 151, 157, 163, 167. This would suggest that the existence of scaled up scales
of magnetic-, weak- and color confinement. An especially interesting possibly testable prediction is
the existence of magnetic monopole pairs with the size scale in this range. There are recent claims
about experimental evidence for magnetic monopole pairs [D7] .
Magnetic confinement and stringy picture in TGD sense
The connection between magnetic confinement and weak confinement is rather natural if one
recalls that electric-magnetic duality in super-symmetric quantum field theories means that the
descriptions in terms of particles and monopoles are in some sense dual descriptions. Fermions
would be replaced by string like objects defined by the magnetic flux tubes and bosons as pairs
of wormhole contacts would correspond to pairs of the flux tubes. Therefore the sharp distinction
between gravitons and physical particles would disappear.
The reason why gravitons are necessarily stringy objects formed by a pair of wormhole
contacts is that one cannot construct spin two objects using only single fermion states at wormhole
throats. Of course, also super partners of these states with higher spin obtained by adding fermions
and anti-fermions at the wormhole throat but these do not give rise to graviton like states [K66]
. The upper and lower wormhole throat pairs would be quantum superpositions of fermion antifermion pairs with sum over all fermions. The reason is that otherwise one cannot realize graviton
emission in terms of joining of the ends of light-like 3-surfaces together. Also now magnetic
monopole charges are necessary but now there is no need to assign the entities X± with gravitons.
Graviton string is characterized by some p-adic length scale and one can argue that below
this length scale the charges of the fermions become visible. Mersenne hypothesis suggests that
some Mersenne prime is in question. One proposal is that gravitonic size scale is given by electronic
Mersenne prime M127 . It is however difficult to test whether graviton has a structure visible below
this length scale.
What happens to the generalized Feynman diagrams is an interesting question. It is not at
all clear how closely they relate to ordinary Feynman diagrams. All depends on what one is ready
to assume about what happens in the vertices. One could of course hope that zero energy ontology
could allow some very simple description allowing perhaps to get rid of the problematic aspects of
Feynman diagrams.
1. Consider first the recent view about generalized Feynman diagrams which relies ZEO. A
highly attractive assumption is that the particles appearing at wormhole throats are on mass
shell particles. For incoming and outgoing elementary bosons and their super partners they
would be positive it resp. negative energy states with parallel on mass shell momenta. For
virtual bosons they the wormhole throats would have opposite sign of energy and the sum
of on mass shell states would give virtual net momenta. This would make possible twistor
description of virtual particles allowing only massless particles (in 4-D sense usually and in
8-D sense in TGD framework). The notion of virtual fermion makes sense only if one assumes
in the interaction region a topological condensation creating another wormhole throat having
no fermionic quantum numbers.
2. The addition of the particles X ± replaces generalized Feynman diagrams with the analogs of
stringy diagrams with lines replaced by pairs of lines corresponding to fermion and X±1/2 .
The members of these pairs would correspond to 3-D light-like surfaces glued together at the
vertices of generalized Feynman diagrams. The analog of 3-vertex would not be splitting of
the string to form shorter strings but the replication of the entire string to form two strings
with same length or fusion of two strings to single string along all their points rather than
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along ends to form a longer string. It is not clear whether the duality symmetry of stringy
diagrams can hold true for the TGD variants of stringy diagrams.
3. How should one describe the bound state formed by the fermion and X ± ? Should one
describe the state as superposition of non-parallel on mass shell states so that the composite
state would be automatically massive? The description as superposition of on mass shell
states does not conform with the idea that bound state formation requires binding energy.
In TGD framework the notion of negentropic entanglement has been suggested to make
possible the analogs of bound states consisting of on mass shell states so that the binding
energy is zero [K21] . If this kind of states are in question the description of virtual states in
terms of on mass shell states is not lost. Of course, one cannot exclude the possibility that
there is infinite number of this kind of states serving as analogs for the excitations of string
like object.
4. What happens to the states formed by fermions and X±1/2 in the internal lines of the
Feynman diagram? Twistor philosophy suggests that only the higher on mass shell excitations
are possible. If this picture is correct, the situation would not change in an essential manner
from the earlier one.
The highly non-trivial prediction of the magnetic confinement is that elementary particles
should have stringy character in electro-weak length scales and could behaving to become manifest
at LHC energies. This adds one further item to the list of non-trivial predictions of TGD about
physics at LHC energies [K22] .

2.4.3

Could Quantum TGD Reduce To Almost Topological QFT?

There seems to be a profound connection with the earlier unrealistic proposal that TGD reduces
to almost topological quantum theory in the sense that the counterpart of Chern-Simons action assigned with the wormhole throats somehow dictates the dynamics. This proposal can be formulated
also for the Kähler-Dirac action action. I gave up this proposal but the following argument shows
that Kähler action with weak form of electric-magnetic duality effectively reduces to Chern-Simons
action plus Coulomb term.
α
Aα
1. Kähler action density can be written as a 4-dimensional integral of the Coulomb term jK
√
nβ
plus and integral of the boundary term J Aβ g4 over the wormhole throats and of the
√
quantity J 0β Aβ g4 over the ends of the 3-surface.

2. If the self-duality conditions generalize to J nβ = 4παK nβγδ Jγδ at throats and to J 0β =
4παK 0βγδ Jγδ at the ends, the Kähler function reduces to the counterpart of Chern-Simons
action evaluated at the ends and throats. It would have same value for each branch and the
replacement h → n × h would effectively describe this. Boundary conditions would however
give 1/n factor so that ~ would disappear from the Kähler function! It is somewhat surprising
that Kähler action gives Chern-Simons action in the vacuum sector defined as sector for which
Kähler current is light-like or vanishes.
Holography encourages to ask whether also the Coulomb interaction terms could vanish.
This kind of dimensional reduction would mean an enormous simplification since TGD would
reduce to an almost topological QFT. The attribute “almost” would come from the fact that one
has non-vanishing classical Noether charges defined by Kähler action and non-trivial quantum
dynamics in M 4 degrees of freedom. One could also assign to space-time surfaces conserved fourmomenta which is not possible in topological QFTs. For this reason the conditions guaranteeing
the vanishing of Coulomb interaction term deserve a detailed analysis.
α
1. For the known extremals jK
either vanishes or is light-like (“massless extremals” for which
weak self-duality condition does not make sense [K57] ) so that the Coulomb term vanishes
identically in the gauge used. The addition of a gradient to A induces terms located at the
ends and wormhole throats of the space-time surface but this term must be cancelled by the
other boundary terms by gauge invariance of Kähler action. This implies that the M 4 part of
WCW metric vanishes in this case. Therefore massless extremals as such are not physically
realistic: wormhole throats representing particles are needed.
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2. The original naı̈ve conclusion was that since Chern-Simons action depends on CP2 coordinates only, its variation with respect to Minkowski coordinates must vanish so that the
WCW metric would be trivial in M 4 degrees of freedom. This conclusion is in conflict with
quantum classical correspondence and was indeed too hasty. The point is that the allowed
variations of Kähler function must respect the weak electro-magnetic duality which relates
Kähler electric field depending on the induced 4-metric at 3-surface to the Kähler magnetic
field. Therefore the dependence on M 4 coordinates creeps via a Lagrange multiplier term

Z

Λα (J nα − Knαβγ Jβ

gamma )

√

g4 d3 x .

(2.4.11)

The (1,1) part of second variation contributing to M 4 metric comes from this term.
3. This erratic conclusion about the vanishing of M 4 part WCW metric raised the question
about how to achieve a non-trivial metric in M 4 degrees of freedom. The proposal was
a modification of the weak form of electric-magnetic duality. Besides CP2 Kähler form
there would be the Kähler form assignable to the light-cone boundary reducing to that for
rM = constant sphere - call it J 1 . The generalization of the weak form of self-duality
1
would be J nβ = nβγδ K(Jγδ + Jγδ
). This form implies that the boundary term gives a
4
non-trivial contribution to the M part of the WCW metric even without the constraint
from electric-magnetic duality. Kähler charge is not affected unless the partonic 2-surface
contains the tip of CD in its interior. In this case the value of Kähler charge is shifted by a
topological contribution. Whether this term can survive depends on whether the resulting
vacuum extremals are consistent with the basic facts about classical gravitation.
4. The Coulombic interaction term is not invariant under gauge transformations. The good
news is that this might allow to find a gauge in which the Coulomb term vanishes. The
vanishing condition fixing the gauge transformation φ is

α
jK
∂α φ = −j α Aα .

(2.4.12)

This differential equation can be reduced to an ordinary differential equation along the flow
α
lines jK by using dxα /dt = jK
. Global solution is obtained only if one can combine the flow
parameter t with three other coordinates- say those at the either end of CD to form spacetime coordinates. The condition is that the parameter defining the coordinate differential
is proportional to the covariant form of Kähler current: dt = φjK . This condition in turn
implies d2 t = d(φjK ) = d(φjK ) = dφ ∧ jK + φdjK = 0 implying jK ∧ djK = 0 or more
concretely,

αβγδ jβK ∂γ j Kdelta

=

0 .

(2.4.13)

jK is a four-dimensional counterpart of Beltrami field [B10] and could be called generalized
Beltrami field.
The integrability conditions follow also from the construction of the extremals of Kähler
action [K57] . The conjecture was that for the extremals the 4-dimensional Lorentz force
vanishes (no dissipation): this requires jK ∧ J = 0. One manner to guarantee this is the
topologization of the Kähler current meaning that it is proportional to the instanton current:
jK = φjI , where jI = ∗ (J ∧ A) is the instanton current, which is not conserved for 4-D CP2
projection. The conservation of jK implies the condition jIα ∂α φ = ∂α j α φ and from this φ can
be integrated if the integrability condition jI ∧djI = 0 holds true implying the same condition
for jK . By introducing at least 3 or CP2 coordinates as space-time coordinates, one finds that
the contravariant form of jI is purely topological so that the integrability condition fixes the
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dependence on M 4 coordinates and this selection is coded into the scalar function φ. These
α
functions define families of conserved currents jK
φ and jIα φ and could be also interpreted as
conserved currents associated with the critical deformations of the space-time surface.
5. There are gauge transformations respecting the vanishing of the Coulomb term. The vanishing condition for the Coulomb term is gauge invariant Ronly under the gauge transformations
α
A → A + ∇φ for which the scalar function the integral jK
∂α φ reduces to a total divergence
a giving an integral over various 3-surfaces at the ends of CD and at throats vanishes. This
is satisfied if the allowed gauge transformations define conserved currents

Dα (j α φ)

=

0 .

(2.4.14)

As a consequence Coulomb term reduces to a difference of the conserved charges Qeφ =
R 0 √ 3
j φ g4 d x at the ends of the CD vanishing identically. The change
P R of the Chern-Simons
type term is trivial if the total weighted Kähler magnetic flux Qm
=
JφdA over wormhole
φ
throats is conserved. The existence of an infinite number of conserved weighted magnetic
fluxes is in accordance with the electric-magnetic duality. How these fluxes relate to the flux
Hamiltonians central for WCW geometry is not quite clear.
6. The gauge transformations respecting the reduction to almost topological QFT should have
some special physical meaning. The measurement interaction term in the Kähler-Dirac interaction corresponds to a critical deformation of the space-time sheet and is realized as
an addition of a gauge part to the Kähler gauge potential of CP2 . It would be natural to
identify this gauge transformation giving rise to a conserved charge so that the conserved
charges would provide a representation for the charges associated with the infinitesimal critical deformations not affecting Kähler action. The gauge transformed Kähler gauge potential
couples to the Kähler-Dirac equation and its effect could be visible in the value of Kähler
function and therefore also in the properties of the preferred extremal. The effect on WCW
metric would however vanish since K would transform only by an addition of a real part of
a holomorphic function.
7. A first guess for the explicit realization of the quantum classical correspondence between
quantum numbers and space-time geometry is that the deformation of the preferred extremal due to the addition of the measurement interaction term is induced by a U (1) gauge
transformation induced by a transformation of δCD × CP2 generating the gauge transformation represented by φ. This interpretation makes sense if the fluxes defined by Qm
φ and
corresponding Hamiltonians affect only zero modes rather than quantum fluctuating degrees
of freedom.
8. Later a simpler proposal assuming Kähler action with Chern-Simons term at partonic orbits
and Kähler-Dirac action with Chern-Simons Dirac term at partonic orbits emerged. Measurement interaction terms would correspond to Lagrange multiplier terms at the ends of
space-time surface fixing the values of classical conserved charges to their quantum values.
Super-symmetry requires the assignment of this kind of term also to Kähler-Dirac action as
boundary term.
Kähler-Dirac equation gives rise to a boundary condition at space-like ends of the spacetime surface stating that the action of the Kähler-Dirac gamma matrix in normal direction
annihilates the spinor modes. The normal vector would be light-like and the value of the
incoming on mass shell four-momentum would be coded to the geometry of the space-time
surface and string world sheet.
One can assign to partonic orbits Chern-Simons Dirac action and now the condition would
be that the action of C-S-D operator equals to that of massless M 4 Dirac operator. C-S-D
Dirac action would give rise to massless Dirac propagator. Twistor Grassmann approach
suggests that also the virtual fermions reduce effectively to massless on-shell states but have
non-physical helicity.
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To sum up, one could understand the basic properties of WCW metric in this framework.
Effective 2-dimensionality would result from the existence of an infinite number of conserved
charges in two different time directions (genuine conservation laws plus gauge fixing). The infinitedimensional symmetric space for given values of zero modes corresponds to the Cartesian product
of the WCWs associated with the partonic 2-surfaces at both ends of CD and the generalized
Chern-Simons term decomposes into a sum of terms from the ends giving single particle Kähler
functions and to the terms from light-like wormhole throats giving interaction term between positive and negative energy parts of the state. Hence Kähler function could be calculated without
any knowledge about the interior of the space-time sheets and TGD would reduce to almost topological QFT as speculated earlier. Needless to say this would have immense boost to the program
of constructing WCW Kähler geometry.

2.5
2.5.1

Quantum TGD Very Briefly
Two Approaches To Quantum TGD

There are two basic approaches to the construction of quantum TGD. The first approach relies
on the vision of quantum physics as infinite-dimensional Kähler geometry [A7] for the “world of
classical worlds” (WCW) identified as the space of 3-surfaces in in certain 8-dimensional space.
Essentially a generalization of the Einstein’s geometrization of physics program is in question.
The second vision is the identification of physics as a generalized number theory involving p-adic
number fields and the fusion of real numbers and p-adic numbers to a larger structure, classical
number fields, and the notion of infinite prime.
With a better resolution one can distinguish also other visions crucial for quantum TGD.
Indeed, the notion of finite measurement resolution realized in terms of hyper-finite factors, TGD
as almost topological quantum field theory, twistor approach, ZEO, and weak form of electricmagnetic duality play a decisive role in the actual construction and interpretation of the theory.
One can however argue that these visions are not so fundamental for the formulation of the theory
than the first two.
Physics as infinite-dimensional geometry
It is good to start with an attempt to give overall view about what the dream about physics
as infinite-dimensional geometry is. The basic vision is generalization of the Einstein’s program
for the geometrization of classical physics so that entire quantum physics would be geometrized.
Finite-dimensional geometry is certainly not enough for this purposed but physics as infinitedimensional geometry of what might be called world of classical worlds (WCW) -or more neutrally
WCW of some higher-dimensional imbeddign space- might make sense. The requirement that the
Hermitian conjugation of quantum theories has a geometric realization forces Kähler geometry
for WCW. WCW defines the fixed arena of quantum physics and physical states are identified as
spinor fields in WCW. These spinor fields are classical and no second quantization is needed at this
level. The justification comes from the observation that infinite-dimensional Clifford algebra [A2]
generated by gamma matrices allows a natural identification as fermionic oscillator algebra.
The basic challenges are following.
1. Identify WCW.
2. Provide WCW with Kähler metric and spinor structure
3. Define what spinors and spinor fields in WCW are.
There is huge variety of finite-dimensional geometries and one might think that in infinitedimensional case one might be drowned with the multitude of possibilities. The situation is however
exactly opposite. The loop spaces associated with groups have a unique Kähler geometry due to the
simple condition that Riemann connection exists mathematically [A25]. This condition requires
that the metric possesses maximal symmetries. Thus raises the vision that infinite-dimensional
Kähler geometric existence is unique once one poses the additional condition that the resulting
geometry satisfies some basic constraints forced by physical considerations.
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The observation about the uniqueness of loop geometries leads also to a concrete vision about
what this geometry could be. Perhaps WCW could be regarded as a union of symmetric spaces
[A13] for which every point is equivalent with any other. This would simplify the construction of
the geometry immensely and would mean a generalization of cosmological principle to infinite-D
context [K15, K51], [L8].
This still requires an answer to the question why H = M 4 × CP2 is so unique. Something
in the structure of this space must distinguish it in a unique manner from any other candidate.
1. The uniqueness of M 4 factor can be understood from the miraculous conformal symmetries
of the light-cone boundary but in the case of CP2 there is no obvious mathematical argument
of this kind although physically CP2 is unique [L14].
2. The observation that M 4 × CP2 has dimension 8, the space-time surfaces have dimension 4,
and partonic 2-surfaces, which are the fundamental objects by holography have dimension
2, suggests that classical number fields [A9, A3, A10] are involved and one can indeed end
up to the choice M 4 × CP2 from physics as generalized number theory vision by simple
arguments [K89], [L10]. In particular, the choices M 8 -a subspace of complexified octonions
(for octonions see [A9] ), which I have used to call hyper-octonions- and M 4 × CP2 can be
regarded as physically equivalent: this “number theoretical compactification” is analogous
to spontaneous compactification in M-theory. No dynamical compactification takes place so
that M 8 − H duality is a more appropriate term. Octonionic spinor structure required to be
equivalent with the ordinary one makes also possible to generalize the twistors from 4-D to
8-D context and replaced 4-D light-likeness with 8-D one.
3. A further powerful argument in favor of H is that M 4 and CP2 are the only twistor spaces
with Kähler structure. The twistor lift of space-time surfaces to their twistor spaces with
twistor structure induced from that of M 4 × CP2 indeed provides a new approach to TGD
allowing to utilize powerful tools of algebraic geometry [K91].
Physics as generalized number theory
Physics as a generalized number theory (for an overview about number theory see [A8] ) program
consists of three separate threads: various p-adic physics and their fusion together with real number
based physics to a larger structure [K88] , [L13], the attempt to understand basic physics in terms
of classical number fields [K89], [L10] (in particular, identifying associativity condition as the basic
dynamical principle), and infinite primes [K87] , [L6], whose construction is formally analogous to
a repeated second quantization of an arithmetic quantum field theory. In this article a summary of
the philosophical ideas behind this dream and a summary of the technical challenges and proposed
means to meet them are discussed.
The construction of p-adic physics and real physics poses formidable looking technical challenges: p-adic physics should make sense both at the level of the imbedding space, the “world
of classical worlds” (WCW), and space-time and these physics should allow a fusion to a larger
coherent whole. This forces to generalize the notion of number by fusing reals and p-adics along
rationals and common algebraic numbers. The basic problem that one encounters is definition of
the definite integrals and harmonic analysis [A4] in the p-adic context [K75]. It turns out that
the representability of WCW as a union of symmetric spaces [A13] provides a universal group
theoretic solution not only to the construction of the Kähler geometry of WCW but also to this
problem. The p-adic counterpart of a symmetric space is obtained from its discrete invariant by
replacing discrete points with p-adic variants of the continuous symmetric space. Fourier analysis [A4] reduces integration to summation. If one wants to define also integrals at space-time
level, one must pose additional strong constraints which effectively reduce the partonic 2-surfaces
and perhaps even space-time surfaces to finite geometries and allow assign to a given partonic
2-surface a unique power of a unique p-adic prime characterizing the measurement resolution in
angle variables. These integrals might make sense in the intersection of real and p-adic worlds
defined by algebraic surfaces.
The dimensions of partonic 2-surface, space-time surface, and imbedding space suggest that
classical number fields might be highly relevant for quantum TGD. The recent view about the
connection is based on hyper-octonionic representation of the imbedding space gamma matrices,
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and the notions of associative and co-associative space-time regions defined as regions for which
the Kähler-Dirac gamma matrices span quaternionic or co-quaternionic plane at each point of the
region. A further condition is that the tangent space at each point of space-time surface contains
a preferred hyper-complex (and thus commutative) plane identifiable as the plane of non-physical
polarizations so that gauge invariance has a purely number theoretic interpretation. WCW can be
regarded as the space of sub-algebras of the local octonionic Clifford algebra [A2] of the imbedding
space defined by space-time surfaces with the property that the local sub-Clifford algebra spanned
by Clifford algebra valued functions restricted at them is associative or co-associative in a given
region.
The recipe for constructing infinite primes is structurally equivalent with a repeated second
quantization of an arithmetic super-symmetric quantum field theory. At the lowest level one has
fermionic and bosonic states labeled by finite primes and infinite primes correspond to many particle
states of this theory. Also infinite primes analogous to bound states are predicted. This hierarchy
of quantizations can be continued indefinitely by taking the many particle states of the previous
level as elementary particles at the next level. Construction could make sense also for hyperquaternionic and hyper-octonionic primes although non-commutativity and non-associativity pose
technical challenges. One can also construct infinite number of real units as ratios of infinite
integers with a precise number theoretic anatomy. The fascinating finding is that the quantum
states labeled by standard model quantum numbers allow a representation as wave functions in
the discrete space of these units. Space-time point becomes infinitely richly structured in the sense
that one can associate to it a wave function in the space of real (or octonionic) units allowing to
represent the WCW spinor fields. One can speak about algebraic holography or number theoretic
Brahman=Atman identity and one can also say that the points of imbedding space and space-time
surface are subject to a number theoretic evolution.
One fascinating aspect of infinite primes is that besides the simplest infinite primes analogous
to Fock states of a supersymmetric arithmetic QFT constructed from single particle states labelled
by primes, also infinite primes having interpretation as bound states emerge. They correspond to
polynomials characterized by degree n. Since the formation of bound states in TGD framework
corresponds to a hierarchy of conformal symmetry breakings labelled by integer n = hef f /h, the
natural question is whether these two integers correspond to each other.
Questions
The experience has shown repeatedly that a correct question and identification of some weakness
of existing vision is what can only lead to a genuine progress. In the following I discuss the basic
questions, which have stimulated progress in the challenge of constructing WCW geometry.
1. What is WCW?
Concerning the identification of WCW I have made several guesses and the progress has been
basically due to the gradual realization of various physical constraints and the fact that standard
physics ontology is not enough in TGD framework.
1. The first guess was that WCW corresponds to all possible space-like 3-surfaces in H =
M 4 × CP2 , where M 4 denotes Minkowski space and CP2 denotes complex projective space
of two complex dimensions having also representation as coset space SU (3)/U (2) (see the
separate article summarizing the basic facts about CP2 and how it codes for standard model
symmetries [L3], [L11, L3] ). What led to the this particular choice H was the observation that
the geometry of H codes for standard model quantum numbers and that the generalization
of particle from point like particle to 3-surface allows to understand also remaining quantum
numbers having no obvious explanation in standard model (family replication phenomenon).
What is important to notice is that Poincare symmetries act as exact symmetries of M 4
rather than space-time surface itself: this realizes the basic vision about Poincare invariant
theory of gravitation. This lifting of symmetries to the level of imbedding space and the new
dynamical degrees of freedom brought by the sub-manifold geometry of space-time surface
are absolutely essential for entire quantum TGD and distinguish it from general relativity
and string models. There is however a problem: it is not obvious how to get cosmology.

76

Chapter 2. Overall View About TGD from Particle Physics Perspective

4
2. The second guess was that WCW consists of space-like 3-surfaces in H+ = M+
× CP 2, where
4
M+ future light-cone having interpretation as Big Bang cosmology at the limit of vanishing mass density with light-cone property time identified as the cosmic time. One obtains
cosmology but loses exact Poincare invariance in cosmological scales since translations lead
out of future light-cone. This as such has no practical significance but due to the met4
ric 2-dimensionality of light-cone boundary δM+
the conformal symmetries of string model
assignable to finite-dimensional Lie group generalize to conformal symmetries assignable to
an infinite-dimensional symplectic group of S 2 × CP2 and also localized with respect to the
coordinates of 3-surface. These symmetries are simply too beautiful to be important only at
the moment of Big Bang and must be present also in elementary particle length scales. Note
that these symmetries are present only for 4-D Minkowski space so that a partial resolution
of the old conundrum about why space-time dimension is just four emerges.

3. The third guess was that the light-like 3-surfaces inside CD are more attractive than space-like
3-surfaces. The reason is that the infinite-D conformal symmetries characterize also light-like
3-surfaces because they are metrically 2-dimensional. This leads to a generalization of KacMoody symmetries [A6] of super string models with finite-dimensional Lie group replaced
with the group of isometries of H. The natural identification of light-like 3-surfaces is as
3-D surfaces defining the regions at which the signature of the induced metric changes from
Minkowskian (1, −1, −1, −1) to Euclidian (−1−1−1−1)- I will refer these surfaces as throats
or wormhole throats in the sequel. Light-like 3-surfaces are analogous to blackhole horizons
and are static because strong gravity makes them light-like. Therefore also the dimension 4
for the space-time surface is unique.
This identification leads also to a rather unexpected physical interpretation. Single lightlike wormhole throat carriers elementary particle quantum numbers. Fermions and their
superpartners are obtained by glueing Euclidian regions (deformations of so called CP2 type
vacuum extremals of Kähhler action) to the background with Minkowskian signature. Bosons
are identified as wormhole contacts with two throats carrying fermion resp. anti-fermionic
quantum numbers. These can be identified as deformations of CP2 vacuum extremals between
between two parallel Minkowskian space-time sheets. One can say that bosons and their
superpartners emerge. This has dramatic implications for quantum TGD [K59] and QFT
limit of TGD .
The question is whether one obtains also a generalization of Feynman diagrams. The answer
is affirmative. Light-like 3-surfaces or corresponding Euclidian regions of space-time are
analogous to the lines of Feynman diagram and vertices are replaced by 2-D surface at which
these surfaces glued together. One can speak about Feynman diagrams with lines thickened
to light-like 3-surfaces and vertices to 2-surfaces. The generalized Feynman diagrams are
singular as 3-manifolds but the vertices are non-singular as 2-manifolds. Same applies to
the corresponding space-time surfaces and space-like 3-surfaces. Therefore one can say that
WCW consists of generalized Feynman diagrams- something rather different from the original
identification as space-like 3-surfaces and one can wonder whether these identification could
be equivalent.
4. The fourth guess was a generalization of the WCW combining the nice aspects of the identifi4
cations H = M 4 ×CP2 (exact Poincare invariance) and H = M+
×CP2 (Big Bang cosmology).
The idea was to generalize W CW to a union of basic building bricks -causal diamonds (CDs)
- which themselves are analogous to Big Bang-Big Crunch cosmologies breaking Poincare
invariance, which is however regained by the allowance of union of Poincare transforms of
the causal diamonds.
The starting point is General Coordinate Invariance (GCI). It does not matter, which 3-D
slice of the space-time surface one choose to represent physical data as long as slices are
related by a diffeomorphism of the space-time surface. This condition implies holography in
the sense that 3-D slices define holograms about 4-D reality.
The question is whether one could generalize GCI in the sense that the descriptions using
space-like and light-like 3-surfaces would be equivalent physically. This requires that finitesized space-like 3-surfaces are somehow equivalent with light-like 3-surfaces. This suggests
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that the light-like 3-surfaces must have ends. Same must be true for the space-time surfaces
and must define preferred space-like 3-surfaces just like wormhole throats do. This makes
sense only if the 2-D intersections of these two kinds of 3-surfaces -call them partonic 2surfaces- and their 4-D tangent spaces carry the information about quantum physics. A
strengthening of holography principle would be the outcome. The challenge is to understand,
where the intersections defining the partonic 2-surfaces are located.
ZEO (ZEO) allows to meet this challenge.
(a) Assume that WCW is union of sub-WCWs identified as the space of light-like 3-surfaces
assignable to CD × CP2 with given CD defined as an intersection of future and past
directed light-cones of M 4 . The tips of CDs have localization in M 4 and one can perform
for CD both translations and Lorentz boost for CDs. Space-time surfaces inside CD
define the basic building brick of WCW. Also unions of CDs allowed and the CDs
belonging to the union can intersect. One can of course consider the possibility of
intersections and analogy with the set theoretic realization of topology.
(b) ZEO property means that the light-like boundaries of these objects carry positive and
negative energy states, whose quantum numbers are opposite. Everything can be created
from vacuum and can be regarded as quantum fluctuations in the standard vocabulary
of quantum field theories.
(c) Space-time surfaces inside CDs begin from the lower boundary and end to the upper
boundary and in ZEO it is natural to identify space-like 3-surfaces as pairs of space-like
3-surfaces at these boundaries. Light-like 3-surfaces connect these boundaries.
(d) The generalization of GCI states that the descriptions based on space-like 3-surfaces
must be equivalent with that based on light-like 3-surfaces. Therefore only the 2-D
intersections of light-like and space-like 3-surfaces - partonic 2-surfaces- and their 4-D
tangent spaces (4-surface is there!) matter. Effective 2-dimensionality means a strengthened form of holography but does not imply exact 2-dimensionality, which would reduce
the theory to a mere string model like theory. Once these data are given, the 4-D
space-time surface is fixed and is analogous to a generalization of Bohr orbit to infiniteD context. This is the first guess. The situation is actually more delicate due to the
non-determinism of Kähler action motivating the interaction of the hierarchy of CDs
within CDs.
In this framework one obtains cosmology: CDs represent a fractal hierarchy of big bang-big
crunch cosmologies. One obtains also Poincare invariance. One can also interpret the nonconservation of gravitational energy in cosmology which is an empirical fact but in conflict
with exact Poincare invariance as it is realized in positive energy ontology [K94, K85]. The
reason is that energy and four-momentum in ZEO correspond to those assignable to the
positive energy part of the zero energy state of a particular CD. The density of energy as
cosmologist defines it is the statistical average for given CD: this includes the contributions
of sub-CDs. This average density is expected to depend on the size scale of CD density is
should therefore change as quantum dispersion in the moduli space of CDs takes place and
leads to large time scale for any fixed sub-CD.
Even more, one obtains actually quantum cosmology! There is large variety of CDs since they
have position in M 4 and Lorentz transformations change their shape. The first question is
whether the M 4 positions of both tips of CD can be free so that one could assign to both tips
of CD momentum eigenstates with opposite signs of four-momentum. The proposal, which
might look somewhat strange, is that this not the case and that the proper time distance
between the tips is quantized as integer multiples of a fundamental time scale T = R/c
defined by CP2 size R.
A stronger - maybe un-necessarily strong - condition would be that the quantization is in
octaves. This would explain p-adic length scale hypothesis, which is behind most quantitative predictions of TGD. That the time scales assignable to the CD of elementary particles
correspond to biologically important time scales [K13] forces to take this hypothesis very
seriously.
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The interpretation for T could be as a cosmic time. Even more general quantization is
proposed to take place. The relative position of the second tip with respect to the first defines
a point of the proper time constant hyperboloid of the future light cone. The hypothesis is
that one must replace this hyperboloid with a lattice like structure. This implies very powerful
cosmological predictions finding experimental support from the quantization of redshifts for
instance [K85]. For quite recent further empirical support see [E3].
One should not take this argument without a grain of salt. Can one really realize ZEO in this
framework? The geometric picture is that translations correspond to translations of CDs.
Translations should be done independently for the upper and lower tip of CD if one wants to
speak about zero energy states but this is not possible if the proper time distance is quantized.
4
If the relative M+
coordinate is discrete, this pessimistic conclusion is strengthened further.
The manner to get rid of problem is to assume that translations are represented by quantum
operators acting on states at the light-like boundaries. This is just what standard quantum
theory assumes. An alternative- purely geometric- way out of difficulty is the Kac-Moody
symmetry associated with light-like 3-surfaces meaning that local M 4 translations depending
on the point of partonic 2-surface are gauge symmetries. For a given translation leading out
of CD this gauge symmetry allows to make a compensating transformation which allows to
satisfy the constraint.
This picture is roughly the recent view about W CW . What deserves to be emphasized is
that a very concrete connection with basic structures of quantum field theory emerges already at
the level of basic objects of the theory and GCI implies a strong form of holography and almost
stringy picture.
2.Some Why’s
In the following I try to summarize the basic motivations behind quantum TGD in form of
various Why’s.
1. Why WCW?
Einstein’s program has been extremely successful at the level of classical physics. Fusion of
general relativity and quantum theory has however failed. The generalization of Einstein’s
geometrization program of physics from classical physics to quantum physics gives excellent
hopes about the success in this project. Infinite-dimensional geometries are highly unique
and this gives hopes about fixing the physics completely from the uniqueness of the infinitedimensional Kähler geometric existence.
2. Why spinor structure in WCW?
Gamma matrices defining the Clifford algebra [A2] of WCW are expressible in terms of
fermionic oscillator operators. This is obviously something new as compared to the view
about gamma matrices as bosonic objects. There is however no deep reason denying this
kind of identification. As a consequence, a geometrization of fermionic oscillator operator
algebra and fermionic statistics follows as also geometrization of super-conformal symmetries
[A12, A6] since gamma matrices define super-generators of the algebra of WCW isometries
extended to a super-algebra.
3. Why Kähler geometry?
Geometrization of the bosonic oscillator operators in terms of WCW vector fields and fermionic
oscillator operators in terms of gamma matrices spanning Clifford algebra. Gamma matrices span hyper-finite factor of type II1 and the extremely beautiful properties of these von
Neuman algebras [A38] (one of the three von Neumann algebras that von Neumann suggests
as possible mathematical frameworks behind quantum theory) lead to a direct connection
with the basic structures of modern physics (quantum groups, non-commutative geometries,
.. [A21]).
A further reason why is the finiteness of the theory.
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(a) In standard QFTs there are two kinds of infinities. Action is a local functional of
fields in 4-D sense and one performs path integral over all 4-surfaces to construct Smatrix. Mathematically path integration is a poorly defined procedure and one obtains
diverging Gaussian determinants and divergences due to the local interaction vertices.
Regularization provides the manner to get rid of the infinities but makes the theory
very ugly.
(b) Kähler function defining the Kähler geometry is a expected to be non-local functional
of the space-like 3-surfaces at the ends of space-time surface reducing by strong form
of holography to a functional of partonic 2-surfaces and their 4-D tangent space data
(Kähler action for the Euclidian regions of the preferred extremal and having as interpretation in terms of generalized Feynman diagram).
Path integral is replaced with a functional integral, which is mathematically well-defined
procedure and one performs functional integral only over the unions of 3-surfaces at
opposite boundaries of CD and having vanishing super-conformal charges for a subalgebras of conformal algebras with conformal weights coming as multiples of integer
h = hef f /h. This realizes the strong form of holography. The exponent of Kähler
function - Kähler action for the Euclidian space-time regions - defines a unique vacuum functional whereas Minkowskian contribution to Kähler action gives the analog of
ordinary imaginary exponent of action.
The local divergences of local quantum field theories are expected t be absent since
there are no local interaction vertices. Also the divergences associated with the Gaussian determinant and metric determinant cancel since these two determinants cancel
each other in the integration over WCW. As a matter fact, symmetric space property
suggest a much more elegant manner to perform the functional integral by reducing it
to harmonic analysis in infinite-dimensional symmetric space [K40].
(c) One can imagine also the possibility of divergences in fermionic degrees of freedom
but the generalization of the twistor approach to 8-D context [K91] suggests that the
generalized Feynman diagrams in ZEO are manifestly finite: in particular IR divergences plaguing ordinary twistor approach should be absent by 8-D masslessness. The
only fermionic interaction vertex is 2- vertex associated with the discontinuity of K-D
operator assignable to string world sheet boundary at partonic 2-surfaces serving as
geometric vertices. At fermionic level scattering amplitudes describe braiding and OZI
rule is satisfied so that the analog of topological QFT is obtained. The topological
vertices describing the joining of incoming light-like orbits of partonic 2-surface at the
vertices imply the non-triviality of the scattering amplitudes.
4. Why infinite-dimensional symmetries?
WCW must be a union of symmetric spaces in order that the Riemann connection exists (this
generalizes the finding of Freed for loop groups [A25] ). Since the points of symmetric spaces
are metrically equivalent, the geometrization becomes tractable although the dimension is
infinite. A union of symmetric spaces is required because 3-surfaces with a size of galaxy and
electron cannot be metrically equivalent. Zero modes distinguish these surfaces and can be
regarded as purely classical degrees of freedom whereas the degrees of freedom contributing
to the WCW line element are quantum fluctuating degrees of freedom.
One immediate implication of the symmetric space property is constant curvature space
property meaning that the Ricci tensor proportional to metric tensor. Infinite-dimensionality
means that Ricci scalar either vanishes or is infinite. This implies vanishing of Ricci tensor
and vacuum Einstein equations for WCW.
5. Why ZEO and why causal diamonds?
The consistency between Poincare invariance and GRT requires ZEO. In positive energy
ontology only one of the infinite number of classical solutions is realized and partially fixed
by the values of conserved quantum numbers so that the theory becomes obsolete. Even in
quantum theory conservation laws mean that only those solutions of field equations with the
quantum numbers of the initial state of the Universe are interesting and one faces the problem
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of understanding what the the initial state of the universe was. In ZEO these problems
disappear. Everything is creatable from vacuum: if the physical state is mathematically
realizable it is in principle reachable by a sequence of quantum jumps. There are no physically
non-reachable entities in the theory. ZEO leads also to a fusion of thermodynamics with
quantum theory. Zero energy states ae defined as entangled states of positive and negative
energy states and entanglement coefficients define what I call M -matrix identified as “complex
square root” of density matrix expressible as a product of diagonal real and positive density
matrix and unitary S-matrix [K59].
There are several good reasons why for causal diamonds. ZEO requires CDs, the generalized
form of GCI and strong form of holography (light-like and space-like 3-surfaces are physically
equivalent representations) require CDs, and also the view about light-like 3-surfaces as
generalized Feynman diagrams requires CDs. Also the classical non-determinism of Kähler
action can be understood using the hierarchy CDs and the addition of CDs inside CDs
to obtain a fractal hierarchy of them provides an elegant manner to undersand radiative
corrections and coupling constant evolution in TGD framework.
A strong physical argument in favor of CDs is the finding that the quantized proper time
distance between the tips of CD fixed to be an octave of a fundamental time scale defined
by CP2 happens to define fundamental biological time scale for electron, u quark and d
quark [K13]: there would be a deep connection between elementary particle physics and
living matter leading to testable predictions.

2.5.2

Overall View About Kähler Action And Kähler Dirac Action

In the following the most recent view about Kähler action and the Kähler-Dirac action (KählerDirac action) is explained in more detail. The proposal is one of the many that I have considered.
1. The minimal formulation involves in the bosonic case only 4-D Kähler action. The action
could contain also Chern-Simons boundary term localized to partonic orbits at which the
signature of the induced metric changes. The coefficient of Chern-Simons term could be
chosen so that this contribution to bosonic action cancels the Chern-Simons term coming
from Kähler action (by weak form of electric-magnetic duality) so that for preferred extremals
Kähler action reduces to Chern-Simons terms at the ends of space-time surface at boundaries
of causal diamond (CD). For Euclidian wormhole contacts Chern-Simons term need not
reduce to a mere boundary terms since the gauge potential is not globally defined. One
can also consider the possibility that only Minkowskian regions involve the Chern-Simons
boundary term. One can also argue that Chern-Simons term is actually an un-necessary
complication not needed in the recent interpretation of TGD.
There are constraint terms expressing weak form of electric-magnetic duality and constraints
forcing the total quantal charges for Kähler-Dirac action in Cartan algebra to be identical
with total classical charges for Kähler action. This realizes quantum classical correspondence.
The constraints do not affect quantum fluctuating degrees of freedom if classical charges
parametrize zero modes so that the localization to a quantum superposition of space-time
surfaces with same classical charges is possible.
The vanishing of conformal Noether charges for sub-algebras of various conformal algebras
are also posed. They could be also realized as Lagrange multiplied terms at the ends of
3-surface.
2. By supersymmetry requirement the Kähler-Dirac action corresponding to the bosonic action
is obtained by associating to the various pieces in the bosonic action canonical momentum
densities and contracting them with imbedding space gamma matrices to obtain K-D gamma
matrices. This gives rise to Kähler-Dirac equation in the interior of space-time surface. As
explained, it is assumed that localiztion to 2-D string world sheets occurs. At the light-like
boundaries the limit of K-D equation gives K-D equation at the ferminonic liness expressing
8-D light-likeness or 4-D light-likeness in effective metric.
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Lagrange multiplier terms in Kähler action
Weak form of E-M duality can be realized by adding to Kähler action 3-D constraint terms realized
in terms of Lagrange multipliers. These contribute to the Chern-Simons Dirac action too by
modifying the definition of the modified gamma matrices.
Quantum classical correspondence (QCC) is the principle motivating further additional
terms in Kähler action.
1. QCC suggests a correlation between 4-D geometry of space-time sheet and quantum numbers.
This could result if the classical charges in Cartan algebra are identical with the quantal ones
assignable to Kähler-Dirac action. This would give very powerful constraint on the allowed
space-time sheets in the superposition of space-time sheets defining WCW spinor field. An
even strong condition would be that classical correlation functions are equal to quantal ones.
2. The equality of quantal and classical Cartan charges could be realized by adding constraint
terms realized using Lagrange multipliers at the space-like ends of space-time surface at the
boundaries of CD. This procedure would be very much like the thermodynamical procedure
used to fix the average energy or particle number of the system using Lagrange multipliers
identified as temperature or chemical potential. Since quantum TGD can be regarded as
square root of thermodynamics in zero energy ontology (ZEO), the procedure looks logically
sound.
3. The consistency with Kähler-Dirac equation for which Chern-Simons boundary term at parton orbits (not genuine boundaries) seems necessary suggests that also Kähler action has
Chern-Simons term as a boundary term at partonic orbits. Kähler action would thus reduce
to contributions from the space-like ends of the space-time surface. This however leads to an
unphysical outcome.
Boundary terms for Kähler-Dirac action
Weak form of E-M duality implies the reduction of Kähler action to Chern-Simons terms for
preferred extremals satisfying j · A = 0 (contraction of Kähler current and Kähler gauge potential
vanishes). One obtains Chern-Simons terms at space-like 3-surfaces at the ends of space-time
surface at boundaries of causal diamond and at light-like 3-surfaces defined by parton orbits having
vanishing determinant of induced 4-metric. The naı̈ve guess has been that consistency requires
Kähler-Dirac-Chern Simons equation at partonic orbits. This is however a mere guess and need
not be correct. The outcome is actually that the limit of K-D equation at string world sheets
defines the Dirac equation at the boundaries of string world sheets.
One should try to make first clear what one really wants.
1. What one wants are generalized Feynman diagrams demanding massless Dirac propagators
in 8-D sense at the light-like boundaries of string world sheets interpreted as fermionic lines
of generalized Feynman diagrams. This gives hopes that 8-D generalization of the twistor
Grassmannian approach works. The localization of spinors at string world sheets is crucial
for achieving this.
In ordinary QFT fermionic propagator results from the kinetic term in Dirac action. Could
the situation be same also now at the boundary of string world sheet associated with parton
orbit? One can consider the Dirac action
Z
Lind =

√
ΨΓtind ∂t Ψ g1 dt

defined by the induced gamma matrix Γtind and induced 1-metric. This action need to be
associated only to the Minkowskian side of the Rspace-surface. By supersymmetry Dirac
√
action must be accompanied by a bosonic action
g1 dt. It forces the boundary line to be
a geodesic line. Dirac equation gives
Γtind Dt Ψ = ipk (M 8 )γk Ψ = 0 .
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The square of the Dirac operator gives (Γtind )2 = 0 for geodesic lines (the components of the
second fundamental form vanish) so that one obtains 8-D light-likeness.
Boundary line would behave like point-like elementary particle for which conserved 8-momentum
is conserved and light-like: just as twistor diagrammatics suggests. 8-momentum must be
real since otherwise the particle orbit would belong to the complexification of H. These conditions can be regarded as boundary conditions on the string world sheet and spinor modes.
There would be no additional contribution to the Kähler action.
2. The special points are the ends of the fermion lines at incoming and outgoing partonic
2-surfaces and at these points M 4 mass squared is assigned to the imbedding space spinor
harmonic associated with the incoming fermion. CP2 mass squared corresponds to the eigenvalue of CP2 spinor d’Alembertian for the spinor harmonic.
At the end of the fermion line p(M 4 )k corresponds to the incoming fermionic four-momentum.
The direction of p(E 4 )k is not fixed and one has SO(4) harmonic at the mass shell p(E 4 )2 =
m2 , m the mass of the incoming particle. At imbedding space level color partial waves
correspond to SO(4) partial waves (SO(4) could be seen as the symmetry group of low
energy hadron physics giving rise to vectorial and axial isospin).
Constraint terms at space-like ends of space-time surface
There are constraint terms coming from the condition that weak form of electric-magnetic duality
holds true and also from the condition that classical charges for the space-time sheets in the
superposition are identical with quantal charges which are net fermionic charges assignable to the
strings.
These terms give additional contribution to the algebraic equation Γn Ψ = 0 making in
partial differential equation reducing to ordinary differential equation if induced spinor fields are
localized at 2-D surfaces. These terms vanish if Ψ is covariantly constant along the boundary of the
string world sheet so that fundamental fermions remain massless. By 1-dimensionality covariant
constancy can be always achieved.
Associativity (co-associativity) and quantum criticality
Quantum criticality is one of the basic notions of TGD. It was originally introduced to fix the
value(s) of Kähler coupling strength as the analog of critical temperature. Quantum criticality
implies that second variation of Kähler action vanishes for critical deformations and the existence
of conserved current: this current vanishes for Cartan algebra of isometries. A clearer formulation
of criticality is as a condition that the various conformal charges vanish for 3-surfaces at the
ends of space-time surface for conformal weights coming as multiples of integer n. The natural
expectation is that the numbers of critical deformations is infinite and corresponds to conformal
symmetries naturally assignable to criticality. The number n of conformal equivalence classes
of the deformations is finite and n would naturally relate to the hierarchy of Planck constants
hef f = n × h. p-Adic coupling constant evolution can be understood also and corresponds to scale
hierarchy for the sizes of causal diamonds (CDs).
The conjecture is that quantum critical space-time surfaces are associative (co-associative)
in the sense that the tangent vectors span a associative (co-associative) subspace of complexified
octonions at each point of the space-time surface is consistent with what is known about preferred
extremals. The notion of octonionic tangent space can be expressed by introducing octonionic
structure realized in terms of vielbein in manner completely analogous to that for the realization
of gamma matrices.
One can also introduce octonionic representations of gamma matrices but this is not absolutely necessarily. The condition that both the Kähler-Dirac gamma matrices and spinors are
quaternionic at each point of the space-time surface leads to a precise ansatz for the general solution
of the Kähler-Dirac equation making sense also in the real context. The octonionic version of the
Kähler-Dirac equation is very simple since SO(7, 1) as vielbein group is replaced with G2 acting
as automorphisms of octonions so that only the neutral Abelian part of the classical electro-weak
gauge fields survives the map.

2.5. Quantum TGD Very Briefly

83

This condition is analogous to what happens for the spinor modes when they are restricted
at string worlds sheets carrying vanishing induced W fields (and also Z 0 fields above weak length
scale) to guarantee well-definedness of em charge and it might be that this strange looking condition
makes sense. The possibility to define G2 structure would thus be due to the well-definedness of
em charge and in the generic case possible only for string world sheets and possibly also partonic
2-surfaces.
Octonionic gamma matrices provide also a non-associative representation for the 8-D version
of Pauli sigma matrices and encourage the identification of 8-D tangent space twistors as pairs
of octonionic spinors conjectured to be highly relevant also for quantum TGD. Quaternionicity
condition implies that octo-twistors reduce to something closely related to ordinary twistors.
The sigma matrices are however an obvious problem since their commutators are proportional to M 4 sigma matrices. This raises the question whether the equivalence with ordinary
Kähler-Dirac equation should be assumed. This assumption very strongly suggests a localization
string world sheets implied also by the condition that electromagnetic charge is well-defined for the
spinor modes. The weakest manner to satisfy the equivalence would be for Dirac equation restricted
to the light-like boundaries of string world sheets and giving just 8-D light-likeness condition but
with random direction of light-like momentum.
The analog AdS/CFT duality
Although quantum criticality in principle predicts the possible values of Kähler coupling strength
2
/4π~ef f , ~ef f /h = n characterizing quancoming as a series of critical temperatures αK = gK
tum criticalities, one might hope that there exists even more fundamental approach involving no
coupling constants and predicting even quantum criticality and realizing quantum gravitational
holography.
Since WCW Kähler metric can be defined as anti-commutators of WCW gamma matrices
identified as super-conformal super-charges for the K-D action, one would have the analog of
AdS/CFT duality between bosonic definition of Kähler metric in terms of Kähler function defined
by Euclidian contribution to Kähler action and fermionic definition in terms of anti-commutator
of conformal supercharges.
This encourages to ask whether Dirac determinant - if it can be defined - could be identified
as exponent of Kähler function or Kähler action. This might be of course un-necessary and highly
unpractical outcome: it seems Kähler function is easy to obtain as Kähher action and Kähler
metric as anti-commutators of super-charges. This is discussed in [K24].

2.5.3

Various Dirac Operators And Their Interpretation

The physical interpretation of Kähler Dirac equation is not at all straightforward. The following arguments inspired by effective 2-dimensionality suggest that the Kähler-Dirac gamma matrices and
corresponding effective metric could allow dual gravitational description of the physics associated
with wormhole throats. This applies in particular to condensed matter physics.
Four Dirac equations
To begin with, Dirac equation appears in four forms in TGD.
1. The Dirac equation in the world of classical worlds codes (WCW) for the super Virasoro
conditions for the super Kac-Moody and similar representations formed by the states of
wormhole contacts forming the counterpart of string like objects (throats correspond to the
ends of the string. WCW Dirac operator generalizes the Dirac operator of 8-D imbedding
space by bringing in vibrational degrees of freedom. This Dirac equation should give as its
solutions zero energy states and corresponding M-matrices generalizing S-matrix.
The unitary U-matrix realizing discrete time evolution in the moduli space of CDs can be
constructed as an operator in the space of zero energy states relating M-matrices [K43]. The
natural application of U-matrix appears in consciousness theory as a coder of what Penrose
calls U-process. The ground states to which super-conformal algebras act correspond to
imbedding space spinor modes in accordance with the idea that point like limit gives QFT
in imbedding space.
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2. The analog of massless Dirac equation at the level of 8-D imbedding space and satisfied by
fermionic ground states of super-conformal representations.
3. Kähler Dirac equation is satisfied in the interior of space-time. In this equation the gamma
matrices are replaced with Kähler-Dirac gamma matrices defined by the contractions of
canonical momentum currents Tkα = ∂L/∂α hk with imbedding space gamma matrices Γk .
This replacement is required by internal consistency and by super-conformal symmetries. The
well-definedness of em charge implies that the modes of induced spinor field are localized at
2-D surfaces so that a connection with string theory type approach emerges.
4. At the light-like boundaries of string world sheets K-D equation gives rise to an analog of 4-D
massless Dirac equation also one has light-like 8-momentum corresponding to the light-like
tangent vector of the fermion carrying line. This equation is equivalent with its octonionic
counterpart.
Kähler-Dirac equation defines Dirac equation at space-time level. Consider first K-D equation in the interior of space-time surface.
1. The condition that electromagnetic charge operator defined in terms of em charge expressed in
terms of Clifford algebra is well defined for spinor modes (completely analogous to spin defined
in terms of sigma matrices) leads to the proposal that induced spinor fields are necessarily
localized at 2-dimensional string worlds sheets [K40]. Only the covariantly constant right
handed neutrino and its modes assignable to massless extremals (at least) generating supersymmetry (super-conformal symmetries) would form an exception since electroweak couplings
would vanish. Note that the Kähler-Dirac gamma matrices possess CP2 and this must vanish
in order to have de-localization.
2. This picture implies stringy realization of super Kac-Moody symmetry elementary particles
can be identified as string like objects albeit in different sense than in string models. At lightlike 3-surfaces defining the orbits of partonic 2-surfaces spinor fields carrying electroweak
quantum numbers would be located at braid strands as also the notion of finite measurement
resolution requires.
3. Could Kähler Dirac equation provide a first principle justification for the light-hearted use
of effective mass and the analog of Dirac equation in condensed manner physics? This would
conform with the holographic philosophy. Partonic 2-surfaces with tangent space data and
their light-like orbits would give hologram like representation of physics and the interior of
space-time the 4-D representation of physics. Holography would have in the recent situation
interpretation also as quantum classical correspondence between representations of physics
in terms of quantized spinor fields at the light-like 3-surfaces on one hand and in terms of
classical fields on the other hand.
4. The resulting dispersion relation for the square of the Kähler-Dirac operator assuming that
induced like metric, Kähler field, etc. are very slowly varying contains quadratic and linear
terms in momentum components plus a term corresponding to magnetic moment coupling.
In general massive dispersion relation is obtained as is also clear from the fact that Kähler
Dirac gamma matrices are combinations of M 4 and CP2 gammas so that modified Dirac
mixes different M 4 chiralities (basic signal for massivation). If one takes into account the
dependence of the induced geometric quantities on space-time point dispersion relations
become non-local.
5. Sound as a concept is usually assigned with a rather high level of description. Stringy world
sheets could however dramatically raise the status of sound in this respect. The oscillations
of string world sheets connecting wormhole throats describe non-local 2-particle interactions.
Holography suggests that this interaction just “gravitational” dual for electroweak and color
interactions. Could these oscillations inducing the oscillation of the distance between wormhole throats be interpreted at the limit of weak “gravitational” coupling as analogs of sound
waves, and could sound velocity correspond to maximal signal velocity assignable to the
effective metric?
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6. The latest progress in the understanding of quantum TGD imply that the area of string world
sheet in the effective metric defined by the K-D gamma matrices indeed plays a fundamental
role in quantum TGD (of course, WCW Kähler metric also involves this effective metric).
By conformal invariance this metric could be equivalent with the induced metric. The string
tension would be dynamical and the conjecture is that one can express Kähler action as
total effective area of string world sheets. The hierarchy of Planck constants is essential in
making possible to understand the description of not only gravitational but all bound states
in terms of strings connecting partonic 2-surfaces. This description is analogous to AdS/CFT
correspondence. That the string tension is defined by the Kähler action rather than assumed
to be determined by Newton’s constants allows to avoid divergences.
The status of the Chern-Simons counterpart of K-D action has remained unclear. K-D
action reduces to Chern-Simons boundary terms in Minkowskian space-time regions at least. I have
considered Chern-Simons boundary term as an additional term in Kähler action and considered also
Chern-Simons-Dirac operator. The localization of spinors to string world sheets however suggests
that its introduction produces more problems than solves them. One reason is that C-S-D action
involves only CP2 gamma matrices so that one cannot realize 8-D masslessness for the spinor
localized at fermion line defining the boundary of string world sheet.
Does energy metric provide the gravitational dual for condensed matter systems?
The Kähler-Dirac gamma matrices define an effective metric via their anti-commutators quadratic
in components of energy momentum tensor (canonical momentum densities). This effective metric
vanishes for vacuum extremals. Note that the use of the Kähler-Dirac gamma matrices guarantees
among other things internal consistency and super-conformal symmetries of the theory.
If the above argument is on the right track, this effective metric should have applications
in condensed matter theory. The energy metric has a natural interpretation in terms of effective
light velocities which depend on direction of propagation. One can diagonalize the energy metric
geαβ (contravariant form results from the anti-commutators) and one can denote its eigenvalues
by (v0 , vi ) in the case that the signature of the effective metric is (1, −1, −1, −1). The 3-vector
vi /v0 has interpretation as components of effective light velocity in various directions as becomes
clear by thinking the d’Alembert equation for the energy metric. This velocity field could be
interpreted as that of hydrodynamic flow. The study of the extremals of Kähler action shows
that if this flow is actually Beltrami flow so that the flow parameter associated with the flow
lines extends to global coordinate, Kähler action reduces to a 3-D Chern-Simons action and one
obtains effective topological QFT. The conserved fermion current ΨΓα
e Ψ has interpretation as
incompressible hydrodynamical flow.
This would give also a nice analogy with AdS/CFT correspondence allowing to describe
various kinds of physical systems in terms of higher-dimensional gravitation and black holes are
introduced quite routinely to describe condensed matter systems. In TGD framework one would
have an analogous situation but with 10-D space-time replaced with the interior of 4-D space-time
and the boundary of AdS representing Minkowski space with the light-like 3-surfaces carrying
matter. The effective gravitation would correspond to the “energy metric”. One can associate
with it analogs of curvature tensor, Ricci tensor and Einstein tensor using standard formulas and
identify effective energy momentum tensor associated as Einstein tensor with effective Newton’s
constant appearing as constant of proportionality. Note however that the besides ordinary metric
and “energy” metric one would have also the induced classical gauge fields having purely geometric
interpretation and action would be Kähler action. This 4-D holography could provide a precise,
dramatically simpler, and also a very concrete dual description. This cannot be said about model
of graphene based on the introduction of 10-dimensional black holes, branes, and strings chosen in
more or less ad hoc manner.
This raises questions. Could this give a general dual gravitational description of dissipative
effects in terms of the “energy” metric and induced gauge fields? Does one obtain the analogs
of black holes? Do the general theorems of general relativity about the irreversible evolution
leading to black holes generalize to describe analogous fate of condensed matter systems caused
by dissipation? Can one describe non-equilibrium thermodynamics and self-organization in this
manner?
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One might argue that the incompressible Beltrami flow defined by the dynamics of the
preferred extremals is dissipationless and viscosity must therefore vanish locally. The failure of
complete determinism for Kähler action however means generation of entropy since the knowledge
about the state decreases gradually. This in turn should have a phenomenological local description
in terms of viscosity, which characterizes the transfer of energy to shorter scales and eventually to
radiation. The deeper description should be non-local and basically topological and might lead to
quantization rules. For instance, one can imagine the quantization of the ratio η/s of the viscosity
to entropy density as multiples of a basic unit defined by its lower bound (note that this would be
analogous to Quantum Hall effect). For the first M-theory inspired derivation of the lower bound
of η/s [D5] . The lower bound for η/s is satisfied in good approximation by what should have been
QCD plasma but found to be something different (RHIC and the first evidence for new physics
from LHC [K22] ).
An encouraring sign comes from the observation that for so called massless extremals representing classically arbitrarily shaped pulses of radiation propagating without dissipation and
dispersion along single direction the canonical momentum currents are light-like. The effective
contravariant metric vanishes identically so that fermions cannot propate in the interior of massless extremals! This is of course the case also for vacuum extremals. Massless extremals are purely
bosonic and represent bosonic radiation. Many-sheeted space-time decomposes into matter containing regions and radiation containing regions. Note that when wormhole contact (particle) is
glued to a massless extremal, it is deformed so that CP2 projection becomes 4-D guaranteeing that
the weak form of electric magnetic duality can be satisfied. Therefore massless extremals can be
seen as asymptotic regions. Perhaps one could say that dissipation corresponds to a de-coherence
process creating space-time sheets consisting of matter and radiation. Those containing matter
might be even seen as analogs blackholes as far as energy metric is considered.
Preferred extremals as perfect fluids
Almost perfect fluids seems to be abundant in Nature. For instance, QCD plasma was originally
thought to behave like gas and therefore have a rather high viscosity to entropy density ratio
x = η/s. Already RHIC found that it however behaves like almost perfect fluid with x near
to the minimum predicted by AdS/CFT. The findings from LHC gave additional conform the
discovery [C52]. Also Fermi gas is predicted on basis of experimental observations to have at
low temperatures a low viscosity roughly 5-6 times the minimal value [D3] . In the following the
argument that the preferred extremals of Kähler action are perfect fluids apart from the symmetry
breaking to space-time sheets is developed. The argument requires some basic formulas summarized
first.
The detailed definition of the viscous part of the stress energy tensor linear in velocity
(oddness in velocity relates directly to second law) can be found in [D2] .
1. The symmetric part of the gradient of velocity gives the viscous part of the stress-energy
tensor as a tensor linear in velocity. Velocity gradient decomposes to a term traceless tensor
term and a term reducing to scalar.

∂i vj + ∂j vi

=

2
2
∂k v k gij + (∂i vj + ∂j vi − ∂k v k gij ) .
3
3

(2.5.1)

The viscous contribution to stress tensor is given in terms of this decomposition as

σvisc;ij

2
= ζ∂k v k gij + η(∂i vj + ∂j vi − ∂k v k gij ) .
3

(2.5.2)

From dF i = T ij Sj it is clear that bulk viscosity ζ gives to energy momentum tensor a
pressure like contribution having interpretation in terms of friction opposing. Shear viscosity
η corresponds to the traceless part of the velocity gradient often called just viscosity. This
contribution to the stress tensor is non-diagonal and corresponds to momentum transfer in
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directions not parallel to momentum and makes the flow rotational. This term is essential
for the thermal conduction and thermal conductivity vanishes for ideal fluids.
2. The 3-D total stress tensor can be written as

σij

=

ρvi vj − pgij + σvisc;ij .

(2.5.3)

The generalization to a 4-D relativistic situation is simple. One just adds terms corresponding
to energy density and energy flow to obtain

T αβ

=

αβ
.
(ρ − p)uα uβ + pg αβ − σvisc

(2.5.4)

Here uα denotes the local four-velocity satisfying uα uα = 1. The sign factors relate to the
concentrations in the definition of Minkowski metric ((1, −1, −1, −1)).
3. If the flow is such that the flow parameters associated with the flow lines integrate to a global
flow parameter one can identify new time coordinate t as this flow parameter. This means a
transition to a coordinate system in which fluid is at rest everywhere (comoving coordinates
in cosmology) so that energy momentum tensor reduces to a diagonal term plus viscous term.

T αβ

=

αβ
(ρ − p)g tt δtα δtβ + pg αβ − σvisc
.

(2.5.5)

In this case the vanishing of the viscous term means that one has perfect fluid in strong sense.
The existence of a global flow parameter means that one has

vi

=

Ψ∂i Φ .

(2.5.6)

Ψ and Φ depend on space-time point. The proportionality to a gradient of scalar Φ implies
that Φ can be taken as a global time coordinate. If this condition is not satisfied, the perfect
fluid property makes sense only locally.
AdS/CFT correspondence allows to deduce a lower limit for the coefficient of shear viscosity
as

x

=

~
η
≥
.
s
4π

(2.5.7)

This formula holds true in units in which one has kB = 1 so that temperature has unit of energy.
What makes this interesting from TGD view is that in TGD framework perfect fluid property
in appropriately generalized sense indeed characterizes locally the preferred extremals of Kähler
action defining space-time surface.
1. Kähler action is Maxwell action with U(1) gauge field replaced with the projection of CP2
Kähler form so that the four CP2 coordinates become the dynamical variables at QFT limit.
This means enormous reduction in the number of degrees of freedom as compared to the
ordinary unifications. The field equations for Kähler action define the dynamics of spacetime surfaces and this dynamics reduces to conservation laws for the currents assignable to
isometries. This means that the system has a hydrodynamic interpretation. This is a considerable difference to ordinary Maxwell equations. Notice however that the “topological” half
of Maxwell’s equations (Faraday’s induction law and the statement that no non-topological
magnetic are possible) is satisfied.
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2. Even more, the resulting hydrodynamical system allows an interpretation in terms of a perfect
fluid. The general ansatz for the preferred extremals of field equations assumes that various
conserved currents are proportional to a vector field characterized by so called Beltrami property. The coefficient of proportionality depends on space-time point and the conserved current in question. Beltrami fields by definition is a vector field such that the time parameters
assignable to its flow lines integrate to single global coordinate. This is highly non-trivial and
one of the implications is almost topological QFT property due to the fact that Kähler action
reduces to a boundary term assignable to wormhole throats which are light-like 3-surfaces
at the boundaries of regions of space-time with Euclidian and Minkowskian signatures. The
Euclidian regions (or wormhole throats, depends on one’s tastes ) define what I identify as
generalized Feynman diagrams.
Beltrami property means that if the time coordinate for a space-time sheet is chosen to be this
global flow parameter, all conserved currents have only time component. In TGD framework
energy momentum tensor is replaced with a collection of conserved currents assignable to
various isometries and the analog of energy momentum tensor complex constructed in this
manner has no counterparts of non-diagonal components. Hence the preferred extremals
allow an interpretation in terms of perfect fluid without any viscosity.
This argument justifies the expectation that TGD Universe is characterized by the presence
of low-viscosity fluids. Real fluids of course have a non-vanishing albeit small value of x. What
causes the failure of the exact perfect fluid property?
1. Many-sheetedness of the space-time is the underlying reason. Space-time surface decomposes into finite-sized space-time sheets containing topologically condensed smaller spacetime sheets containing.... Only within given sheet perfect fluid property holds true and fails
at wormhole contacts and because the sheet has a finite size. As a consequence, the global
flow parameter exists only in given length and time scale. At imbedding space level and
in zero energy ontology the phrasing of the same would be in terms of hierarchy of causal
diamonds (CDs).
2. The so called eddy viscosity is caused by eddies (vortices) of the flow. The space-time sheets
glued to a larger one are indeed analogous to eddies so that the reduction of viscosity to eddy
viscosity could make sense quite generally. Also the phase slippage phenomenon of superconductivity meaning that the total phase increment of the super-conducting order parameter
is reduced by a multiple of 2π in phase slippage so that the average velocity proportional to
the increment of the phase along the channel divided by the length of the channel is reduced
by a quantized amount.
The standard arrangement for measuring viscosity involves a lipid layer flowing along plane.
The velocity of flow with respect to the surface increases from v = 0 at the lower boundary
to vupper at the upper boundary of the layer: this situation can be regarded as outcome of
the dissipation process and prevails as long as energy is fed into the system. The reduction
of the velocity in direction orthogonal to the layer means that the flow becomes rotational
during dissipation leading to this stationary situation.
This suggests that the elementary building block of dissipation process corresponds to a
generation of vortex identifiable as cylindrical space-time sheets parallel to the plane of the
flow and orthogonal to the velocity of flow and carrying quantized angular momentum. One
expects that vortices have a spectrum labelled by quantum numbers like energy and angular
momentum so that dissipation takes in discrete steps by the generation of vortices which
transfer the energy and angular momentum to environment and in this manner generate the
velocity gradient.
3. The quantization of the parameter x is suggestive in this framework. If entropy density
and viscosity are both proportional to the density n of the eddies, the value of x would
equal to the ratio of the quanta of entropy and kinematic viscosity η/n for single eddy if
all eddies are identical. The quantum would be ~/4π in the units used and the suggestive
interpretation is in terms of the quantization of angular momentum. One of course expects
a spectrum of eddies so that this simple prediction should hold true only at temperatures
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for which the excitation energies of vortices are above the thermal energy. The increase of
the temperature would suggest that gradually more and more vortices come into play and
that the ratio increases in a stepwise manner bringing in mind quantum Hall effect. In TGD
Universe the value of hef f can be large in some situations so that the quantal character of
dissipation could become visible even macroscopically. Whether this a situation with large
hef f is encountered even in the case of QCD plasma is an interesting question.
The following poor man’s argument tries to make the idea about quantization a little bit
more concrete.
1. The vortices transfer momentum parallel to the plane from the flow. Therefore they must
have momentum parallel to the flow given by the total cm momentum of the vortex. Before
continuing some notations are needed. Let the densities of vortices and absorbed vortices be
n and nabs respectively. Denote by vk resp. v⊥ the components of cm momenta parallel to
the main flow resp. perpendicular to the plane boundary plane. Let m be the mass of the
vortex. Denote by S are parallel to the boundary plane.
2. The flow of momentum component parallel to the main flow due to the absorbed at S is

nabs mvk v⊥ S .
(2.5.8)
This momentum flow must be equal to the viscous force

Fvisc = η

vk
×S .
d
(2.5.9)

From this one obtains

η = nabs mv⊥ d .
(2.5.10)
If the entropy density is due to the vortices, it equals apart from possible numerical factors
to
s=n
so that one has

η
= mv⊥ d .
s
(2.5.11)
This quantity should have lower bound x = ~/4π and perhaps even quantized in multiples
of x, Angular momentum quantization suggests strongly itself as origin of the quantization.
3. Local momentum conservation requires that the comoving vortices are created in pairs with
opposite momenta and thus propagating with opposite velocities v⊥ . Only one half of vortices
is absorbed so that one has nabs = n/2. Vortex has quantized angular momentum associated
with its internal rotation. Angular momentum is generated to the flow since the vortices
flowing downwards are absorbed at the boundary surface.
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Suppose that the distance of their center of mass lines parallel to plane is D = d,  a numerical constant not too far from unity. The vortices of the pair moving in opposite direction
have same angular momentum mv D/2 relative to their center of mass line between them.
Angular momentum conservation requires that the sum these relative angular momenta cancels the sum of the angular momenta associated with the vortices themselves. Quantization
for the total angular momentum for the pair of vortices gives

n~
η
=
s

(2.5.12)
Quantization condition would give

 = 4π .
(2.5.13)
One should understand why D = 4πd - four times the circumference for the largest circle
contained by the boundary layer- should define the minimal distance between the vortices of
the pair. This distance is larger than the distance d for maximally sized vortices of radius
d/2 just touching. This distance obviously increases as the thickness of the boundary layer
increases suggesting that also the radius of the vortices scales like d.
4. One cannot of course take this detailed model too literally. What is however remarkable that
quantization of angular momentum and dissipation mechanism based on vortices identified
as space-time sheets indeed could explain why the lower bound for the ratio η/s is so small.
Is the effective metric one- or two-dimensional?
The following argument suggests that the effective metric defined by the anti-commutators of the
Kähler-Dirac gamma matrices is effectively one- or two-dimensional. Effective one-dimensionality
would conform with the observation that the solutions of the modified Dirac equations can be
localized to one-dimensional world lines in accordance with the vision that finite measurement
resolution implies discretization reducing partonic many-particle states to quantum superpositions
of braids. The localization to 1-D curves occurs always at the 3-D orbits of the partonic 2-surfaces.
Note that the localization of induced spinor fields to string world sheets with 2-D CP2 projection
and carrying vanishing classical W fields would require only 2-D property.
The localization requires that the imbedding space 1-forms associated with the K-D gamma
matrices define lower-dimensional linearly independent set with elements proportional to gradients
of imbedding space coordinates defining coordinates for the lower-dimensional manifold. Therefore
Frobenius conditions would be satisfied.
The argument is based on the following assumptions.
1. The Kähler-Dirac gamma matrices for Kähler action are contractions of the canonical momentum densities Tkα with the gamma matrices of H.
2. The strongest assumption is that the isometry currents

J Aα = Tkα j Ak
(2.5.14)
for the preferred extremals of Kähler action are of form
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(2.5.15)

with a common function Φ guaranteeing that the flow lines of the currents integrate to
coordinate lines of single global coordinate variables (Beltrami property). Index raising is
carried out by using the ordinary induced metric.
3. A weaker assumption is that one has two functions Φ1 and Φ2 assignable to the isometry
currents of M 4 and CP2 respectively.:

J1Aα

=

α
ΨA
,
1 (∇Φ1 )

J2Aα

=

α
ΨA
.
2 (∇Φ2 )

(2.5.16)
The two functions Φ1 and Φ2 could define dual light-like curves spanning string world sheet.
In this case one would have effective 2-dimensionality and decomposition to string world
sheets [K41]. Isometry invariance does not allow more that two independent scalar functions
Φi .
Consider now the argument.
1. One can multiply both sides of this equation with j Ak and sum over the index A labeling
isometry
currents for translations of M 4 and SU (3) currents for CP2 . The tensor quantity
P Ak Al
j is invariant under isometries and must therefore satisfy
Aj

X

ηAB j Ak j Al = hkl ,

(2.5.17)

A

where ηAB denotes the flat tangent space metric of H. In M 4 degrees of freedom this
statement becomes obvious by using linear Minkowski coordinates. In the case of CP2 one can
first consider the simpler case S 2 = CP1 = SU (2)/U (1). The coset space property implies
in standard complex coordinate transforming linearly under U (1) that only the isometry
currents belonging to the complement of U (1) in the sum contribute at the origin and the
identity holds true at the origin and by the symmetric space property everywhere. Identity
can be verified also directly in standard spherical coordinates. The argument generalizes to
the case of CP2 = SU (3)/U (2) in an obvious manner.
2. In the most general case one obtains

T1αk

=

X

=

X

Ak
ΨA
× (∇Φ1 )α ≡ f1k (∇Φ1 )α ,
1j

A

T2αk

Ak
ΨA
× (∇Φ2 )α ≡ f2k (∇Φ2 )α .
1j

(2.5.18)

A

3. The effective metric given by the anti-commutator of the modified gamma matrices is in turn
is given by

Gαβ

= mkl f1k f1l (∇Φ1 )α (∇Φ1 )β + skl f2k f2l (∇Φ2 )α (∇Φ2 )β .

(2.5.19)
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The covariant form of the effective metric is effectively 1-dimensional for Φ1 = Φ2 in the sense
that the only non-vanishing component of the covariant metric Gαβ is diagonal component
along the coordinate line defined by Φ ≡ Φ1 = Φ2 . Also the contravariant metric is effectively
1-dimensional since the index raising does not affect the rank of the tensor but depends on the
other space-time coordinates. This would correspond to an effective reduction to a dynamics
of point-like particles for given selection of braid points. For Φ1 6= Φ2 the metric is effectively
2-dimensional and would correspond to stringy dynamics.
One can also develop an objection to effective 1- or 2-dimensionality. The proposal for what
preferred extremals of Kähler action as deformations of the known extremals of Kähler action
could be leads to a beautiful ansatz relying on generalization of conformal invariance and minimal
surface equations of string model [K57]. The field equations of TGD reduce to those of classical
string model generalized to 4-D context.
If the proposed picture is correct, field equations reduce to purely algebraically conditions
stating that the Maxwellian energy momentum tensor for the Kähler action has no common index
pairs with the second fundamental form. For the deformations of CP2 type vacuum extremals T
is a complex tensor of type (1, 1) and second fundamental form H k a tensor of type (2, 0) and (0,
2) so that T r(T H k ) = is true. This requires that second light-like coordinate of M 4 is constant
so that the M 4 projection is 3-dimensional. For Minkowskian signature of the induced metric
Hamilton-Jacobi structure replaces conformal structure. Here the dependence of CP2 coordinates
on second light-like coordinate of M 2 (m) only plays a fundamental role. Note that now T vv is
non-vanishing (and light-like). This picture generalizes to the deformations of cosmic strings and
even to the case of vacuum extremals.
There is however an important consistency condition involved. The Maxwell energy momentum tensor for Kähler action must have vanishing covariant divergence. This is satisfied if it
is linear combination of Einstein tensor and metric. This gives Einstein’s equations with cosmological term in the general case. By the algebraic character of field equations also minimal surface
equations are satisfied and Einstein’s General Relativity would be exact part of TGD.
In the case of Kähler-Dirac equation the result means that modified gamma matrices are
contractions of linear combination of Einstein tensor and metric tensor with the induced gamma
matrices so that the TGD counterpart of ordinary Dirac equation would be modified by the addition
of a term proportional to Einstein tensor. The condition of effective 1- or 2-dimensionality seems
to pose too strong conditions on this combination.

2.6

Summary Of Generalized Feynman Diagrammatics

This section gives a summary about the recent view abot generalized Feynman diagrammatics,
which can be seen as a hybrid of Feynman diagrammatics and stringy diagrammatics. The analogs
of Feynman diagrams are realized at the level of space-time topology and geometry and the lines of
these diagrams are Euclidian space-time regions identifiable as wormhole contacts. For fundamental
fermions one has the usual 1-D propagator lines.
Physical particles can be seen as bound state of massless fundamental fermions and involve
two wormhole contacts forming parts of closed Kähler magnetic flux tubes carrying monopole flux.
The orbits of wormhole throats are connected by fermionic string world sheets whose boundaries
correspond to massless fermion lines defining strands of braids. String world sheets in turn can
form 2-braids.
It is a little bit matter of taste whether one refers to these diagrams generalized Feynman
diagrams, generalized stringy diagrams, generalized Wilson loops or generalized twistor diagrams.
All these labels are partly misleading.
In the sequel the basic action principles - Kähler action and Kähler-Dirac action are discussed
first, and then a proposal for the diagrams describing M -matrix elements is discussed.

2.6.1

The Basic Action Principle

In the following the most recent view about Kähler action and the Kähler-Dirac action (KählerDirac action) is explained in more detail. The proposal is one of the many that I have considered.
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1. The minimal formulation involves in the bosonic case only 4-D Kähler action. The action
could contain also Chern-Simons boundary term localized to partonic orbits at which the
signature of the induced metric changes. The coefficient of Chern-Simons term could be
chosen so that this contribution to bosonic action cancels the Chern-Simons term coming
from Kähler action (by weak form of electric-magnetic duality) so that for preferred extremals
Kähler action reduces to Chern-Simons terms at the ends of space-time surface at boundaries
of causal diamond (CD). For Euclidian wormhole contacts Chern-Simons term need not
reduce to a mere boundary terms since the gauge potential is not globally defined. One
can also consider the possibility that only Minkowskian regions involve the Chern-Simons
boundary term. One can also argue that Chern-Simons term is actually an un-necessary
complication not needed in the recent interpretation of TGD.
There are constraint terms expressing weak form of electric-magnetic duality and constraints
forcing the total quantal charges for Kähler-Dirac action in Cartan algebra to be identical
with total classical charges for Kähler action. This realizes quantum classical correspondence.
The constraints do not affect quantum fluctuating degrees of freedom if classical charges
parametrize zero modes so that the localization to a quantum superposition of space-time
surfaces with same classical charges is possible.
The vanishing of conformal Noether charges for sub-algebras of various conformal algebras
are also posed. They could be also realized as Lagrange multiplied terms at the ends of
3-surface.
2. By supersymmetry requirement the Kähler-Dirac action corresponding to the bosonic action
is obtained by associating to the various pieces in the bosonic action canonical momentum
densities and contracting them with imbedding space gamma matrices to obtain K-D gamma
matrices. This gives rise to Kähler-Dirac equation in the interior of space-time surface. As
explained, it is assumed that localiztion to 2-D string world sheets occurs. At the light-like
boundaries the limit of K-D equation gives K-D equation at the ferminonic liness expressing
8-D light-likeness or 4-D light-likeness in effective metric.
Lagrange multiplier terms in Kähler action
Weak form of E-M duality can be realized by adding to Kähler action 3-D constraint terms realized
in terms of Lagrange multipliers. These contribute to the Chern-Simons Dirac action too by
modifying the definition of the modified gamma matrices.
Quantum classical correspondence (QCC) is the principle motivating further additional
terms in Kähler action.
1. QCC suggests a correlation between 4-D geometry of space-time sheet and quantum numbers.
This could result if the classical charges in Cartan algebra are identical with the quantal ones
assignable to Kähler-Dirac action. This would give very powerful constraint on the allowed
space-time sheets in the superposition of space-time sheets defining WCW spinor field. An
even strong condition would be that classical correlation functions are equal to quantal ones.
2. The equality of quantal and classical Cartan charges could be realized by adding constraint
terms realized using Lagrange multipliers at the space-like ends of space-time surface at the
boundaries of CD. This procedure would be very much like the thermodynamical procedure
used to fix the average energy or particle number of the system using Lagrange multipliers
identified as temperature or chemical potential. Since quantum TGD can be regarded as
square root of thermodynamics in zero energy ontology (ZEO), the procedure looks logically
sound.
3. The consistency with Kähler-Dirac equation for which Chern-Simons boundary term at parton orbits (not genuine boundaries) seems necessary suggests that also Kähler action has
Chern-Simons term as a boundary term at partonic orbits. Kähler action would thus reduce
to contributions from the space-like ends of the space-time surface. This however leads to an
unphysical outcome.
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Boundary terms for Kähler-Dirac action
Weak form of E-M duality implies the reduction of Kähler action to Chern-Simons terms for
preferred extremals satisfying j · A = 0 (contraction of Kähler current and Kähler gauge potential
vanishes). One obtains Chern-Simons terms at space-like 3-surfaces at the ends of space-time
surface at boundaries of causal diamond and at light-like 3-surfaces defined by parton orbits having
vanishing determinant of induced 4-metric. The naı̈ve guess has been that consistency requires
Kähler-Dirac-Chern Simons equation at partonic orbits. This is however a mere guess and need
not be correct. The outcome is actually that the limit of K-D equation at string world sheets
defines the Dirac equation at the boundaries of string world sheets.
One should try to make first clear what one really wants.
1. What one wants are generalized Feynman diagrams demanding massless Dirac propagators
in 8-D sense at the light-like boundaries of string world sheets interpreted as fermionic lines
of generalized Feynman diagrams. This gives hopes that 8-D generalization of the twistor
Grassmannian approach works. The localization of spinors at string world sheets is crucial
for achieving this.
In ordinary QFT fermionic propagator results from the kinetic term in Dirac action. Could
the situation be same also now at the boundary of string world sheet associated with parton
orbit? One can consider the Dirac action
Z
Lind =

√
ΨΓtind ∂t Ψ g1 dt

defined by the induced gamma matrix Γtind and induced 1-metric. This action need to be
associated only to the Minkowskian side of the Rspace-surface. By supersymmetry Dirac
√
action must be accompanied by a bosonic action
g1 dt. It forces the boundary line to be
a geodesic line. Dirac equation gives
Γtind Dt Ψ = ipk (M 8 )γk Ψ = 0 .
The square of the Dirac operator gives (Γtind )2 = 0 for geodesic lines (the components of the
second fundamental form vanish) so that one obtains 8-D light-likeness.
Boundary line would behave like point-like elementary particle for which conserved 8-momentum
is conserved and light-like: just as twistor diagrammatics suggests. 8-momentum must be
real since otherwise the particle orbit would belong to the complexification of H. These conditions can be regarded as boundary conditions on the string world sheet and spinor modes.
There would be no additional contribution to the Kähler action.
2. The special points are the ends of the fermion lines at incoming and outgoing partonic
2-surfaces and at these points M 4 mass squared is assigned to the imbedding space spinor
harmonic associated with the incoming fermion. CP2 mass squared corresponds to the eigenvalue of CP2 spinor d’Alembertian for the spinor harmonic.
At the end of the fermion line p(M 4 )k corresponds to the incoming fermionic four-momentum.
The direction of p(E 4 )k is not fixed and one has SO(4) harmonic at the mass shell p(E 4 )2 =
m2 , m the mass of the incoming particle. At imbedding space level color partial waves
correspond to SO(4) partial waves (SO(4) could be seen as the symmetry group of low
energy hadron physics giving rise to vectorial and axial isospin).
Constraint terms at space-like ends of space-time surface
There are constraint terms coming from the condition that weak form of electric-magnetic duality
holds true and also from the condition that classical charges for the space-time sheets in the
superposition are identical with quantal charges which are net fermionic charges assignable to the
strings.
These terms give additional contribution to the algebraic equation Γn Ψ = 0 making in
partial differential equation reducing to ordinary differential equation if induced spinor fields are
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localized at 2-D surfaces. These terms vanish if Ψ is covariantly constant along the boundary of the
string world sheet so that fundamental fermions remain massless. By 1-dimensionality covariant
constancy can be always achieved.

2.6.2

A Proposal For M -Matrix

The proposed general picture reduces the core of U -matrix to the construction of S-matrix possibly
having the real square roots of density matrices as symmetry algebra. This structure can be taken
as a template as one tries to to imagine how the construction of M -matrix could proceed in
quantum TGD proper.
1. At the bosonic sector one would have converging functional integral over WCW . This is
analogous to the path integral over bosonic fields in QFTs. The presence of Kähler function
would make this integral well-defined and would not encounter the difficulties met in the case
of path integrals.
2. In fermionic sector 1-D Dirac action and its bosonic counterpart imply that spinors modes localized at string world sheets are eigenstates of induced Dirac operator with generalized eigenvalue pk γk defining light-like 8-D momentum so that one would obtain fermionic propagators
massless in 8-D sense at light-light geodesics of imbedding space. The 8-D generalization
of twistor Grassmann approach is suggestive and would mean that the residue integral over
fermionic virtual momenta gives only integral over massless momenta and virtual fermions
differ from real fermions only in that they have non-physical polarizations so that massless
Dirac operator replacing the propagator does not annihilate the spinors at the other end of
the line.
3. Fundamental bosons (not elementary particles) correspond to wormhole contacts having
fermion and antifermion at opposite throats and bosonic propagators are composite of massless fermion propagators. The directions of virtual momenta are obviously strongly correlated so that the approximation as a gauge theory with gauge symmetry breaking in almost
massless sector is natural. Massivation follows necessary from the fact that also elementary
particles are bound states of two wormhole contacts.
4. Physical fermions and bosons correspond to pairs of wormhole contacts with throats carrying Kähler magnetic charge equal to Kähler electric charge (dyon). The absence of Dirac
monopoles (as opposed to homological magnetic monopoles due to CP2 topology) implies
that wormhole contacts must appear as pairs (also large numbers of them are possible and 3
valence quarks inside baryons could form Kähler magnetic tripole). Hence elementary particles would correspond to pairs of monopoles and are accompanied by Kähler magnetic flux
loop running along the two space-time sheets involved as well as fermionic strings connecting
the monopole throats.
There seems to be no specific need to assign string to the wormhole contact and if is a piece
of deformed CP2 type vacuum extremal this might not be even possible: the Kähler-Dirac
gamma matrices would not span 2-D space in this case since the CP2 projection is 4-D. Hence
massless fermion propagators would be assigned only with the boundaries of string world
sheets at Minkowskian regions of space-time surface. One could say that physical particles
are bound states of massless fundamental fermions and the non-collinearity of their fourmomenta can make them massive. Therefore the breaking of conformal invariance would be
due to the bound state formation and this would also resolve the infrared divergence problems
plaguing Grassmann twistor approach by introducing natural length scale assignable to the
size of particles defined by the string like flux tube connecting the wormhole contacts. This
point is discussed in more detail in [K91].
The bound states would form representations of super-conformal algebras so that stringy
mass formula would emerge naturally. p-Adic mass calculations indeed assume conformal
invariance in CP 2 length scale assignable to wormhole contacts. Also the long flux tube
strings contribute to the particle masses and would explain gauge boson masses.
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5. The interaction vertices would correspond topologically to decays of 3-surface by splitting
in complete analogy with ordinary Feynman diagrams. At the level of orbits of partonic 2surface the vertices would be represented by partonic 2-surfaces. In [K91] the interpretation of
scattering ampiltudes as sequences of algebraic operations for the Yangian of super-symplectic
algebra is proposed: product and co-product would define time 3-vertex and its time reversal.
At the level of fermions the diagrams reduce to braid diagrams since fermions are “free”. At
vertices fermions can however reflect in time direction so that fermion-antifermion annihilations in classical fields can be said to appear in the vertices.
The Yangian is generated by super-symplectic fermionic Noether charges assignable to the
strings connecting partonic 2-surfaces. The interpretation of vertices as algebraic operations
implies that all sequences of operations connecting given collections of elements of Yangian
at the opposite boundaries of CD give rise to the same amplitude. This means a huge
generalization of the duality symmetry of hadronic string models that I have proposed already
earlier: the chapter [K56] is a remnant of an “idea that came too early”. The propagators are
associated with the fermionic lines identifiable as boundaries of string world sheets. These
lines are light-like geodesics of H and fermion lines correspond topartial wave in the space
S 3 of light like 8-momenta with fixed M 4 momentum. For external lines M 8 momentum
corresponds to the M 4 × CP2 quantum numbers of a spinor harmonic.
The amplitudes can be formulated using only partonic 2-surfaces and string world sheets
and the algebraic continuation to achieve number theoretic Universality should be rather
straightforward: the parameters characterizing 2-surfaces - by conformal invariance various
conformal moduli - in the algebraic extension of rationals are replaced with real and various
p-adic numbers.
6. Wormhole contacts represent fundamental interaction vertex pairs and propagators between
them and one has stringy super-conformal invariance. Therefore there are excellent reasons to
expect that the perturbation theory is free of divergences. Without stringy contributions for
massive conformal excitations of wormhole contacts one would obtain the usual logarithmic
UV divergences of massless gauge theories. The fact that physical particles are bound states
of massless particles, gives good hopes of avoiding IR divergences of massless theories.
The figures ??, ?? (http://tgdtheory.fi/appfigures/elparticletgd.jpg http://tgdtheory.
fi/appfigures/tgdgrpahs.jpg) in the appendix of this book illustrate the relationship between
TGD diagrammatics, QFT diagrammatics and stringy diagrammatics. In [K91] a more detailed
construction based on the generalization of twistor approach and the idea that scattering amplitudes represent sequences of algebraic operation in the Yangian of super-symplectic algebra, is
considered.

Chapter 3

WCW Spinor Structure
3.1

Introduction

Quantum TGD should be reducible to the classical spinor geometry of the configuration space
(“world of classical worlds” (WCW)). The possibility to express the components of WCW Kähler
metric as anti-commutators of WCW gamma matrices becomes a practical tool if one assumes
that WCW gamma matrices correspond to Noether super charges for super-symplectic algebra of
WCW. The possibility to express the Kähler metric also in terms of Kähler function identified as
Kähler for Euclidian space-time regions leads to a duality analogous to AdS/CFT duality.

3.1.1

Basic Principles

Physical states should correspond to the modes of the WCW spinor fields and the identification
of the fermionic oscillator operators as super-symplectic charges is highly attractive. WCW spinor
fields cannot, as one might naively expect, be carriers of a definite spin and unit fermion number.
Concerning the construction of the WCW spinor structure there are some important clues.
Geometrization of fermionic statistics in terms of WCW spinor structure
The great vision has been that the second quantization of the induced spinor fields can be understood geometrically in terms of the WCW spinor structure in the sense that the anti-commutation
relations for WCW gamma matrices require anti-commutation relations for the oscillator operators
for free second quantized induced spinor fields.
1. One must identify the counterparts of second quantized fermion fields as objects closely
related to the configuration space spinor structure. [B33] has as its basic field the anticommuting field Γk (x), whose Fourier components are analogous to the gamma matrices
of the configuration space and which behaves like a spin 3/2 fermionic field rather than a
vector field. This suggests that the are analogous to spin 3/2 fields and therefore expressible
in terms of the fermionic oscillator operators so that their naturally derives from the anticommutativity of the fermionic oscillator operators.
As a consequence, WCW spinor fields can have arbitrary fermion number and there would
be hopes of describing the whole physics in terms of WCW spinor field. Clearly, fermionic
oscillator operators would act in degrees of freedom analogous to the spin degrees of freedom
of the ordinary spinor and bosonic oscillator operators would act in degrees of freedom
analogous to the “orbital” degrees of freedom of the ordinary spinor field.
2. The classical theory for the bosonic fields is an essential part of the WCW geometry. It would
be very nice if the classical theory for the spinor fields would be contained in the definition
of the WCW spinor structure somehow. The properties of the associated with the induced
spinor structure are indeed very physical. The modified massless Dirac equation for the
induced spinors predicts a separate conservation of baryon and lepton numbers. Contrary
to the long held belief it seems that covariantly constant right handed neutrino does not
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generate . The differences between quarks and leptons result from the different couplings to
the CP2 Kähler potential. In fact, these properties are shared by the solutions of massless
Dirac equation of the imbedding space.
3. Since TGD should have a close relationship to the ordinary quantum field theories it would
be highly desirable that the second quantized free induced spinor field would somehow appear
in the definition of the WCW geometry. This is indeed true if the complexified WCW gamma
matrices are linearly related to the oscillator operators associated with the second quantized
induced spinor field on the space-time surface and its boundaries. There is actually no
deep reason forbidding the gamma matrices of the WCW to be spin half odd-integer objects
whereas in the finite-dimensional case this is not possible in general. In fact, in the finitedimensional case the equivalence of the spinorial and vectorial vielbeins forces the spinor
and vector representations of the vielbein group SO(D) to have same dimension and this
is possible for D = 8-dimensional Euclidian space only. This coincidence might explain
the success of 10-dimensional super string models for which the physical degrees of freedom
effectively correspond to an 8-dimensional Euclidian space.
4. It took a long time to realize that the ordinary definition of the gamma matrix algebra in
terms of the anti-commutators {γA , γB } = 2gAB must in TGD context be replaced with
†
, γB } = iJAB .
{γA

where JAB denotes the matrix elements of the Kähler form of the WCW. The presence of the
Hermitian conjugation is necessary because WCW gamma matrices carry fermion number.
This definition is numerically equivalent with the standard one in the complex coordinates.
The realization of this delicacy is necessary in order to understand how the square of the
WCW Dirac operator comes out correctly.
5. TGD as a generalized number theory vision leads to the understanding of how the second
quantization of the induced spinor fields should be carried out and space-time conformal
symmetries allow to explicitly solve the Dirac equation associated with the Kähler-Dirac
action in the interior and at the 3-D light like causal determinants. An essentially new element
is the notion of number theoretic braid forced by the fact that the Kähler-Dirac operator
allows only finite number of generalized eigen modes so that the number of fermionic oscillator
operators is finite. As a consequence, anti-commutation relations can be satisfied only for a
finite set of points defined by the number theoretic braid, which is uniquely identifiable. The
interpretation is in terms of finite measurement resolution. The finite Clifford algebra spanned
by the fermionic oscillator operators is interpreted as the factor space M/N of infinite hyperfinite factors of type II1 defined by WCW Clifford algebra N and included Clifford algebra
M ⊂ N interpreted as the characterizer of the finite measurement resolution. Note that the
finite number of eigenvalues guarantees that Dirac determinant identified as the exponent of
Kähler function is finite. Finite number of eigenvalues is also essential for number theoretic
universality.
Identification of WCW gamma matrices as super Hamiltonians and expression of
WCW Kähler metric
The basic super-algebra corresponds to the fermionic oscillator operators and can be regarded as a
generalization N super algebras by replacing N with the number of solutions of the Kähler-Dirac
equation which can be infinite. This leads to QFT SUSY limit of TGD different in many respects
crucially from standard SUSYs.
WCW gamma matrices are identified as super generators of super-symplectic and are expressible in terms of these oscillator operators. In the original proposal super-symplectic and super
charges were assumed to be expressible as integrals over 2-dimensional partonic surfaces X 2 and
interior degrees of freedom of X 4 can be regarded as zero modes representing classical variables
in one-one correspondence with quantal degrees of freedom at Xl3 as indeed required by quantum
measurement theory.

3.1. Introduction
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It took quite long time to realize that it is possible to second quantize induced spinor fields
by using just the standard canonical quantization. The only new element is the replacement of the
ordinary gamma matrices with K-D gamma matrices identified as canonical momentum currents
contracted with the imbedding space gamma matrices. This allows to deduce super-generators of
super-symplectic algebra as Noether supercharges assignable to the fermionic strings connecting
partonic 2-surfaces. Their anti-commutators giving the matrix elements of WCW Kähler metric
can be deduced explicitly. This is a decisive calculational advantage since the formal expression of
the matrix elements in terms of second derivatives of Kähler function is not possible to calculate
with the recent understanding. WCW gamma matrices provide also a natural identification for
the counterparts of fermionic oscillator operators creating physical states.
One can also deduce the fermionic Hamiltonians as conserved Noether charges. The expressions for Hamiltonians generalized the earlier expressions as Hamiltonian fluxes in the sense that
the imbedding space Hamiltonian is replaced with the corresponding fermionic Noether charge.
This replacement is analogous to a transition from field theory to string models requiring the replacement of points of partonic 2-surfaces with stringy curves connecting the points of two partonic
2-surfaces. One can consider also several strings emanating from a given partonic 2-surface. This
leads to an extension of the super-symplectic algebra to a Yangian, whose generators are multi-local
(multi-stringy) operators. This picture does not mean loss of effective 2-dimensionality implied by
strong form of general coordinate invariance but allows genuine generalization of super-conformal
invariance in 4-D context.

3.1.2

Kähler-Dirac Action

Supersymmetry fixes the interior part of Kähler-Dirac uniquely. The K-D gamma matrices are contractions of the canonical momentum currents of Kähler action with the imbedding space gamma
matrices and this gives field equations consistent with hermitian conjugation. The modes of K-D
equation must be restricted to 2-D string world sheets with vanishing induced W boson fields in
order that they have a well-defined em charge. It is not yet clear whether this restriction is part
of variational principle or whether it is a property of spinor modes. For the latter option modes
one can have 4-D modes if the space-time surface has CP2 projection carrying vanishing W gauge
potentials. Also covariantly constant right-handed neutrino defines this kind of mode.
The boundary terms of Kähler action and Kähler-Dirac action
A long standing question has been whether Kähler action could contain Chern-Simons term cancelling the Chern-Simons contribution of Kähler action at space-time interior at partonic orbit
reducing to Chern-Simons terms so that only the contribution at space-like ends of space-time
surface at the boundaries of causal diamond (CD) remains. This is however not necessary and
super-symmetry would require Chern-Simons-Dirac term as boundary term in Dirac action. This
however has unphysical implications since C-S-D Dirac operator acts on CP2 coordinates only.
The intuitive expectation is that fermionic propagators assignable to string boundaries at
light-like partonic orbits are needed in the construction of the scattering amplitudes. These boundaries can be locally space-like or light-like. One could add 1-D massles Dirac action with gamma
matrices defined in the induced metric, which is by supersymmetry accompanied by the action
defined by geodesic length, which however vanishes for light-like curves. Massless Dirac equation
at the boundary of string world sheet fixes the boundary conditions for the spinor modes at the
string world sheet. This option seems to be the most plausible at this moment.
Kähler-Dirac equation for induced spinor fields
It has become clear that Kähler-Dirac action with induced spinor fields localized at string world
sheets carrying vanishing classical W fields, and the light-like boundaries of the string world sheets
at light-like orbits of partonic 2-surfaces carrying massless Dirac operator for induced gamma
matrices is the most natural looking option.
The light-like momentum associated with the boundary is a light-like curve of imbedding
space and defines light-like 8-momentum, whose M 4 projection is in general time-like. This leads
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to an 8-D generalization of twistor formalism. The squares of the M 4 and CP2 parts of the 8momentum could be identified as mass squared for the imbedding space spinor mode assignable to
the ground state of super-symplectic representation. This would realize quantum classical correspondence for fermions. The four-momentum assignable to fermion line would have identification
as gravitational four-momentum and that associated with the mode of imbedding space spinor field
as inertial four-momentum.
There are several approaches for solving the Kähler-Dirac (or Kähler-Dirac) equation.
1. The most promising approach assumes that the solutions are restricted on 2-D stringy world
sheets and/or partonic 2-surfaces. This strange looking view is a rather natural consequence
of both strong form of holography and of number theoretic vision, and also follows from
the notion of finite measurement resolution having discretization at partonic 2-surfaces as a
geometric correlate. Furthermore, the conditions stating that electric charge is well-defined
for preferred extremals forces the localization of the modes to 2-D surfaces in the generic
case. This also resolves the interpretational problems related to possibility of strong parity
breaking effects since induce W fields and possibly also Z 0 field above weak scale, vanish at
these surfaces.
2. One expects that stringy approach based on 4-D generalization of conformal invariance or
its 2-D variant at 2-D preferred surfaces should also allow to understand the Kähler-Dirac
equation. Conformal invariance indeed allows to write the solutions explicitly using formulas
similar to encountered in string models. In accordance with the earlier conjecture, all modes
of the Kähler-Dirac operator generate badly broken super-symmetries.
3. Well-definedness of em charge is not enough to localize spinor modes at string world sheets.
Covariantly constant right-handed neutrino certainly defines solutions de-localized inside entire space-time sheet. This need not be the case if right-handed neutrino is not covarianty
constant since the non-vanishing CP2 part for the induced gamma matrices mixes it with
left-handed neutrino. For massless extremals (at least) the CP2 part however vanishes and
right-handed neutrino allows also massless holomorphic modes de-localized at entire spacetime surface and the de-localization inside Euclidian region defining the line of generalized
Feynman diagram is a good candidate for the right-handed neutrino generating the least
broken super-symmetry.This super-symmetry seems however to differ from the ordinary one
in that νR is expected to behave like a passive spectator in the scattering. Also for the
left-handed neutrino solutions localized inside string world sheet the condition that coupling to right-handed neutrino vanishes is guaranteed if gamma matrices are either purely
Minkowskian or CP2 like inside the world sheet.
Quantum criticality and K-D action
A detailed view about the physical role of quantum criticality results. Quantum criticality fixes
the values of Kähler coupling strength as the analog of critical temperature. The recent formulation of quantum criticality states the existence of hierarchy of sub-algebras of super-symplectic
algebras isomorphic with the original algebra. The conformal weights of given sub-algebra are
n-multiples of those of the full algebra. n would also characterize the value of Planck constant
hef f = n × h assignable to various phases of dark matter. These sub-algebras correspond to a hierarchy of breakings of super-symplectic gauge symmetry to a sub-algebra. Accordingly the supersymplectic Noether charges of the sub-algebra annihilate physical states and the corresponding
classical Noether charges vanish for Kähler action at the ends of space-time surfaces. This defines
the notion of preferred extremal. These sub-algebras form an inclusion hierarchy defining a hierarchy of symmetry breakings. n would also characterize the value of Planck constant hef f = n × h
assignable to various phases of dark matter.
Quantum criticality implies that second variation of Kähler action vanishes for critical deformations defined by the sub-algebra and vanishing of the corresponding Noether charges and
super-charges for physical stats. It is not quite clear whether the charges corresponding to broken
super-symplectic symmetries are conserved. If this is the case, Kähler action is invariant under
brokent symplectic transformations although the second variation is non-vanishing so these deformations contribute to Kähler metric and are thus quantum fluctuating dynamical degrees of
freedom.
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Quantum classical correspondence
Quantum classical correspondence (QCC) requires a coupling between quantum and classical and
this coupling should also give rise to a generalization of quantum measurement theory. The big
question mark is how to realize this coupling.
1. As already described, the massless Dirac equation for induced gamma matrices at the boundary of string world sheets gives as solutions for which local 8-momentum is light-like. The
M 4 part of this momentum is in general time-like and can be identified as the 8-momentum
of incoming fermion assignable to an imbedding space spinor mode. The interpretation is as
equivalence of gravitational and inertial masses.
2. QCC can be realized at the level of WCW Dirac operator and Kähler-Dirac operator contains
only interior term. The vanishing of the normal component of fermion current replaces ChernSimons Dirac operator at various boundary like surfaces. I have proposed that WCW spinor
fields with given quantum charges in Cartan algebra are superpositions of space-time surfaces
with same classical charges. A stronger form of QCC at the level of WCW would be that
classical correlation functions for various geometric observables are identical with quantal
correlation functions.
QCC could be realized at the level of WCW by putting it in by hand. One can of course
consider also the possibility that the equality of quantal and classical Cartan charges is realized by adding constraint terms realized using Lagrange multipliers at the space-like ends of
space-time surface at the boundaries of CD. This procedure would be very much like the thermodynamical procedure used to fix the average energy or particle number of the the system
with Lagrange multipliers identified as temperature or chemical potential. Since quantum
TGD in zero energy ontology (ZEO) can be regarded as square root of thermodynamics, the
procedure looks logically sound.
The appendix of the book gives a summary about basic concepts of TGD with illustrations.
Pdf representation of same files serving as a kind of glossary can be found at http://tgdtheory.
fi/tgdglossary.pdf [L22].

3.2

WCW Spinor Structure: General Definition

The basic problem in constructing WCW spinor structure is clearly the construction of the explicit
representation for the gamma matrices of WCW . One should be able to identify the space, where
these gamma matrices act as well as the counterparts of the “free” gamma matrices, in terms of
which the gamma matrices would be representable using generalized vielbein coefficients.

3.2.1

Defining Relations For Gamma Matrices

The ordinary definition of the gamma matrix algebra is in terms of the anti-commutators
{γA , γB } = 2gAB .
This definition served implicitly also as a basic definition of the gamma matrix algebra in TGD
context until the difficulties related to the understanding of WCW d’Alembertian defined in terms
of the square of the Dirac operator forced to reconsider the definition. If WCW allows Kähler structure, the most general definition allows to replace the metric any covariantly constant Hermitian
form. In particular, gAB can be replaced with
{Γ†A , ΓB } = iJAB ,

(3.2.1)

where JAB denotes the matrix element of the Kähler form of WCW . The reason is that gamma
matrices carry fermion number and are non-hermitian in all coordinate systems. This definition is
numerically equivalent with the standard one in the complex coordinates but in arbitrary coordinates situation is different since in general coordinates iJkl is a nontrivial positive square root of
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gkl . The realization of this delicacy is necessary in order to understand how the square of WCW
Dirac operator comes out correctly. Obviously, what one must do is the equivalent of replacing
D2 = (Γk Dk )2 with DD̂ with D̂ defined as
D̂ = iJ kl Γ†l Dk .

3.2.2

General Vielbein Representations

There are two ideas, which make the solution of the problem obvious.
1. Since the classical time development in bosonic degrees of freedom (induced gauge fields) is
coded into the geometry of WCW it seems natural to expect that same applies in the case
of the spinor structure. The time development of the induced spinor fields dictated by TGD
counterpart of the massless Dirac action should be coded into the definition of the WCW
spinor structure. This leads to the challenge of defining what classical spinor field means.
2. Since classical scalar field in WCW corresponds to second quantized boson fields of the
imbedding space same correspondence should apply in the case of the fermions, too. The
spinor fields of WCW should correspond to second quantized fermion field of the imbedding
space and the space of the configuration space spinors should be more or less identical with
the Fock space of the second quantized fermion field of imbedding space or X 4 (X 3 ). Since
classical spinor fields at space-time surface are obtained by restricting the spinor structure to
the space-time surface, one might consider the possibility that life is really simple: the second
quantized spinor field corresponds to the free spinor field of the imbedding space satisfying
the counterpart of the massless Dirac equation and more or less standard anti-commutation
relations. Unfortunately life is not so simple as the construction of WCW spinor structure
demonstrates: second quantization must be performed for induced spinor fields.
It is relatively simple to fill in the details once these basic ideas are accepted.
1. The only natural candidate for the second quantized spinor field is just the on X 4 . Since
this field is free field, one can indeed perform second quantization and construct fermionic
oscillator operator algebra with unique anti-commutation relations. The space of WCW
spinors can be identified as the associated with these oscillator operators. This space depends
on 3-surface and strictly speaking one should speak of the Fock bundle having WCW as its
base space.
2. The gamma matrices of WCW (or rather fermionic Kac Moody generators) are representable
as super positions of the fermionic oscillator algebra generators:

Γ+
A

n †
= EA
an

Γ−
A

n
= ĒA
an
X
n n
=
EA
ĒB

iJAB̄

(3.2.2)

n
n
where EA
are the vielbein coefficients. Induced spinor fields can possess zero modes and
there is no oscillator operators associated with these modes. Since oscillator operators are
spin 1/2 objects, WCW gamma matrices are analogous to spin 3/2 spinor fields (in a very
general sense). Therefore the generalized vielbein and WCW metric is analogous to the pair
of spin 3/2 and spin 2 fields encountered in super gravitation! Notice that the contractions
j Ak Γk of the complexified gamma matrices with the isometry generators are genuine spin
1/2 objects labeled by the quantum numbers labeling isometry generators. In particular, in
CP2 degrees of freedom these fermions are color octets.

3. A further great idea inspired by the symplectic and Kähler structures of WCW is that
configuration gamma matrices are actually generators of super-symplectic symmetries. This
simplifies enormously the construction allows to deduce explicit formulas for the gamma
matrices.
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Inner Product For WCW Spinor Fields

The conjugation operation for WCW spinor s corresponds to the standard ket → bra operation
for the states of the Fock space:
Ψ ↔

|Ψi

Ψ̄ ↔

hΨ|

(3.2.3)

The inner product for WCW spinor s at a given point of WCW is just the standard Fock space
inner product, which is unitary.
Ψ̄1 (X 3 )Ψ2 (X 3 )

=

hΨ1 |Ψ2 i|X 3

(3.2.4)

WCW inner product for two WCW spinor fields is obtained as the integral of the Fock space inner
product over the whole WCW using the vacuum functional exp(K) as a weight factor
Z
hΨ1 |Ψ2 i =

√
hΨ1 |Ψ2 i|X 3 exp(K) GdX 3

(3.2.5)

This inner product is obviously unitary. A modified form of the inner product is obtained by
including the factor exp(K/2) in the definition of the spinor field. In fact, the construction of the
central extension for the isometry algebra leads automatically to the appearance of this factor in
vacuum spinor field.
The inner product differs from the standard inner product for, say, Minkowski space spinors
in that integration is over the entire WCW rather than over a time= constant slice of the WCW .
Also the presence of the vacuum functional makes it different from the finite dimensional inner product. These are not un-physical features. The point is that (apart from classical non-determinism
forcing to generalized the concept of 3-surface) Diff4 invariance dictates the behavior of WCW
spinor field completely: it is determined form its values at the moment of the big bang. Therefore
there is no need to postulate any Dirac equation to determine the behavior and therefore no need
to use the inner product derived from dynamics.

3.2.4

Holonomy Group Of The Vielbein Connection

Generalized vielbein allows huge gauge symmetry. An important constraint on physical observables
is that they do not depend at all on the gauge chosen to represent the gamma matrices. This is
indeed achieved using vielbein connection, which is now quadratic in fermionic oscillator operators.
The holonomy group of the vielbein connection is the WCW counterpart of the electro-weak gauge
group and its algebra is expected to have same general structure as the algebra of the WCW
isometries. In particular, the generators of this algebra should be labeled by conformal weights
like the elements of Kac Moody algebras. In present case however conformal weights are complex
as the construction of WCW geometry demonstrates.

3.2.5

Realization Of WCW Gamma Matrices In Terms Of Super Symmetry Generators

In string models super symmetry generators behave effectively as gamma matrices and it is very
tempting to assume that WCW gamma matrices can be regarded as generators of the symplectic
algebra extended to super-symplectic Kac Moody type algebra. The experience with string models
suggests also that radial Virasoro algebra extends to Super Virasoro algebra. There are good
reasons to expect that WCW Dirac operator and its square give automatically a realization of this
algebra. It this is indeed the case, then WCW spinor structure as well as Dirac equation reduces
to mere group theory.
One can actually guess the general form of the super-symplectic algebra. The form is a
direct generalization of the ordinary super Kac Moody algebra. The complexified super generators
SA are identifiable as WCW gamma matrices:
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ΓA

= SA .

(3.2.6)

The anti-commutators {Γ†A , ΓB }+ = i2JA,B define a Hermitian matrix, which is proportional to the
Kähler form of the configuration space rather than metric as usually. Only in complex coordinates
the anti-commutators equal to the metric numerically. This is, apart from the multiplicative
constant n, is expressible as the Poisson bracket of the WCW Hamiltonians HA and HB . Therefore
one should be able to identify super generators SA (rM ) for each values of rM as the counterparts
of fluxes. The anti-commutators between the super generators SA and their Hermitian conjugates
should read as
†
{SA , SB
}+

= iQm (H[A,B] ) .

(3.2.7)

and should be induced directly from the anti-commutation relations of free second quantized spinor
fields of the imbedding space restricted to the light cone boundary.
The commutation relations between s and super generators follow solely from the transformation properties of the super generators under symplectic transformations, which are same as for
the Hamiltonians themselves
{HAm , SBn }−

= S[Am,Bn] ,

(3.2.8)

and are of the same form as in the case of Super-Kac-Moody algebra.
The task is to derive an explicit representation for the super generators SA in both cases. For
4
× CP2
obvious reason the spinor fields restricted to the 3-surfaces on the light cone boundary δM+
can be used. Leptonic/quark like oscillator operators are used to construct Ramond/NS type
algebra.
What is then the strategy that one should follow?
1. WCW Hamiltonians correspond to either magnetic or electric flux Hamiltonians and the
conjecture is that these representations are equivalent. It turns out that this electric-magnetic
duality generalizes to the level of super charges. It also turns out that quark representation
is the only possible option whereas leptonic super charges super-symmetrize the ordinary
function algebra of the light cone boundary.
2. The simplest option would be that second quantized imbedding space spinors could be used
in the definition of super charges. This turns out to not work and one must second quantize
the induced spinor fields.
3. The task is to identify a super-symmetric variational principle for the induced spinors: ordinary Dirac action does not work. It turns out that in the most plausible scenario the KählerDirac action varied with respect to both imbedding space coordinates and spinor fields is the
fundamental action principle. The c-number parts of the conserved symplectic charges associated with this action give rise to bosonic conserved charges defining WCW Hamiltonians.
The second quantization of the spinor fields reduces to the requirement that super charges and
Hamiltonians generate super-symplectic algebra determining the anti-commutation relations
for the induced spinor fields.

3.2.6

Central Extension As Symplectic Extension At WCW Level

The earlier attempts to understand the emergence of central extension of super-symplectic algebra
were based on the notion of symplectic extension. This general view is not given up although it
seems that this abstract approach is not very practical. Symplectic extension emerged originally in
the attempts to construct formal expression for the WCW Dirac equation. The rather obvious idea
was that the Dirac equation reduces to super Virasoro conditions with Super Virasoro generators
involving the Dirac operator of the imbedding space. The basic difficulty was the necessity to
assign to the gamma matrices of the imbedding space fermion number. In the recent formulation
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the Dirac operator of H does not appear in in the Super Virasoro conditions so that this problem
disappears.
The proposal that Super Virasoro conditions should replaced with conditions stating that the
commutator of super-symplectic and super Kac-Moody algebras annihilates physical states, looks
rather feasible. One could call these conditions as WCW Dirac equation but at this moment I feel
that this would be just play with words and mask the group theoretical content of these conditions.
In any case, the formulas for the symplectic extension and action of isometry generators on WCW
spinor deserve to be summarized.
Symplectic extension
The Abelian extension of the super-symplectic algebra is obtained by an extremely simple trick.
Replace the ordinary derivatives appearing in the definition of, say spinorial isometry generator,
by the covariant derivatives defined by a coupling to a multiple of the Kähler potential.

j Ak ∂k

→ j Ak Dk ,

Dk

=

∂k + ikAk /2 .

(3.2.9)

where Ak denotes Kähler potential. The reality of the parameter k is dictated by the Hermiticity
requirement and also by the requirement that Abelian extension reduces to the standard form
in Cartan algebra. k is expected to be integer also by the requirement that covariant derivative
corresponds to connection (quantization of magnetic charge).
The commutation relations for the centrally extended generators J A read:

[J A , J B ]

=

J [A,B] + ikj Ak Jkl j Bl ≡ J [A,B] + ikJAB .

(3.2.10)

Since Kähler form defines symplectic structure in WCW one can express Abelian extension term
as a Poisson bracket of two Hamiltonians

JAB

≡ j Ak Jkl j Bl = {H A , H B } .

(3.2.11)

Notice that Poisson bracket is well defined also when Kähler form is degenerate.
The extension indeed has acceptable properties:
1. Jacobi-identities reduce to the form

X

H [A,[B,C]]

=

0 ,

(3.2.12)

cyclic

and therefore to the Jacobi identities of the original Lie- algebra in Hamiltonian representation.
2. In the Cartan algebra Abelian extension reduces to a constant term since the Poisson bracket
for two commuting generators must be a multiple of a unit matrix. This feature is clearly
crucial for the non-triviality of the Abelian extension and is encountered already at the level
of ordinary (q, p) Poisson algebra: although the differential operators ∂p and ∂q commute the
Poisson bracket of the corresponding Hamiltonians p and q is nontrivial: {p, q} = 1. Therefore
the extension term commutes with the generators of the Cartan subalgebra. Extension is
also local U (1) extension since Poisson algebra differs from the Lie-algebra of the vector fields
in that it contains constant Hamiltonian (”1” in the commutator), which commutes with all
other Hamiltonians and corresponds to a vanishing vector field.
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3. For the generators not belonging to Cartan sub-algebra of CH isometries Abelian extension
term is not annihilated by the generators of the original algebra and in this respect the
extension differs from the standard central extension for the loop algebras. It must be
however emphasized that for the super-symplectic algebra generators correspond to products
4
4
of δM+
and CP2 Hamiltonians and this means that generators of say δM+
-local SU (3)
Cartan algebra are non-commuting and the commutator is completely analogous to central
extension term since it is symmetric with respect to SU (3) generators.
4. The proposed method yields a trivial extension in the case of Diff4 . The reason is the (fourdimensional!) Diff degeneracy of the Kähler form. Abelian extension term is given by the
contraction of the Diff4 generators with the Kähler potential

j Ak Jkl j Bl

=

0 ,

(3.2.13)

which vanishes identically by the Diff degeneracy of the Kähler form. Therefore neither
3- or 4-dimensional Diff invariance is not expected to cause any difficulties. Recall that 4dimensional Diff degeneracy is what is needed to eliminate time like vibrational excitations
from the spectrum of the theory. By the way, the fact that the loop space metric is not Diff
degenerate makes understandable the emergence of Diff anomalies in string models [B33, B31]
.
5. The extension is trivial also for the other zero norm generators of the tangent space algebra,
in particular for the k2 = Im(k) = 0 symplectic generators possible present so that these
generators indeed act as genuine U (1) transformations.
6. Concerning the solution of WCW Dirac equation the maximum of Kähler function is expected
to be special, much like origin of Minkowski space and symmetric space property suggests
that the construction of solutions reduces to this point. At this point the generators and
Hamiltonians of the algebra h in the defining Cartan decomposition g = h + t should vanish.
h corresponds to integer values of k1 = Re(k) for Cartan algebra of super-symplectic algebra
and integer valued conformal weights n for Super Kac-Moody algebra. The algebra reduces
at the maximum to an exceptionally simple form since only central extension contributes
to the metric and Kähler form. In the ideal case the elements of the metric and Kähler
form could be even diagonal. The degeneracy of the metric might of course pose additional
complications.
Super symplectic action on WCW spinor s
The generators of symplectic transformations are obtained in the spinor representation of the
isometry group of WCW by the following formal construction. Take isometry generator in the
spinor representation and add to the covariant derivative Dk defined by vielbein connection the
coupling to the multiple of the Kähler potential: Dk → Dk + ikAk/2.
JA

j Ak Dk + Dl jk Σkl /2 ,
→ JˆA = j Ak (Dk + ikAk /2) + Dl jkA Σkl /2 ,
=

(3.2.14)
This induces the required central term to the commutation relations. Introduce complex coordinates and define bosonic creation and annihilation operators as (1, 0) and (0, 1) parts of the
modified isometry generators
†
BA

A
= J+
= j Ak (Dk + ... ,

BA

A
= J−
= j Ak̄ (Dk̄ + ... .

(3.2.15)
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where ”k” refers now to complex coordinates and ”k̄” to their conjugates.
Fermionic generators are obtained as the contractions of the complexified gamma matrices
with the isometry generators
Γ†A

= j Ak Γk ,

ΓA

= j Ak̄ Γk̄ .

(3.2.16)

Notice that the bosonic Cartan algebra generators obey standard oscillator algebra commutation
relations and annihilate fermionic Cartan algebra generators. Hermiticity condition holds in the
sense that creation type generators are hermitian conjugates of the annihilation operator type
generators. There are two kinds of representations depending on whether one uses leptonic or
quark like oscillator operators to construct the gammas. These will be assumed to correspond to
Ramond and NS type generators with the radial plane waves being labeled by integer and half odd
integer indices respectively.
The non-vanishing commutators between the Cartan algebra bosonic generators are given
by the matrix elements of the Kähler form in the basis of formed by the isometry generators
†
[BA
, BB ]

=

J(j A† , j B ) ≡ JĀB .

(3.2.17)

and are isometry invariant quantities. The commutators between local SU (3) generators not
belonging to Cartan algebra are just those of the local gauge algebra with Abelian extension term
added.
The anti-commutators between the fermionic generators are given by the elements of the
metric (as opposed to Kähler form in the case of bosonic generators) in the basis formed by the
isometry generators
{ΓA †, ΓB }

=

2g(j A† , j B ) ≡ 2gĀB .

(3.2.18)

and are invariant under isometries. Numerically the commutators and anti-commutators differ
only the presence of the imaginary unit and the scale factor R relating the metric and Kähler form
to each other (the factor R is same for CP2 metric and Kähler form).
The commutators between bosonic and fermionic generators are given by
[BA , ΓB ]

=

Γ[A,B] .

(3.2.19)

The presence of vielbein and rotation terms in the representation of the isometry generators is
essential for obtaining these nice commutations relations. The commutators vanish identically for
Cartan algebra generators. From the commutation relations it is clear that Super Kac Moody
algebra structure is directly related to the Kähler structure of WCW : the anti-commutator of
fermionic generators is proportional to the metric and the commutator of the bosonic generators
is proportional to the Kähler form. It is this algebra, which should generate the solutions of the
field equations of the theory.
The vielbein and rotational parts of the bosonic isometry generators are quadratic in the
fermionic oscillator operators and this suggests the interpretation as the fermionic contribution to
the isometry currents. This means that the action of the bosonic generators is essentially nonperturbative since it creates fermion anti-fermion pairs besides exciting bosonic degrees of freedom.

3.2.7

WCW Clifford Algebra As AHyper-Finite Factor Of Type II1

The naı̈ve expectation is that the trace of the unit matrix associated with the Clifford algebra
spanned by WCW sigma matrices is infinite and thus defines an excellent candidate for a source of
divergences in perturbation theory. This potential source of infinities remained un-noticed until it
became clear that there is a connection with von Neumann algebras [A38]. In fact, for a separable
Hilbert space defines a standard representation for so called [A31]. This guarantees that the trace
of the unit matrix equals to unity and there is no danger about divergences.
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Philosophical ideas behind von Neumann algebras
The goal of von Neumann was to generalize the algebra of quantum mechanical observables. The
basic ideas behind the von Neumann algebra are dictated by physics. The algebra elements allow
Hermitian conjugation ∗ and observables correspond to Hermitian operators. Any measurable
function f (A) of operator A belongs to the algebra and one can say that non-commutative measure
theory is in question.
The predictions of quantum theory are expressible in terms of traces of observables. Density
matrix defining expectations of observables in ensemble is the basic example. The highly nontrivial requirement of von Neumann was that identical a priori probabilities for a detection of
states of infinite state system must make sense. Since quantum mechanical expectation values are
expressible in terms of operator traces, this requires that unit operator has unit trace: tr(Id) = 1.
In the finite-dimensional case it is easy to build observables out of minimal projections to
1-dimensional eigen spaces of observables. For infinite-dimensional case the probably of projection
to 1-dimensional sub-space vanishes if each state is equally probable. The notion of observable
must thus be modified by excluding 1-dimensional minimal projections, and allow only projections
for which the trace would be infinite using the straightforward generalization of the matrix algebra
trace as the dimension of the projection.
The non-trivial implication of the fact that traces of projections are never larger than one
is that the eigen spaces of the density matrix must be infinite-dimensional for non-vanishing projection probabilities. Quantum measurements can lead with a finite probability only to mixed
states with a density matrix which is projection operator to infinite-dimensional subspace. The
simple von Neumann algebras for which unit operator has unit trace are known as factors of type
II1 [A31].
The definitions of adopted by von Neumann allow however more general algebras. Type In
algebras correspond to finite-dimensional matrix algebras with finite traces whereas I∞ associated
with a separable infinite-dimensional Hilbert space does not allow bounded traces. For algebras of
type III non-trivial traces are always infinite and the notion of trace becomes useless.
von Neumann, Dirac, and Feynman
The association of algebras of type I with the standard quantum mechanics allowed to unify matrix
mechanism with wave mechanics. Note however that the assumption about continuous momentum
state basis is in conflict with separability but the particle-in-box idealization allows to circumvent
this problem (the notion of space-time sheet brings the box in physics as something completely
real).
Because of the finiteness of traces von Neumann regarded the factors of type II1 as fundamental and factors of type III as pathological. The highly pragmatic and successful approach of
Dirac based on the notion of delta function, plus the emergence of Feynman graphs, the possibility
to formulate the notion of delta function rigorously in terms of distributions, and the emergence
of path integral approach meant that von Neumann approach was forgotten by particle physicists.
Algebras of type II1 have emerged only much later in conformal and topological quantum
field theories [A44, A26] allowing to deduce invariants of knots, links and 3-manifolds. Also algebraic structures known as bi-algebras, Hopf algebras, and ribbon algebras [A21, A35] relate
closely to type II1 factors. In topological quantum computation [B29] based on braid groups [A46]
modular S-matrices they play an especially important role.
Clifford algebra of WCW as von Neumann algebra
The Clifford algebra of WCW provides a school example of a hyper-finite factor of type II1 ,
which means that fermionic sector does not produce divergence problems. Super-symmetry means
that also “orbital” degrees of freedom corresponding to the deformations of 3-surface define similar
factor. The general theory of hyper-finite factors of type II1 is very rich and leads to rather detailed
understanding of the general structure of S-matrix in TGD framework. For instance, there is a
unitary evolution operator intrinsic to the von Neumann algebra defining in a natural manner
single particle time evolution. Also a connection with 3-dimensional topological quantum field
theories and knot theory, conformal field theories, braid groups, quantum groups, and quantum
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counterparts of quaternionic and octonionic division algebras emerges naturally. These aspects are
discussed in detail in [K97].

3.3

Under What Conditions Electric Charge Is Conserved
For The Kähler-Dirac Equation?

One might think that talking about the conservation of electric charge at 21st century is a waste
of time. In TGD framework this is certainly not the case.
1. In quantum field theories there are two manners to define em charge: as electric flux over
2-D surface sufficiently far from the source region or in the case of spinor field quantum
mechanically as combination of fermion number and vectorial isospin. The latter definition
is quantum mechanically more appropriate.
2. There is however a problem. In standard approach to gauge theory Dirac equation in presence of charged classical gauge fields does not conserve electric charge as quantum number:
electron is transformed to neutrino and vice versa. Quantization solves the problem since the
non-conservation can be interpreted in terms of emission of gauge bosons. In TGD framework
this does not work since one does not have path integral quantization anymore. Preferred
extremals carry classical gauge fields and the question whether em charge is conserved arises.
Heuristic picture suggests that em charge must be conserved.
It seems that one should pose the well-definedness of spinorial em charge as an additional
condition. Well-definedness of em charge is not the only problem. How to avoid large parity
breaking effects due to classical Z 0 fields? How to avoid the problems due to the fact that color
rotations induced vielbein rotation of weak fields? Does this require that classical weak fields
vanish in the regions where the modes of induced spinor fields are non-vanishing?
This condition might be one of the conditions defining what it is to be a preferred extremal/solution of Kähler Dirac equation. It is not however trivial whether this kind of additional
condition can be posed unless it follows automatically from the recent formulation for Kähler action and Kähler Dirac action. The common answer to these questions is restriction of the modes
of induced spinor field to 2-D string world sheets (and possibly also partonic 2-surfaces) such
that the induced weak fields vanish. This makes string/parton picture part of TGD. The vanishing of classical weak fields has also number theoretic interpretation: space-time surfaces would
have quaternionic (hyper-complex) tangent space and the 2-surfaces carrying spinor fields complex
(hyper-complex) tangent space.

3.3.1

Conservation Of EM Charge For Kähler Dirac Equation

What does the conservation of em charge imply in the case of the Kähler-Dirac equation? The
obvious guess that the em charged part of the Kähler-Dirac operator must annihilate the solutions,
turns out to be correct as the following argument demonstrates.
1. Em charge as coupling matrix can be defined as a linear combination Q = aI + bI3 , I3 =
Jkl Σkl , where I is unit matrix and I3 vectorial isospin matrix, Jkl is the Kähler form of CP2 ,
Σkl denotes sigma matrices, and a and b are numerical constants different for quarks and
leptons. Q is covariantly constant in M 4 × CP2 and its covariant derivatives at space-time
surface are also well-defined and vanish.
2. The modes of the Kähler-Dirac equation should be eigen modes of Q. This is the case if the
Kähler-Dirac operator D commutes with Q. The covariant constancy of Q can be used to
derive the condition

[D, Q] Ψ
D

= D1 Ψ = 0 ,
h
i
= Γ̂µ Dµ , D1 = [D, Q] = Γ̂µ1 Dµ , Γ̂µ1 = Γ̂µ , Q .

(3.3.1)

110

Chapter 3. WCW Spinor Structure

Covariant constancy of J is absolutely essential: without it the resulting conditions would
not be so simple.
It is easy to find that also [D1 , Q]Ψ = 0 and its higher iterates [Dn , Q]Ψ = 0, Dn = [Dn−1 , Q]
must be true. The solutions of the Kähler-Dirac equation would have an additional symmetry.
3. The commutator D1 = [D, Q] reduces to a sum of terms involving the commutators of the
vectorial isospin I3 = Jkl Σkl with the CP2 part of the gamma matrices:

D1

[Q, D] = [I3 , Γr ]∂µ sr T αµ Dα .

=

(3.3.2)

In standard complex coordinates in which U (2) acts linearly the complexified gamma matrices
can be chosen to be eigenstates of vectorial isospin. Only the charged flat space complexified
gamma matrices ΓA denoted by Γ+ and Γ− possessing charges +1 and -1 contribute to the
right hand side. Therefore the additional Dirac equation D1 Ψ = 0 states

D1 Ψ

=

[Q, D]Ψ = I3 (A)eAr ΓA ∂µ sr T αµ Dα Ψ

=

(e+r Γ+ − e−r Γ− )∂µ sr T αµ Dα Ψ = 0 .

(3.3.3)

The next condition is

D2 Ψ

=

[Q, D]Ψ = (e+r Γ+ + e−r Γ− )∂µ sr T αµ Dα Ψ = 0 .

(3.3.4)

Only the relative sign of the two terms has changed. The remaining conditions give nothing
new.
4. These equations imply two separate equations for the two charged gamma matrices

D+ Ψ

= T+α Γ+ Dα Ψ = 0 ,

D− Ψ

= T−α Γ− Dα Ψ = 0 ,

T±α

= e±r ∂µ sr T αµ .

(3.3.5)

These conditions state what one might have expected: the charged part of the Kähler-Dirac
operator annihilates separately the solutions. The reason is that the classical W fields are
proportional to er± .
The above equations can be generalized to define a decomposition of the energy momentum
tensor to charged and neutral components in terms of vierbein projections. The equations
state that the analogs of the Kähler-Dirac equation defined by charged components of the
energy momentum tensor are satisfied separately.
5. In complex coordinates one expects that the two equations are complex conjugates of each
other for Euclidian signature. For the Minkowskian signature an analogous condition should
hold true. The dynamics enters the game in an essential manner: whether the equations
can be satisfied depends on the coefficients a and b in the expression T = aG + bg implied
by Einstein’s equations in turn guaranteeing that the solution ansatz generalizing minimal
surface solutions holds true [K57].
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6. As a result one obtains three separate Dirac equations corresponding to the neutral part
D0 Ψ = 0 and charged parts D± Ψ = 0 of the Kähler-Dirac equation. By acting on the equations with these Dirac operators one obtains also that the commutators [D+ , D− ], [D0 , D± ]
and also higher commutators obtained from these annihilate the induced spinor field model.
Therefore entire -possibly- infinite-dimensional algebra would annihilate the induced spinor
fields. In string model the counterpart of Dirac equation when quantized gives rise to SuperVirasoro conditions. This analogy would suggest that Kähler-Dirac equation gives rise to
the analog of Super-Virasoro conditions in 4-D case. But what the higher conditions mean?
Could they relate to the proposed generalization to Yangian algebra [A17] [B24, B19, B20]?
Obviously these conditions resemble structurally Virasoro conditions Ln |physi = 0 and their
supersymmetric generalizations, and might indeed correspond to a generalization of these
conditions just as the field equations for preferred extremals could correspond to the Virasoro conditions if one takes seriously the analogy with the quantized string.
What could this additional symmetry mean from the point of view of the solutions of the
Kähler-Dirac equation? The field equations for the preferred extremals of Kähler action reduce to
purely algebraic conditions in the same manner as the field equations for the minimal surfaces in
string model. Could this happen also for the Kähler-Dirac equation and could the condition on
charged part of the Dirac operator help to achieve this?
This argument was very general and one can ask for simple manners to realize these conditions. Obviously the vanishing of classical W fields in the region where the spinor mode is
non-vanishing defines this kind of condition.

3.3.2

About The Solutions Of Kähler Dirac Equation For Known Extremals

To gain perpective consider first Dirac equation in in H. Quite generally, one can construct the
solutions of the ordinary Dirac equation in H from covariantly constant right-handed neutrino
spinor playing the role of fermionic vacuum annihilated by the second half of complexified gamma
matrices. Dirac equation reduces to Laplace equation for a scalar function and solution can be
constructed from this “vacuum” by multiplying with the spherical harmonics of CP2 and applying Dirac operator [K19]. Similar construction works quite generally thanks to the existence of
covariantly constant right handed neutrino spinor. Spinor harmonics of CP2 are only replaced
with those of space-time surface possessing either hermitian structure or Hamilton-Jacobi structure (corresponding to Euclidian and Minkowskian signatures of the induced metric [K57, K40]
). What is remarkable is that these solutions possess well-defined em charge although classical W
boson fields are present.
This in sense that H d’Alembertian commutes with em charge matrix defined as a linear
combination of unit matrix and the covariantly constant matrix J kl Σkl since the commutators of
the covariant derivatives give constant Ricci scalar and J kl Σkl term to the d’Alembertian besides
scalar d’Alembertian commuting with em charge. Dirac operator itself does not commute with em
charge matrix since gamma matrices not commute with em charge matrix.
Consider now Kähler Dirac operator. The square of Kähler Dirac operator contains comweak
mutator of covariant derivatives which contains contraction [Γµ , Γν ] Fµν
which is quadratic in
sigma matrices of M 4 × CP2 and does not reduce to a constant term commuting which em charge
matrix. Therefore additional condition is required even if one is satisfies with the commutativity
of d’Alembertian with em charge. Stronger condition would be commutativity with the Kähler
Dirac operator and this will be considered in the following.
To see what happens one must consider space-time regions with Minkowskian and Euclidian
signature. What will be assumed is the existence of Hamilton-Jacobi structure [K57] meaning complex structure in Euclidian signature and hyper-complex plus complex structure in Minkowskian
signature. The goal is to get insights about what the condition that spinor modes have a welldefined em charge eigenvalue requires. Or more concretely: is the localization at string world
sheets guaranteeing well-defined value of em charge predicted by Kähler Dirac operator or must
one introduce this condition separately? One can also ask whether this condition reduces to
commutativity/co-commutativity in number theoretic vision.
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1. CP2 type vacuum extremals serve as a convenient test case for the Euclidian signature. In
this case the Kähler-Dirac equation reduces to the massless ordinary Dirac equation in CP2
allowing only covariantly constant right-handed neutrino as solution. Only part of CP2 so
that one give up the constraint that the solution is defined in the entire CP2 . In this case
holomorphic solution ansatz obtained by assuming that solutions depend on the coordinates
ξ i , i = 1, 2 but not on their conjugates and that the gamma matrices Γi , i = 1, 2, annihilate
the solutions, works. The solutions ansatz and its conjugate are of exactly the same form as
in case string models where one considers string world sheets instead of CP2 region.
The solutions are not restricted to 2-D string world sheets and it is not clear whether one can
assign to them a well-defined em charge in any sense. Note that for massless Dirac equation
in H one obtains all CP2 harmonics as solutions, and it is possible to talk about em charge
of the solution although solution itself is not restricted to 2-D surface of CP2 .
2. For massless extremals and a very wide class of solutions produced by Hamilton-Jacobi structure - perhaps all solutions representable locally as graphs for map M 4 → CP2 - canonical
momentum densities are light-like and solutions are hyper-holomorphic in the coordinates
associated with with string world sheet and annihilated by the conjugate gamma and arbitrary functions in transversal coordinates. This allows localization to string world sheets.
The localization is now strictly dynamical and implied by the properties of Kähler Dirac
operator.
3. For string like objects one obtains massless Dirac equation in X 2 × Y 2 ⊂ M 4 × Y 2 , Y 2 a
complex 2-surface in CP2 . Homologically trivial geodesic sphere corresponds to the simplest
choice for Y 2 . Modified Dirac operator reduces to a sum of massless Dirac operators associated with X 2 and Y 2 . The most general solutions would have Y 2 mass. Holomorphic
solutions reduces to product of hyper-holomorphic and holomorphic solutions and massless
2-D Dirac equation is satisfied in both factors.
For instance, for S 2 a geodesic sphere and X 2 = M 2 one obtains M 2 massivation with mass
squared spectrum given by Laplace operator for S 2 . Conformal and hyper-conformal symmetries are lost, and one might argue that this is quite not what one wants. One must be
however resist the temptation to make too hasty conclusions since the massivation of string
like objects is expected to take place. The question is whether it takes place already at the
level of fundamental spinor fields or only at the level of elementary particles constructed as
many-fermion states of them as twistor Grassmann approach assuming massless M 4 propagators for the fundamental fermions strongly suggests [K91].
4. For vacuum extremals the Kähler Dirac operator vanishes identically so that it does not make
sense to speak about solutions.
What can one conclude from these observations?
1. The localization of solutions to 2-D string world sheets follows from Kähler Dirac equation
only for the Minkowskian regions representable as graphs of map M 4 → CP2 locally. For
string like objects and deformations of CP2 type vacuum extremals this is not expected to
take place.
2. It is not clear whether one can speak about well-defined em charge for the holomorphic
spinors annihilated by the conjugate gamma matrices or their conjugates. As noticed, for
imbedding space spinor harmonics this is however possible.
3. Strong form of conformal symmetry and the condition that em charge is well-defined for
the nodes suggests that the localization at 2-D surfaces at which the charged parts of induced electroweak gauge fields vanish must be assumed as an additional condition. Number
theoretic vision would suggest that these surfaces correspond to 2-D commutative or cocommutative surfaces. The string world sheets inside space-time surfaces would not emerge
from theory but would be defined as basic geometric objects.
This kind of condition would also allow duals of string worlds sheets as partonic 2-surfaces
identified number theoretically as co-commutative surfaces. Commutativity and co-commutativity
would become essential elemenents of the number theoretical vision.
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4. The localization of solutions of the Kähler-Dirac action at string world sheets and partonic
2-surfaces as a constraint would mean induction procedure for Kähler-Dirac matrices from
SX 4 to X 2 - that is projection. The resulting em neutral gamma matrices would correspond
to tangent vectors of the string world sheet. The vanishing of the projections of charged
parts of energy momentum currents would define these surfaces. The conditions would apply
both in Minkowskian and Euclidian regions. An alternative interpretation would be number
theoretical: these surface would be commutative or co-commutative.

3.3.3

Concrete Realization Of The Conditions Guaranteeing Well-Defined
Em Charge

Well-definedness of the em charge is the fundamental condiiton on spinor modes. Physical intuition
suggests that also classical Z 0 field should vanish - at least in scales longer than weak scale. Above
the condition guaranteeing vanishing of em charge has been discussed at very general level. It has
however turned out that one can understand situation by simply posing the simplest condition
that one can imagine: the vanishing of classical W and possibly also Z 0 fields inducing mixing of
different charge states.
1. Induced W fields mean that the modes of Kähler-Dirac equation do not in general have welldefined em charge. The problem disappears if the induced W gauge fields vanish. This does
not yet guarantee that couplings to classical gauge fields are physical in long scales. Also
classical Z 0 field should vanish so that the couplings would be purely vectorial. Vectoriality
might be true in long enough scales only. If W and Z 0 fields vanish in all scales then
electroweak forces are due to the exchanges of corresponding gauge bosons described as
string like objects in TGD and represent non-trivial space-time geometry and topology at
microscopic scale.
2. The conditions solve also another long-standing interpretational problem. Color rotations
induce rotations in electroweak-holonomy group so that the vanishing of all induced weak
fields also guarantees that color rotations do not spoil the property of spinor modes to be
eigenstates of em charge.
One can study the conditions quite concretely by using the formulas for the components of
spinor curvature [L3] (http://tinyurl.com/z86o5qk ).
1. The representation of the covariantly constant curvature tensor is given by

R01
R02
R03

= e0 ∧ e1 − e2 ∧ e3 ,
= e0 ∧ e2 − e3 ∧ e1 ,
= 4e0 ∧ e3 + 2e1 ∧ e2 ,

R23
R31
R12

=
=
=

e0 ∧ e1 − e2 ∧ e3 ,
−e0 ∧ e2 + e3 ∧ e1 ,
2e0 ∧ e3 + 4e1 ∧ e2 .

(3.3.6)

R01 = R23 and R03 = −R31 combine to form purely left handed classical W boson fields and
Z 0 field corresponds to Z 0 = 2R03 .
Kähler form is given by

J

=

2(e0 ∧ e3 + e1 ∧ e2 ) .

(3.3.7)

2. The vanishing of classical weak fields is guaranteed by the conditions

e0 ∧ e1 − e2 ∧ e3 = 0 ,
e0 ∧ e2 − e3 ∧ e1 ,
4e0 ∧ e3 + 2e1 ∧ e2 .
(3.3.8)
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3. There are many manners to satisfy these conditions. For instance, the condition e1 = a × e0
and e2 = −a × e3 with arbitrary a which can depend on position guarantees the vanishing of
classical W fields. The CP2 projection of the tangent space of the region carrying the spinor
mode must be 2-D.
Also classical Z 0 vanishes if a2 = 2 holds true. This guarantees that the couplings of induced
gauge potential are purely vectorial. One can consider other alternaties. For instance, one
could require that only classical Z 0 field or induced Kähler form is non-vanishing and deduce
similar condition.
4. The vanishing of the weak part of induced gauge field implies that the CP2 projection of the
region carrying spinor mode is 2-D. Therefore the condition that the modes of induced spinor
field are restricted to 2-surfaces carrying no weak fields sheets guarantees well-definedness of
em charge and vanishing of classical weak couplings. This condition does not imply string
world sheets in the general case since the CP2 projection of the space-time sheet can be 2-D.
How string world sheets could emerge?
1. Additional consistency condition to neutrality of string world sheets is that Kähler-Dirac
gamma matrices have no components orthogonal to the 2-surface in question. Hence various
fermionic would flow along string world sheet.
2. If the Kähler-Dirac gamma matrices at string world sheet are expressible in terms of two
non-vanishing gamma matrices parallel to string world sheet and sheet and thus define an
integrable distribution of tangent vectors, this is achieved. What is important that modified
gamma matrices can indeed span lower than 4-D space and often do so as already described.
Induced gamma matrices defined always 4-D space so that the restriction of the modes to
string world sheets is not possible.
3. String models suggest that string world sheets are minimal surfaces of space-time surface or
of imbedding space but it might not be necessary to pose this condition separately.
In the proposed scenario string world sheets emerge rather than being postulated from
beginning.
1. The vanishing conditions for induced weak fields allow also 4-D spinor modes if they are
true for entire spatime surface. This is true if the space-time surface has 2-D projection.
One can expect that the space-time surface has foliation by string world sheets and the
general solution of K-D equation is continuous superposition of the 2-D modes in this case
and discrete one in the generic case.
2. If the CP2 projection of space-time surface is homologically non-trivial geodesic sphere S 2 ,
the field equations reduce to those in M 4 × S 2 since the second fundamental form for S 2 is
vanishing. It is possible to have geodesic sphere for which induced gauge field has only em
component?
3. If the CP2 projection is complex manifold as it is for string like objects, the vanishing of
weak fields might be also achieved.
4. Does the phase of cosmic strings assumed to dominate primordial cosmology correspond to
this phase with no classical weak fields? During radiation dominated phase 4-D string like
objects would transform to string world sheets.Kind of dimensional transmutation would
occur.
Right-handed neutrino has exceptional role in K-D action.
1. Electroweak gauge potentials do not couple to νR at all. Therefore the vanishing of W
fields is un-necessary if the induced gamma matrices do not mix right handed neutrino
with left-handed one. This is guaranteed if M 4 and CP2 parts of Kähler-Dirac operator
annihilate separately right-handed neutrino spinor mode. Also νR modes can be interpreted
as continuous superpositions of 2-D modes and this allows to define overlap integrals for them
and induced spinor fields needed to define WCW gamma matrices and super-generators.
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2. For covariantly constant right-handed neutrino mode defining a generator of super-symmetries
is certainly a solution of K-D. Whether more general solutions of K-D exist remains to be
checked out.

3.3.4

Connection With Number Theoretic Vision?

The interesting potential connection of the Hamilton-Jacobi vision to the number theoretic vision
about field equations has been already mentioned.
1. The vision that associativity/co-associativity defines the dynamics of space-time surfaces
boils down to M 8 −H duality stating that space-time surfaces can be regarded as associative/coassociative surfaces either in M 8 or H [K89, K96]. Associativity reduces to hyper-quaternionicity
implying that the tangent/normal space of space-time surface at each point contains preferred
sub-space M 2 (x) ⊂ M 8 and these sub-spaces forma an integrable distribution. An analogous
condition is involved with the definition of Hamilton-Jacobi structure.
2. The octonionic representation of the tangent space of M 8 and H effectively replaces SO(7, 1)
as tangent space group with its octonionic analog obtained by the replacement of sigma
matrices with their octonionic counterparts defined by anti-commutators of gamma matrices.
By non-associativity the resulting algebra is not ordinary Lie-algebra and exponentiates to a
non-associative analog of Lie group. The original wrong belief was that the reduction takes
place to the group G2 of octonionic automorphisms acting as a subgroup of SO(7). One can
ask whether the conditions on the charged part of energy momentum tensor could relate to
the reduction of SO(7, 1)
3. What puts bells ringing is that the Kähler-Dirac equation for the octonionic representation of
gamma matrices allows the conservation of electromagnetic charge in the proposed sense. The
reason is that the left handed sigma matrices (W charges are left-handed) in the octonionic
representation of gamma matrices vanish identically! What remains are vectorial=righthanded em and Z 0 charge which becomes proportional to em charge since its left-handed part
vanishes. All spinor modes have a well-defined em charge in the octonionic sense defined by
replacing imbedding space spinor locally by its octonionic variant? Maybe this could explain
why H spinor modes can have well-defined em charge contrary to the naı̈ve expectations.
4. The non-associativity of the octonionic spinors is however a problem. Even non-commutativity
poses problems - also at space-time level if one assumes quaternion-real analyticity for the
spinor modes. Could one assume commutativity or co-commutativity for the induced spinor
modes? This would mean restriction to associative or co-associative 2-surfaces and (hyper)holomorphic depends on its (hyper-)complex coordinate. The outcome would be a localization to a hyper-commutative of commutative 2-surface, string world sheet or partonic
2-surface.
5. These conditions could also be interpreted by saying that for the Kähler Dirac operator the
octonionic induced spinors assumed to be commutative/co-commutative are equivalent with
ordinary induced spinors. The well-definedness of em charge for ordinary spinors would correspond to commutativity/co-commutativity for octonionic spinors. Even the Dirac equations
based on induced and Kähler-Dirac gamma matrices could be equivalent since it is essentially
holomorphy which matters.
To sum up, these considerations inspire to ask whether the associativity/co-associativity
of the space-time surface is equivalent with the reduction of the field equations to stringy field
equations stating that certain components of the induced metric in complex/Hamilton-Jacobi coordinates vanish in turn guaranteeing that field equations reduce to algebraic identifies following
from the fact that energy momentum tensor and second fundamental form have no common components? Commutativity/co-commutativity would characterize fermionic dynamics and would have
physical representation as possibility to have em charge eigenspinors. This should be the case if
one requires that the two solution ansätze are equivalent.
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3.4

Representation Of WCW Metric As Anti-Commutators
Of Gamma Matrices Identified As Symplectic SuperCharges

WCW gamma matrices identified as symplectic super Noether charges suggest an elegant representation of WCW metric and Kähler form, which seems to be more practical than the representations
in terms of Kähler function or representations guessed by symmetry arguments.
This representation is equivalent with the somewhat dubious representation obtained using
symmetry arguments - that is by assuming that the half Poisson brackets of imbedding space
Hamiltonians defining Kähler form and metric can be lifted to the level of WCW, if the conformal
gauge conditions hold true for the spinorial conformal algebra, which is the TGD counterpart of
the standard Kac-Moody type algebra of the ordinary strings models. For symplectic algebra the
hierarchy of breakings of super-conformal gauge symmetry is possible but not for the standard
conformal algebras associated with spinor modes at string world sheets.

3.4.1

Expression For WCW Kähler Metric As Anticommutators As
Symplectic Super Charges

During years I have considered several variants for the representation of symplectic Hamiltonians
and WCW gamma matrices and each of these proposals have had some weakness. The key question
has been whether the Noether currents assignable to WCW Hamiltonians should play any role in
the construction or whether one can use only the generalization of flux Hamiltonians.
The original approach based on flux Hamiltonians did not use Noether currents.
1. Magnetic flux Hamiltonians do not refer to the space-time dynamics and imply genuine
rather than only effective 2-dimensionality, which is more than one wants. If the sum of
the magnetic and electric flux Hamiltonians and the weak form of self duality is assumed,
effective 2-dimensionality might be achieved.
The challenge is to identify the super-partners of the flux Hamiltonians and postulate correct
anti-commutation relations for the induced spinor fields to achieve anti-commutation to flux
Hamiltonians. It seems that this challenge leads to ad hoc constructions.
2. For the purposes of generalization it is useful to give the expression of flux Hamiltonian.
Apart from normalization factors one would have
Z
Q(HA ) =

HA Jµν dxµ ∧ dxν .

X2
4
4
and
Here A is a label for the Hamiltonian of δM±
× CP2 decomposing to product of δM±
CP2 Hamiltonians with the first one decomposing to a product of function of the radial lightlike coordinate rM and Hamiltonian depending on S 2 coordinates. It is natural to assume
that Hamiltonians have well- defined SO(3) and SU (3) quantum numbers. This expressions
serves as a natural starting point also in the new approach based on Noether charges.

The approach identifying the Hamiltonians as symplectic Noether charges is extremely natural from physics point of view but the fact that it leads to 3-D expressions involving the induced
metric led to the conclusion that it cannot work. In hindsight this conclusion seems wrong: I
had not yet realized how profound that basic formulas of physics really are. If the generalization
of AdS/CFT duality works, Kähler action can be expressed as a sum of string area actions for
string world sheets with string area in the effective metric given as the anti-commutator of the
Kähler-Dirac gamma matrices for the string world sheet so that also now a reduction of dimension
takes place. This is easy to understand if the classical Noether charges vanish for a sub-algebra of
symplectic algebra for preferred extremals.
1. If all end points for strings are possible, the recipe for constructing super-conformal generators
would be simple. The imbedding space Hamiltonian HA appearing in the expression of the
flux Hamiltonian given above would be replaced by the corresponding symplectic quantum
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Noether charge Q(HA ) associated with the string defined as 1-D integral along the string. By
replacing Ψ or its conjugate with a mode of the induced spinor field labeled by electroweak
quantum numbers and conformal weight nm one would obtain corresponding super-charged
identifiable as WCW gamma matrices. The anti-commutators of the super-charges would
give rise to the elements of WCW metric labelled by conformal weights n1 , n2 not present in
the naı̈ve guess for the metric. If one assumes that the fermionic super-conformal symmetries
act as gauge symmetries only ni = 0 gives a non-vanishing matrix element.
Clearly, one would have weaker form of effective 2-dimensionality in the sense that Hamiltonian would be functional of the string emanating from the partonic 2-surface. The quantum
Hamiltonian would also carry information about the presence of other wormhole contactsat least one- when wormhole throats carry Kähler magnetic monopole flux. If only discrete
set for the end points for strings is possible one has discrete sum making possible easy padicization. It might happen that integrability conditions for the tangent spaces of string
world sheets having vanishing W boson fields do not allow all possible strings.
2. The super charges obtained in this manner are not however entirely satisfactory. The problem
is that they involve only single string emanating from the partonic 2-surface. The intuitive
expectation is that there can be an arbitrarily large number of strings: as the number of
strings is increased the resolution improves. Somehow the super-conformal algebra defined
by Hamiltonians and super-Hamiltonians should generalize to allow tensor products of the
strings providing more physical information about the 3-surface.
3. Here the idea of Yangian symmetry [K91] suggests itself strongly. The notion of Yangian
emerges from twistor Grassmann approach and should have a natural place in TGD. In
Yangian algebra one has besides product also co-product, which is in some sense ”timereversal” of the product. What is essential is that Yangian algebra is also multi-local.
The Yangian extension of the super-conformal algebra would be multi-local with respect to
the points of partonic surface (or multi-stringy) defining the end points of string. The basic
formulas would be schematically
A
O1A = fBC
TB ⊗ TB ,
A
where a summation of B, C occurs and fBC
are the structure constants of the algebra. The
operation can be iterated and gives a hierarchy of n-local operators. In the recent case
the operators are n-local symplectic super-charges with unit fermion number and symplectic
Noether charges with a vanishing fermion number. It would be natural to assume that also
the n-local gamma matrix like entities contribute via their anti-commutators to WCW metric
and give multi-local information about the partonic 2-surface and 3-surface.

The operation generating the algebra well-defined if one an assumes that the second quantization of induced spinor fields is carried out using the standard canonical quantization. One
could even assume that the points involved belong to different partonic 2-surfaces belonging even at opposite boundaries of CD. The operation is also well-defined if one assumes
that induced spinor fields at different space-time points at boundaries of CD always anticommute. This could make sense at boundary of CD but lead to problems with imbedding
space-causality if assumed for the spinor modes at opposite boundaries of CD.

3.4.2

Handful Of Problems With A Common Resolution

Theory building could be compared to pattern recognition or to a solving a crossword puzzle. It
is essential to make trials, even if one is aware that they are probably wrong. When stares long
enough to the letters which do not quite fit, one suddenly realizes what one particular crossword
must actually be and it is soon clear what those other crosswords are. In the following I describe
an example in which this analogy is rather concrete.
I will first summarize the problems of ordinary Dirac action based on induced gamma matrices and propose Kähler-Dirac action as their solution.
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Problems associated with the ordinary Dirac action
In the following the problems of the ordinary Dirac action are discussed and the notion of KählerDirac action is introduced.
Minimal 2-surface represents a situation in which the representation of surface reduces to a
complex-analytic map. This implies that induced metric is hermitian so that it has no diagonal
components in complex coordinates (z, z) and the second fundamental form has only diagonal
k
components of type Hzz
. This implies that minimal surface is in question since the trace of the
second fundamental form vanishes. At first it seems that the same must happen also in the more
general case with the consequence that the space-time surface is a minimal surface. Although
many basic extremals of Kähler action are minimal surfaces, it seems difficult to believe that
minimal surface property plus extremization of Kähler action could really boil down to the absolute
minimization of Kähler action or some other general principle selecting preferred extremals as Bohr
orbits [K11, K89].
This brings in mind a similar long-standing problem associated with the Dirac equation for
the induced spinors. The problem is that right-handed neutrino generates super-symmetry only
provided that space-time surface and its boundary are minimal surfaces. Although one could interpret this as a geometric symmetry breaking, there is a strong feeling that something goes wrong.
Induced Dirac equation and super-symmetry fix the variational principle but this variational principle is not consistent with Kähler action.
One can also question the implicit assumption that Dirac equation for the induced spinors
is consistent with the super-symmetry of the WCW geometry. Super-symmetry would obviously
require that for vacuum extremals of Kähler action also induced spinor fields represent vacua. This
is however not the case. This super-symmetry is however assumed in the construction of WCW
geometry so that there is internal inconsistency.
Super-symmetry forces Kähler-Dirac equation
The above described three problems have a common solution. Nothing prevents from starting
directly from the hypothesis of a super-symmetry generated by covariantly constant right-handed
neutrino and finding a Dirac action which is consistent with this super-symmetry. Field equations
can be written as
Dα Tkα

=

Tkα

=

0 ,
∂
LK .
∂hkα

(3.4.1)

Here Tkα is canonical momentum current of Kähler action. If super-symmetry is present one can
assign to this current its super-symmetric counterpart
J αk
Dα J αk

= νR Γk Tlα Γl Ψ ,
=

0 .

(3.4.2)

having a vanishing divergence. The isometry currents currents and super-currents are obtained by
contracting T αk and J αk with the Killing vector fields of super-symmetries. Note also that the
super current
Jα

= νR Tlα Γl Ψ

(3.4.3)

has a vanishing divergence.
By using the covariant constancy of the right-handed neutrino spinor, one finds that the
divergence of the super current reduces to
Dα J αk

= νR Γk Tlα Γl Dα Ψ .
(3.4.4)
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The requirement that this current vanishes is guaranteed if one assumes that Kähler-Dirac equation
Γ̂α Dα Ψ

=

Γ̂α

0 ,

= Tlα Γl .

(3.4.5)

This equation must be derivable from a Kähler-Dirac action. It indeed is. The action is given by
L = ΨΓ̂α Dα Ψ .

(3.4.6)

Thus the variational principle exists. For this variational principle induced gamma matrices are
replaced with Kähler-Dirac gamma matrices and the requirement
Dµ Γ̂µ

=

0

(3.4.7)

guaranteeing that super-symmetry is identically satisfied if the bosonic field equations are satisfied. For the ordinary Dirac action this condition would lead to the minimal surface property.
What sounds strange that the essentially hydrodynamical equations defined by Kähler action have
fermionic counterpart: this is very far from intuitive expectations raised by ordinary Dirac equation
and something which one might not guess without taking super-symmetry very seriously.
As a matter fact, any mode of Kähler-Dirac equation contracted with second quantized
induced spinor field or its conjugate defines a conserved super charge. Also super-symplectic
Noether charges and their super counterparts can be assigned to symplectic generators as Noether
charges but they need not be conserved.
Second quantization of the K-D action
Second quantization of Kähler-Dirac action is crucial for the construction of the Kähler metric of
world of classical worlds as anti-commutators of gamma matrices identified as super-symplectic
Noether charges. To get a unique result, the anti-commutation relations must be fixed uniquely.
This has turned out to be far from trivial.
1. Canonical quantization works after all
The canonical manner to second quantize fermions identifies spinorial canonical momentum
densities and their conjugates as Π = ∂LKD /∂Ψ = ΨΓt and their conjugates. The vanishing of Γt
at points, where the induced Kähler form J vanishes can cause problems since anti-commutation
relations are not internally consistent anymore. This led me to give up the canonical quantization
and to consider various alternatives consistent with the possibility that J vanishes. They were
admittedly somewhat ad hoc. Correct (anti-)commutation relations for various fermionic Noether
currents seem however to fix the anti-commutation relations to the standard ones. It seems that it
is better to be conservative: the canonical method is heavily tested and turned out to work quite
nicely.
The canonical manner to second quantize fermions identifies spinorial canonical momentum
densities and their conjugates as Π = ∂LKD /∂Ψ = ΨΓt and their conjugates. The vanishing of Γt
at points, where the induced Kähler form J vanishes can cause problems since anti-commutation
relations are not internally consistent anymore. This led originally to give up the canonical quantization and to consider various alternatives consistent with the possibility that J vanishes. They
were admittedly somewhat ad hoc. Correct commutation relations for various fermionic Noether
currents seem however to fix the anti-commutation relations to the standard ones.
Consider first the 4-D situation without the localization to 2-D string world sheets. The
canonical anti-commutation relations would state {Π, Ψ} = δ 3 (x, y) at the space-like boundaries of
the string world sheet at either boundary of CD. At points where J and thus T t vanishes, canonical
momentum density vanishes identically and the equation seems to be inconsistent.
If fermions are localized at string world sheets assumed to always carry a non-vanishing J at
their boundaries at the ends of space-time surfaces, the situation changes since Γt is non-vanishing.
The localization to string world sheets, which are not vacua saves the situation. The problem is
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that the limit when string approaches vacuum could be very singular and discontinuous. In the
case of elementary particle strings are associated with flux tubes carrying monopole fluxes so that
the problem disappears.
It is better to formulate the anti-commutation relations for the modes of the induced spinor
field. By starting from
{Π(x), Ψ(y)} = δ 1 (x, y)
(3.4.8)
and contracting with Ψ(x) and Π(y) and integrating, one obtains using orthonormality of the
modes of Ψ the result
{b†m , bn } = γ 0 δm,n
(3.4.9)
holding for the nodes with non-vanishing norm. At the limit J → 0 there are no modes with
non-vanishing norm so that one avoids the conflict between the two sides of the equation.
The proposed anti-commutator would realize the idea that the fermions are massive. The
following alternative starts from the assumption of 8-D light-likeness.
2. Does one obtain the analogy of SUSY algebra? In super Poincare algebra anti-commutators
of super-generators give translation generator: anti-commutators are proportional to pk σk . Could
it be possible to have an anti-commutator proportional to the contraction of Dirac operator pk σk of
4-momentum with quaternionic sigma matrices having or 8-momentum with octonionic 8-matrices?
This would give good hopes that the GRT limit of TGD with many-sheeted space-time
replaced with a slightly curved region of M 4 in long length scales has large N SUSY as an approximate symmetry: N would correspond to the maximal number of oscillator operators assignable
to the partonic 2-surface. If conformal invariance is exact, it is just the number of fermion states
for single generation in standard model.
1. The first promising sign is that the action principle indeed assigns a conserved light-like 8momentum to each fermion line at partonic 2-surface. Therefore octonionic representation
of sigma matrices makes sense and the generalization of standard twistorialization of fourmomentum also. 8-momentum can be characterized by a pair of octonionic 2-spinors (λ, λ)
such that one has λ λ) = pk σk .
2. Since fermion line as string boundary is 1-D curve, the corresponding octonionic sub-spaces
is just 1-D complex ray in octonion space and imaginary axes is defined by the associated
imaginary octonion unit. Non-associativity and non-commutativity play no role and it is as
if one had light like momentum in say z-direction.
3. One can select the ininitial values of spinor modes at the ends of fermion lines in such a
manner that they have well-defined spin and electroweak spin and one can also form linear
superpositions of the spin states. One can also assume that the 8-D algebraic variant of Dirac
equation correlating M 4 and CP2 spins is satisfied.
One can introduce oscillator operators b†m,α and bn,α with α denoting the spin. The motivation for why electroweak spin is not included as an index is due to the correlation between
spin and electroweak spin. Dirac equation at fermion line implies a complete correlation
between directions of spin and electroweak spin: if the directions are same for leptons (convention only), they are opposite for antileptons and for quarks since the product of them
defines imbedding space chirality which distinguishes between quarks and leptons. Instead of
introducing electroweak isospin as an additional correlated index one can introduce 4 kinds
of oscillator operators: leptonic and quark-like and fermionic and antifermionic.
4. For definiteness one can consider only fermions in leptonic sector. In hope of getting the
analog of SUSY algebra one could modify the fermionic anti-commutation relations such
that one has

3.4. Representation Of WCW Metric As Anti-Commutators Of Gamma Matrices
Identified As Symplectic Super-Charges
121

{b†m,α , bn,β } = ±iαβ δm,n .
(3.4.10)
Here α is spin label and  is the standard antisymmetric tensor assigned to twistors. The anticommutator is clearly symmetric also now. The anti-commmutation relations with different
signs ± at the right-hand side distinguish between quarks and leptons and also between
fermions and anti-fermions. ± = 1 could be the convention for fermions in lepton sector.
5. One wants combinations of oscillator operators for which one obtains anti-commutators having interpretation in terms of translation generators representing in terms of 8-momentum.
The guess would be that the oscillator operators are given by

α

Bn† = b†m,α λα , Bn = λ bm,α .
(3.4.11)
The anti-commutator would in this case be given by

α

†
, Bn } = iλ αβ λβ δm,n
{Bm
= T r(pk σk )δm,n = 2p0 δm,n .

(3.4.12)
The inner product is positive for positive value of energy p0 . This form of anti-commutator
obviously breaks Lorentz invariance and this us due the number theoretic selection of preferred time direction as that for real octonion unit. Lorentz invariance is saved by the fact
that there is a moduli space for the choices of the quaternion units parameterized by Lorentz
boosts for CD.
The anti-commutator vanishes for covariantly constant antineutrino so that it does not generate sparticle states. Only fermions with non-vanishing four-momentum do so and the
resulting algebra is very much like that associated with a unitary representation of super
Poincare algebra.
6. The recipe gives one helicity state for lepton in given mode m (conformal weight). One
has also antilepton with opposite helicity with ± = −1 in the formula defining the anticommutator. In the similar manner one obtains quarks and antiquarks.
7. Contrary to the hopes, one did not obtain the anti-commutator pk σk but T r(p0 σ0 ). 2p0
is however analogous to the action of Dirac operator pk σk to a massless spinor mode with
”wrong” helicity giving 2p0 σ 0 . Massless modes with wrong helicity are expected to appear
in the fermionic propagator lines in TGD variant of twistor approach. Hence one might hope
that the resulting algebra is consistent with SUSY limit.
The presence of 8-momentum at each fermion line would allow also to consider the introduction of anti-commutators of form pk (8)σk directly making N = 8 SUSY at parton level
manifest. This expression restricts for time-like M 4 momenta always to quaternion and one
obtains just the standard picture.
8. Only the fermionic states with vanishing conformal weight seem to be realized if the conformal symmetries associated with the spinor modes are realized as gauge symmetries. Supergenerators would correspond to the fermions of single generation standard model: 4+4 =8
states altogether. Interestingly, N = 8 correspond to the maximal SUSY for super-gravity.
Right-handed neutrino would obviously generate the least broken SUSY. Also now mixing of
M 4 helicities induces massivation and symmetry breaking so that even this SUSY is broken.
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One must however distinguish this SUSY from the super-symplectic conformal symmetry.
The space in which SUSY would be realized would be partonic 2-surfaces and this distinguishes it from the usual SUSY. Also the conservation of fermion number and absence of
Majorana spinors is an important distinction.
3. What about quantum deformations of the fermionic oscillator algebra?
Quantum deformation introducing braid statistics is of considerable interest. Quantum
deformations are essentially 2-D phenomenon, and the experimental fact that it indeed occurs
gives a further strong support for the localization of spinors at string world sheets. If the existence
of anyonic phases is taken completely seriously, it supports the existence of the hierarchy of Planck
constants and TGD view about dark matter. Note that the localization also at partonic 2-surfaces
cannot be excluded yet.
I have wondered whether quantum deformation could relate to the hierarchy of Planck
constants in the sense that n = hef f /h corresponds to the value of deformation parameter q =
exp(i2π/n).
A q-deformation of Clifford algebra of WCW gamma matrices is required. Clifford algebra
is characterized in terms of anti-commutators replaced now by q-anticommutators. The natural
identification of gamma matrices is as complexified gamma matrices. For q-deformation q-anticommutators would define WCW Kähler metric. The commutators of the supergenerators should
still give anti-symmetric sigma matrices. The q-anticommutation relations should be same in
the entire sector of WCW considered and be induced from the q-anticommutation relations for
the oscillator operators of induced spinor fields at string world sheets, and reflect the fact that
permutation group has braid group as covering group in 2-D case so that braid statistics becomes
possible.
In [A32] (http://tinyurl.com/y9e6pg4d) the q-deformations of Clifford algebras are discussed, and this discussion seems to apply in TGD framework.
1. It is assumed that a Lie-algebra g has action in the Clifford algebra. The q-deformations of
Clifford algebra is required to be consistent with the q-deformation of the universal enveloping
algebra U g.
2. The simplest situation corresponds to group su(2) so that Clifford algebra elements are
labelled by spin ±1/2. In this case the q-anticommutor for creation operators for spin up
states reduces to an anti-commutator giving q-deformation Iq of unit matrix but for the spin
down states one has genuine q-anti-commutator containing besides Iq also number operator
for spin up states at the right hand side.
3. The undeformed anti-commutation relations can be witten as

Pij+kl ak al = 0 ,

Pij+kl a†k a†l = 0 ,

ih † k
ai a†j + Pjk
ah a = δji 1 .

(3.4.13)
Here Pijkl = δli δkj is the permutator and Pij+kl = (1 + P )/2 is projector. The q-deformation
reduces to a replacement of the permutator and projector with q-permutator Pq and qprojector and Pq+ , which are both fixed by the quantum group.
4. Also the condition that deformed algebra has same Poincare series as the original one is
posed. This says that the representation content is not changed that is the dimensions of
summands in a representation as direct sum of graded sub-spaces are same for algebra and
its q-deformation. If one has quantum group in a strict sense of the word (quasi-triangularity
(genuine braid group) rather that triangularity requiring that the square of the deformed
permutator Pq is unit matrix, one can have two situations.
(a) g = sl(N ) (special linear group such as SL(2, F ), F = R, C) or g = Sp(N = 2n)
(symplectic group such as Sp(2) = SL(2, R)), which is subgroup of sl(N ). Creation
(annihilation-) operators must form the N -dimensional defining representation of g.
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(b) g = sl(N ) and one has direct sum of M N -dimensional defining representations of g.
The M copies of representation are ordered so that they can be identified as strands of
braid so that the deformation makes sense at the space-like ends of string world sheet
naturally. q-projector is proportional to so called universal R-matrix.
5. It is also shown that q-deformed oscillator operators can be expressed as polynomials of the
ordinary ones.
The following argument suggest that the g must correspond to the minimal choices sl(2, R)
(or su(2)) in TGD framework.
1. The q-Clifford algebra structure of WCW should be induced from that for the fermionic
oscillator algebra. g cannot correspond to su(2)spin × su(2)ew since spin and weak isospin
label fermionic oscillator operators beside conformal weights but must relate closely to this
group. The physical reason is that the separate conservation of quark and lepton numbers
and light-likeness in 8-D sense imply correlations between the components of the spinors and
reduce g.
2. For a given H-chirality (quark/ lepton) 8-D light-likeness forced by massless Dirac equation at
the light-like boundary of the string world sheet at parton orbit implies correlation between
M 4 and CP2 chiralities. Hence there are 4+4 spinor components corresponding to fermions
and antifermions with physical (creation oeprators) and unphysical (annihilation operators)
polarizations. This allows two creation operators with given H-chirality (quark or lepton)
and fermion number. Same holds true for antifermions. By fermion number conservation
one obtains a reduction to SU (2) doublets and the quantum group would be sl(2) = sp(2)
for which “special linear” implies “symplectic”.

3.5

Quantum Criticality And Kähler-Dirac Action

The precise mathematical formulation of quantum criticality has remained one of the basic challenges of quantum TGD. The belief has been that the existence of conserved current for KählerDirac equation are possible if Kähler action is critical for the 3-surface in question in the sense that
the deformation in question corresponds to vanishing of second variation of Kähler action. The
vanishing of the second variation states that the deformation of the Kähler-Dirac gamma matrix
is divergence free just like the Kähler-Dirac gamma matrix itself and is therefore very natural.
2-D conformal invariance accompanies 2-D criticality and allows to satisfy these conditions
for spinor modes localized at 2-D surfaces - string world sheets and possibly also partonic 2-surfaces.
This localization is in the generic case forced by the conditions that em charge is well-defined for the
spinor modes: this requires that classical W fields vanish and also the vanishing of classical Z 0 field
is natural -at least above weak scale. Only 2 Kähler-Dirac gamma matrices can be non-vanishing
and this is possible only for Kähler-Dirac action.

3.5.1

What Quantum Criticality Could Mean?

Quantum criticality is one of the basic guiding principles of Quantum TGD. What it means mathematically is however far from clear and one can imagine several meanings for it.
1. What is obvious is that quantum criticality implies quantization of Kähler coupling strength
as a mathematical analog of critical temperature so that the theory becomes mathematically
unique if only single critical temperature is possible. Physically this means the presence of
long range fluctuations characteristic for criticality and perhaps assignable to the effective
hierarchy of Planck constants having explanation in terms of effective covering spaces of the
imbedding space. This hierarchy follows from the vacuum degeneracy of Kähler action, which
in turn implies 4-D spin-glass degeneracy. It is easy to interpret the degeneracy in terms of
criticality.
2. At more technical level one would expect criticality to correspond to deformations of a given
preferred extremal defining a vanishing second variation of Kähler Kähler function or Kähler
action.
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(a) For Kähler function this criticality is analogous to thermodynamical criticality. The
Hessian matrix defined by the second derivatives of free energy or potential function
becomes degenerate at criticality as function of control variables which now would be
naturally zero modes not contribution to Kähler metric of WCW but appearing as
parameters in it. The bevavior variables correspond to quantum fluctuating degrees of
freedom and according to catastrophe theory a big change can in quantum fluctuating
degrees of freedom at criticality for zero modes. This would be control of quantum
state by varying classical variables. Cusp catastrophe is standard example of this. One
can imagined also a situation in which the roles of zero modes and behavior variables
change and big jump in the values of zero modes is induced by small variation in behavior
variables. This would mean quantum control of classical variables.
(b) Zero modes controlling quantum fluctuating variables in Kähler function would correspond to vanishing of also second derivatives of potential function at extremum in
certain directions so that the matrix defined by second derivatives does not have maximum rank. Entire hierarchy of criticalities is expected and a good finite-dimensional
model is provided by the catastrophe theory of Thom [A27]. Cusp catastrophe (see
http://tinyurl.com/yddpfdgo) [A1] is the simplest catastrophe one can think of, and
here the folds of cusp where discontinuous jump occurs correspond to criticality with
respect to one control variable and the tip to criticality with respect to both control
variables.
3. Quantum criticality makes sense also for Kähler action.
(a) Now one considers space-time surface connecting which 3-surfaces at the boundaries of
CD. The non-determinism of Kähler action allows the possibility of having several spacetime sheets connecting the ends of space-time surface but the conditions that classical
charges are same for them reduces this number so that it could be finite. Quantum
criticality in this sense implies non-determinism analogous to that of critical systems
since preferred extremals can co-incide and suffer this kind of bifurcation in the interior
of CD. This quantum criticality can be assigned to the hierarchy of Planck constants and
the integer n in hef f = n × h [K65] corresponds to the number of degenerate space-time
sheets with same Kähler action and conserved classical charges.
(b) Also now one expects a hierarchy of criticalitiesandsince criticality and conformal invariance are closely related, a natural conjecture is that the fractal hierarchy of subalgebras of conformal algebra isomorphic to conformal algebra itself and having conformal weights coming as multiples of n corresponds to the hierarchy of Planck constants.
This hierarchy would define a hierarchy of symmetry breakings in the sense that only
the sub-algebra would act as gauge symmetries.
(c) The assignment of this hierarchy with super-symplectic algebra having conformal structure with respect to the light-like radial coordinate of light-cone boundary looks very
attractive. An interesting question is what is the role of the super-conformal algebra associated with the isometries of light-cone boundary R+ × S 2 which are conformal transformations of sphere S 2 with a scaling of radial coordinate compensating the
scaling induced by the conformal transformation. Does it act as dynamical or gauge
symmetries?
4. I have discussed what criticality could mean for Kähler-Dirac action [K40].
(a) I have conjectured that it leads to the existence of additional conserved currents defined
by the variations which do not affect the value of Kähler action. These arguments are
far from being mathematically rigorous and the recent view about the solutions of the
Kähler-Dirac equation predicting that the spinor modes are restricted to 2-D string
world sheets requires a modification of these arguments.
(b) The basic challenge is to understand the mechanism making this kind of currents conserved: the same challenge is met already in the case of isometries since imbedding
space coordinates appear as parameters in Kähler-Dirac action. Kähler-Dirac equation
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is satisfied if the first variation of the canonical momentum densities contracted with the
imbedding space gamma matrices annihilates the spinor mode. Situation is analogous
to massless Dirac equation: it does not imply the vanishing of four-momentum, only the
vanishing of mass. One obtains conserved fermion current associated with deformations
only if the deformation of the Kähler-Dirac gamma matrix is divergenceless just like the
Kähler-Dirac gamma matrix itself. This conditions requires the vanishing of the second
variation of Kähler action.
(c) It is far from obvious that these conditions can be satisfied. The localization of the
spinor modes to string world sheets or partonic 2-surfaces guaranteeing in the generic
case that em charge is well-defined for spinor modes implies holomorphy allowing to
formulate current conservation for the deformations of the space-time surface for second
quantized induced spinor field. The crux is that the deformation respects the holomorphy properties of the Kähler-Dirac gamma matrices at string world sheet and thus does
not mix Γz with Γz . The deformation of Γz has only z-component and also annihilates
the holomorphic spinor.
This mechanism is possible only for Kähler-Dirac action since the Kähler-Dirac gamma
matrices in directions orthogonal to the 2-surface must vanish and this is not possible
for other actions. This also means that energy momentum tensor has rank 2 as a matrix.
Cosmic string solutions are an exception since in this case CP2 projection of space-time
surface is 2-D and conditions guaranteing vanishing of classical W fields can be satisfied
without the restriction to 2-surface.
The vacuum degeneracy of Kähler action strongly suggests that the number of critical deformations is always infinite and that these deformations define an infinite inclusion hierarchy
of super-conformal algebras. This inclusion hierarchy would correspond to a fractal hierarchy of
breakings of super-conformal symmetry generalizing the symmetry breaking hierarchies of gauge
theories. These super-conformal inclusion hierarchies would realize the inclusion hierarchies for
hyper-finite factors of type II1 .

3.5.2

Quantum Criticality And Fermionic Representation Of Conserved
Charges Associated With Second Variations Of Kähler Action

It is rather obvious that TGD allows a huge generalizations of conformal symmetries. The development of the understanding of conservation laws has been however slow. Kähler-Dirac action
provides excellent candidates for quantum counterparts of Noether charges. The problem is that
the imbedding space coordinates are in the role of classical external fields and induces spinor fields
are second quantized so that it is not at all clear whether one obtains conserved charges.
What does the conservation of the fermionic Noether current require?
The obvious anser to the question of the title is that the conservation of the fermionic current
requires the vanishing of the first variation of Kähler-Dirac action with respect to imbedding space
coordinates. This is certainly true but need not mean vanishing of the second variation of Kähler
action as thought first. Hence fermionic conserved currents might be obtained for much more
general variations than critical ones.
1. The Kähler-Dirac action assigns to a deformation of the space-time surface a conserved
charge expressible as bilinears of fermionic oscillator operators only if the first variation of
the Kähler-Dirac action under this deformation vanishes.
The vanishing of the first variation for the Kähler-Dirac action is equivalent with the vanishing
of the second variation for the Kähler action. This can be seen by the explicit calculation of
the second variation of the Kähler-Dirac action and by performing partial integration for the
terms containing derivatives of Ψ and Ψ to give a total divergence representing the difference
of the charge at upper and lower boundaries of the causal diamond plus a four-dimensional
integral of the divergence term defined as the integral of the quantity
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∆SD

=

Jkα

=

ΨΓk Dα Jkα Ψ ,
∂ 2 LK
∂ 2 LK
k
δhl .
δh
+
∂hkα ∂hlβ β ∂hkα ∂hl

(3.5.1)

Here hkβ denote partial derivative of the imbedding space coordinates with respect to spacetime coordinates. ∆SD vanishes if this term vanishes:

Dα Jkα = 0 .
The condition states the vanishing of the second variation of Kähler action. This can of course
occur only for preferred deformations of X 4 . One could consider the possibility that these
deformations vanish at light-like 3-surfaces or at the boundaries of CD. Note that covariant
divergence is in question so that Jkα does not define conserved classical charge in the general
case.
2. This condition is however un-necessarily strong. It is enough that that the deformation of
Dirac operator anihilates the spinor mode, which can also change in the deformation. It
must be possible to compensate the change of the covariant derivative in the deformation
by a gauge transformation which requires that deformations act as gauge transformations on
induce gauge potentials. This gives additional constraint and strongly suggests Kac-Moody
type algebra for the deformations. Conformal transformations would satisfy this constraint
and are suggested by quantum criticality.
3. It is essential that the Kähler-Dirac equation holds true so that the Kähler-Dirac action
vanishes: this is needed to cancel the contribution to the second variation coming from the
determinant of the induced metric. The condition that the Kähler-Dirac equation is satisfied
for the deformed space-time surface requires that also Ψ suffers a transformation determined
by the deformation. This gives

δΨ

= −

1
× Γk Jkα Ψ .
D

(3.5.2)

Here 1/D is the inverse of the Kähler-Dirac operator defining the counterpart of the fermionic
propagator.
4. The fermionic conserved currents associated with the deformations are obtained from the
standard conserved fermion current

J α = ΨΓα Ψ .

(3.5.3)

Note that this current is conserved only if the space-time surface is extremal of Kähler action:
this is also needed to guarantee Hermiticity and same form for the Kähler-Dirac equation for
Ψ and its conjugate as well as absence of mass term essential for super-conformal invariance.
Note also that ordinary divergence rather only covariant divergence of the current vanishes.
The conserved currents are expressible as sums of three terms. The first term is obtained by
replacing Kähler-Dirac gamma matrices with their increments in the deformation keeping Ψ
and its conjugate constant. Second term is obtained by replacing Ψ with its increment δΨ.
The third term is obtained by performing same operation for δΨ.
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=

ΨΓk Jkα Ψ + ΨΓ̂α δΨ + δΨΓ̂α Ψ .
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(3.5.4)

These currents provide a representation for the algebra defined by the conserved charges
analogous to a fermionic representation of Kac-Moody algebra.
5. Also conserved super charges corresponding to super-conformal invariance are obtained. The
first class of super currents are obtained by replacing Ψ or Ψ right handed neutrino spinor
or its conjugate in the expression for the conserved fermion current and performing the
above procedure giving two terms since nothing happens to the covariantly constant right
handed-neutrino spinor. Second class of conserved currents is defined by the solutions of
the Kähler-Dirac equation interpreted as c-number fields replacing Ψ or Ψ and the same
procedure gives three terms appearing in the super current.
6. The existence of vanishing of second variations is analogous to criticality in systems defined
by a potential function for which the rank of the matrix defined by second derivatives of
the potential function vanishes at criticality. Quantum criticality becomes the prerequisite
for the existence of quantum theory since fermionic anti-commutation relations in principle
can be fixed from the condition that the algebra in question is equivalent with the algebra
formed by the vector fields defining the deformations of the space-time surface defining second
variations. Quantum criticality in this sense would also select preferred extremals of Kähler
action as analogs of Bohr orbits and the spectrum of preferred extremals would be more or
less equivalent with the expected existence of infinite-dimensional symmetry algebras.
It is far from obvious that the criticality conditions or even the weaker conditions guaranteing
the existence of (say) isometry charges can be satisfied. It seems that the restriction of spinor modes
to 2-D surfaces - string world sheets and possibly also partonic 2-surfaces - implied by the condition
that em charge is well-define for them, is the manner to achieve this. The reason is that conformal
invariance allows complexification of the Kähler-Dirac gamma matrices and allows to construct
spinor modes as holomorphic modes and their conjugates. Holomorphy reduces K-D equation to
algebraic condition that Γz annihilates the spinor mode. If this is true also the deformation of Γz
then the existince of conserved current follows. It is essential that only two Kähler-Dirac gamma
matrices are non-vanishing and this is possible only for Kähler-Dirac action.
About the general structure of the algebra of conserved charges
Some general comments about the structure of the algebra of conserved charges are in order.
1. Any Cartan algebra of the isometry group P × SU (3) (there are two types of them for P
corresponding to linear and cylindrical Minkowski coordinates) defines critical deformations
(one could require that the isometries respect the geometry of CD). The corresponding second
order charges for Kähler action are conserved but vanish since the corresponding conjugate
coordinates are cyclic for the Kähler metric and Kähler form so that the conserved current is
proportional to the gradient of a Killing vector field which is constant in these coordinates.
2. Contrary to the original conclusion, the corresponding fermionic charges expressible as fermionic
bilinears are first order in deformation and do not vanish! Four-momentum and color quantum numbers are defined for Kähler action as classical conserved quantities and for KählerDirac action as quantal charges.
Critical manifold is infinite-dimensional for Kähler action
Some examples might help to understand what is involved.
1. The action defined by four-volume gives a first glimpse about what one can expect. In this
case Kähler-Dirac gamma matrices reduce to the induced gamma matrices. Second variations
satisfy d’Alembert type equation in the induced metric so that the analogs of massless fields
are in question. Mass term is present only if some dimensions are compact. The vanishing
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of excitations at light-like boundaries is a natural boundary condition and might well imply
that the solution spectrum could be empty. Hence it is quite possible that four-volume action
leads to a trivial theory.
2. For the vacuum extremals of Kähler action the situation is different. There exists an infinite
number of second variations and the classical non-determinism suggests that deformations
vanishing at the light-like boundaries exist. For the canonical imbedding of M 4 the equation
for second variations is trivially satisfied. If the CP2 projection of the vacuum extremal is onedimensional, the second variation contains a non-vanishing term and an equation analogous
to massless d’Alembert equation for the increments of CP2 coordinates is obtained. Also
for the vacuum extremals of Kähler action with 2-D CP2 projection all terms involving
induced Kähler form vanish and the field equations reduce to d’Alembert type equations for
CP2 coordinates. A possible interpretation is as the classical analog of Higgs field. For the
deformations of non-vacuum extremals this would suggest the presence of terms analogous
to mass terms: these kind of terms indeed appear and are proportional to δsk . M 4 degrees
of freedom decouple completely and one obtains QFT type situation.
3. The physical expectation is that at least for the vacuum extremals the critical manifold is
infinite-dimensional. The notion of finite measurement resolution suggests infinite hierarchies
of inclusions of hyper-finite factors of type II1 possibly having interpretation in terms of
inclusions of the super conformal algebras defined by the critical deformations.
4. The properties of Kähler action give support for this expectation. The critical manifold is
infinite-dimensional in the case of vacuum extremals. Canonical imbedding of M 4 would
correspond to maximal criticality analogous to that encountered at the tip of the cusp catastrophe. The natural guess would be that as one deforms the vacuum extremal the previously
critical degrees of freedom are transformed to non-critical ones. The dimension of the critical
manifold could remain infinite for all preferred extremals of the Kähler action. For instance,
for cosmic string like objects any complex manifold of CP2 defines cosmic string like objects
so that there is a huge degeneracy is expected also now. For CP2 type vacuum extremals
M 4 projection is arbitrary light-like curve so that also now infinite degeneracy is expected
for the deformations.
This leads to the conjecture that the critical deformations correspond to sub-algebras of
super-conformal algebras with conformal weights coming as integer multiples of fixed integer m.
One would have infinite hierarchy of breakings of conformal symmetry labelled by m. The superconformal algebras would be effectively m-dimensional. Since all commutators with the critical
sub-algebra would create zero energy states. In ordinary conformal field theory one have maximal
criticality corresponding to m = 1.
Critical super-algebra and zero modes
The relationship of the critical super-algebra to WCW geometry is interesting.
1. The vanishing of the second variation plus the identification of Kähler function as a Kähler
action for preferred extremals means that the critical variations are orthogonal to all deformations of the space-time surface with respect to the WCW metric.
The original expectation was that critical deformations correspond to zero modes but this
interpretation need not be correct since critical deformations can leave 3-surface invariant
but affect corresponding preferred extremal: this would conform with the non-deterministic
character of the dynamics which is indeed the basic signature of criticality. Rather, critical deformations are limiting cases of ordinary deformations acting in quantum fluctuating
degrees of freedom.
This conforms with the fact that WCW metric vanishes identically for canonically imbedded
M 4 and that Kähler action has fourth order terms as first non-vanishing terms in perturbative
expansion (for Kähler-Dirac the expansion is quadratic in deformation).
Therefore the super-conformal algebra associated with the critical deformations has genuine
physical content.

3.5. Quantum Criticality And Kähler-Dirac Action

129

4
2. Since the action of X 4 local Hamiltonians of δM×
CP2 corresponds to the action in quantum fluctuating degrees of freedom, critical deformations cannot correspond to this kind of
Hamiltonians.

3. The notion of finite measurement resolution suggests that the degrees of freedom which are
below measurement resolution correspond to vanishing gauge charges. The sub-algebras of
critical super-conformal algebra for which charges annihilate physical states could correspond
to this kind of gauge algebras.
4. The conserved super charges associated with the vanishing second variations cannot give
WCW metric as their anti-commutator. This would also lead to a conflict with the effective
2-dimensionality stating that WCW line-element is expressible as sum of contribution coming
from partonic 2-surfaces as also with fermionic anti-commutation relations.
Connection with quantum criticality
The notion of quantum criticality of TGD Universe was originally inspired by the question how
to make TGD unique if Kähler function for WCW is defined by the Kähler action for a preferred
extremal assignable to a given 3-surface. Vacuum functional defined by the exponent of Kähler
function is analogous to thermodynamical weight and the obviou idea with Kähler coupling strength
taking the role of temperature. The obvious idea was that the value of Kähler coupling strength
is analogous to critical temperature so that TGD would be more or less uniquely defined.
To understand the delicacies it is convenient to consider various variations of Kähler action
first.
1. The variation can leave 3-surface invariant but modify space-time surface such that Kähler
action remains invariant. In this case infinitesimal deformation reduces to a diffeomorphism
at space-like 3-surface and perhaps also at light-like 3-surfaces. In this case the correspondence between X 3 and X 4 (X 3 ) would not be unique and one would have non-deterministic
dynamics characteristic for critical systems. This criticality would correspond to criticality of
Kähler action at X 3 . Note that the original working hypothesis was that X 4 (X 3 ) is unique.
The failure of the strict classical determinism implying spin glass type vacuum degeneracy
indeed suggets that this is the case.
2. The variation could act on zero modes which do not affect Kähler metric which corresponds to
(1, 1) part of Hessian in complex coordinates for WCW . Only the zero modes characterizing
3-surface appearing as parameters in the metric WCW would be affected and the result would
be a generalization of conformal transformation. Kähler function would change but only due
to the change in zero modes. These transformations do not seem to correspond to critical
transformations since Kähler function changes.
3. The variation could act on 3-surface both in zero modes and dynamical degrees of freedom
represented by complex coordinates. It would of course affect also the space-time surface.
Criticality for Kähler function would mean that Kähler metric has zero modes at X 3 meaning
that (1, 1) part of Hessian is degenerate. This could mean that in the vicinity of X 3 the
Kähler form has non-definite signature: physically this is unacceptable since inner product
in Hilbert space would not be positive definite.
Critical transformations might relate closely to the coset space decomposition of WCW to
a union of coset spaces G/H labelled by zero modes.
1. The critical deformations leave 3-surface X 3 invariant as do also the transformations of H
associated with X 3 . If H affects X 4 (X 3 ) and corresponds to critical transformations then
critical transformation would extend WCW to a bundle for which 3-surfaces would be base
points and preferred extremals X 4 (X 3 ) would define the fiber. Gauge invariance with respect
to H would generalize the assumption that X 4 (X 3 ) is unique.
2. Critical deformations could correspond to H or sub-group of H (which dependes on X 3 ).
For other 3-surfaces than X 3 the action of H is non-trivial as the case of CP2 = SU (3)/U (2)
makes easy to understand.
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3. A possible identification of Lie-algebra of H is as a sub-algebra of Virasoro algebra associated
with the symplectic transformations of δM 4 × CP2 and acting as diffeomorphisms for the
4
light-like radial coordinate of δM+
. The sub-algebras of Virasoro algebra have conformal
weights coming as integer multiplies of a given conformal weight m and form inclusion hierarchies suggesting a direct connection with finite measurement resolution realized in terms of
inclusions of hyperfinite factors of type II1 . For m > 1 one would have breaking of maximal
conformal symmetry. The action of these Virasoro algebra on symplectic algebra would make
the corresponding sub-algebras gauge degrees of freedom so that the number of symplectic
generators generating non-gauge transformations would be finite. This result is not surprising since also for 2-D critical systems criticality corresponds to conformal invariance acting
as local scalings.
The vanishing of the second variation for some deformations means that the system is critical,
in the recent case quantum critical. Basic example of criticality is bifurcation diagram for cusp
catastrophe. Quantum criticality realized as the vanishing of the second variation gives hopes about
a more or less unique identification of preferred extremals and considered alternative identifications
such as absolute minimization of Kähler action which is just the opposite of criticality.
One must be very cautious here: there are two criticalities: one for the extremals of Kähler
action with respect to deformations of four-surface and second for the Kähler function itself with
respect to deformations of 3-surface: these criticalities are not equivalent since in the latter case
variation respects preferred extremal property unlike in the first case.
1. The criticality for preferred extremals would make 4-D criticality a property of all physical
systems.
2. The criticality for Kähler function would be 3-D and might hold only for very special systems.
In fact, the criticality means that some eigenvalues for the Hessian of Kähler function vanish
and for nearby 3-surfaces some eigenvalues are negative. On the other hand the Kähler
metric defined by (1, 1) part of Hessian in complex coordinates must be positive definite.
Thus criticality might imply problems.
This allows and suggests non-criticality of Kähler function coming from Kähler action for
Euclidian space-time regions: this is mathematically the simplest situation since in this case
there are no zero modes causing troubles in Gaussian approximation to functional integral.
The Morse function coming from Kähler action in Minkowskian as imaginary contribution
analogous to that appearing in path integral could be critical and allow non-definite signature
in principle. In fact this is expected by the defining properties of Morse function.
3. The almost 2-dimensionality implied by strong form of holography suggests that the interior
degrees of freedom of 3-surface can be regarded almost gauge degrees of freedom and that this
relates directly to generalised conformal symmetries associated with symplectic isometries of
WCW . These degrees of freedom are not critical in the sense inspired by G/H decomposition.
The only plausible interaction seems to be that these degrees of freedom correspond to
deformations in zero modes.
Both the super-symmetry of DK and conservation Dirac Noether currents for Kähler-Dirac
action have thus a connection with quantum criticality.
1. Finite-dimensional critical systems defined by a potential function V (x1 , x2 , ..) are characterized by the matrix defined by the second derivatives of the potential function and the rank of
system classifies the levels in the hierarchy of criticalities. Maximal criticality corresponds to
the complete vanishing of this matrix. Thom’s catastrophe theory classifies these hierarchies,
when the numbers of behavior and control variables are small (smaller than 5). In the recent
case the situation is infinite-dimensional and the criticality conditions give additional field
equations as existence of vanishing second variations of Kähler action.
2. The vacuum degeneracy of Kähler action allows to expect that this kind infinite hierarchy
of criticalities is realized. For a general vacuum extremal with at most 2-D CP2 projection
the matrix defined by the second variation vanishes because Jαβ = 0 vanishes and also the
matrix (J αk + Jkα )(J βl + Jl β ) vanishes by the antisymmetry J αk = −Jkα .
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The formulation of quantal version of Equivalence Principle (EP) in string picture demonstrates that the conservation of of fermionic Noether currents defining gravitational fourmomentum and other Poincare quantum numbers requires that the deformation of the
Kähler-Dirac equation obtained by replacing Kähler-Dirac gamma matrices with their deformations is also satisfied. Holomorphy can guarantee this. The original wrong conclusion was
that this condition is equivalent with much stronger condition stating the vanishing of the
second variation of Kähler action, which it is not. There is analogy for this: massless Dirac
equation does not imply the vanishing of four-momentum.
3. Conserved bosonic and fermionic Noether charges would characterize quantum criticality. In
particular, the isometries of the imbedding space define conserved currents represented in
terms of the fermionic oscillator operators if the second variations defined by the infinitesimal isometries vanish for the Kähler-Dirac action. For vacuum extremals the dimension of
the critical manifold is infinite: maybe there is hierarchy of quantum criticalities for which
this dimension decreases step by step but remains always infinite. This hierarchy could
closely relate to the hierarchy of inclusions of hyper-finite factors of type II1 . Also the
conserved charges associated with super-symplectic and Super Kac-Moody algebras would
require infinite-dimensional critical manifold defined by the spectrum of second variations.
4. Phase transitions are characterized by the symmetries of the phases involved with the transitions, and it is natural to expect that dynamical symmetries characterize the hierarchy of
quantum criticalities. The notion of finite quantum measurement resolution based on the
hierarchy of Jones inclusions indeed suggests the existence of a hierarchy of dynamical gauge
symmetries characterized by gauge groups in ADE hierarchy [K65] with degrees of freedom
below the measurement resolution identified as gauge degrees of freedom.
5. Does this criticality have anything to do with the criticality against the phase transitions
changing the value of Planck constant? If the geodesic sphere SI2 for which induced Kähler
form vanishes corresponds to the back of the CP2 book (as one expects), this could be the
case. The homologically non-trivial geodesic sphere S 1 2II is as far as possible from vacuum
extremals. If it corresponds to the back of CP2 book, cosmic strings would be quantum
critical with respect to phase transition changing Planck constant. They cannot however
correspond to preferred extremals.

3.5.3

Preferred Extremal Property As Classical Correlate For Quantum
Criticality, Holography, And Quantum Classical Correspondence

The Noether currents assignable to the Kähler-Dirac equation are conserved only if the first variation of the Kähler-Dirac operator DK defined by Kähler action vanishes. This is equivalent with
the vanishing of the second variation of Kähler action -at least for the variations corresponding
to dynamical symmetries having interpretation as dynamical degrees of freedom which are below
measurement resolution and therefore effectively gauge symmetries.
The vanishing of the second variation in interior of X 4 (Xl3 ) is what corresponds exactly
to quantum criticality so that the basic vision about quantum dynamics of quantum TGD would
lead directly to a precise identification of the preferred extremals. Something which I should have
noticed for more than decade ago! The question whether these extremals correspond to absolute
minima remains however open.
The vanishing of second variations of preferred extremals -at least for deformations representing dynamical symmetries, suggests a generalization of catastrophe theory of Thom, where the
rank of the matrix defined by the second derivatives of potential function defines a hierarchy of
criticalities with the tip of bifurcation set of the catastrophe representing the complete vanishing
of this matrix. In the recent case this theory would be generalized to infinite-dimensional context.
There are three kind of variables now but quantum classical correspondence (holography) allows
to reduce the types of variables to two.
1. The variations of X 4 (Xl3 ) vanishing at the intersections of X 4 (Xl3 ) with the light-like boundaries of causal diamonds CD would represent behavior variables. At least the vacuum extremals of Kähler action would represent extremals for which the second variation vanishes
identically (the “tip” of the multi-furcation set).
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2. The zero modes of Kähler function would define the control variables interpreted as classical
degrees of freedom necessary in quantum measurement theory. By effective 2-dimensionality
(or holography or quantum classical correspondence) meaning that the configuration space
metric is determined by the data coming from partonic 2-surfaces X 2 at intersections of Xl3
with boundaries of CD, the interiors of 3-surfaces X 3 at the boundaries of CDs in rough sense
correspond to zero modes so that there is indeed huge number of them. Also the variables
characterizing 2-surface, which cannot be complexified and thus cannot contribute to the
Kähler metric of WCW represent zero modes. Fixing the interior of the 3-surface would
mean fixing of control variables. Extremum property would fix the 4-surface and behavior
variables if boundary conditions are fixed to sufficient degree.
3. The complex variables characterizing X 2 would represent third kind of variables identified as
quantum fluctuating degrees of freedom contributing to the WCW metric. Quantum classical
correspondence requires 1-1 correspondence between zero modes and these variables. This
would be essentially holography stating that the 2-D “causal boundary” X 2 of X 3 (X 2 ) codes
for the interior. Preferred extremal property identified as criticality condition would realize
the holography by fixing the values of zero modes once X 2 is known and give rise to the
holographic correspondence X 2 → X 3 (X 2 ). The values of behavior variables determined by
extremization would fix then the space-time surface X 4 (Xl3 ) as a preferred extremal.
4. Clearly, the presence of zero modes would be absolutely essential element of the picture.
Quantum criticality, quantum classical correspondence, holography, and preferred extremal
property would all represent more or less the same thing. One must of course be very cautious
since the boundary conditions at Xl3 involve normal derivative and might bring in delicacies
forcing to modify the simplest heuristic picture.
5. There is a possible connection with the notion of self-organized criticality [B7] introduced to
explain the behavior of systems like sand piles. Self-organization in these systems tends to
lead “to the edge”. The challenge is to understand how system ends up to a critical state,
which by definition is unstable. Mechanisms for this have been discovered and based on
phase transitions occurring in a wide range of parameters so that critical point extends to
a critical manifold. In TGD Universe quantum criticality suggests a universal mechanism
of this kind. The criticality for the preferred extremals of Kähler action would mean that
classically all systems are critical in well-defined sense and the question is only about the
degree of criticality. Evolution could be seen as a process leading gradually to increasingly
critical systems. One must however distinguish between the criticality associated with the
preferred extremals of Kähler action and the criticality caused by the spin glass like energy
landscape like structure for the space of the maxima of Kähler function.

3.5.4

Quantum Criticality And Electroweak Symmetries

In the following quantum criticali and electroweak symmetries are discussed for Kähler-Dirac action.
What does one mean with quantum criticality?
Quantum criticality is one of the basic guiding principles of Quantum TGD. What it means mathematically is however far from clear and one can imagine several meanings for it.
1. What is obvious is that quantum criticality implies quantization of Kähler coupling strength
as a mathematical analog of critical temperature so that the theory becomes mathematically
unique if only single critical temperature is possible. Physically this means the presence of
long range fluctuations characteristic for criticality and perhaps assignable to the effective
hierarchy of Planck constants having explanation in terms of effective covering spaces of the
imbedding space. This hierarchy follows from the vacuum degeneracy of Kähler action, which
in turn implies 4-D spin-glass degeneracy. It is easy to interpret the degeneracy in terms of
criticality.
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2. At more technical level one would expect criticality to corresponds to deformations of a given
preferred extremal defining a vanishing second variation of Kähler Kähler function or Kähler
action.
(a) For Kähler function this criticality is analogous to thermodynamical criticality. The
Hessian matrix defined by the second derivatives of free energy or potential function
becomes degenerate at criticality as function of control variables which now would be
naturally zero modes not contribution to Kähler metric of WCW but appearing as
parameters in it. The bevavior variables correspond to quantum fluctuating degrees of
freedom and according to catastrophe theory a big change can in quantum fluctuating
degrees of freedom at criticality for zero modes. This would be control of quantum
state by varying classical variables. Cusp catastrophe is standard example of this. One
can imagined also a situation in which the roles of zero modes and behavior variables
change and big jump in the values of zero modes is induced by small variation in behavior
variables. This would mean quantum control of classical variables.
(b) Zero modes controlling quantum fluctuating variables in Kähler function would correspond to vanishing of also second derivatives of potential function at extremum in
certain directions so that the matrix defined by second derivatives does not have maximum rank. Entire hierarchy of criticalities is expected and a good finite-dimensional
model is provided by the catastrophe theory of Thom [A27]. Cusp catastrophe (see
http://tinyurl.com/yddpfdgo) [A1] is the simplest catastrophe one can think of, and
here the folds of cusp where discontinuous jump occurs correspond to criticality with
respect to one control variable and the tip to criticality with respect to both control
variables.
3. Quantum criticality makes sense also for Kähler action.
(a) Now one considers space-time surface connecting which 3-surfaces at the boundaries of
CD. The non-determinism of Kähler action allows the possibility of having several spacetime sheets connecting the ends of space-time surface but the conditions that classical
charges are same for them reduces this number so that it could be finite. Quantum
criticality in this sense implies non-determinism analogous to that of critical systems
since preferred extremals can co-incide and suffer this kind of bifurcation in the interior
of CD. This quantum criticality can be assigned to the hierarchy of Planck constants and
the integer n in hef f = n × h [K65] corresponds to the number of degenerate space-time
sheets with same Kähler action and conserved classical charges.
(b) Also now one expects a hierarchy of criticalitiesandsince criticality and conformal invariance are closely related, a natural conjecture is that the fractal hierarchy of subalgebras of conformal algebra isomorphic to conformal algebra itself and having conformal weights coming as multiples of n corresponds to the hierarchy of Planck constants.
This hierarchy would define a hierarchy of symmetry breakings in the sense that only
the sub-algebra would act as gauge symmetries.
(c) The assignment of this hierarchy with super-symplectic algebra having conformal structure with respect to the light-like radial coordinate of light-cone boundary looks very
attractive. An interesting question is what is the role of the super-conformal algebra associated with the isometries of light-cone boundary R+ × S 2 which are conformal transformations of sphere S 2 with a scaling of radial coordinate compensating the
scaling induced by the conformal transformation. Does it act as dynamical or gauge
symmetries?
4. I have discussed what criticality could mean for Kähler-Dirac action [K40].
(a) I have conjectured that it leads to the existence of additional conserved currents defined
by the variations which do not affect the value of Kähler action. These arguments are
far from being mathematically rigorous and the recent view about the solutions of the
Kähler-Dirac equation predicting that the spinor modes are restricted to 2-D string
world sheets requires a modification of these arguments.
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(b) The basic challenge is to understand the mechanism making this kind of currents conserved: the same challenge is met already in the case of isometries since imbedding space
coordinates appear as parameters in Kähler-Dirac action. The existence of conserved
currents does not actually require the vanishing of the second variation of Kähler action
as claimed earlier. It is enough that the first variation of the canonical momentum
densities contracted with the imbedding space gamma matrices annihilates the spinor
mode. Situation is analogous to massless Dirac equation: it does not imply the vanishing of four-momentum, only the vanishing of mass. Hence conserved currents are
obtained also outside the quantum criticality.
(c) It is far from obvious that these conditions can be satisfied. The localization of the
spinor modes to string world sheets or partonic 2-surfaces guaranteeing in the generaic
case that em charge is well-defined for spinor modes implies holomorphy allowing to
formulate current conservation for currents associated with the deformations of the
space-time surface for second quantized induced spinor field. The crux is that the
deformation respects the holomorphy properties of the modified gamma matrices at
string world sheet and thus does not mix Γz with Γz . The deformation of Γz has only zcomponent and also annihilates the holomorphic spinor. This mechanism is possible only
for Kähler-Dirac action since the Kähler-Dirac gamma matrices in directions orthogonal
to the 2-surface must vanish and this is not possible for other actions. This also means
that energy momentum tensor has rank 2 as matrix. Cosmic string solutions are an
exception since in this case CP2 projection of space-time surface is 2-D and conditions
guaranteing vanishing of classical W fields can be satisfied.
In the following these arguments are formulated more precisely. The unexpected result
is that critical deformations induce conformal scalings of the modified metric and electro-weak
gauge transformations of the induced spinor connection at X 2 . Therefore holomorphy brings in
the Kac-Moody symmetries associated with isometries of H (gravitation and color gauge group)
and quantum criticality those associated with the holonomies of H (electro-weak-gauge group) as
additional symmetries.
The variation of modes of the induced spinor field in a variation of space-time surface
respecting the preferred extremal property
Consider first the variation of the induced spinor field in a variation of space-time surface respecting
the preferred extremal property. The deformation must be such that the deformed Kähler-Dirac
operator D annihilates the modified mode. By writing explicitly the variation of the Kähler-Dirac
action (the action vanishes by Kähler-Dirac equation) one obtains deformations and requiring its
vanishing one obtains

δΨ

= D−1 (δD)Ψ .

(3.5.5)

D−1 is the inverse of the Kähler-Dirac operator defining the analog of Dirac propagator and δD
defines vertex completely analogous to γ k δAk in gauge theory context. The functional integral
over preferred extremals can be carried out perturbatively by expressing δD in terms of δhk and
one obtains stringy perturbation theory around X 2 associated with the preferred extremal defining
maximum of Kähler function in Euclidian region and extremum of Kähler action in Minkowskian
region (stationary phase approximation).
What one obtains is stringy perturbation theory for calculating n-points functions for fermions
at the ends of braid strands located at partonic 2-surfaces and representing intersections of string
world sheets and partonic 2-surfaces at the light-like boundaries of CDs. δD- or more precisely, its
partial derivatives with respect to functional integration variables - appear atthe vertices located
anywhere in the interior of X 2 with outgoing fermions at braid ends. Bosonic propagators are
replaced with correlation functions for δhk . Fermionic propagator is defined by D−1 .
After 35 years or hard work this provides for the first time a reasonably explicit formula
for the N-point functions of fermions. This is enough since by bosonic emergence these N-point
functions define the basic building blocks of the scattering amplitudes. Note that bosonic emergence
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states that bosons corresponds to wormhole contacts with fermion and anti-fermion at the opposite
wormhole throats.
What critical modes could mean for the induced spinor fields?
What critical modes could mean for the induced spinor fields at string world sheets and partonic
2-surfaces. The problematic part seems to be the variation of the Kähler-Dirac operator since it
involves gradient. One cannot require that covariant derivative remains invariant since this would
require that the components of the induced spinor connection remain invariant and this is quite
too restrictive condition. Right handed neutrino solutions de-localized into entire X 2 are however
an exception since they have no electro-weak gauge couplings and in this case the condition is
obvious: Kähler-Dirac gamma matrices suffer a local scaling for critical deformations:
δΓµ

=

Λ(x)Γµ .

(3.5.6)

This guarantees that the Kähler-Dirac operator D is mapped to ΛD and still annihilates the modes
of νR labelled by conformal weight, which thus remain unchanged.
What is the situation for the 2-D modes located at string world sheets? The condition is
obvious. Ψ suffers an electro-weak gauge transformation as does also the induced spinor connection
so that Dµ is not affected at all. Criticality condition states that the deformation of the space-time
surfaces induces a conformal scaling of Γµ at X 2 . It might be possible to continue this conformal
scaling of the entire space-time sheet but this might be not necessary and this would mean that all
critical deformations induced conformal transformations of the effective metric of the space-time
surface defined by {Γµ , Γν } = 2Gµν . Thus it seems that effective metric is indeed central concept
(recall that if the conjectured quaternionic structure is associated with the effective metric, it might
be possible to avoid problem related to the Minkowskian signature in an elegant manner).
In fact, one can consider even more general action of critical deformation: the modes of the
induced spinor field would be mixed together in the infinitesimal deformation besides infinitesimal
electroweak gauge transformation, which is same for all modes. This would extend electroweak
gauge symmetry. Kähler-Dirac equation holds true also for these deformations. One might wonder
whether the conjectured dynamically generated gauge symmetries assignable to finite measurement
resolution could be generated in this manner.
The infinitesimal generator of a critical deformation JM can be expressed as tensor product of
matrix AM acting in the space of zero modes and of a generator of infinitesimal electro-weak gauge
transformation TM (x) acting in the same manner on all modes: JM = AM ⊗ TM (x). AM is a spatially constant matrix and TM (x) decomposes to a direct sum of left- and right-handed SU (2)×U (1)
Lie-algebra generators. Left-handed Lie-algebra generator can be regarded as a quaternion and
right handed as a complex number. One can speak of a direct sum of left-handed local quaternion qM,L and right-handed local complex number cM,R . The commutator [JM , JN ] is given by
[JM , JN ] = [AM , AN ]⊗{TM (x), TN (x)}+{AM , AN }⊗[TM (x), TN (x)]. One has {TM (x), TN (x)} =
{qM,L (x), qN,L (x)} ⊕ {cM,R (x), cN,R (x)} and [TM (x), TN (x)] = [qM,L (x), qN,L (x)]. The commutators make sense also for more general gauge group but quaternion/complex number property might
have some deeper role.
Thus the critical deformations would induce conformal scalings of the effective metric and
dynamical electro-weak gauge transformations. Electro-weak gauge symmetry would be a dynamical symmetry restricted to string world sheets and partonic 2-surfaces rather than acting at the
entire space-time surface. For 4-D de-localized right-handed neutrino modes the conformal scalings
of the effective metric are analogous to the conformal transformations of M 4 for N = 4 SYMs.
Also ordinary conformal symmetries of M 4 could be present for string world sheets and could act
as symmetries of generalized Feynman graphs since even virtual wormhole throats are massless.
An interesting question is whether the conformal invariance associated with the effective metric is
the analog of dual conformal invariance in N = 4 theories.
Critical deformations of space-time surface are accompanied by conserved fermionic currents.
By using standard Noetherian formulas one can write
Jiµ

=

ΨΓµ δi Ψ + δi ΨΓµ Ψ .

(3.5.7)
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Here δΨi denotes derivative of the variation with respect to a group parameter labeled by i. Since
δΨi reduces to an infinitesimal gauge transformation of Ψ induced by deformation, these currents
are the analogs of gauge currents. The integrals of these currents along the braid strands at the
ends of string world sheets define the analogs of gauge charges. The interpretation as Kac-Moody
charges is also very attractive and I have proposed that the 2-D Hodge duals of gauge potentials
could be identified as Kac-Moody currents. If so, the 2-D Hodge duals of J would define the
quantum analogs of dynamical electro-weak gauge fields and Kac-Moody charge could be also
seen as non-integral phase factor associated with the braid strand in Abelian approximation (the
interpretation in terms of finite measurement resolution is discussed earlier).
One can also define super currents by replacing Ψ or Ψ by a particular mode of the induced
spinor field as well as c-number valued currents by performing the replacement for both Ψ or Ψ.
As expected, one obtains a super-conformal algebra with all modes of induced spinor fields acting
as generators of super-symmetries restricted to 2-D surfaces. The number of the charges which
do not annihilate physical states as also the effective number of fermionic modes could be finite
and this would suggest that the integer N for the supersymmetry in question is finite. This would
conform with the earlier proposal inspired by the notion of finite measurement resolution implying
the replacement of the partonic 2-surfaces with collections of braid ends.
Note that Kac-Moody charges might be associated with “long” braid strands connecting
different wormhole throats as well as short braid strands connecting opposite throats of wormhole
contacts. Both kinds of charges would appear in the theory.
What is the interpretation of the critical deformations?
Critical deformations bring in an additional gauge symmetry. Certainly not all possible gauge
transformations are induced by the deformations of preferred extremals and a good guess is that
they correspond to holomorphic gauge group elements as in theories with Kac-Moody symmetry.
What is the physical character of this dynamical gauge symmetry?
1. Do the gauge charges vanish? Do they annihilate the physical states? Do only their positive
energy parts annihilate the states so that one has a situation characteristic for the representation of Kac-Moody algebras. Or could some of these charges be analogous to the gauge
charges associated with the constant gauge transformations in gauge theories and be therefore non-vanishing in the absence of confinement. Now one has electro-weak gauge charges
and these should be non-vanishing. Can one assign them to deformations with a vanishing
conformal weight and the remaining deformations to those with non-vanishing conformal
weight and acting like Kac-Moody generators on the physical states?
2. The simplest option is that the critical Kac-Moody charges/gauge charges with non-vanishing
positive conformal weight annihilate the physical states. Critical degrees of freedom would not
disappear but make their presence known via the states labelled by different gauge charges
assignable to critical deformations with vanishing conformal weight. Note that constant
gauge transformations can be said to break the gauge symmetry also in the ordinary gauge
theories unless one has confinement.
3. The hierarchy of quantum criticalities suggests however entire hierarchy of electro-weak KacMoody algebras. Does this mean a hierarchy of electro-weak symmetries breakings in which
the number of Kac-Moody generators not annihilating the physical states gradually increases
as also modes with a higher value of positive conformal weight fail to annihilate the physical
state?
The only manner to have a hierarchy of algebras is by assuming that only the generators
satisfying n mod N = 0 define the sub-Kac-Moody algebra annihilating the physical states
so that the generators with n mod N 6= 0 would define the analogs of gauge charges. I
have suggested for long time ago the relevance of kind of fractal hierarchy of Kac-Moody and
Super-Virasoro algebras for TGD but failed to imagine any concrete realization.
A stronger condition would be that the algebra reduces to a finite dimensional algebra in the
sense that the actions of generators Qn and Qn+kN are identical. This would correspond to
periodic boundary conditions in the space of conformal weights. The notion of finite measurement resolution suggests that the number of independent fermionic oscillator operators
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is proportional to the number of braid ends so that an effective reduction to a finite algebra
is expected.
Whatever the correct interpretation is, this would obviously refine the usual view about
electro-weak symmetry breaking.
These arguments suggests the following overall view. The holomorphy of spinor modes gives
rise to Kac-Moody algebra defined by isometries and includes besides Minkowskian generators
associated with gravitation also SU(3) generators associated with color symmetries. Vanishing
second variations in turn define electro-weak Kac-Moody type algebra.
Note that criticality suggests that one must perform functional integral over WCW by
decomposing it to an integral over zero modes for which deformations of X 4 induce only an electroweak gauge transformation of the induced spinor field and to an integral over moduli corresponding
to the remaining degrees of freedom.

3.5.5

The Emergence Of Yangian Symmetry And Gauge Potentials As
Duals Of Kac-Moody Currents

Yangian symmetry plays a key role in N = 4 super-symmetric gauge theories. What is special
in Yangian symmetry is that the algebra contains also multi-local generators. In TGD framework
multi-locality would naturally correspond to that with respect to partonic 2-surfaces and string
world sheets and the proposal has been that the Super-Kac-Moody algebras assignable to string
worlds sheets could generalize to Yangian.
Witten has written a beautiful exposition of Yangian algebras [B19]. Yangian is generated
by two kinds of generators J A and QA by a repeated formation of commutators. The number of
commutations tells the integer characterizing the multi-locality and provides the Yangian algebra
with grading by natural numbers. Witten describes a 2-dimensional QFT like situation in which
one has 2-D situation and Kac-Moody currents assignable to real axis define the Kac-Moody
charges as integrals in the usual manner. It is also assumed that the gauge potentials defined by
the 1-form associated with the Kac-Moody current define a flat connection:
∂µ jνA − ∂ν jνA + [jµA , jνA ] = 0 .

(3.5.8)

This condition guarantees that the generators of Yangian are conserved charges. One can however
consider alternative manners to obtain the conservation.
1. The generators of first kind - call them J A - are just the conserved Kac-Moody charges. The
formula is given by

Z
JA

∞

=

dxj A0 (x, t) .

(3.5.9)

−∞

2. The generators of second kind contain bi-local part. They are convolutions of generators of
first kind associated with different points of string described as real axis. In the basic formula
one has integration over the point of real axis.

A

Q

=
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C0

x

Z

∞

(y, t) − 2

jxA dx .

(3.5.10)
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These charges are indeed conserved if the curvature form is vanishing as a little calculation
shows.
How to generalize this to the recent context?
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1. The Kac-Moody charges would be associated with the braid strands connecting two partonic 2-surfaces - Strands would be located either at the space-like 3-surfaces at the ends
of the space-time surface or at light-like 3-surfaces connecting the ends. Kähler-Dirac equation would define Super-Kac-Moody charges as standard Noether charges. Super charges
would be obtained by replacing the second quantized spinor field or its conjugate in the
fermionic bilinear by particular mode of the spinor field. By replacing both spinor field and
its conjugate by its mode one would obtain a conserved c-number charge corresponding to an
anti-commutator of two fermionic super-charges. The convolution involving double integral
is however not number theoretically attractive whereas single 1-D integrals might make sense.
2. An encouraging observation is that the Hodge dual of the Kac-Moody current defines the analog of gauge potential and exponents of the conserved Kac-Moody charges could be identified
as analogs for the non-integrable phase factors for the components of this gauge potential.
This identification is precise only in the
commute since only in
R approximation that generators
R
this case the ordered integral P (exp(i Adx)) reduces to P (exp(i Adx)).Partonic 2-surfaces
connected by braid strand would be analogous to nearby points of space-time in its discretization implying that Abelian approximation works. This conforms with the vision about finite
measurement resolution as discretization in terms partonic 2-surfaces and braids.
This would make possible a direct identification of Kac-Moody symmetries in terms of gauge
symmetries. For isometries one would obtain color gauge potentials and the analogs of
gauge potentials for graviton field (in TGD framework the contraction with M 4 vierbein
would transform tensor field to 4 vector fields). For Kac-Moody generators corresponding to
holonomies one would obtain electroweak gauge potentials. Note that super-charges would
give rise to a collection of spartners of gauge potentials automatically. One would obtain a
badly broken SUSY with very large value of N defined by the number of spinor modes as
indeed speculated earlier [K66].
3. The condition that the gauge field defined by 1-forms associated with the Kac-Moody currents
are trivial looks unphysical since it would give rise to the analog of topological QFT with
gauge potentials defined by the Kac-Moody charges. For the duals of Kac-Moody currents
defining gauge potentials only covariant divergence vanishes implying that curvature form is

Fαβ

= αβ [jµ , j µ ] ,

(3.5.11)

so that the situation does not reduce to topological QFT unless the induced metric is diagonal.
This is not the case in general for string world sheets.
4. It seems however that there is no need to assume that jµ defines a flat connection. Witten
mentions that although the discretization in the definition of J A does not seem to be possible,
it makes sense for QA in the case of G = SU (N ) for any representation of G. For general
G and its general representation there exists no satisfactory definition of Q. For certain
representations, such as the fundamental representation of SU (N ), the definition of QA is
especially simple. One just takes the bi-local part of the previous formula:

QA

A
= fBC

X

JiB JjC .

(3.5.12)

i<j

What is remarkable that in this formula the summation need not refer to a discretized point
of braid but to braid strands ordered by the label i by requiring that they form a connected
polygon. Therefore the definition of J A could be just as above.
5. This brings strongly in mind the interpretation in terms of twistor diagrams. Yangian would
be identified as the algebra generated by the logarithms of non-integrable phase factors in
Abelian approximation assigned with pairs of partonic 2-surfaces defined in terms of KacMoody currents assigned with the Kähler-Dirac action. Partonic 2-surfaces connected by
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braid strand would be analogous to nearby points of space-time in its discretization. This
would fit nicely with the vision about finite measurement resolution as discretization in terms
partonic 2-surfaces and braids.
The resulting algebra satisfies the basic commutation relations
 A B


J ,J
= fCAB J C , J A , QB = fCAB QC .

(3.5.13)

plus the rather complex Serre relations described in [B19].

3.6

Kähler-Dirac Equation And Super-Symmetries

The previous considerations concerning super-conformal symmetries and space-time SUSY have
been based on general arguments. The new vision about preferred extremals and Kähler-Dirac
equation however leads to a rather detailed understanding of super-conformal symmetries at the
level of field equations and is bound to modify the existing vision about super-conformal symmetries.
Whether TGD predicts some variant of space-time SUSY or not has been a long-standing
issue: the reason is that TGD does not allow Majorana spinors since fermion number conservation
is exact. The more precise formulation of field equations made possible by the realization that
spinor modes are localized at string world sheets allows to conclude that the analog of broken
N = 8 SUSY is predicted at parton level and that right-handed neutrino generates the minimally
broken N = 2 sub-SUSY.
One important outcome of criticality is the identification of gauge potentials as duals of KacMoody currents at the boundaries of string world sheets: quantum gauge potentials are defined
only where they are needed that is string curves defining the non-integrable phase factors. This
gives also rise to the realization of the conjectured Yangian in terms of the Kac-Moody charges
and commutators in accordance with the earlier conjecture.

3.6.1

Super-Conformal Symmetries

It is good to summarize first the basic ideas about Super-Virasoro representations. TGD allows
two kinds of super-conformal symmetries.
4
1. The first super-conformal symmetry is associated with δM±
× CP2 and corresponds to sym4
plectic symmetries of δM± ×CP2 . The reason for extension of conformal symmetries is metric
4
2-dimensionality of the light-like boundary δM±
defining upper/lower boundary of causal diamond (CD). This super-conformal symmetry is something new and corresponds to replacing
finite-dimensional Lie-group G for Kac-Moody symmetry with infinite-dimensional symplec4
takes the role of the real part of complex
tic group. The light-like radial coordinate of δM±
coordinate z for ordinary conformal symmetry. Together with complex coordinate of S 2 it
defines 3-D restriction of Hamilton-Jacobi variant of 4-D super-conformal symmetries. One
can continue the conformal symmetries from light-cone boundary to CD by forming a slicing
4
4
by parallel copies of δM±
. There are two possible slicings corresponding to the choices δM+
4
and δM−
assignable to the upper and lower boundaries of CD. These two choices correspond
to two arrows of geometric time for the basis of zero energy states in ZEO.

2. Super-symplectic degrees of freedom determine the electroweak and color quantum numbers
of elementary particles. Bosonic emergence implies that ground states assignable to par4
tonic 2-surfaces correspond to partial waves in δM±
and one obtains color partial waves
in particular. These partial waves correspond to the solutions for the Dirac equation in
imbedding space and the correlation between color and electroweak quantum numbers is not
quite correct. Super-Kac-Moody generators give the compensating color for massless states
obtained from tachyonic ground states guaranteeing that standard correlation is obtained.
Super-symplectic degrees are therefore directly visible in particle spectrum. One can say
that at the point-like limit the WCW spinors reduce to tensor products of imbedding space
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spinors assignable to the center of mass degrees of freedom for the partonic 2-surfaces defining
wormhole throats.
I have proposed a physical interpretation of super-symplectic vibrational degrees of freedom
in terms of degrees of freedom assignable to non-perturbative QCD. These degrees of freedom
would be responsible for most of the baryon masses but their theoretical understanding is
lacking in QCD framework.
3. The second super-conformal symmetry is assigned light-like 3-surfaces and to the isometries
and holonomies of the imbedding space and is analogous to the super-Kac-Moody symmetry
of string models. Kac-Moody symmetries could be assigned to the light-like deformations
of light-like 3-surfaces. Isometries give tensor factor E 2 × SU (3) and holonomies factor
SU (2)L × U (1). Altogether one has 5 tensor factors to super-conformal algebra. That the
number is just five is essential for the success p-adic mass calculations [K48, K19].
The construction of solutions of the Kähler-Dirac equation suggests strongly that the fermionic
representation of the Super-Kac-Moody algebra can be assigned as conserved charges associated with the space-like braid strands at both the 3-D space-like ends of space-time surfaces
and with the light-like (or space-like with a small deformation) associated with the light-like
3-surfaces. The extension to Yangian algebra involving higher multi-linears of super-Kac
Moody generators is also highly suggestive. These charges would be non-local and assignable
to several wormhole contacts simultaneously. The ends of braids would correspond points of
partonic 2-surfaces defining a discretization of the partonic 2-surface having interpretation
in terms of finite measurement resolution.
These symmetries would correspond to electroweak and strong gauge fields and to gravitation.
The duals of the currents giving rise to Kac-Moody charges would define the counterparts
of gauge potentials and the conserved Kac-Moody charges would define the counterparts of
non-integrable phase factors in gauge theories. The higher Yangian charges would define
generalization of non-integrable phase factors. This would suggest a rather direct connection
with the twistorial program for calculating the scattering amplitudes implies also by zero
energy ontology.
Quantization recipes have worked in the case of super-string models and one can ask whether
the application of quantization to the coefficients of powers of complex coordinates or HamiltonJacobi coordinates could lead to the understanding of the 4-D variants of the conformal symmetries
and give detailed information about the representations of the Kac-Moody algebra too.

3.6.2

WCW Geometry And Super-Conformal Symmetries

The vision about the geometry of WCW has been roughly the following and the recent steps of
progress induce to it only small modifications if any.
1. Kähler geometry is forced by the condition that hermitian conjugation allows geometrization.
Kähler function is given by the Kähler action coming from space-time regions with Euclidian signature of the induced metric identifiable as lines of generalized Feynman diagrams.
Minkowskian regions give imaginary contribution identifiable as the analog of Morse function and implying interference effects and stationary phase approximation. The vision about
quantum TGD as almost topological QFT inspires the proposal that Kähler action reduces
to 3-D terms reducing to Chern-Simons terms by the weak form of electric-magnetic duality.
The recent proposal for preferred extremals is consistent with this property realizing also
holography implied by general coordinate invariance. Strong form of general coordinate invariance implying effective 2-dimensionality in turn suggests that Kähler action is expressible
string world sheets and possibly also areas of partonic 2-surfaces.
2. The complexified gamma matrices of WCW come as hermitian conjugate pairs and anticommute to the Kähler metric of WCW . Also bosonic generators of symplectic transforma4
tions of δM±
× CP2 a assumed to act as isometries of WCW geometry can be complexified
and appear as similar pairs. The action of isometry generators co-incides with that of symplectic generators at partonic 2-surfaces and string world sheets but elsewhere inside the
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space-time surface it is expected to be deformed from the symplectic action. The super4
4
conformal transformations of δM±
× CP2 acting on the light-like radial coordinate of δM±
act as gauge symmetries of the geometry meaning that the corresponding WCW vector fields
have zero norm.
3. WCW geometry has also zero modes which by definition do not contribute to WCW metric
expect possibly by the dependence of the elements of WCW metric on zero modes through
a conformal factor. In particular, induced CP2 Kähler form and its analog for sphere rM =
constant of light cone boundary are symplectic invariants, and one can define an infinite
number of zero modes as invariants defined by Kähler fluxes over partonic 2-surfaces and
4
4
string world sheets. This requires however the slicing of CD parallel copies of δM+
or δM−
.
The physical interpretation of these non-quantum fluctuating degrees of freedom is as classical
variables necessary for the interpretation of quantum measurement theory. Classical variable
would metaphorically correspond the position of the pointer of the measurement instrument.
4. The construction receives a strong philosophical inspiration from the geometry of loop spaces.
Loop spaces allow a unique Kähler geometry with maximal isometry group identifiable as
Kac-Moody group. The reason is that otherwise Riemann connection does not exist. The only
problem is that curvature scalar diverges since the Riemann tensor is by constant curvature
property proportional to the metric. In 3-D case one would have union of constant curvature
spaces labelled by zero modes and the situation is expected to be even more restrictive.
The conjecture indeed is that WCW geometry exists only for H = M 4 × CP2 : infinite-D
Kähler geometric existence and therefore physics would be unique. One can also hope that
Ricci scalar is finite and therefore zero by the constant curvature property so that Einstein’s
equations are satisfied.
5. The matrix elements of WCW Kähler metric are given in terms of the anti-commutators of the
fermionic Noether super-charges associated with symplectic isometry currents. A given mode
of induced spinor field characterized by imbedding space chirality (quark or lepton), by spin
and weak spin plus conformal weight n. If the super-conformal transformations for string
modes act gauge transformations only the spinor modes with vanishing conformal weight
correspond to non-zero modes of the WCW metric and the situation reduces essentially to
the analog of N = 8 SUSY.
The WCW Hamiltonians generating symplectic isometries correspond to the Hamiltonians
4
× CP2 . One can say that the space of quantum
spanning the symplectic group of δM±
4
fluctuating degrees of freedom is this symplectic group of δM±
× CP2 or its subgroup or
coset space: this must have very deep implications for the structure of the quantum TGD.
An interesting possibility is that the radial conformal weights of the symplectic algebra are
linear combinations of the zeros of Riemann Zeta with integer coefficients. Also this option
allows to realize the hierarchy of super-symplectic conformal symmetry breakings in terms
of sub-algebras isomorphic to the entire super-symplectic algebra. WCW would have fractal
structure corresponding to a hierarchy of quantum criticalities.
6. The localization of the induced spinors to string world sheets means that the super-symplectic
Noether charges are associated with strings connecting partonic 2-surfaces. The physically
obvious fact that given partonic surface can be accompanied by an arbitrary number of
strings, forces a generalization of the super-symplectic algebra to a Yangian containing infinite
number of n-local variants of various super-symplectic Noether charges. For instance, four
-momentum is accompanied by multi-stringy variants involving four-momentum P0A and
A
angular momentum generators. At the first level of the hierarchy one has P1A = fBC
P0B ⊗J C .
This hierarchy might play crucial role in understanding of the four-momenta of bound states.
7. Zero energy ontology brings in additional delicacies. Basic objects are now unions of partonic
2-surfaces at the ends of CD. One can generalize the expressions for the isometry generators in a straightforward manner by requiring that given isometry restricts to a symplectic
transformation at partonic 2-surfaces and string world sheets.
8. One could criticize the effective metric 2-dimensionality forced by the general consistency
arguments as something non-physical. The WCW Hamiltonians are expressed using only
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the data at partonic 2-surfaces and string string world sheets: this includes also 4-D tangent
space data via the weak form of electric-magnetic duality so that one has only effective 2dimensionality. Obviously WCW geometry must huge large gauge symmetries besides zero
modes. The hierarchy of super-symplectic symmetries indeed represent gauge symmetries of
this kind.
Effective 2-dimensionality realizing strong form of holography in turn is induced by the
strong form of general coordinate invariance. Light-like 3-surfaces at which the signature of
the induced metric changes must be equivalent with the 3-D space-like ends of space-time
surfaces at the light-boundaries of space-time surfaces as far as WCW geometry is considered.
This requires that the data from their 2-D intersections defining partonic 2-surfaces should
dictate the WCW geometry. Note however that Super-Kac-Moody charges giving information
about the interiors of 3-surfaces appear in the construction of the physical states.

3.6.3

The Relationship Between Inertial Gravitational Masses

The relationship between inertial and gravitational masses and Equivalence Principle have been
on of the longstanding problems in TGD. Not surprisingly, the realization how GRT space-time
relates to the many-sheeted space-time of TGD finally allowed to solve the problem.
ZEO and non-conservation of Poincare charges in Poincare invariant theory of gravitation
In positive energy ontology the Poincare invarance of TGD is in sharpt contrast with the fact
that GRT based cosmology predicts non-conservation of Poincare charges (as a matter fact, the
definition of Poincare charges is very questionable for general solutions of field equations).
In zero energy ontology (ZEO) all conserved (that is Noether-) charges of the Universe
vanish identically and their densities should vanish in scales below the scale defining the scale for
observations and assignable to causal diamond (CD). This observation allows to imagine a ways
out of what seems to be a conflict of Poincare invariance with cosmological facts.
ZEO would explain the local non-conservation of average energies and other conserved quantum numbers in terms of the contributions of sub-CDs analogous to quantum fluctuations. Classical
gravitation should have a thermodynamical description if this interpretation is correct. The average values of the quantum numbers assignable to a space-time sheet would depend on the size
of CD and possibly also its location in M 4 . If the temporal distance between the tips of CD
is interpreted as a quantized variant of cosmic time, the non-conservation of energy-momentum
defined in this manner follows. One can say that conservation laws hold only true in given scale
defined by the largest CD involved.
Equivalence Principle at quantum level
The interpretation of EP at quantum level has developed slowly and the recent view is that it
reduces to quantum classical correspondence meaning that the classical charges of Kähler action
can be identified with eigen values of quantal charges associated with Kähler-Dirac action.
1. At quantum level I have proposed coset representations for the pair of super-symplectic
algebras assignable to the light-like boundaries of CD and the Super Kac-Moody algebra
assignable to the light-like 3-surfaces defining the orbits of partonic 2-surfaces as realization
of EP. For coset representation the differences of super-conformal generators would annihilate
the physical states so that one can argue that the corresponding four-momenta are identical.
One could even say that one obtains coset representation for the “vibrational” parts of the
super-conformal algebras in question. It is now clear that this idea does not work. Note
however that coset representations occur naturally for the subalgebras of symplectic algebra
and Super Kac-Moody algebra and are naturally induced by finite measurement resolution.
2. The most recent view (2014) about understanding how EP emerges in TGD is described
in [K94] and relies heavily on superconformal invariance and a detailed realisation of ZEO
at quantum level. In this approach EP corresponds to quantum classical correspondence
(QCC): four-momentum identified as classical conserved Noether charge for space-time sheets
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associated with Käbler action is identical with quantal four-momentum assignable to the
representations of super-symplectic and super Kac-Moody algebras as in string models and
having a realisation in ZEO in terms of wave functions in the space of causal diamonds (CDs).
3. The latest realization is that the eigenvalues of quantal four-momentum can be identified as
eigenvalues of the four-momentum operator assignable to the Kähler-Dirac equation. This
realisation seems to be consistent with the p-adic mass calculations requiring that the superconformal algebra acts in the tensor product of 5 tensor factors.
Equivalence Principle at classical level
How Einstein’s equations and General Relativity in long length scales emerges from TGD has been
a long-standing interpretational problem of TGD.
The first proposal making sense even when one does not assume ZEO is that vacuum extremals are only approximate representations of the physical situation and that small fluctuations
around them give rise to an inertial four-momentum identifiable as gravitational four-momentum
identifiable in terms of Einstein tensor. EP would hold true in the sense that the average gravitational four-momentum would be determined by the Einstein tensor assignable to the vacuum
extremal. This interpretation does not however take into account the many-sheeted character of
TGD spacetime and is therefore questionable.
The resolution of the problem came from the realization that GRT is only an effective theory
obtained by endowing M 4 with effective metric.
1. The replacement of superposition of fields with superposition of their effects means replacing
superposition of fields with the set-theoretic union of space-time surfaces. Particle experiences
sum of the effects caused by the classical fields at the space-time sheets (see Fig. http://
tgdtheory.fi/appfigures/fieldsuperpose.jpg or Fig. ?? in the appendix of this book).
2. This is true also for the classical gravitational field defined by the deviation from flat
Minkowski metric instandard M 4 coordinates for the space-time sheets. One can define
effective metric as sum of M 4 metric and deviations. This effective metric would correspond
to that of General Relativity. This resolves long standing issues relating to the interpretation
of TGD.
3. Einstein’s equations could hold true for the effective metric. They are motivated by the
underlying Poincare invariance which cannot be realized as global conservation laws for the
effective metric. The conjecture vanishing of divergence of Kähler energy momentum tensor
can be seen as the microscopic justification for the claim that Einstein’s equations hold true
for the effective space-time.
4. The breaking of Poincare invariance could have interpretation as effective breaking in zero
energy ontology (ZEO), in which various conserved charges are length dependent and defined
separately for each causal diamond (CD).
One can of course consider the possibility that Einstein’s equations generalize for preferred
extremals of Kähbler action. This would actually represent at space-time level the notion of QCC
rather than realise QCC interpreted as EP. The condition that the energy momentum tensor for
Kähler action has vanishing covariant divergence would be satisfied in GRT if Einstein’s equations
with cosmological term hold true. This is the case also now but one can consider also more general
solutions in which one has two cosmological constants which are not genuine constants anymore:
this approach is not promising.
An interesting question is whether inertial-gravitational duality generalizes to the case of
color gauge charges so that color gauge fluxes would correspond to “gravitational” color charges and
the charges defined by the conserved currents associated with color isometries would define “inertial” color charges. Since the induced color fields are proportional to color Hamiltonians multiplied
by Kähler form they vanish identically for vacuum extremals in accordance with “gravitational”
color confinement.
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Constraints from p-adic mass calculations and ZEO
A further important physical input comes from p-adic thermodynamics forming a core element of
p-adic mass calculations.
1. The first thing that one can get worried about relates to the extension of conformal symmetries. If the conformal symmetries generalize to D = 4, how can one take seriously the
results of p-adic mass calculations based on 2-D conformal invariance? There is no reason
to worry. The reduction of the conformal invariance to 2-D one for the preferred extremals
takes care of this problem. This however requires that the fermionic contributions assignable
to string world sheets and/or partonic 2-surfaces - Super- Kac-Moody contributions - should
dictate the elementary particle masses. For hadrons also symplectic contributions should be
present. This is a valuable hint in attempts to identify the mathematical structure in more
detail.
2. ZEO suggests that all particles, even virtual ones correspond to massless wormhole throats
carrying fermions. As a consequence, twistor approach would work and the kinematical
constraints to vertices would allow the cancellation of divergences. This would suggest that
the p-adic thermal expectation value is for the longitudinal M 2 momentum squared (the
definition of CD selects M 1 ⊂ M 2 ⊂ M 4 as also does number theoretic vision). Also
propagator would be determined by M 2 momentum. Lorentz invariance would be obtained
by integration of the moduli for CD including also Lorentz boosts of CD.
3. In the original approach one allows states with arbitrary large values of L0 as physical states.
Usually one would require that L0 annihilates the states. In the calculations however mass
squared was assumed to be proportional L0 apart from vacuum contribution. This is a
questionable assumption. ZEO suggests that total mass squared vanishes and that one can
decompose mass squared to a sum of longitudinal and transversal parts. If one can do the
same decomposition to longitudinal and transverse parts also for the Super Virasoro algebra
then one can calculate longitudinal mass squared as a p-adic thermal expectation in the
transversal super-Virasoro algebra and only states with L0 = 0 would contribute and one
would have conformal invariance in the standard sense.
4. In the original approach the assumption motivated by Lorentz invariance has been that mass
squared is replaced with conformal weight in thermodynamics, and that one first calculates
the thermal average of the conformal weight and then equates it with mass squared. This
assumption is somewhat ad hoc. ZEO however suggests an alternative interpretation in
which one has zero energy states for which longitudinal mass squared of positive energy state
derive from p-adic thermodynamics. Thermodynamics - or rather, its square root - would
become part of quantum theory in ZEO. M -matrix is indeed product of hermitian square root
of density matrix multiplied by unitary S-matrix and defines the entanglement coefficients
between positive and negative energy parts of zero energy state.
5. The crucial constraint is that the number of super-conformal tensor factors is N = 5: this
suggests that thermodynamics applied in Super-Kac-Moody degrees of freedom assignable
to string world sheets is enough, when one is interested in the masses of fermions and gauge
bosons. Super-symplectic degrees of freedom can also contribute and determine the dominant
contribution to baryon masses. Should also this contribution obey p-adic thermodynamics in
the case when it is present? Or does the very fact that this contribution need not be present
mean that it is not thermal? The symplectic contribution should correspond to hadronic padic length prime rather the one assignable to (say ) u quark. Hadronic p-adic mass squared
and partonic p-adic mass squared cannot be summed since primes are different. If one accepts
the basic rules [K25], longitudinal energy and momentum are additive as indeed assumed in
perturbative QCD.
6. Calculations work if the vacuum expectation value of the mass squared must be assumed to be
tachyonic. There are two options depending on whether one whether p-adic thermodynamics
gives total mass squared or longitudinal mass squared.
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(a) One could argue that the total mass squared has naturally tachyonic ground state expectation since for massless extremals longitudinal momentum is light-like and transversal
momentum squared is necessary present and non-vanishing by the localization to topological light ray of finite thickness of order p-adic length scale. Transversal degrees of
freedom would be modeled with a particle in a box.
(b) If longitudinal mass squared is what is calculated, the condition would require that
transversal momentum squared is negative so that instead of plane wave like behavior
exponential damping would be required. This would conform with the localization in
transversal degrees of freedom.

3.6.4

Realization Of Space-Time SUSY In TGD

The generators of super-conformal algebras are obtained by taking fermionic currents for second
quantized fermions and replacing either fermion field or its conjugate with its particular mode. The
resulting super currents are conserved and define super charges. By replacing both fermion and
its conjugate with modes one obtains c-number valued currents. In this manner one also obtains
the analogs of super-Poincare generators labelled by the conformal weight and other spin quantum
numbers as Noether charges so that space-time SUSY is suggestive.
The super-conformal invariance in spinor modes is expected to be gauge symmetry so that
only the generators with vanishing string world sheet conformal weight create physical states.
This would leave only the conformal quantum numbers characterizing super-symplectic generators
(radial conformal weight included) under consideration and the hierarchy of its sub-algebras acting
as gauge symmetries giving rise to a hierarchy of criticalities having interpretation in terms of dark
matter.
As found in the earlier section, the proposed anti-commutation relations for fermionic oscillator operators at the ends of string world sheets can be formulated so that they are analogous
to those for Super Poincare algebra. The reason is that field equations assign a conserved 8momentum to the light-like geodesic line defining the boundary of string at the orbit of partonic
2-surface. Octonionic representation of sigma matrices making possible generalization of twistor
formalism to 8-D context is also essential. As a matter, the final justification for the analog of
space-time came from the generalization of twistor approach to 8-D context.
By counting the number of spin and weak isospin components of imbedding space spinors
satisfying massless algebraic Dirac equation one finds that broken N = 8 SUSY is the expected
space-time SUSY. N = 2 SUSY assignable to right-handed neutrino is the least broken subSUSY and one is forced to consider the possibility that spartners correspond to dark matter with
hef f = n × h and therefore remaining undetected in recent particle physics experiments.
Super-space viz. Grassmann algebra valued fields
Standard SUSY induces super-space extending space-time by adding anti-commuting coordinates
as a formal tool. Many mathematicians are not enthusiastic about this approach because of the
purely formal nature of anti-commuting coordinates. Also I regard them as a non-sense geometrically and there is actually no need to introduce them as the following little argument shows.
Grassmann parameters (anti-commuting theta parameters) are generators of Grassmann
algebra and the natural object replacing super-space is this Grassmann algebra with coefficients
of Grassmann algebra basis appearing as ordinary real or complex coordinates. This is just an
ordinary space with additional algebraic structure: the mysterious anti-commuting coordinates are
not needed. To me this notion is one of the conceptual monsters created by the over-pragmatic
thinking of theoreticians.
This allows allows to replace field space with super field space, which is completely welldefined object mathematically, and leave space-time untouched. Linear field space is simply replaced with its Grassmann algebra. For non-linear field space this replacement does not work. This
allows to formulate the notion of linear super-field just in the same manner as it is done usually.
The generators of super-symmetries in super-space formulation reduce to super translations,
which anti-commute to translations. The super generators Qα and Qβ̇ of super Poincare algebra
are Weyl spinors commuting with momenta and anti-commuting to momenta:
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{Qα , Qβ̇ } = 2σαµ

˙ Pµ
beta

.

(3.6.1)

One particular representation of super generators acting on super fields is given by
Dα

=

Dα̇

=

∂
,
∂θα
∂
i
∂θ ˙

i

+ θβ σβµα̇ ∂µ

(3.6.2)

alpha

Here the index raising for 2-spinors is carried out using antisymmetric 2-tensor αβ . Super-space
interpretation is not necessary since one can interpret this action as an action on Grassmann
algebra valued field mixing components with different fermion numbers.
Chiral superfields are defined as fields annihilated by Dα̇ . Chiral fields are of form Ψ(xµ +
µ
iθσ θ, θ). The dependence on θα̇ comes only from its presence in the translated Minkowski coordinate annihilated by Dα̇ . Super-space enthusiast would say that by a translation of M 4 coordinates
chiral fields reduce to fields, which depend on θ only.
The space of fermionic Fock states at partonic 2-surface as TGD counterpart of chiral
super field
As already noticed, another manner to realize SUSY in terms of representations the super algebra of
conserved super-charges. In TGD framework these super charges are naturally associated with the
modified Dirac equation, and anti-commuting coordinates and super-fields do not appear anywhere.
One can however ask whether one could identify a mathematical structure replacing the notion of
chiral super field.
In [K66] it was proposed that generalized chiral super-fields could effectively replace induced
spinor fields and that second quantized fermionic oscillator operators define the analog of SUSY
algebra. One would have N = ∞ if all the conformal excitations of the induced spinor field
restricted on 2-surface are present. For right-handed neutrino the modes are labeled by two integers
and de-localized to the interior of Euclidian or Minkowskian regions of space-time sheet.
The obvious guess is that chiral super-field generalizes to the field having as its components
many-fermions states at partonic 2-surfaces with theta parameters and their conjugates in one-one
correspondence with fermionic creation operators and their hermitian conjugates.
1. Fermionic creation operators - in classical theory corresponding anti-commuting Grassmann
parameters - replace theta parameters. Theta parameters and their conjugates are not in
one-one correspondence with spinor components but with the fermionic creation operators
and their hermitian conjugates. One can say that the super-field in question is defined in the
“world of classical worlds” ( WCW ) rather than in space-time. Fermionic Fock state at the
partonic 2-surface is the value of the chiral super field at particular point of WCW .
2. The matrix defined by the σ µ ∂µ is replaced with a matrix defined by the Kähler-Dirac
operator D between spinor modes acting in the solution space of the Kähler-Dirac equation.
Since Kähler-Dirac operator annihilates the modes of the induced spinor field, super covariant
derivatives reduce to ordinary derivatives with respect the theta parameters labeling the
modes. Hence the chiral super field is a field that depends on θm or conjugates θm only. In
second quantization the modes of the chiral super-field are many-fermion states assigned to
partonic 2-surfaces and string world sheets. Note that this is the only possibility since the
notion of super-coordinate does not make sense now.
3. It would seem that the notion of super-field does not bring anything new. This is not
the case. First of all, the spinor fields are restricted to 2-surfaces. Second point is that
one cannot assign to the fermions of the many-fermion states separate non-parallel or even
parallel four-momenta. The many-fermion state behaves like elementary particle. This has
non-trivial implications for propagators and a simple argument [K66] leads to the proposal
that propagator for N-fermion partonic state is proportional to 1/pN . This would mean that
only the states with fermion number equal to 1 or 2 behave like ordinary elementary particles.
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Comparison Of TGD And Stringy Views About Super-Conformal
Symmetries

The best manner to represent TGD based view about conformal symmetries is by comparison with
the conformal symmetries of super string models.
Basic differences between the realization of super conformal symmetries in TGD and
in super-string models
The realization super conformal symmetries in TGD framework differs from that in string models
in several fundamental aspects.
1. In TGD framework super-symmetry generators acting as configuration space gamma matrices carry either lepton or quark number. Majorana condition required by the hermiticity
of super generators which is crucial for super string models would be in conflict with the
conservation of baryon and lepton numbers and is avoided. This is made possible by the
realization of bosonic generators represented as Hamiltonians of X 2 -local symplectic transformations rather than vector fields generating them [K11]. This kind of representation
applies also in Kac-Moody sector since the local transversal isometries localized in Xl3 and
respecting light-likeness condition can be regarded as X 2 local symplectic transformations,
whose Hamiltonians generate also isometries. Localization is not complete: the functions of
X 2 coordinates multiplying symplectic and Kac-Moody generators are functions of the symplectic invariant J = µν Jµν so that effective one-dimensionality results but in different sense
than in conformal field theories. This realization of super symmetries is what distinguishes
between TGD and super string models and leads to a totally different physical interpretation
of super-conformal symmetries. The fermionic representations of super-symplectic and super
Kac-Moody generators can be identified as Noether charges in standard manner.
2. A long-standing problem of quantum TGD was that stringy propagator 1/G does not make
sense if G carries fermion number. The progress in the understanding of second quantization
of the modified Dirac operator made it however possible to identify the counterpart of G as
a c-number valued operator and interpret it as different representation of G [K59].
3. The notion of super-space is not needed at all since Hamiltonians rather than vector fields
represent bosonic generators, no super-variant of geometry is needed. The distinction between Ramond and N-S representations important for N = 1 super-conformal symmetry and
allowing only ground state weight 0 an 1/2 disappears. Indeed, for N = 2 super-conformal
symmetry it is already possible to generate spectral flow transforming these Ramond and
N-S representations to each other (Gn is not Hermitian anymore).
4. If Kähler action defines the Kähler-Dirac operator, the number of spinor modes could be
finite. One must be here somewhat cautious since bound state in the Coulomb potential
associated with electric part of induced electro-weak gauge field might give rise to an infinite
number of bound states which eigenvalues converging to a fixed eigenvalue (as in the case of
hydrogen atom). Finite number of generalized eigenmodes means that the representations
of super-conformal algebras reduces to finite-dimensional ones in TGD framework. Also the
notion of number theoretic braid indeed implies this. The physical interpretation would be in
terms of finite measurement resolution. If Kähler action is complexified to include imaginary
part defined by CP breaking instanton term, the number of stringy mass square eigenvalues
assignable to the spinor modes becomes infinite since conformal excitations are possible. This
means breakdown of exact holography and effective 2-dimensionality of 3-surfaces. It seems
that the inclusion of instanton term is necessary for several reasons. The notion of finite
measurement resolution forces conformal cutoff also now. There are arguments suggesting
that only the modes with vanishing conformal weight contribute to the Dirac determinant
defining vacuum functional identified as exponent of Kähler function in turn identified as
Kähler action for its preferred extremal.
5. What makes spinor field mode a generator of gauge super-symmetry is that is c-number and
not an eigenmode of DK (X 2 ) and thus represents non-dynamical degrees of freedom. If the
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number of eigen modes of DK (X 2 ) is indeed finite means that most of spinor field modes
represent super gauge degrees of freedom.
The super generators G are not Hermitian in TGD!
The already noticed important difference between TGD based and the usual Super Virasoro representations is that the Super Virasoro generator G cannot Hermitian in TGD. The reason is that
WCW gamma matrices possess a well defined fermion number. The hermiticity of the WCW
gamma matrices Γ and of the Super Virasoro current G could be achieved by posing Majorana
conditions on the second quantized H-spinors. Majorana conditions can be however realized only
for space-time dimension D mod 8 = 2 so that super string type approach does not work in TGD
context. This kind of conditions would also lead to the non-conservation of baryon and lepton
numbers.
An analogous situation is encountered in super-symmetric quantum mechanics, where the
general situation corresponds to super symmetric operators S, S † , whose anti-commutator is Hamiltonian: {S, S † } = H. One can define a simpler system by considering a Hermitian operator
S0 = S + S † satisfying S02 = H: this relation is completely analogous to the ordinary Super Virasoro relation GG = L. On basis of this observation it is clear that one should replace ordinary
Super Virasoro structure GG = L with GG† = L in TGD context.
It took a long time to realize the trivial fact that N = 2 super-symmetry is the standard
physics counterpart for TGD super symmetry. N = 2 super-symmetry indeed involves the doubling
of super generators and super generators carry U (1) charge having an interpretation as fermion
number in recent context. The so called short representations of N = 2 super-symmetry algebra
can be regarded as representations of N = 1 super-symmetry algebra.
WCW gamma matrix Γn , n > 0 corresponds to an operator creating fermion whereas Γn ,
n < 0 annihilates anti-fermion. For the Hermitian conjugate Γ†n the roles of fermion and antifermion are interchanged. Only the anti-commutators of gamma matrices and their Hermitian
conjugates are non-vanishing. The dynamical Kac Moody type generators are Hermitian and
are constructed as bilinears of the gamma matrices and their Hermitian conjugates and, just like
conserved currents of the ordinary quantum theory, contain parts proportional to a† a, b† b, a† b† and
ab (a and b refer to fermionic and anti-fermionic oscillator operators). The commutators between
Kac Moody generators and Kac Moody generators and gamma matrices remain as such.
For a given value of m Gn , n > 0 creates fermions whereas Gn , n < 0 annihilates antifermions. Analogous result holds for G†n . Virasoro generators remain Hermitian and decompose
just like Kac Moody generators do. Thus the usual anti-commutation relations for the super
Virasoro generators must be replaced with anti-commutations between Gm and G†n and one has
{Gm , G†n } = 2Lm+n + 3c (m2 − 14 )δm,−n ,
{Gm , Gn } = 0 ,
{G†m , G†n } = 0 .

(3.6.3)

The commutators of type [Lm , Ln ] are not changed. Same applies to the purely kinematical
commutators between Ln and Gm /G†m .
The Super Virasoro conditions satisfied by the physical states are as before in case of Ln
whereas the conditions for Gn are doubled to those of Gn , n < 0 and G†n , n > 0.
What could be the counterparts of stringy conformal fields in TGD framework?
The experience with string models would suggest the conformal symmetries associated with the
complex coordinates of X 2 as a candidate for conformal super-symmetries. One can imagine two
counterparts of the stringy coordinate z in TGD framework.
1. Super-symplectic and super Kac-Moody symmetries are local with respect to X 2 in the sense
√
that the coefficients of generators depend on the invariant J = αβ Jαβ g2 rather than being
completely free [K11]. Thus the real variable J replaces complex (or hyper-complex) stringy
coordinate and effective 1-dimensionality holds true also now but in different sense than for
conformal field theories.

3.7. Still about induced spinor fields and TGD counterpart for Higgs

149

2. The slicing of X 4 by string world sheets Y 2 and partonic 2-surfaces X 2 implied by number
theoretical compactification implies string-parton duality and involves the super conformal
fermionic gauge symmetries associated with the coordinates u and w in the dual dimensional
reductions to stringy and partonic dynamics. These coordinates define the natural analogs of
stringy coordinate. The effective reduction of Xl3 to braid by finite measurement resolution
implies the effective reduction of X 4 (X 3 ) to string world sheet. This implies quite strong
resemblance with string model. The realization that spinor modes with well- define em
charge must be localized at string world sheets makes the connection with strings even more
explicit [K40].
One can understand how Equivalence Principle emerges in TGD framework at space-time
level when many-sheeted space-time (see Fig. http://tgdtheory.fi/appfigures/manysheeted.
jpg or Fig. 9 in the appendix of this book) is replaced with effective space-time lumping together the space-time sheets to M 4 endowed with effective metric. The quantum counterpart
EP has most feasible interpretation in terms of Quantum Classical Correspondence (QCC):
the conserved Kähler four-momentum equals to an eigenvalue of conserved Kähler-Dirac
four-momentum acting as operator.
3. The conformal fields of string model would reside at X 2 or Y 2 depending on which description
one uses and complex (hyper-complex) string coordinate would be identified accordingly. Y 2
could be fixed as a union of stringy world sheets having the strands of number theoretic braids
as its ends. The proposed definition of braids is unique and characterizes finite measurement
resolution at space-time level. X 2 could be fixed uniquely as the intersection of Xl3 (the
light-like 3-surface at which induced metric of space-time surface changes its signature) with
4
δM±
× CP2 . Clearly, wormhole throats Xl3 would take the role of branes and would be
connected by string world sheets defined by number theoretic braids.
4. An alternative identification for TGD parts of conformal fields is inspired by M 8 − H duality.
Conformal fields would be fields in WCW . The counterpart of z coordinate could be the
hyper-octonionic M 8 coordinate m appearing as argument in the Laurent series of WCW
Clifford algebra elements. m would characterize the position of the tip of CD and the fractal
hierarchy of CDs within CDs would give a hierarchy of Clifford algebras and thus inclusions
of hyper-finite factors of type II1 . Reduction to hyper-quaternionic field -that is field in M 4
center of mass degrees of freedom- would be needed to obtained associativity. The arguments
m at various level might correspond to arguments of N-point function in quantum field theory.

3.7

Still about induced spinor fields and TGD counterpart
for Higgs

The understanding of the modified Dirac equation and of the possible classical counterpart of Higgs
field in TGD framework is not completely satisfactory. The emergence of twistor lift of Kähler
action [L29] [L30] inspired a fresh approach to the problem and it turned out that a very nice
understanding of the situation emerges.
More precise formulation of the Dirac equation for the induced spinor fields is the first
challenge. The well-definedness of em charge has turned out to be very powerful guideline in the
understanding of the details of fermionic dynamics. Although induced spinor fields have also a
part assignable space-time interior, the spinor modes at string world sheets determine the fermionic
dynamics in accordance with strong form of holography (SH).
The well-definedness of em charged is guaranteed if induced spinors are associated with 2D string world sheets with vanishing classical W boson fields. It turned out that an alternative
manner to satisfy the condition is to assume that induced spinors at the boundaries of string world
sheets are neutrino-like and that these string world sheets carry only classical W fields. Dirac
action contains 4-D interior term and 2-D term assignable to string world sheets. Strong form
of holography (SH) allows to interpret 4-D spinor modes as continuations of those assignable to
string world sheets so that spinors at 2-D string world sheets determine quantum dynamics.
Twistor lift combined with this picture allows to formulate the Dirac action in more detail.
Well-definedness of em charge implies that charged particles are associated with string world sheets
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assignable to the magnetic flux tubes assignable to homologically non-trivial geodesic sphere and
neutrinos with those associated with homologically trivial geodesic sphere. This explains why
neutrinos are so light and why dark energy density corresponds to neutrino mass scale, and provides
also a new insight about color confinement.
A further important result is that the formalism works only for imbedding space dimension
D = 8. This is due the fact that the number of vector components is the same as the number of
spinor components of fixed chirality for D = 8 and corresponds directly to the octonionic triality.
p-Adic thermodynamics predicts elementary particle masses in excellent accuracy without
Higgs vacuum expectation: the problem is to understand fermionic Higgs couplings. The observation that CP2 part of the modified gamma matrices gives rise to a term mixing M 4 chiralities
contain derivative allows to understand the mass-proportionality of the Higgs-fermion couplings at
QFT limit.

3.7.1

More precise view about modified Dirac equation

Consistency conditions demand that modified Dirac equation with modified gamma matrices Γα
defined as contractions Γα = T αk γk of canonical momentum currents T αk associated with the
bosonic action with imbedding space gamma matrices γk [K40, K51]. The Dirac operator is not
hermitian in the sense that the conjugation for the Dirac equation for Ψ does not give Dirac equation
for Ψ unless the modified gamma matrices have vanishing covariant divergence as vector at spacetime surface. This says that classical field equations are satisfied. This consistency condition holds
true also for spinor modes possibly localized at string world sheets to which one can perhaps assign
area action plus topological action defined by Kähler magnetic flux. The interpretation is in terms
of super-conformal invariance.
The challenge is to formulate this picture more precisely and here I have not achieved a
satisfactory formulation. The question has been whether interior spinor field Ψ are present at all,
whether only Ψ is present and somehow becomes singular at string world sheets, or whether both
stringy spinors Ψs and interior spinors Ψ are present. Both Ψ and Ψs could be present and Ψs
could serve as source for interior spinors with the same H-chirality.
The strong form of holography (SH) suggests that interior spinor modes Ψn are obtained as
continuations of the stringy spinor modes Ψs,n and one has Ψ = Ψs at string world sheets. Dirac
action would thus have a term localized at strong world sheets and bosonic action would contain
similar term by the requirement of super-conformal symmetry. Can one realize this intuition?
1. Suppose that Dirac action has interior and stringy parts. For the twistor lift of TGD [L30]
the interior part with gamma matrices given by the modified gamma matrices associated
with the sum of Kähler action and volume action proportional to cosmological constant Λ.
The variation with respect to the interior spinor field Ψ gives modified Dirac equation in
the interior with source term from the string world sheet. The H-chiralites of Ψ and P sis
would be same. Quark like and leptonic H-chiralities have different couplings to Kähler gauge
potential and mathematical consistency strongly encourages this.
What is important is that the string world sheet part, which is bilinear in interior and string
world sheet spinor fields Ψ and Ψs and otherwise has the same form as Dirac action. The
natural assumption is that the stringy Dirac action corresponds to the modified gamma
matrices assignable to area action.
2. String world sheet must be minimal surface: otherwise hermiticity is lost. This can be
achieved either by adding to the Kähler action string world sheet area term. Whatever the
correct option is, quantum criticality should determine the value of string tension. The first
string model inspired guess is that the string tension is proportional to gravitational constant
1/G = 1/lP2 defining the radius fo M 4 twistor sphere or to 1/R2 , R CP2 radius. This would
however allow only strings not much longer than lP or R. A more natural estimate is that
string tension is proportional to the cosmological constant Λ and depends on p-adic length
scale as 1/p so that the tension becomes small in long length scales. Since Λ coupling contant
type parameter, this estimate looks rather reasonable.
3. The variation of stringy Dirac action with action density
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L =

√
[Ψs Ds→ Ψ − Ψs Ds← Ψ] g2 + h.c.
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(3.7.1)

with respect to stringy spinor field Ψs gives for Ψ Dirac equation Ds Ψ = 0 if there are no
Lagrange multiplier terms (see below). The variation in interior gives DΨ = S = Ds Ψs ,
where the source term S is located at string world sheets. Ψ satisfies at string world sheet
the analog of 2-D massless Dirac equation associated with the induced metric. This is just
what stringy picture suggests.
The stringy source term for D equals to Ds Ψs localized at string world sheets: the construction of solutions would require the construction of propagator for D, and this does not
look an attractive idea. For Ds Ψs = 0 the source term vanishes. Holomorphy for Ψs indeed
implies Ds Ψ = 0.
4. Ψs = Ψ would realize SH as a continuation of Ψs from string world sheet to Ψ in the interior.
Could one introduce Lagrange multiplier term
L1 = Λ(Ψ − Ψs ) + h.c.
to realize Ψs = Ψ? Lagrange multiplier spinor field Λ would serve a source in the Dirac
equation for Ψ = Ψs and Ψ should be constructed at string world sheet in terms of stringy
fermionic propagator with Λ as source. The solution for Ψs would require the construction
of 2-D stringy propagator for Ψs but in principle this is not a problem since the modes can
be solved by holomorphy in hypercomplex stringy coordinate. The problem of this option is
that the H-chiralities of Λ and Ψ would be opposite and the coupling of opposite H-chiralities
is not in spirit with H-chirality conservation.
A possible cure is to replace the Lagrange multiplier term with

L1

k

= Λ γk (Ψ − Ψs ) + h.c. .

(3.7.2)

The variation with respect to the spin 3/2 field Λk would give 8 conditions - just the number
of spinor components for given H-chirality - forcing Ψ = Ψs ! D = 8 would be in crucial role!
In other imbedding space dimensions the number of conditions would be too high or too low.
One would however obtain

Ds Ψ

= Ds Ψs = Λk γk .

(3.7.3)

One could of course solve Ψ at string world sheet from Λk γk by constructing the 2-D propagator associated with Ds . Conformal symmetry for the modes however implies Ds Ψ = 0
so that one has actually Λk = 0 and Λk remains mere formal tool to realize the constraint
Ψ = Ψs in mathematically rigorous manner for imbedding space dimension D = 8. This is a
new very powerful argument in favor of TGD.
5. At the string world sheets Ψ would be annihilated both by D and Ds . The simplest possibility
is that the actions of D and Ds are proportional to each other at string world sheets. This
poses conditions on string world sheets, which might force the CP2 projection of string world
sheet to belong to a geodesic sphere or circle of CP2 . The idea that string world sheets and
also 3-D surfaces with special role in TGD could correspond to singular manifolds at which
trigonometric functions representing CP2 coordinates tend to go outside their allowed value
range supports this picture. This will be discussed below.
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(a) For the geodesic sphere of type II induced Kähler form vanishes so that the action of
4-D Dirac massless operator would be determined by the volume term (cosmological
constant). Could the action of D reduce to that of Ds at string world sheets? Does this
require a reduction of the metric to an orthogonal direct sum from string world sheet
tangent space and normal space and that also normal part of D annihilates the spinors
at the string world sheet? The modes of Ψ at string world sheets are locally constant
with respect to normal coordinates.
(b) For the geodesic sphere of type I induced Kähler form is non-vanishing and brings
an additional term to D coming from CP2 degrees of freedom. This might lead to
trouble since the gamma matrix structures of D and Ds would be different. One could
however add to string world sheet bosonic action a topological term as Kähler magnetic
flux. Although its contribution to the field equations is trivial, the contribution to the
modified gamma matrices is non-vanishing and equal to the contraction J αk γk of half
projection of the Kähler form with CP2 gamma matrices. The presence of this term
could allow the reduction of DΨs = 0 and Ds Ψs = 0 to each other also in this case.

3.7.2

A more detailed view about string world sheets

In TGD framework gauge fields are induced and what typically occurs for the space-time surfaces
is that they tend to “go out” from CP2 . Could various lower-D surfaces of space-time surface
correspond to sub-manifolds of space-time surface?
1. To get a concrete idea about the situation it is best to look what happens in the case of
sphere S 2 = CP1 . In the case of sphere S 2 the Kähler form vanishes at South and North
poles. Here the dimension is reduced by 2 since all values of φ correspond to the same point.
sin(Θ) equals to 1 at equator - geodesic circle - and here Kähler form is non-vanishing. Here
dimension is reduced by 1 unit. This picture conforms with the expectations in the case of
CP2 These two situations correspond to 1-D and 2-D geodesic sub-manifolds.
2. CP2 coordinates can be represented as cosines or sines of angles and the modules of cosine
or sine tends to become larger than 1 (see http://tinyurl.com/z3coqau). In EguchiHanson coordinates (r, Θ, Φ, Ψ) the coordinates r and Θ give rise to this kind of trigonometric
coordinates. For the two cyclic angle coordinates (Φ, Ψ) one does not encounter this problem.
3. In the case of CP2 only geodesic sub-manifolds with dimensions D = 0, 1, 2 are possible.
1-D geodesic submanifolds carry vanishing induce spinor curvature. The impossibility of 3-D
geodesic sub-manifolds would suggest that 3-D surfaces are not important. CP2 has two
2
geodesic spheres: SI2 is homologically non-trivial and SII
homologically trivial (see http:
//tinyurl.com/z3coqau).
(a) Let us consider SI2 first. CP2 has 3 poles, which obviously relates to SU(3), and in
Eguchi Hanson coordinates (r, θ, Φ, Ψ) the surface r = ∞ is one of them and corresponds
- not to a 3-sphere - but homologically non-trivial geodesic 2- sphere, which is complex
sub-manifold and orbits of SU (2) × U (1) subgroup. Various values of the coordinate
Ψ correspond to same point as those of Φ at the poles of S 2 . The Kähler form J
and classical Z 0 and γ fields are non-vanishing whereas W gauge fields vanish leaving
only induced γ and Z 0 field as one learns by studying the detailed expressions for the
curvature of spinor curvature and vierbein of CP2 .
String world sheet could have thus projection to SI2 but both γ and Z 0 would be vanishing except perhaps at the boundaries of string world sheet, where Z 0 would naturally
vanish in the picture provided by standard model. One can criticize the presence of
Z 0 field since it would give a parity breaking term to the modified Dirac operator. SH
would suggest that the reduction to electromagnetism at string boundaries might make
sense as counterpart for standard model picture. Note that the original vision was that
besides induced Kähler form and em field also Z 0 field could vanish at string world
sheets.
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2
(b) The homologically trivial geodesic sphere SII
is the orbit of SO(3) subgroup and not a
complex manifold. By looking the standard example about SI2 , one finds that the both
J, Z0 , and γ vanish and only the W components of spinor connection are non-vanishing.
2
In this case the notion of em charge would not be well-defined for SII
without additional
conditions. Partonic 2-surfaces, their light-like orbits, and boundaries of string world
sheets could do so since string world sheets have 1-D intersection with with the orbits.
This picture would make sense for the minimal surfaces replacing vacuum extremals in
the case of twistor lift of TGD.
Since em fields are not present, the presence of classical W fields need not cause problems. The absence of classical em fields however suggests that the modes of induced
spinor fields at boundaries of string worlds sheets must be em neutral and represent
therefore neutrinos. The safest but probably too strong option would be right-handed
neutrino having no coupling spinor connection but coupling to the CP2 gamma matrices transforming it to left handed neutrino. Recall that νR represents a candidate for
super-symmetry.
Neither charged leptons nor quarks would be allowed at string boundaries and classical
W gauge potentials should vanish at the boundaries if also left-handed neutrinos are
allowed: this can be achieved in suitable gauge. Quarks and charged leptons could
reside only at string world sheets assignable to monopole flux tubes. This could relate
to color confinement and also to the widely different mass scales of neutrinos and other
fermions as will be found.

To sum up, the new result is that the distinction between neutrinos and other fermions could
be understood in terms of the condition that em charge is well-defined. What looked originally a
problem of TGD turns out to be a powerful predictive tool.

3.7.3

Classical Higgs field again

A motivation for returning back to Higgs field comes from the twistor lift of Kähler action.
1. The twistor lift of TGD [L29] [L30] brings in cosmological constant as the coefficient of volume
term resulting in dimensional reduction of 6-D Kähler action for twistor space of space-time
surface realized as surface in the product of twistor space of M 4 and CP2 . The radius of the
sphere of M 4 twistor bundle corresponds to Planck length. Volume term is extremely small
but removes the huge vacuum degeneracy of Kähler action. Vacuum extremals are replaced
by 4-D minimal surfaces and modified Dirac equation is just the analog of massless Dirac
equation in complete analogy with string models.
2. The well-definedness and conservation of fermionic em charges and SH demand the localization of fermions to string world sheets. The earlier picture assumed only em fields at string
world sheets. More precise picture allows also W fields.
3. The first guess is that string world sheets are minimal surfaces and this is supported by
the previous considerations demanding also string area term and Kähler magnetic flux tube.
Here gravitational constant assignable to M 4 twistor space would be the first guess for the
string tension.
What one can say about the possible existence of classical Higgs field?
1. TGD predicts both Higgs type particles and gauge bosons as bound states of fermions and
antifermions and they differ only in that their polarization are in M 4 resp. CP2 tangent
space. p-adic thermodynamics [K19] gives excellent predictions for elementary particle masses
in TGD framework. Higgs vacuum expectation is not needed to predict fermion or boson
masses. Standard model gives only a parametrization of these masses by assuming that Higgs
couplings to fermions are proportional to their masses, it does not predict them.
The experimental fact is however that the couplings of Higgs are proportional to fermion
masses and TGD should be able to predict this and there is a general argument for the
proportonality, which however should be deduced from basic TGD. Can one achieve this?
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2. Can one imagine any candidate for the classical Higgs field? There is no covariantly constant
vector field in CP2 , whose space-time projection could define a candidate for classical Higgs
field. This led years ago before the model for how bosons emerge from fermions to the wrong
conclusion that TGD does not predict Higgs.
The first guess for the possibly existing classical counterpart of Higgs field would be as CP2
part for the divergence of the space-time vector defined modified gamma matrices expressible
in terms of canonical momentum currents having natural interpretation as a generalization
of force for point like objects to that for extended objects. Higgs field in this sense would
however vanish by above consistency conditions and would not couple to spinors at all.
Classical Higgs field should have only CP2 part being CP2 vector. What would be also
troublesome that this proposale for classical Higgs field would involve second derivatives of
imbedding space coordinates. Hence it seems that there is no hope about geometrization of
classical Higgs fields.
3. The contribution of the induced Kähler form gives to the modified gamma matrices a term
expressible solely in terms of CP2 gamma matrices. This term appears in modified Dirac
equation and mixes M 4 chiralities - a signal for the massivation. This term is analogous to
Higgs term expect that it contains covariant derivative.
The question that I have not posed hitherto is whether this term could at QFT limit of TGD
give rise to vacuum expectation of Higgs. The crucial observation is that the presence of
derivative, which in quantum theory corresponds roughly to mass proportionality of chirality
mixing coupling at QFT limit. This could explain why the coupling of Higgs field to fermions
is proportional to the mass of the fermion at QFT limit!
2
4. For SII
type string world sheets assignable to neutrinos the contribution to the chirality
mixing coupling should be of order of neutrino mass. The coefficient 1/L4 of the volume term
defining cosmological constant [L30] separates out as over all factor in massless Dirac equation
and the parameter characterizing the mass scale causing the mixing is of order m = ω1 ω2 R.
Here ω1 characterizes the scale of gradient for CP2 coordinates. The simplest minimal surface
is that for which CP2 projection is geodesic line with Φ = ω1 t. ω2 characterizes the scale of
the gradient of spinor mode.

Assuming ω1 = ω2 ≡ ω the scale m is of order neutrino mass mν ' .1 eV from the condition
√
m ∼ ω 2 R ∼ mν . This gives the estimate ω ∼ mCP2 mν ∼ 102 mp from mCP2 ∼ 10−4 mP ,
which is weak mass scale and therefore perfectly sensible. The reduction ∆c/c of the light
velocity from maximal signal velocity due the replacement gtt = 1 − R2 ω 2 is ∆c/c ∼ 10−34
and thus completely negligible. This estimate does not make sense for charged fermions,
which correspond to SI2 type string world sheets.
A possible problem is that if the value of the cosmological constant Λ evolves as 1/p as
function of the length mass scale the mass scale of neutrinos should increase in short scales.
This looks strange unless the mass scale remains below the cosmic temperature so that
neutrinos would be always effectively massless.
5. For SI2 type string world sheets assignable to charged fermions Kähler action dominates
and the mass scales are expected to be higher than for neutrinos. For SI2 type strings the
modified gamma matrices contain also Kähler term and a rough estimate is that the ratio
of two contributions is the ratio of the energy density of Kähler action to vacuum energy
density. As Kähler energy density exceeds the value corresponding to vacuum energy density
1/L4 , L ∼ 40 µm, Kähler action density begins to dominate over dark energy density.
To sum up, this picture suggest that the large difference between the mass scales of neutrinos
and em charged fermions is due to the fact that neutrinos are associated with string world sheet
of type II and em charged fermions with string world sheets of type I. Both strings world sheets
would be accompanied by flux tubes but for charged particles the flux tubes would carry Kähler
magnetic flux. Cosmological constant forced by twistor lift would make neutrinos massive and
allow to understand neutrino mass scale.

Chapter 4

Elementary Particle Vacuum
Functionals
4.1

Introduction

One of the basic ideas of TGD approach has been genus-generation correspondence: boundary
components of the 3-surface should be carriers of elementary particle numbers and the observed
fermion families should correspond to various boundary topologies. The details of the assumed
correspondence have evolved during years.
1. The first proposal indeed indeed that both fermions and bosons correspond to boundary
components so that the genus of the boundary component would classify the particles topologically. At this time I still believed that stringy diagrams would have a direct generalization
in TGD framework implying that g would define additive quantum number effectively. Later
it became clear that it is Feynman diagrams which must be generalized and the partons at
primary vertices must have same genus. Stringy diagrams are still there but have totally
different interpretation.
2. Boundary component was later replaced with the light-like surface at which the signature
of the induced metric changes and it was natural to identify bosons as wormhole contacts
carrying fermion and anti-fermion quantum numbers at opposite light-like worm-hole throats.
Hence bosons would be labeled by pairs (g1 , g2 ) of genera. For gravitons one had to assume
pairs of wormhole contacts in order to obtain spin 2. Already at this stage it became clear
that SU(3) should act as a dynamical symmetry with fermions in triplet representation and
bosons in octet and singlet representations. The light bosons would correspond to singlets
which would guarantee universality of the couplings to fermion families.
3. For long time fermions were identified as single throats but twistorial program and the
properties of Chern-Simons Dirac operator suggesting strongly that the fundamental entities
must be massless, forced to replace physical fermion with a wormhole contact characterized
by (g, g) and transforming like triplet with respect to SU(3) as far as vertices are considered.
The hypothesis that SU(3) acts as dynamical symmetry for the reaction vertices has very
powerful implications and allows only BFF type vertices required also by bosonic emergence
and SUSY symmetry.
4. A further step in the evolution of ideas was the realization that electric-magnetic duality forces
to identify all elementary particles as “weak” string like objects consisting of Kähler magnetic
flux tubes with opposite magnetic charges at ends. This meant that all elementary particles not only gravitons- are described by “weak” strings. Note that this stringy character should
not be confused with that for wormhole contacts for which throats effectively play the role of
string ends. One can say that fundamental objects are massless states at wormhole throats
and that all elementary particles as well as string like objects emerge from them.
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One might hope that this picture is not too far from the final one as far elementary particles
are considered. If one accepts this picture the remaining question is why the number of genera
is just three. Could this relate to the fact that g ≤ 2 Riemann surfaces are always hyper-elliptic
(have global Z2 conformal symmetry) unlike g > 2 surfaces? Why the complete bosonic delocalization of the light families should be restricted inside the hyper-elliptic sector? Does the
Z2 conformal symmetry make these states light and make possible de-localization and dynamical
SU (3) symmetry? Could it be that for g > 2 elementary particle vacuum functionals vanish for
hyper-elliptic surfaces? If this the case and if the time evolution for partonic 2-surfaces changing
g commutes with Z2 symmetry then the vacuum functionals localized to g ≤ 2 surfaces do not
disperse to g > 2 sectors.
In order to provide answers to either series of questions one must know something about
the dependence of the elementary particle state functionals on the geometric properties of the
boundary component and in the sequel an attempt to construct what might be called elementary
particle vacuum functionals, is made. Irrespective of what identification of interaction vertices is
adopted, the arguments involved with the construction involve only the string model type vertices
so that the previous discussion seems to apply more or less as such.
The basic assumptions underlying the construction are the following ones:
1. Elementary particle vacuum functionals depend on the geometric properties of the two-surface
X 2 representing elementary particle.
2. Vacuum functionals possess extended Diff invariance: all 2-surfaces on the orbit of the 2surface X 2 correspond to the same value of the vacuum functional. This condition is satisfied
if vacuum functionals have as their argument, not X 2 as such, but some 2- surface Y 2
belonging to the unique orbit of X 2 (determined by the principle selecting preferred extremal
of the Kähler action as a generalized Bohr orbit [K15] ) and determined in Dif f 3 invariant
manner.
3. Zero energy ontology allows to select uniquely the partonic two surface as the intersection of
the wormhole throat at which the signature of the induced 4-metric changes with either the
upper or lower boundary of CD × CP2 . This is essential since otherwise one one could not
specify the vacuum functional uniquely.
4. Vacuum functionals possess conformal invariance and therefore for a given genus depend on
a finite number of variables specifying the conformal equivalence class of Y 2 .
5. Vacuum functionals satisfy the cluster decomposition property: when the surface Y 2 degenerates to a union of two disjoint surfaces (particle decay in string model inspired picture),
vacuum functional decomposes into a product of the vacuum functionals associated with
disjoint surfaces.
6. Elementary particle vacuum functionals are stable against the two-particle decay g → g1 + g2
and one particle decay g → g − 1.
In the following the construction will be described in more detail.
1. Some basic concepts related to the description of the space of the conformal equivalence
classes of Riemann surfaces are introduced and the concept of hyper-ellipticity is introduced.
Since theta functions will play a central role in the construction of the vacuum functionals,
also their basic properties are discussed.
2. After these preliminaries the construction of elementary particle vacuum functionals is carried
out.
3. Possible explanations for the experimental absence of the higher fermion families are considered.
The appendix of the book gives a summary about basic concepts of TGD with illustrations.
Pdf representation of same files serving as a kind of glossary can be found at http://tgdtheory.
fi/tgdglossary.pdf [L22].
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Identification Of Elementary Particles

The developments in the formulation of quantum TGD which have taken place during the period
2005-2007 [K60, K59] suggest dramatic simplifications of the general picture discussed in the earlier
version of this chapter. p-Adic mass calculations [K19, K25, K22] leave a lot of freedom concerning
the detailed identification of elementary particles.

4.2.1

The Evolution Of The Topological Ideas About Elementary Particles

One of the basic ideas of TGD approach has been genus-generation correspondence: boundary
components of the 3-surface should be carriers of elementary particle numbers and the observed
fermion families should correspond to various boundary topologies.
With the advent of zero energy ontology this picture changed somewhat. It is the wormhole
throats identified as light-like 3-surfaces at with the induced metric of the space-time surface
changes its signature from Minkowskian to Euclidian, which correspond to the light-like orbits of
partonic 2-surfaces. One cannot of course exclude the possibility that also boundary components
could allow to satisfy boundary conditions without assuming vacuum extremal property of nearby
space-time surface. The intersections of the wormhole throats with the light-like boundaries of
causal diamonds (CDs) identified as intersections of future and past directed light cones (CD×CP2
is actually in question but I will speak about CDs) define special partonic 2-surfaces and it is the
moduli of these partonic 2-surfaces which appear in the elementary particle vacuum functionals
naturally.
The first modification of the original simple picture comes from the identification of physical particles as bound states of pairs of wormhole contacts (see Fig. http://tgdtheory.fi/
appfigures/wormholecontact.jpg or Fig. ?? in the appendix of this book) and from the assumption that for generalized Feynman diagrams stringy trouser vertices are replaced with vertices
at which the ends of light-like wormhole throats meet. In this picture the interpretation of the
analog of trouser vertex is in terms of propagation of same particle along two different paths. This
interpretation is mathematically natural since vertices correspond to 2-manifolds rather than singular 2-manifolds which are just splitting to two disjoint components. Second complication comes
from the weak form of electric-magnetic duality forcing to identify physical particles as weak strings
with magnetic monopoles at their ends and one should understand also the possible complications
caused by this generalization.
These modifications force to consider several options concerning the identification of light
fermions and bosons and one can end up with a unique identification only by making some assumptions. Masslessness of all wormhole throats- also those appearing in internal lines- and dynamical
SU (3) symmetry for particle generations are attractive general enough assumptions of this kind.
This means that bosons and their super-partners correspond to wormhole contacts with fermion and
anti-fermion at the throats of the contact. Free fermions and their superpartners could correspond
to CP2 type vacuum extremals with single wormhole throat. It turns however that dynamical
SU (3) symmetry forces to identify massive (and possibly topologically condensed) fermions as
(g, g) type wormhole contacts.
Do free fermions correspond to single wormhole throat or (g, g) wormhole?
The original interpretation of genus-generation correspondence was that free fermions correspond
to wormhole throats characterized by genus. The idea of SU (3) as a dynamical symmetry suggested
that gauge bosons correspond to octet and singlet representations of SU (3). The further idea that
all lines of generalized Feynman diagrams are massless poses a strong additional constraint and it
is not clear whether this proposal as such survives.
1. Twistorial program assumes that fundamental objects are massless wormhole throats carrying
collinearly moving many-fermion states and also bosonic excitations generated by supersymplectic algebra. In the following consideration only purely bosonic and single fermion
throats are considered since they are the basic building blocks of physical particles. The
reason is that propagators for high excitations behave like p−n , n the number of fermions
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associated with the wormhole throat. Therefore single throat allows only spins 0, 1/2, 1 as
elementary particles in the usual sense of the word.
2. The identification of massive fermions (as opposed to free massless fermions) as wormhole
contacts follows if one requires that fundamental building blocks are massless since at least
two massless throats are required to have a massive state. Therefore the conformal excitations
with CP2 mass scale should be assignable to wormhole contacts also in the case of fermions.
As already noticed this is not the end of the story: weak strings are required by the weak
form of electric-magnetic duality.
3. If free fermions corresponding to single wormhole throat, topological condensation is an
essential element of the formation of stringy states. The topological condensation of fermions
by topological sum (fermionic CP2 type vacuum extremal touches another space-time sheet)
suggest (g, 0) wormhole contact. Note however that the identification of wormhole throat is as
3-surface at which the signature of the induced metric changes so that this conclusion might be
wrong. One can indeed consider also the possibility of (g, g) pairs as an outcome of topological
condensation. This is suggested also by the idea that wormhole throats are analogous to string
like objects and only this option turns out to be consistent with the BF F vertex based on the
requirement of dynamical SU (3) symmetry to be discussed later. The structure of reaction
vertices makes it possible to interpret (g, g) pairs as SU (3) triplet. If bosons are obtained as
fusion of fermionic and anti-fermionic throats (touching of corresponding CP2 type vacuum
extremals) they correspond naturally to (g1 , g2 ) pairs.
4. p-Adic mass calculations distinguish between fermions and bosons and the identification of
fermions and bosons should be consistent with this difference. The maximal p-adic temperature T = 1 for fermions could relate to the weakness of the interaction of the fermionic wormhole throat with the wormhole throat resulting in topological condensation. This wormhole
throat would however carry momentum and 3-momentum would in general be non-parallel
to that of the fermion, most naturally in the opposite direction.
p-Adic mass calculations suggest strongly that for bosons p-adic temperature T = 1/n,
n > 1, so that thermodynamical contribution to the mass squared is negligible. The low padic temperature could be due to the strong interaction between fermionic and anti-fermionic
wormhole throat leading to the “freezing” of the conformal degrees of freedom related to the
relative motion of wormhole throats.
5. The weak form of electric-magnetic duality forces second wormhole throat with opposite
magnetic charge and the light-like momenta could sum up to massive momentum. In this
case string tension corresponds to electroweak length scale. Therefore p-adic thermodynamics must be assigned to wormhole contacts and these appear as basic units connected by
Kähler magnetic flux tube pairs at the two space-time sheets involved. Weak stringy degrees
of freedom are however expected to give additional contribution to the mass, perhaps by
modifying the ground state conformal weight.
Dynamical SU (3) fixes the identification of fermions and bosons and fundamental
interaction vertices
For 3 light fermion families SU (3) suggests itself as a dynamical symmetry with fermions in fundamental N = 3-dimensional representation and N × N = 9 bosons in the adjoint representation and
singlet representation. The known gauge bosons have same couplings to fermionic families so that
they must correspond to the singlet representation. The first challenge is to understand whether
it is possible to have dynamical SU (3) at the level of fundamental reaction vertices.
This is a highly non-trivial constraint. For instance, the vertices in which n wormhole throats
with same (g1 , g2 ) glued along the ends of lines are not consistent with this symmetry. The splitting
of the fermionic worm-hole contacts before the proper vertices for throats might however allow the
realization of dynamical SU (3). The condition of SU (3) symmetry combined with the requirement
that virtual lines resulting also in the splitting of wormhole contacts are always massless, leads
to the conclusion that massive fermions correspond to (g, g) type wormhole contacts transforming
naturally like SU (3) triplet. This picture conformal with the identification of free fermions as

4.2. Identification Of Elementary Particles

159

throats but not with the naı̈ve expectation that their topological condensation gives rise to (g, 0)
wormhole contact.
The argument leading to these conclusions runs as follows.
1. The question is what basic reaction vertices are allowed by dynamical SU (3) symmetry. F F B
vertices are in principle all that is needed and they should obey the dynamical symmetry. The
meeting of entire wormhole contacts along their ends is certainly not possible. The splitting
of fermionic wormhole contacts before the vertices might be however consistent with SU (3)
symmetry. This would give two a pair of 3-vertices at which three wormhole lines meet along
partonic 2-surfaces (rather than along 3-D wormhole contacts).
2. Note first that crossing gives all possible reaction vertices of this kind from F (g1 )F (g2 ) →
B(g1 , g2 ) annihilation vertex, which is relatively easy to visualize. In this reaction F (g1 ) and
F (g2 ) wormhole contacts split first. If one requires that all wormhole throats involved are
massless, the two wormhole throats resulting in splitting and carrying no fermion number
must carry light-like momentum so that they cannot just disappear. The ends of the wormhole throats of the boson must glued together with the end of the fermionic wormhole throat
and its companion generated in the splitting of the wormhole. This means that fermionic
wormhole first splits and the resulting throats meet at the partonic 2-surface.
This requires that topologically condensed fermions correspond to (g, g) pairs rather than
(g, 0) pairs. The reaction mechanism allows the interpretation of (g, g) pairs as a triplet of
dynamical SU (3). The fundamental vertices would be just the splitting of wormhole contact and 3-vertices for throats since SU (3) symmetry would exclude more complex reaction
vertices such as n-boson vertices corresponding the gluing of n wormhole contact lines along
their 3-dimensional ends. The couplings of singlet representation for bosons would have same
coupling to all fermion families so that the basic experimental constraint would be satisfied.
3. Both fermions and bosons cannot correspond to octet and singlet of SU (3). In this case
reaction vertices should correspond algebraically to the multiplication of matrix elements
eij : eij ekl = δjk eil allowing for instance F (g1 , g2 ) + F (g2 , g3 ) → B(g1 , g3 ). Neither the fusion
of entire wormhole contacts along their ends nor the splitting of wormhole throats before
the fusion of partonic 2-surfaces allows this kind of vertices so that BF F vertex is the only
possible one. Also the construction of QFT limit starting from bosonic emergence led to the
formulation of perturbation theory in terms of Dirac action allowing only BF F vertex as
fundamental vertex [K66].
4. Weak electric-magnetic duality brings in an additional complication. SU (3) symmetry poses
also now strong constraints and it would seem that the reactions must involve copies of basic
BF F vertices for the pairs of ends of weak strings. The string ends with the same Kähler
magnetic charge should meet at the vertex and give rise to BF F vertices. For instance, F F B
annihilation vertex would in this manner give rise to the analog of stringy diagram in which
strings join along ends since two string ends disappear in the process.
5. This picture means that all elementary particles - not only gravitons- are described by “weak”
strings involving four wormhole throats. Fundamental objects would be partonic 2-surfaces,
which in principle can carry arbitrary high fermion numbers N but only N = 1, 2 correspond
to particles with fermionic and bosonic propagators and the remaining ones correspond to
propagators behaving like p−n , n > 2, and having interpretation in terms of broken SUSY
with a large value of N identified as the number of fermionic modes. This compositeness of
elementary particles should become manifest below weak length scale. Note that this stringy
character should not be confused with that for the wormhole contacts for which conformal
invariance implies that throats effectively play the role of string ends. One can say that
fundamental objects are massless wormhole throats and that all elementary particles as well
as string like objects emerge from them.

4.2.2

Graviton And Other Stringy States

Fermion and anti-fermion can give rise to only single unit of spin since it is impossible to assign
angular momentum with the relative motion of wormhole throats. Hence the identification of
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graviton as single wormhole contact is not possible. The only conclusion is that graviton must be
a superposition of fermion-anti-fermion pairs and boson-anti-boson pairs with coefficients determined by the coupling of the parton to graviton. Graviton-graviton pairs might emerge in higher
orders. Fermion and anti-fermion would reside at the same space-time sheet and would have a
non-vanishing relative angular momentum. Also bosons could have non-vanishing relative angular
momentum and Higgs bosons must indeed possess it.
Gravitons are stable if the throats of wormhole contacts carry non-vanishing gauge fluxes
so that the throats of wormhole contacts are connected by flux tubes carrying the gauge flux. The
mechanism producing gravitons would the splitting of partonic 2-surfaces via the basic vertex. A
connection with string picture emerges with the counterpart of string identified as the flux tube
connecting the wormhole throats. Gravitational constant would relate directly to the value of the
string tension.
The development of the understanding of gravitational coupling has had many twists and it
is perhaps to summarize the basic misunderstandings.
√
1. CP2 length scale R, which is roughly 103.5 times larger than Planck length lP = ~G,
defines √
a fundamental length scale in TGD. The challenge is to predict the value of Planck
length ~G. The outcome was an identification of a formula for R2 /~G predicting that
the magnitude of Kähler coupling strength αK is near to fine structure constant in electron
length scale (for ordinary value of Planck constant should be added here).
2. The emergence of the parton level formulation of TGD finally demonstrated that G actually
appears in the fundamental parton level formulation of TGD as a fundamental constant
characterizing the M 4 part of CP2 Kähler gauge potential [K40, K80]. This part is pure
gauge in the sense of standard gauge theory but necessary to guarantee that the theory does
not reduce to topological QFT. Quantum criticality requires that G remains invariant under
p-adic coupling constant evolution and is therefore predictable in principle at least.
3. The TGD view about coupling constant evolution [L55] predicts the proportionality G ∝ L2p ,
where Lp is p-adic length scale. Together with input from p-adic mass calculations one ends
up to two conclusions. The correct conclusion was that Kähler coupling strength is equal
to the fine structure constant in the p-adic length scale associated with Mersenne prime
p = M127 = 2127 − 1 assignable to electron [L55]. I have considered also the possibility that
αK would be equal to electro-weak U (1) coupling in this scale.
4. The additional - wrong- conclusion was that gravitons must always correspond to the p-adic
prime M127 since G would otherwise vary as function of p-adic length scale. As a matter
2
which remains invariant under pfact, the question was for years whether it is G or gK
adic coupling constant evolution. I found both options unsatisfactory until I realized that
2
and G! The point is that the exponent of the Kähler
RG invariance is possible for both gK
action associated with the piece of CP2 type vacuum extremal assignable with the elementary
particle is exponentially sensitive to the volume of this piece and logarithmic dependence on
the volume fraction is enough to compensate the L2p ∝ p proportionality of G and thus
guarantee the constancy of G.
The explanation for the small value of the gravitational coupling strength serves as a test for
the proposed picture. The exchange of ordinary gauge boson involves the exchange of single CP2
type extremal giving the exponent of Kähler action compensated by state normalization. In the
case of graviton exchange two wormhole contacts are exchanged and this gives second power for
the exponent of Kähler action which is not compensated. It would be this additional exponent that
would give rise to the huge reduction of gravitational coupling strength from the naı̈ve estimate
G ∼ L2p .

4.2.3

Spectrum Of Non-Stringy States

The 1-throat character of fermions is consistent with the generation-genus correspondence. The
2-throat character of bosons predicts that bosons are characterized by the genera (g1 , g2 ) of the
wormhole throats. Note that the interpretation of fundamental fermions as wormhole contacts
with second throat identified as a Fock vacuum is excluded.
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The general bosonic wave-function would be expressible as a matrix Mg1 ,g2 and ordinary
gauge bosons would correspond to a diagonal matrix Mg1 ,g2 = δg1 ,g2 as required by the absence of
neutral flavor changing currents (say gluons transforming quark genera to each other). 8 new gauge
bosons are predicted if one allows all 3 × 3 matrices with complex entries orthonormalized with
respect to trace meaning additional dynamical SU (3) symmetry. Ordinary gauge bosons would be
SU (3) singlets in this sense. The existing bounds on flavor changing neutral currents give bounds
on the masses of the boson octet. The 2-throat character of bosons should relate to the low value
T = 1/n  1 for the p-adic temperature of gauge bosons as contrasted to T = 1 for fermions.
If one forgets the complications due to the stringy states (including graviton), the spectrum
of elementary fermions and bosons is amazingly simple and almost reduces to the spectrum of
standard model. In the fermionic sector one would have fermions of standard model. By simple
counting leptonic wormhole throat could carry 23 = 8 states corresponding to 2 polarization states,
2 charge states, and sign of lepton number giving 8+8=16 states altogether. Taking into account
phase conjugates gives 16+16=32 states.
In the non-stringy boson sector one would have bound states of fermions and phase conjugate
fermions. Since only two polarization states are allowed for massless states, one obtains (2 + 1) ×
(3 + 1) = 12 states plus phase conjugates giving 12+12=24 states. The addition of color singlet
states for quarks gives 48 gauge bosons with vanishing fermion number and color quantum numbers.
Besides 12 electro-weak bosons and their 12 phase conjugates there are 12 exotic bosons and their
12 phase conjugates. For the exotic bosons the couplings to quarks and leptons are determined by
the orthogonality of the coupling matrices of ordinary and boson states. For exotic counterparts
of W bosons and Higgs the sign of the coupling to quarks is opposite. For photon and Z 0 also the
relative magnitudes of the couplings to quarks must change. Altogether this makes 48+16+16=80
states. Gluons would result as color octet states. Family replication would extend each elementary
boson state into SU (3) octet and singlet and elementary fermion states into SU (3) triplets.

4.3

Basic Facts About Riemann Surfaces

In the following some basic aspects about Riemann surfaces will be summarized. The basic topological concepts, in particular the concept of the mapping class group, are introduced, and the
Teichmueller parameters are defined as conformal invariants of the Riemann surface, which in fact
specify the conformal equivalence class of the Riemann surface completely.

4.3.1

Mapping Class Group

The first homology group H1 (X 2 ) of a Riemann surface of genus g contains 2g generators [A18,
A30, A23]: this is easy to understand geometrically since each handle contributes two homology
generators. The so called canonical homology basis can be defined (see Fig. 4.1 ).
One can define the so called intersection J(a, b) for two elements a and b of the homology
group as the number of intersection points for the curves a and b counting the orientation. Since
J(a, b) depends on the homology classes of a and b only, it defines an antisymmetric quadratic
form in H1 (X 2 ). In the canonical homology basis the non-vanishing elements of the intersection
matrix are:

J(ai , bj )

= −J(bj , ai ) = δi,j .

(4.3.1)

J clearly defines symplectic structure in the homology group.
The dual to the canonical homology basis consists of the harmonic one-forms αi , βi , i = 1, .., g
on X 2 . These 1-forms satisfy the defining conditions
R
Rai αj = δi,j
β =0
ai j

R
Rbi αj = 0 ,
β = δi,j .
bi j

(4.3.2)

The following identity helps to understand the basic properties of the Teichmueller parameters
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Figure 4.1: Definition of the canonical homology basis
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(4.3.3)

ai

The existence of topologically nontrivial diffeomorphisms, when X 2 has genus g > 0, plays
an important role in the sequel. Denoting by Dif f the group of the diffeomorphisms of X 2 and
by Dif f0 the normal subgroup of the diffeomorphisms homotopic to identity, one can define the
mapping class group M as the coset group
M

= Dif f /Dif f0 .

(4.3.4)

The generators of M are so called Dehn twists along closed curves a of X 2 . Dehn twist is defined
by excising a small tubular neighborhood of a, twisting one boundary of the resulting tube by 2π
and gluing the tube back into the surface: see Fig. 4.2.
It can be shown that a minimal set of generators is defined by the following curves
−1 −11
a1 , b1 , a1−1 a−1
, ..., ag , bg .
2 , a2 , b2 , a2 a3

(4.3.5)

The action of these transformations in the homology group can be regarded as a symplectic
linear transformation preserving the symplectic form defined by the intersection matrix. Therefore
the matrix representing the action of Dif f on H1 (X 2 ) is 2g × 2g matrix M with integer entries
leaving J invariant: M JM T = J. Mapping class group is often referred also and denoted by
Sp(2g, Z). The matrix representing the action of M in the canonical homology basis decomposes
into four g × g blocks A, B, C and D

M=

A
C

B
D


,

(4.3.6)
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Figure 4.2: Definition of the Dehn twist
where A and D operate in the subspaces spanned by the homology generators ai and bi respectively
and C and D map these spaces to each other. The notation D = [A, B; C, D] will be used in the
sequel: in this notation the representation of the symplectic form J is J = [0, 1; −1, 0].

4.3.2

Teichmueller Parameters

The induced metric on the two-surface X 2 defines a unique complex structure. Locally the metric
can always be written in the form
ds2

=

e2φ dzdz̄ .

(4.3.7)

where z is local complex coordinate. When one covers X 2 by coordinate patches, where the line
element has the above described form, the transition functions between coordinate patches are
holomorphic and therefore define a complex structure.
The conformal transformations ξ of X 2 are defined as the transformations leaving invariant
the angles between the vectors of X 2 tangent space invariant: the angle between the vectors X
and Y at point x is same as the angle between the images of the vectors under Jacobian map at
the image point ξ(x). These transformations need not be globally defined and in each coordinate
patch they correspond to holomorphic (anti-holomorphic) mappings as is clear from the diagonal
form of the metric in the local complex coordinates. A distinction should be made between local
conformal transformations and globally defined conformal transformations, which will be referred
to as conformal symmetries: for instance, for hyper-elliptic surfaces the group of the conformal
symmetries contains two-element group Z2 .
Using the complex structure one can decompose one-forms to linear combinations of oneforms of type (1, 0) (f (z, z̄)dz) and (0, 1) (f (z, z̄)dz̄). (1, 0) form ω is holomorphic if the function
f is holomorphic: ω = f (z)dz on each coordinate patch.
There are g independent holomorphic one forms ωi known also as Abelian differentials
Alvarez, Farkas, Mumford and one can fix their normalization by the condition
Z
ωj

=

δij .

(4.3.8)

ai

This condition completely specifies ωi .
Teichmueller parameters Ωij are defined as the values of the forms ωi for the homology
generators bj
Z
Ωij

=

ωi .
bj

The basic properties of Teichmueller parameters are the following:

(4.3.9)
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1. The g × g matrix Ω is symmetric: this is seen by applying the formula (4.3.3 ) for θ = ωi
and η = ωj .
2. The imaginary part of Ω is positive: Im(Ω) > 0. This is seen by the application of the same
formula for θ = η. The space of the matrices satisfying these conditions is known as Siegel
upper half plane.
3. The space of Teichmueller parameters can be regarded as a coset space Sp(2g, R)/U (g) [A23]:
the action of Sp(2g, R) is of the same form as the action of Sp(2g, Z) and U (g) ⊂ Sp(2g, R)
is the isotropy group of a given point of Teichmueller space.
4. Teichmueller parameters are conformal invariants as is clear from the holomorphy of the
defining one-forms.
5. Teichmueller parameters specify completely the conformal structure of Riemann surface [A30]
Although Teichmueller parameters fix the conformal structure of the 2-surface completely,
they are not in one-to-one correspondence with the conformal equivalence classes of the twosurfaces:
i) The dimension for the space of the conformal equivalence classes is D = 3g − 3, when g > 1
and smaller than the dimension of Teichmueller space given by d = (g × g + g)/2 for g > 3: all
Teichmueller matrices do not correspond to a Riemann surface. In TGD approach this does not
produce any problems as will be found later.
ii) The action of the topologically nontrivial diffeomorphisms on Teichmueller parameters is nontrivial and can be deduced from the action of theRdiffeomorphisms on the homology (Sp(2g, Z)
transformation) and from the defining condition ai ωj = δi,j : diffeomorphisms correspond to
elements [A, B; C, D] of Sp(2g, Z) and act as generalized Möbius transformations
Ω → (AΩ + B)(CΩ + D)−1 .

(4.3.10)

All Teichmueller parameters related by Sp(2g, Z) transformations correspond to the same Riemann
surface.
iii) The definition of the Teichmueller parameters is not unique since the definition of the canonical
homology basis involves an arbitrary numbering of the homology basis. The permutation S of the
handles is represented by same g × g orthogonal matrix both in the basis {ai } and {bi } and induces
a similarity transformation in the space of the Teichmueller parameters
Ω → SΩS −1 .

(4.3.11)

Clearly, the Teichmueller matrices related by a similarity transformations correspond to the same
conformal equivalence class. It is easy to show that handle permutations in fact correspond to
Sp(2g, Z) transformations.

4.3.3

Hyper-Ellipticity

The motivation for considering hyper-elliptic surfaces comes from the fact, that g > 2 elementary
particle vacuum functionals turn out to be vanishing for hyper-elliptic surfaces and this in turn
will be later used to provide a possible explanation the non-observability of g > 2 particles.
Hyper-elliptic surface X can be defined abstractly as two-fold branched cover of the sphere
having the group Z2 as the group of conformal symmetries (see [A41, A30, A23]. Thus there exists
a map π : X → S 2 so that the inverse image π −1 (z) for a given point z of S 2 contains two points
except at a finite number (say p) of points zi (branch points) for which the inverse image contains
only one point. Z2 acts as conformal symmetries permuting the two points in π −1 (z) and branch
points are fixed points of the involution.
The concept can be generalized [A41]: g-hyper-elliptic surface can be defined as a 2-fold
covering of genus g surface with a finite number of branch points. One can consider also p-fold
coverings instead of 2-fold coverings: a common feature of these Riemann surfaces is the existence
of a discrete group of conformal symmetries.
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A concrete representation for the hyper-elliptic surfaces [A23] is obtained by studying the
surface of C 2 determined by the algebraic equation
w2 − Pn (z)

=

0 ,

(4.3.12)

where w and z are complex variables and Pn (z) is a complex polynomial. One can solve w from
the above equation
w±

= ±

p

Pn (z) ,

(4.3.13)

where the square root is determined so that it has a cut along the positive real axis. What happens
that w has in general two roots (two-fold covering property), which coincide at the roots zi of Pn (z)
and if n is odd, also at z = ∞: these points correspond to branch points of the hyper-elliptic surface
and their number r is always even: r = 2k. w is discontinuous at the cuts associated with the
square root in general joining two roots of Pn (z) or if n is odd, also some root of Pn and the point
z = ∞. The representation of the hyper-elliptic surface is obtained by identifying the two branches
of w along the cuts. From the construction it is clear that the surface obtained in this manner
has genus k − 1. Also it is clear that Z2 permutes the different roots w± with each other and that
r = 2k branch points correspond to fixed points of the involution.
The following facts about the hyper-elliptic surfaces [A30, A23] turn out to be important in
the sequel:
i) All g < 3 surfaces are hyper-elliptic.
ii) g ≥ 3 hyper-elliptic surfaces are not in general hyper-elliptic and form a set of codimension 2
in the space of the conformal equivalence classes [A23].

4.3.4

Theta Functions

An extensive and detailed account of the theta functions and their applications can be found in
the book of Mumford [A23] . Theta functions appear also in the loop calculations of string [J2]
[A18]. In the following the so called Riemann theta function and theta functions with half integer
characteristics will be defined as sections (not strictly speaking functions) of the so called Jacobian
variety.
For a given Teichmueller matrix Ω, Jacobian variety is defined as the 2g-dimensional torus
obtained by identifying the points z of C g ( vectors with g complex components) under the equivalence
z ∼ z + Ωm + n ,

(4.3.14)

where m and n are points of Z g (vectors with g integer valued components) and Ω acts in Z g by
matrix multiplication.
The definition of Riemann theta function reads as
Θ(z|Ω)

=

X

exp(iπn · Ω · n + i2πn · z) .

(4.3.15)

n

Here · denotes standard inner product in C g . Theta functions with half integer characteristics are
defined in the following manner. Let a and b denote vectors of C g with half integer components
(component either vanishes or equals to 1/2). Theta function with characteristics [a, b] is defined
through the following formula
Θ[a, b](z|Ω)

=

X

exp [iπ(n + a) · Ω · (n + a) + i2π(n + a) · (z + b)] .

n

(4.3.16)
A brief calculation shows that the following identity is satisfied
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Θ[a, b](z|Ω)

=

exp(iπa · Ω · a + i2πa · b) × Θ(z + Ωa + b|Ω)
(4.3.17)

Theta functions are not strictly speaking functions in the Jacobian variety but rather sections in
an appropriate bundle as can be seen from the identities

exp(i2πa · m)Θ[a, b](zΩ) ,

Θ[a, b](z + m|Ω)

=

Θ[a, b](z + Ωm|Ω)

=

exp(α)Θ[a, b](z|Ω) ,

exp(α)

=

exp(−i2πb · m)exp(−iπm · Ω · m − 2πm · z) .
(4.3.18)

The number of theta functions is 22g and same as the number of nonequivalent spinor
structures defined on two-surfaces. This is not an accident [A18]: theta functions with given
characteristics turn out to be in a close relation to the functional determinants associated with
the Dirac operators defined on the two-surface. It is useful to divide the theta functions to even
and odd theta functions according to whether the inner product 4a · b is even or odd integer. The
numbers of even and odd theta functions are 2g−1 (2g + 1) and 2g−1 (2g − 1) respectively.
The values of the theta functions at the origin of the Jacobian variety understood as functions
of Teichmueller parameters turn out to be of special interest in the following and the following
notation will be used:

Θ[a, b](Ω) ≡ Θ[a, b](0|Ω) ,

(4.3.19)

Θ[a, b](Ω) will be referred to as theta functions in the sequel. From the defining properties of odd
theta functions it can be found that they are odd functions of z and therefore vanish at the origin
of the Jacobian variety so that only even theta functions will be of interest in the sequel.
An important result is that also some even theta functions vanish for g > 2 hyper-elliptic
surfaces: in fact one can characterize g > 2 hyper-elliptic surfaces by the vanishing properties of
the theta functions [A30, A23]. The vanishing property derives from conformal symmetry (Z2 in
the case of hyper-elliptic surfaces) and the vanishing phenomenon is rather general [A41]: theta
functions tend to vanish for Riemann surfaces possessing discrete conformal symmetries. It is
not clear (to the author) whether the presence of a conformal symmetry is in fact equivalent
with the vanishing of some theta functions. As already noticed, spinor structures and the theta
functions with half integer characteristics are in one-to-one correspondence and the vanishing of
theta function with given half integer characteristics is equivalent with the vanishing of the Dirac
determinant associated with the corresponding spinor structure or equivalently: with the existence
of a zero mode for the Dirac operator Alvarez. For odd characteristics zero mode exists always: for
even characteristics zero modes exist, when the surface is hyper-elliptic or possesses more general
conformal symmetries.

4.4

Elementary Particle Vacuum Functionals

The basic assumption is that elementary particle families correspond to various elementary particle vacuum functionals associated with the 2-dimensional boundary components of the 3-surface.
These functionals need not be localized to a single boundary topology. Neither need their dependence on the boundary component be local. An important role in the following considerations
is played by the fact that the preferred extremal property associates a unique 3-surface to each
boundary component, the “Bohr orbit” of the boundary and this surface provides a considerable
(and necessarily needed) flexibility in the definition of the elementary particle vacuum functionals.
There are several natural constraints to be satisfied by elementary particle vacuum functionals.
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Extended Diff Invariance And Lorentz Invariance

Extended Diff invariance is completely analogous to the extension of 3-dimensional Diff invariance
to four-dimensional Diff invariance in the interior of the 3-surface. Vacuum functional must be
invariant not only under diffeomorphisms of the boundary component but also under the diffeomorphisms of the 3- dimensional “orbit” Y 3 of the boundary component. In other words: the value
of the vacuum functional must be same for any time slice on the orbit the boundary component.
This is guaranteed if vacuum functional is functional of some two-surface Y 2 belonging to the orbit
and defined in Dif f 3 invariant manner.
An additional natural requirement is Poincare invariance. In the original formulation of the
theory only Lorentz transformations of the light cone were exact symmetries of theptheory. In this
framework the definition of Y 2 as the intersection of the orbit with the hyperboloid mkl mk ml = a
is Dif f 3 and Lorentz invariant.
1. Interaction vertices as generalization of stringy vertices
For stringy diagrams Poincare invariance of conformal equivalence class and general coordinate invariance are far from being a trivial issues. Vertices are now not completely unique
since there is an infinite number of singular 3-manifolds which can be identified as vertices even if
one assumes space-likeness. One should be able to select a unique singular 3-manifold to fix the
conformal equivalence class.
One might hope that Lorentz invariant invariant and general coordinate invariant definition
of Y 2 results by introducing light cone proper time a as a height function specifying uniquely
the point at which 3-surface is singular (stringy diagrams help to visualize what is involved), and
by restricting the singular 3-surface to be the intersection of a = constant hyperboloid of M 4
containing the singular point with the space-time surface. There would be non-uniqueness of the
conformal equivalence class due to the choice of the origin of the light cone but the decomposition
of the configuration space of 3-surfaces to a union of WCW s characterized by unions of future and
past light cones could resolve this difficulty.
2. Interaction vertices as generalization of ordinary ones
If the interaction vertices are identified as intersections for the ends of space-time sheets
representing particles, the conformal equivalence class is naturally identified as the one associated
with the intersection of the boundary component or light like causal determinant with the vertex.
Poincare invariance of the conformal equivalence class and generalized general coordinate invariance
follow trivially in this case.

4.4.2

Conformal Invariance

Conformal invariance implies that vacuum functionals depend on the conformal equivalence class of
the surface Y 2 only. What makes this idea so attractive is that for a given genus g WCW becomes
effectively finite-dimensional. A second nice feature is that instead of trying to find coordinates for
the space of the conformal equivalence classes one can construct vacuum functionals as functions
of the Teichmueller parameters.
That one can construct this kind of functions as suitable functions of the Teichmueller parameters is not trivial. The essential point is that the boundary components can be regarded as
4
sub-manifolds of M+
× CP2 : as a consequence vacuum functional can be regarded as a composite
function:
2-surface → Teichmueller matrix Ω determined by the induced metric → Ωvac (Ω)
Therefore the fact that there are Teichmueller parameters, which do not correspond to any Riemann
surface, doesn’t produce any trouble. It should be noticed that the situation differs from that in the
Polyakov formulation of string models, where one doesn’t assume that the metric of the two-surface
is induced metric (although classical equations of motion imply this).
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4.4.3

Diff Invariance

Since several values of the Teichmueller parameters correspond to the same conformal equivalence
class, one must pose additional conditions on the functions of the Teichmueller parameters in order
to obtain single valued functions of the conformal equivalence class.
The first requirement of this kind is the invariance under topologically nontrivial Diff transformations inducing Sp(2g, Z) transformation (A, B; C, D) in the homology basis. The action of
these transformations on Teichmueller parameters is deduced by requiring that holomorphic oneforms satisfy the defining conditions in the transformed homology basis. It turns out that the
action of the topologically nontrivial diffeomorphism on Teichmueller parameters can be regarded
as a generalized Möbius transformation:
Ω → (AΩ + B)(CΩ + D)−1 .

(4.4.1)

Vacuum functional must be invariant under these transformations. It should be noticed that the
situation differs from that encountered in the string models. In TGD the integration measure over
WCW is Diff invariant: in string models the integration measure is the integration measure of the
Teichmueller space and this is not invariant under Sp(2g, Z) but transforms like a density: as a
consequence the counterpart of the vacuum functional must be also modular covariant since it is
the product of vacuum functional and integration measure, which must be modular invariant.
It is possible to show that the quantities
(Θ[a, b]/Θ[c, d])4 .

(4.4.2)

and their complex conjugates are Sp(2g, Z) invariants [A23] and therefore can be regarded as basic
building blocks of the vacuum functionals.
Teichmueller parameters are not uniquely determined since one can always perform a permutation of the g handles of the Riemann surface inducing a redefinition of the canonical homology
basis (permutation of g generators). These transformations act as similarities of the Teichmueller
matrix:
Ω → SΩS −1 ,

(4.4.3)

where S is the g × g matrix representing the permutation of the homology generators understood
as orthonormal vectors in the g- dimensional vector space. Therefore the Teichmueller parameters
related by these similarity transformations correspond to the same conformal equivalence class of
the Riemann surfaces and vacuum functionals must be invariant under these similarities.
It is easy to find out that these similarities permute the components of the theta characteristics: [a, b] → [S(a), S(b)]. Therefore the invariance requirement states that the handles of the
Riemann surface behave like bosons: the vacuum functional constructed from the theta functions
is invariant under the permutations of the theta characteristics. In fact, this requirement brings
in nothing new. Handle permutations can be regarded as Sp(2g, Z) transformations so that the
modular invariance alone guarantees invariance under handle permutations.

4.4.4

Cluster Decomposition Property

Consider next the behavior of the vacuum functional in the limit, when boundary component with
genus g splits to two separate boundary components of genera g1 and g2 respectively. The splitting
into two separate boundary components corresponds to the reduction of the Teichmueller matrix
Ωg to a direct sum of g1 × g1 and g2 × g2 matrices (g1 + g2 = g):
Ωg = Ωg1 ⊕ Ωg2 ,

(4.4.4)

when a suitable definition of the Teichmueller parameters is adopted. The splitting can also take
place without a reduction to a direct sum: the Teichmueller parameters obtained via Sp(2g, Z)
transformation from Ωg = Ωg1 ⊕ Ωg2 do not possess direct sum property in general.
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The physical interpretation is obvious: the non-diagonal elements of the Teichmueller matrix
describe the geometric interaction between handles and at this limit the interaction between the
handles belonging to the separate surfaces vanishes. On the physical grounds it is natural to require
that vacuum functionals satisfy cluster decomposition property at this limit: that is they reduce
to the product of appropriate vacuum functionals associated with the composite surfaces.
Theta functions satisfy cluster decomposition property [A18, A23]. Theta characteristics
reduce to the direct sums of the theta characteristics associated with g1 and g2 (a = a1 ⊕ a2 ,
b = b1 ⊕ b2 ) and the dependence on the Teichmueller parameters is essentially exponential so that
the cluster decomposition property indeed results:
Θ[a, b](Ωg )

=

Θ[a1 , b1 ](Ωg1 )Θ[a2 , b2 ](Ωg2 ) .

(4.4.5)

Cluster decomposition property holds also true for the products of theta functions. This property
is also satisfied by suitable homogenous polynomials of thetas. In particular, the following quantity
playing central role in the construction of the vacuum functional obeys this property
Q0

=

X

Θ[a, b]4 Θ̄[a, b]4 ,

(4.4.6)

[a,b]

where the summation is over all even theta characteristics (recall that odd theta functions vanish
at the origin of C g ).
Together with the Sp(2g, Z) invariance the requirement of cluster decomposition property
implies that the vacuum functional must be representable in the form
Ωvac

=

PM,N (Θ4 , Θ̄4 )/QM N (Θ4 , Θ̄4 )

(4.4.7)

where the homogenous polynomials PM,N and QM,N have same degrees (M and N as polynomials
of Θ[a, b]4 and Θ̄[a, b]4 .

4.4.5

Finiteness Requirement

Vacuum functional should be finite. Finiteness requirement is satisfied provided the numerator
QM,N of the vacuum functional is real and positive definite. The simplest quantity of this type
is the quantity Q0 defined previously and its various powers. Sp(2g, Z) invariance and finiteness
requirement are satisfied provided vacuum functionals are of the following general form

Ωvac

=

PN,N (Θ4 , Θ̄4 )
,
QN
0

(4.4.8)

where PN,N is homogenous polynomial of degree N with respect to Θ[a, b]4 and Θ̄[a, b]4 . In
addition PN,N is invariant under the permutations of the theta characteristics and satisfies cluster
decomposition property.

4.4.6

Stability Against The Decay G → G1 + G2

Elementary particle vacuum functionals must be stable against the genus conserving decays g →
g1 + g2 . This decay corresponds to the limit at which Teichmueller matrix reduces to a direct sum
of the matrices associated with g1 and g2 (note however the presence of Sp(2g, Z) degeneracy). In
accordance with the topological description of the particle reactions one expects that this decay
doesn’t occur if the vacuum functional in question vanishes at this limit.
In general the theta functions are non-vanishing at this limit and vanish provided the theta
characteristics reduce to a direct sum of the odd theta characteristics. For g < 2 surfaces this
condition is trivial and gives no constraints on the form of the vacuum functional. For g = 2 surfaces
the theta function Θ(a, b), with a = b = (1/2, 1/2) satisfies the stability criterion identically (odd
theta functions vanish identically), when Teichmueller parameters separate into a direct sum. One
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can however perform Sp(2g, Z) transformations giving new points of Teichmueller space describing
the decay. Since these transformations transform theta characteristics in a nontrivial manner to
each other and since all even theta characteristics belong to same Sp(2g, Z) orbit [A18, A23], the
conclusion is that stability condition is satisfied provided g = 2 vacuum functional is proportional
to the product of fourth powers of all even theta functions multiplied by its complex conjugate.
If g > 2 there always exists some theta functions, which vanish at this limit and the minimal
vacuum functional satisfying this stability condition is of the same form as in g = 2 case, that
is proportional to the product of the fourth powers of all even Theta functions multiplied by its
complex conjugate:
Ωvac

=

Y

Θ[a, b]4 Θ̄[a, b]4 /QN
0 ,

(4.4.9)

[a,b]

where N is the number of even theta functions. The results obtained imply that genus-generation
correspondence is one to one for g > 1 for the minimal vacuum functionals. Of course, the multiplication of the minimal vacuum functionals with functionals satisfying all criteria except stability
criterion gives new elementary particle vacuum functionals: a possible physical identification of
these vacuum functionals is most naturally as some kind of excited states.
One of the questions posed in the beginning was related to the experimental absence of
g > 0, possibly massless, elementary bosons. The proposed stability criterion suggests a nice
explanation. The point is that elementary particles are stable against decays g → g1 + g2 but not
with respect to the decay g → g + sphere. As a consequence the direct emission of g > 0 gauge
bosons is impossible unlike the emission of g = 0 bosons: for instance the decay muon → electron
+(g = 1) photon is forbidden.

4.4.7

Stability Against The Decay G → G − 1

This stability criterion states that the vacuum functional is stable against single particle decay
g → g − 1 and, if satisfied, implies that vacuum functional vanishes, when the genus of the surface
is smaller than g. In stringy framework this criterion is equivalent to a separate conservation
of various lepton numbers: for instance, the spontaneous transformation of muon to electron is
forbidden. Notice that this condition doesn’t imply that that the vacuum functional is localized to
a single genus: rather the vacuum functional of genus g vanishes for all surfaces with genus smaller
than g. This hierarchical structure should have a close relationship to Cabibbo-Kobayashi-Maskawa
mixing of the quarks.
The stability criterion implies that the vacuum functional must vanish at the limit, when
one of the handles of the Riemann surface suffers a pinch. To deduce the behavior of the theta
functions at this limit, one must find the behavior of Teichmueller parameters, when i: th handle
suffers a pinch. Pinch implies that a suitable representative of the homology generator ai or bi
contracts to a point.
Consider first the case, when ai contracts to a point. The normalization of the holomorphic
one-form ωi must be preserved so that that ωi must behaves as 1/z, where z is the complex
coordinate vanishing at pinch. Since the homology generator bi goes through
the pinch it seems
R
obvious that the imaginary part of the Teichmueller parameter Ωii = bi ωi diverges at this limit
(this conclusion is made also in [A23] ): Im(Ωii ) → ∞.
Of course, this criterion doesn’t cover all possible manners the pinch can occur: pinch might
take place also, when the components of the Teichmueller matrix remain finite. In the case of
torus topology one finds that Sp(2g, Z) element (A, B; C, D) takes Im(Ω) = ∞ to the point C/D
of real axis. This suggests that pinch occurs always at the boundary of the Teichmueller space:
the imaginary part of Ωij either vanishes or some matrix element of Im(Ω) diverges.
Consider next the situation, when bi contracts to a point. From the definition of the Teichmueller parameters it is clear that the matrix elements Ωkl , with k, l 6= i suffer no change. The
matrix element Ωki obviously vanishes at this limit. The conclusion is that i:th row of Teichmueller
matrix vanishes at this limit. This result is obtained also by deriving the Sp(2g, Z) transformation
permuting ai and bi with each other: in case of torus this transformation reads Ω → −1/Ω.
Consider now the behavior of the theta functions, when pinch occurs. Consider first the
limit, when Im(Ωii ) diverges. Using the general definition of Θ[a, b] it is easy to find out that
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all theta functions for which the i: the component ai of the theta characteristic is non-vanishing
(that is ai = 1/2) are proportional to the exponent exp(−πΩii /4) and therefore vanish at the
limit. The theta functions with ai = 0 reduce to g − 1 dimensional theta functions with theta
characteristic obtained by dropping i: th components of ai and bi and replacing Teichmueller
matrix with Teichmueller matrix obtained by dropping i: th row and column. The conclusion is
that all theta functions of type Θ(a, b) with a = (1/2, 1/2, ...., 1/2) satisfy the stability criterion in
this case.
What happens for the Sp(2g, Z) transformed points on the real axis? The transformation
formula for theta function is given by [A18, A23]
Θ[a, b]((AΩ + B)(CΩ + D)−1 )

= exp(iφ)det(CΩ + D)1/2 Θ[c, d](Ω) ,
(4.4.10)

where


c
d




=

A
C

B
D

 

a
b




−

(CDT )d /2
(AB T )d /2


.
(4.4.11)

Here φ is a phase factor irrelevant for the recent purposes and the index d refers to the diagonal
part of the matrix in question.
The first thing to notice is the appearance of the diverging square root factor, which however
disappears from the vacuum functionals (P and Q have same degree with respect to thetas). The
essential point is that theta characteristics transform to each other: as already noticed all even
theta characteristics belong to the same Sp(2g, Z) orbit. Therefore the theta functions vanishing
at Im(Ωii ) = ∞ do not vanish at the transformed points. It is however clear that for a given
Teichmueller parameterization of pinch some theta functions vanish always.
Similar considerations in the case Ωik = 0, i fixed, show that all theta functions with
b = (1/2, ...., 1/2) vanish identically at the pinch. Also it is clear that for Sp(2g, Z) transformed
points one can always find some vanishing theta functions. The overall conclusion is that the
elementary particle vacuum functionals obtained by using g → g1 + g2 stability criterion satisfy
also g → g − 1 stability criterion since they are proportional to the product of all even theta
functions. Therefore the only nontrivial consequence of g → g − 1 criterion is that also g = 1
vacuum functionals are of the same general form as g > 1 vacuum functionals.
A second manner to deduce the same result is by restricting the consideration to the hyperelliptic surfaces and using the representation of the theta functions in terms of the roots of the
polynomial appearing in the definition of the hyper-elliptic surface [A23]. When the genus of the
surface is smaller than three (the interesting case), this representation is all what is needed since
all surfaces of genus g < 3 are hyper-elliptic.
Since hyper-elliptic surfaces can be regarded as surfaces obtained by gluing two compactified
complex planes along the cuts connecting various roots of the defining polynomial it is obvious
that the process g → g − 1 corresponds to the limit, when two roots of the defining polynomial
coincide. This limit corresponds either to disappearance of a cut or the fusion of two cuts to a
single cut. Theta functions are expressible as the products of differences of various roots (Thomae’s
formula [A23] )
Θ[a, b]4 ∝

Y
i<j∈T

(zi − zj )

Y

(zk − zl ) ,

(4.4.12)

k<l∈CT

where T denotes some subset of {1, 2, ..., 2g} containing g + 1 elements and CT its complement.
Hence the product of all even theta functions vanishes, when two roots coincide. Furthermore,
stability criterion is satisfied only by the product of the theta functions.
Lowest dimensional vacuum functionals are worth of more detailed consideration.
i) g = 0 particle family corresponds to a constant vacuum functional: by continuity this vacuum
functional is constant for all topologies.

172

Chapter 4. Elementary Particle Vacuum Functionals

ii) For g = 1 the degree of P and Q as polynomials of the theta functions is 24: the critical number
of transversal degrees of freedom in bosonic string model! Probably this result is not an accident.
ii) For g = 2 the corresponding degree is 80 since there are 10 even genus 2 theta functions.
There are large numbers of vacuum functionals satisfying the relevant criteria, which do
not satisfy the proposed stability criteria. These vacuum functionals correspond either to many
particle states or to unstable single particle states.

4.4.8

Continuation Of The Vacuum Functionals To Higher Genus Topologies

From continuity it follows that vacuum functionals cannot be localized to single boundary topology.
Besides continuity and the requirements listed above, a natural requirement is that the continuation
of the vacuum functional from the sector g to the sector g + k reduces to the product of the original
vacuum functional associated with genus g and g = 0 vacuum functional at the limit when the
surface with genus g + k decays to surfaces with genus g and k: this requirement should guarantee
the conservation of separate lepton numbers although different boundary topologies suffer mixing
in the vacuum functional. These requirements are satisfied provided the continuation is constructed
using the following rule:
Perform the replacement
X
Θ[a ⊕ c, b ⊕ d]4
(4.4.13)
Θ[a, b]4 →
c,d

for each fourth power of the theta function. Here c and d are Theta characteristics associated with
a surface with genus k. The same replacement is performed for the complex conjugates of the
theta function. It is straightforward to check that the continuations of elementary particle vacuum
functionals indeed satisfy the cluster decomposition property and are continuous.
To summarize, the construction has provided hoped for answers to some questions stated
in the beginning: stability requirements explain the separate conservation of lepton numbers and
the experimental absence of g > 0 elementary bosons. What has not not been explained is the
experimental absence of g > 2 fermion families. The vanishing of the g > 2 elementary particle
vacuum functionals for the hyper-elliptic surfaces however suggest a possible explanation: under
some conditions on the surface X 2 the surfaces Y 2 are hyper-elliptic or possess some conformal
symmetry so that elementary particle vacuum functionals vanish for them. This conjecture indeed
might make sense since the surfaces Y 2 are determined by the asymptotic dynamics and one might
hope that the surfaces Y 2 are analogous to the final states of a dissipative system.

4.5

Explanations For The Absence Of The g > 2 Elementary
Particles From Spectrum

The decay properties of the intermediate gauge bosons [C146] are consistent with the assumption
that the number of the light neutrinos is N = 3. Also cosmological considerations pose upper
bounds on the number of the light neutrino families and N = 3 seems to be favored [C146]. It
must be however emphasized that p-adic considerations [K22] encourage the consideration the
existence of higher genera with neutrino masses such that they are not produced in the laboratory
at present energies. In any case, for TGD approach the finite number of light fermion families is a
potential difficulty since genus-generation correspondence suggests that the number of the fermion
(and possibly also boson) families is infinite. Therefore one had better to find a good argument
showing that the number of the observed neutrino families, or more generally, of the observed
elementary particle families, is small also in the world described by TGD.
It will be later found that also TGD inspired cosmology requires that the number of the
effectively massless fermion families must be small after Planck time. This suggests that boundary
topologies with handle number g > 2 are unstable and/or very massive so that they, if present in
the spectrum, disappear from it after Planck time, which correspond to the value of the light cone
proper time a ' 10−11 seconds.
In accordance with the spirit of TGD approach it is natural to wonder whether some geometric property differentiating between g > 2 and g < 3 boundary topologies might explain
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why only g < 3 boundary components are observable. One can indeed find a good candidate for
this kind of property: namely hyper-ellipticity, which states that Riemann surface is a two-fold
branched covering of sphere possessing two-element group Z2 as conformal automorphisms. All
g < 3 Riemann surfaces are hyper-elliptic unlike g > 2 Riemann surfaces, which in general do not
posses this property. Thus it is natural to consider the possibility that hyper-ellipticity or more
general conformal symmetries might explain why only g < 2 topologies correspond to the observed
elementary particles.
As regards to the present problem the crucial observation is that some even theta functions
vanish for the hyper-elliptic surfaces with genus g > 2 [A23]. What is essential is that these surfaces
have the group Z2 as conformal symmetries. Indeed, the vanishing phenomenon is more general.
Theta functions tend to vanish for g > 2 two-surfaces possessing discrete group of conformal
symmetries [A41]: for instance, instead of sphere one can consider branched coverings of higher
genus surfaces.
From the general expression of the elementary particle vacuum functional it is clear that
elementary particle vacuum functionals vanish, when Y 2 is hyper-elliptic surface with genus g > 2
and one might hope that this is enough to explain why the number of elementary particle families
is three.

4.5.1

Hyper-Ellipticity Implies The Separation Of h ≤ 2 Andg > 2 Sectors To Separate Worlds

If the vertices are defined as intersections of space-time sheets of elementary particles and if elementary particle vacuum functionals are required to have Z2 symmetry, the localization of elementary
particle vacuum functionals to g ≤ 2 topologies occurs automatically. Even if one allows as limiting
case vertices for which 2-manifolds are pinched to topologies intermediate between g > 2 and g ≤ 2
topologies, Z2 symmetry present for both topological interpretations implies the vanishing of this
kind of vertices. This applies also in the case of stringy vertices so that also particle propagation
would respect the effective number of particle families. g > 2 and g ≤ 2 topologies would behave
much like their own worlds in this approach. This is enough to explain the experimental findings
if one can understand why the g > 2 particle families are absent as incoming and outgoing states
or are very heavy.

4.5.2

What About G > 2 Vacuum Functionals Which Do Not Vanish
For Hyper-Elliptic Surfaces?

The vanishing of all g ≥ 2 vacuum functionals for hyper-elliptic surfaces cannot hold true generally.
There must exist vacuum functionals which do satisfy this condition. This suggest that elementary
particle vacuum functionals for g > 2 states have interpretation as bound states of g handles and
that the more general states which do not vanish for hyper-elliptic surfaces correspond to manyparticle states composed of bound states g ≤ 2 handles and cannot thus appear as incoming and
outgoing states. Thus g > 2 elementary particles would decouple from g ≤ 2 states.

4.5.3

Should Higher Elementary Particle Families Be Heavy?

TGD predicts an entire hierarchy of scaled up variants of standard model physics for which particles
do not appear in the vertices containing the known elementary particles and thus behave like dark
matter [K97]. Also g > 2 elementary particles would behave like dark matter and in principle there
is no absolute need for them to be heavy.
The safest option would be that g > 2 elementary particles are heavy and the breaking of
Z2 symmetry for g ≥ 2 states could guarantee this. p-Adic considerations lead to a general mass
formula for elementary particles such that the mass of the particle is proportional to √1p [K48].
Also the dependence of the mass on particle genus is completely fixed by this formula. What
remains however open is what determines the p-adic prime associated with a particle with given
quantum numbers. Of course, it could quite well occur that p is much smaller for g > 2 genera
than for g ≤ 2 genera.
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4.5.4

Could Higher Genera Have Interpretation As Many-Particle States?

The topological explanation of family replication phenomenon of fermions in terms of the genus g
defined as the number of handles added to sphere to obtain the quantum number carrying partonic
2-surface distinguishes TGD from GUTs and string models. The orbit of the partonic 2-surface
defines 3-D light-like orbit identified as wormhole throat at which the induced metric changes
its signature. The original model of elementary particle involved only single boundary component
replaced later by a wormhole throat. The generalization to the recent situation in which elementary
particles correspond to wormhole flux tubes of length of order weak length scales with pairs of
wormhole throats at its ends is straight-forward.
The basic objection against the proposal is that it predicts infinite number of particle families
unless the g ≤ 3 topologies are preferred for some reason. Conformal and modular symmetries are
basic symmetries of the theory and global conformal symmetries provide an excellent candidate
for the sought for reason why.
1. For g ≤ 3 the 2-surfaces are always hyper-elliptic which means that they have have always
Z2 as global conformal symmetries. For g ≥ 2 these symmetries are absent in the generic
case. Moreover, the ¡modular invariant elementary particle vacuum functionals¡/a¿ vanish
for hyper-elliptic surfaces for g ≥ 2. This leaves several options to consider. The basic idea
is however that ground states are usually highly symmetric and that elementary particles
correspond to ground states.
2. The simplest guess is that g ≥ 2 surfaces correspond to very massive states decaying rapidly
to states with smaller genus. Due to the conformal symmetry g ≤ 3 surfaces would be
analogous to ground states and would have small masses.
3. The possibility to have partonic 2-surfaces of macroscopic and even astrophysical size identifiable as seats of anyonic macroscopic quantum phases [K80] suggests an alternative interpretation consistent with global conformal symmetries. For partonic 2-surfaces of macroscopic
size it seems natural to consider handles as particles glued to a much larger partonic 2-surface
by topological sum operation (topological condensation).
All orientable manifolds can be obtained by topological sum operation from what can be
called prime manifolds. In 2-D orientable case prime manifolds are sphere and torus representing in well-defined sense 0 and 1 so that topological sum corresponds to addition of
positive integers arithmetically. This would suggest that only sphere and torus appear as
single particle states. Particle interpretation however requires that also g = 0 and g = 2
surfaces topologically condensed to a larger anyonic 2-surface have similar interpretation,
at least if they have small enough size. What kind of argument could justify this kind of
interpretation?
4. An argument based on symmetries suggests itself. The reduction of degrees of freedom
is the generic signature of bound state. Bound state property implies also the reduction of
approximate single particle symmetries to an exact overall symmetry. Rotational symmetries
of hydrogen atom represent a good example of this. For free many particle states each particle
transforms according to a representation of rotation group having total angular momentum
defined as sum of its spin and angular momentum. For bound states rotational degrees
of freedom are strongly correlated and only overall rotations of the state define rotational
symmetries.
In this spirit one could interpret sphere as vacuum, torus as single handle state, and torus
with handle as a bound state of 2 handles in conformal degrees of freedom meaning that the
Z2 symmetries of vacuum and handles are frozen in topological condensation (topological
sum) to single overall Z2 . If this interpretation is correct, g ≥ 2 2-surfaces would always
have a decomposition to many-particle states consisting of spheres, tori and tori with single
handle glued to a larger sphere by topological sum. Each of these topologically condensed
composites would possess Z2 as approximate single particle symmetry.
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Elementary Particle Vacuum Functionals For Dark Matter

One of the open questions is how dark matter hierarchy reflects itself in the properties of the
elementary particles. The basic questions are how the quantum phase q = ep(2iπ/n) makes itself
visible in basic theory and how elementary particle vacuum functionals depend on q.

4.6.1

Hurwitz Zetas Cannot Correspond To Dark Matter In TGD Sense

Intuitively dark matter corresponds to n-sheeted singular coverings of space-time surfaces analogous
to corresponding coverings of complex plane. Assume that the consideration can be restricted to
string world sheets or partonic 2-surfaces. The complex coordinate is replaced with w = z 1/n and
the conformal algebra in question has conformal weight spectrum scaled down by 1/n. Conformal
symmetry is broken and only the integer valued conformal weights assignable to z = wn correspond
to gauge symmetries. One can also use w as variable and say that the subalgebra of conformal
algebra for covering with conformal weights coming as multiples of n acts as gauge symmetry.
The conformal transformations acting as gauge symmetries would not permute the sheets of the
covering and space-time sheets would define n conformal equivalence classes.
An important point to notice is that the breaking of conformal symmetry as gauge symmetry
would give a justification for p-adic thermodynamics. This breaking could occur for all conformal
algebras involved.
P
Riemann zeta is associated naturally as spectral zeta function ζK−D =
1/λs with the
m
solutions of Kähler-Dirac operator coming as powers of z as in string models. What happens for
the spectrum and ζK−D in the replacement of space-time surfaces with its n-fold covering?
1. To obtain the spectral zeta function characterizing the Kähler-Dirac
operator, one just makes
P
the replacement m → m/n in the defining formula ζ(s) = s−m of the spectral zeta function.
For the covering Riemann zeta ζ(s) would be replaced with ζ(s)/ns so that zeros would not be
affected. The result is not so surprising since sub-algebra of conformal algebra are isomorphic
to the algebra itself.
2. Note that I have also considered the possibility that the conformal weights of the generators of
super-symplectic algebra - certainly not of Kähler-Dirac operator - come as zeros of Riemann
zeta: this would mean a huge extension of the algebra since the number of generators increase
from a finite number to infinite number. Given complex conformal weight for a generator
h
4
of algebra would correspond to the power rM
of the radial light-like coordinate rM of δM+
,
1/n
h zero of zeta. n-fold covering would correspond to rM → rM as variable. Orthogonality
conditions would allow this spectrum of radial conformal weights. Note that the physical
conformal weights (which could have interpretation as mass squared eigen values) would be
still integers by what I call conformal confinement.
Nothing would happen for the spectrum of super-symplectic conformal weights if identified as
zeros of the spectral zeta of K-D operator (for which there is however no compelling reason!).
P
P
Hurwitz zeta obtained by a shift m → m + a in ζ = m−s to give ζH (s, a) = 1/(m + a)s .
Here a could be restricted to be a rational number in the range (0, 1) or inverse integer 1/n.
For integer values of a some of the lowest integers drop from the integer spectrum. For other
values something more complex takes place. For a = 1/2 Hurwitz zeta is proportional to Riemann
zeta: ζ(s, 1/2) = (2s − 1)ζ(s) and its spectrum of zeros includes those or Riemann zeta plus points
sn = n×i2π/ln(2) at imaginary axis. For other value of a the spectrum of zeros is not concentrated
on vertical line and does not include zeros of Riemann zeta. The failure of Riemann Hypothesis is
an ugly property.
1. Hurwitz zeta can be identified as spectral zeta if the spectrum of K-D operator consists
of functions z n+a . This kind of situation could result from boundary conditions at origin
z = 0 giving shift rather than scaling of the conformal weights required by the covering space
picture. This allows to understand why for integer values of a Hurwitz equals to Riemann
zeta apart from few terms.
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2. The spectrum of conformal weights for Ramond type representations comes as integers but
for N-S type representations the ground state conformal weight is ±1/2. Therefore Hurwitz
zeta with a = 1/2 would be relevant if half odd integer spectrum for conformal weights of
K-D operator is allowed. If the zeros of spectral zeta determine the spectrum of generating
super-symplectic conformal weights would include also the set hn = n × i2π/ln(2) in this
case.

4.6.2

Hurwitz Zeta Inspires An Explanation For Why The Number Of
Fermion Generations Is Three

It is clear that Hurwitz zeta does not relate to dark matter in TGD sense. The exceptional
character of a = 1/2 for Hurwitz zeta however inspires an argument for why the number of fermion
generations is three. Ironically, Hurwitz zeta is not required by the argument itself!
1. Dark matter would correspond to n-fold coverings of space-time sheets and also of partonic
2-surfaces. The inclusions of HFFs allow only quantum phases corresponding to n > 2
suggesting that dark matter corresponds to n > 2 coverings. For this reason there is a
temptation to see n = 2-sheetedness as a space-time correlate for spin 1/2 property rather
than dark matter property. More generally, if n is even, one obtains the same result since Z2
appears as a factor in Zn .
2. Ramond representation (a = 0) rather than N-S representation assignable to a = 1/2 looks a
reasonable candidate for super-conformal representation for fermions. The reason is that twovaluedness is not associated with wave function but with its transformation property under
2π rotation. p-Adic mass calculations indeed assume Ramond representation for fermions.
3. One expects that for n > 2 Zn acts as a conformal symmetry, which is not gauge symmetry.
n = 2 can be an exception to this rule. Z2 symmetry permuting the sheets would act as a
global conformal gauge symmetry for hyper-elliptic partonic 2-surfaces. There would be no
breaking of conformal symmetry since the degeneracy would be absent.
The three lowest fermion genera g ≤ 2 are always hyper-elliptic but for g > 2 this would
be case only for special values of moduli and for these values of moduli elementary particle
vacuum functionals vanish. Thus for g > 2 Z2 could not act as gauge symmetry for physical
particles consisting of fundamental fermions. One would obtain something different - perhaps
genuine dark matter explaining why higher generations have not been observed! Second
interpretation is that the interpretation as single fermion state fails for g > 2: handles would
behave as particles and one would have the analog of many-particle state.
4. One can of course criticize this explanation by saying that “dark matter” has replaced the
old “very heavy” or more modern “in the second sector of the multiverse”, and that one can
apply this argument always when theory predicts something which is not observed such as
space-time symmetry and colored excitations of quarks and leptons. The basic element of
the explanation would be breaking of a conformal symmetry as gauge symmetry and this can
indeed take place.
The conclusion is that ζH cannot relate to the dark matter in TGD sense. ζH (s, 1/2)
cannot appear as spectral zeta function for fundamental fermions and could result only in their
bosonization in which wave function is genuinely two valued.
The earlier proposal that Hurwitz zeta could relate to dark matter is wrong. The motivating
observation was that one could generalize modular invariance to fractional modular invariance for
Riemann surfaces possessing Zn symmetry and perform a similar generalization for theta functions and elementary particle vacuum functionals. The Hurwitz zetas would form Zn multiplets
assignable to dark matter describable in terms of n-fold coverings. I did not have heart to throw
out the mathematical facts related to Hurwitz zetas.

4.6.3

About Hurwitz Zetas

The action of modular group SL(2, Z) on Riemann zeta [A11] is induced by its action on theta
function [A16]. The action of the generator τ → −1/τ on theta function is essential in providing
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the functional equation for Riemann Zeta. Usually the action of the generator τ → τ + 1 on
Zeta is not considered explicitly. The surprise was that the action of the generator τ → τ + 1 on
Riemann Zeta does not give back Riemann zeta but a more general function known as Hurwitz
zeta ζ(s, z) for z = 1/2. One finds that Hurwitz zetas for certain rational values of argument define
in a well defined sense representations of fractional modular group to which quantum group can
be assigned naturally. Could they allow to code the value of the quantum phase q = exp(i2π/n)
to the solution spectrum of the Kähler-Dirac operator D? As already shown the answer to this
question is negative. Despite this Hurwitz zetas deserve a closer examination.
Definition
Hurwitz zeta is obtained by replacing integers m with m + z in the defining sum formula for
Riemann Zeta:

ζ(s, z) =

X
(m + z)−s .

(4.6.1)

m

Riemann zeta results for z = n apart from finite number of terms.
Hurwitz zeta obeys the following functional equation for rational z = m/n of the second argument
[A5]:

ζ(1 − s,

s n
2Γ(s) X
πs 2πkm
k
m
)=
cos(
−
)ζ(s, ) .
n
2πn
2
n
n

(4.6.2)

k=1

The representation of Hurwitz zeta in terms of θ [A5] is given by the equation
∞

Z

[θ(z, it) − 1] ts/2

0

1−s
dt
= π (1−s)/2 Γ(
) [ζ(1 − s, z) + ζ(1 − s, 1 − z)] .
t
2

(4.6.3)

By the periodicity of theta function this gives for z = n Riemann zeta apart from finite number of
terms.
The action of τ → τ + 1 transforms ζ(s, 0) to ζ(s, 1/2)
The action of the transformations τ → τ + 1 on the integral representation of Riemann Zeta [A11]
in terms of θ function [A16]

θ(z; τ ) − 1 = 2

∞
X

n2

[exp(iπτ )]

cos(2πnz)

(4.6.4)

n=1

is given by

π

−s/2

s
Γ( )ζ(s) =
2

Z
0

∞

[θ(0; it) − 1] ts/2

dt
.
t

(4.6.5)

Using the first formula one finds that the shift τ = it → τ + 1 in the argument θ induces the shift
θ(0; τ ) → θ(1/2; τ ). Hence the result is Hurwitz zeta ζ(s, 1/2). For τ → τ + 2 one obtains Riemann
Zeta.
Thus ζ(s, 0) and ζ(s, 1/2) behave like a doublet under modular transformations. Under
the subgroup of modular group obtained by replacing τ → τ + 1 with τ → τ + 2 Riemann Zeta
forms a singlet. The functional equation for Hurwitz zeta relates ζ(1 − s, 1/2) to ζ(s, 1/2) and
ζ(s, 1) = ζ(s, 0) so that also now one obtains a doublet, which is not surprising since the functional
equations directly reflects the modular transformation properties of theta functions. This doublet
might be the proper object to study instead of singlet if one considers full modular invariance.
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Hurwitz zetas form n-plets closed under the action of fractional modular group
The inspection of the functional equation for Hurwitz zeta given above demonstrates that ζ(s, m/n),
m = 0, 1, ..., n, form in a well-defined sense an n-plet under fractional modular transformations obtained by using generators τ → −1/τ and τ → τ + 2/n. The latter corresponds to the unimodular
matrix (a, b; c, d) = (1, 2/n; 0, 1). These matrices obviously form a group. Note that Riemann zeta
is always one member of the multiplet containing n Hurwitz zetas.
These observations bring in mind fractionization of quantum numbers, quantum groups
corresponding to the quantum phase q = exp(i2π/n), and the inclusions for hyper-finite factors
of type II1 partially characterized by these quantum phases. Fractional modular group obtained
using generator τ → τ + 2/n and Hurwitz zetas ζ(s, k/n) could very naturally relate to these and
related structures.

Chapter 5

Massless States and Particle
Massivation
5.1

Introduction

This chapter represents the most recent view about particle massivation in TGD framework. This
topic is necessarily quite extended since many several notions and new mathematics is involved.
Therefore the calculation of particle masses involves five chapters ( [K10, K19, K25, K22] of [K48].
In the following my goal is to provide an up-to-date summary whereas the chapters are unavoidably
a story about evolution of ideas.
The identification of the spectrum of light particles reduces to two tasks: the construction of
massless states and the identification of the states which remain light in p-adic thermodynamics.
The latter task is relatively straightforward. The thorough understanding of the massless spectrum
requires however a real understanding of quantum TGD. It would be also highly desirable to
understand why p-adic thermodynamics combined with p-adic length scale hypothesis works. A
lot of progress has taken place in these respects during last years.
Zero energy ontology providing a detailed geometric view about bosons and fermions, the
generalization of S-matrix to what I call M -matrix, the notion of finite measurement resolution
characterized in terms of inclusions of von Neumann algebras, the derivation of p-adic coupling
constant evolution and p-adic length scale hypothesis from the first principles, the realization
that the counterpart of Higgs mechanism involves generalized eigenvalues of the Kähler-Dirac
operator: these are represent important steps of progress during last years with a direct relevance
for the understanding of particle spectrum and massivation although the predictions of p-adic
thermodynamics are not affected.
During 2010 a further progress took place as I wrote articles about TGD to Prespace-time
journal [L7, L8, L12, L13, L10, L6, L11, L14]. These steps of progress relate closely to zero energy
ontology, bosonic emergence, the realization of the importance of twistors in TGD, and to the
discovery of the weak form of electric-magnetic duality. Twistor approach and the understanding
of the Dirac operator served as a midwife in the process giving rise to the birth of the idea that all
particles at fundamental level are massless and that both ordinary elementary particles and string
like objects emerge from them. Even more, one can interpret virtual particles as being composed
of these massless on mass shell particles assignable to wormhole throats so that four-momentum
conservation poses extremely powerful constraints on loop integrals and makes them manifestly
finite.
The weak form of electric-magnetic duality led to the realization that elementary particles
correspond to bound states of two wormhole throats with opposite Kähler magnetic charges with
second throat carrying weak isospin compensating that of the fermion state at second wormhole
throat. Both fermions and bosons correspond to wormhole contacts: in the case of fermions
topological condensation generates the second wormhole throat. This means that altogether four
wormhole throats are involved with both fermions, gauge bosons, and gravitons (for gravitons this
is unavoidable in any case).
For p-adic thermodynamics the mathematical counterpart of string corresponds to a worm179
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hole contact with size of order CP2 size with the role of its ends played by wormhole throats at
which the signature of the induced 4-metric changes. The key observation is that for massless
states the throats of spin 1 particle must have opposite three-momenta so that gauge bosons are
necessarily massive, even photon and other particles usually regarded as massless must have small
mass which in turn cancels infrared divergences and give hopes about exact Yangian symmetry
generalizing that of N = 4 SYM.
Besides this there is weak “stringy” contribution to the mass assignable to the magnetic flux
tubes connecting the two wormhole throats at the two space-time sheets. In fact, this contribution
can be assigned to the additional conformal weight assignable to the stringy curve. The extension
of this conformal algebra to Yangian brings in third integer characterizing the poly-locality of
the Yangian generator (n-local generator acts on n partonic 2-surfaces simultaneously. Therefore
three integers would characterize the generators of the full symmetry algebra as the very naı̈ve
expectation on basis of 3-dimensionality of the fundamental objects would suggest. p-Adic mass
calculations should be carried out for Yangian generalization of p-adic thermodynamics.

5.1.1

Physical States As Representations Of Super-Symplectic AndSuper Kac-Moody Algebras

Physical states belong to the representations of super-symplectic algebra and Super Kac-Moody
algebran. The precise identification of the two algebras has been rather tedious task but the recent
progress in the construction of WCW geometry and spinor structure led to a considerable progress
in this respect [K51].
1. In the generic case the generators of both algebras receive information from 1-D ends of
2-D string world sheets at which the modes of induced spinor fields are localized by the
condition that the modes are eigenstates of electromagnetic charge. Right-handed neutrino
is an exception since it has no electroweak couplings. One must however require that righthanded neutrino does not mix with the left-handed one if the mode is de-localized at entire
space-time sheet.
Either the preferred extremal is such that Kähler-Dirac gamma matrices defined in terms of
canonical momentum currents of Kähler action consist of only M 4 or CP2 type flat space
gammas so that there is no mixing with the left-handed neutrino. Or the CP2 and M 4 parts
of the Kähler Dirac operator annihilate the right-handed neutrino mode separately. One can
of course have also modes which are mixtures of right- and left handed neutrinos but these
are necessarily localized at string world sheets.
2. The definition of super generator involves integration of string curve at the boundary of causal
diamond (CD) so that the generators are labelled by two conformal weights: that associated
with the radial light-like coordinate and that assignable with the string curve. This strongly
suggests that the algebra extends to a 4-D Yangian involving multi-local generators (locus
means partonic surface now) assignable to various partonic surfaces at the boundaries of CD
- as indeed suggested [K91].
3. As before, the symplectic algebra corresponds to a super-symplectic algebra assignable to
4
symplectic transformations of δM±
× CP2 . One can regard this algebra as a symplectic
2
algebra of S × CP2 localized with respect to the light-like radial coordinate rM taking the
role of complex variable z in conformal field theories. Super-generators are linear in the
modes of right-handed neutrino. Covariantly constant mode and modes decoupling from
left-handed neutrino define the most important modes.
4. Second algebra corresponds to the Super Kac-Moody algebra. The corresponding Lie algebra
4
generates symplectic isometries of δM±
× CP2 . Fermionic generators are linear in the modes
of induced spinor field with non-vanishing electroweak quantum numbers: that is left-hand
neutrinos, charged leptons, and quarks.
5. The overall important conclusion is that overall Super Virasoro algebra has five tensor factors
corresponding to one tensor factor for super-symplectic algebra, and 4 tensor factors for Super
Kac-Moody algebra SO(2) × SU (3) × SU (2)rot × U (2)ew (CP2 isometries, S 2 isometries,
electroweak SU (2)ew × U (1)). This is essential for mass calculations.
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What looks like the most plausible option relies on the generalization of a coset construction
proposed already for years ago but badly mis-interpreted. The construction itself is strongly
supported and perhaps even forced by the vision that WCW is union of homogenous or even
symmetric spaces of form G/H [K51], where G is the isometry group of WCW and H its subgroup
leaving invariant the chosen point of WCW (say the 3-surface corresponding to a maximum of
Kähler function in Euclidian regions and stationary point of the Morse function defined by Kähler
action for Minkowskian space-time regions). It seems clear that only the Super Virasoro associated
with G can involve four-momentum so that the original idea that there are two identical fourmomenta identifiable as gravitational and inertial four-momenta must be given up. This boils dow
to the following picture.
1. Assume a generalization of the coset construction so that the differences of G and H superconformal generators On annihilate the physical states: (On (G) − On (H))|physi = 0.
2. In zero energy ontology (ZEO) p-adic thermodynamics must be replaced with its square
root so that one consideres genuine quantum states rather than thermodynamical states.
Hence the system is quantum coherent. In the simplest situation this implies only that
thermodynamical weights are replaced by their square roots possibly multiplied by square
roots irrelevant for the mass squared expectation value.
3. Construct first ground states with negative conformal weight annihilated by G and H generators Gn , Ln , n < 0. Apply to these states generators of tensor factors of Super Viraroso
algebras to obtain states with vanishing G and H conformal weights. After this construct
thermal states as superpositions of states obtained by applying H generators and corresponding G generators Gn , Ln , n > 0. Assume that these states are annihilated by G and
H generators Gn , Ln , n > 0 and by the differences of all G and H generators.
4. Super-symplectic algebra represents a completely new element and in the case of hadrons
the non-perturbative contribution to the mass spectrum is easiest to understand in terms of
super-symplectic thermal excitations contributing roughly 70 per cent to the p-adic thermal
mass of the hadron.
Yangian algebras associated with the super-conformal algebras and motivated by twistorial
approach generalize the already generalized super-conformal symmetry and make it multi-local in
the sense that generators can act on several partonic 2-surfaces simultaneously. These partonic
2-surfaces generalize the vertices for the external massless particles in twistor Grassmann diagrams
[K91]. The implications of this symmetry are yet to be deduced but one thing is clear: Yangians
are tailor made for the description of massive bound states formed from several partons identified
as partonic 2-surfaces. The preliminary discussion of what is involved can be found in [K91].

5.1.2

Particle Massivation

Particle massivation can be regarded as a generation of thermal conformal weight identified as
mass squared and due to a thermal mixing of a state with vanishing conformal weight with those
having higher conformal weights. The observed mass squared is not p-adic thermal expectation of
mass squared but that of conformal weight so that there are no problems with Lorentz invariance.
One can imagine several microscopic mechanisms of massivation. The following proposal is
the winner in the fight for survival between several competing scenarios.
The original observation was that the pieces of CP2 type vacuum extremals representing
elementary particles have random light-like curve as an M 4 projection so that the average motion correspond to that of massive particle. Light-like randomness gives rise to classical Virasoro
conditions. This picture generalizes since the basic dynamical objects are light-like but otherwise
random 3-surfaces. The identification of elementary particles developed in three steps.
1. Originally germions were identified as light-like 3-surfaces at which the signature of induced
metric of deformed CP2 type extremals changes from Euclidian to the Minkowskian signature
of the background space-time sheet. Gauge bosons and Higgs were identified as wormhole
contacts with light-like throats carrying fermion and anti-fermion quantum numbers. Gravitons were identified as pairs of wormhole contacts bound to string like object by the fluxes
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connecting the wormhole contacts. The randomness of the light-like 3-surfaces and associated super-conformal symmetries justify the use of thermodynamics and the question remains
why this thermodynamics can be taken to be p-adic. The proposed identification of bosons
means enormous simplification in thermodynamical description since all calculations reduced
to the calculations to fermion level. This picture generalizes to include super-symmetry.
The fermionic oscillator operators associated with the partonic 2-surfaces act as generators
of badly broken SUSY and right-handed neutrino gives to the not so badly broken N = 1
SUSY consistent with empirical facts.
Of course, “badly” is relative notion. It is quite possible that the mixing of right-handed
neutrino with left-handed one becomes important only in CP2 scale and causes massivation.
Hence spartners might well have mass of order CP2 mass scale. The question about the mass
scale of right-handed neutrino remains open.
2. The next step was to realize that the topological condensation of fermion generates second
wormhole throat which carries momentum and symplectic quantum numbers but no fermionic
quantum numbers. This is also needed to the massivation by p-adic thermodynamics applied
to the analogs of string like objects defined by wormhole throats with throats taking the role
of string ends. p-Adic thermodynamics did not however allow a satisfactory understanding
of the gauge bosons masses and it became clear that some additional contribution - maybe
Higgsy or stringy contribution - dominates for weak gauge bosons. Gauge bosons should
also somehow obtain their longitudinal polarizations and here Higgs like particles indeed
predicted by the basic picture suggests itself strongly.
3. A further step was the discovery of the weak form of electric-magnetic duality, which led
to the realization that wormhole throats possess Kähler magnetic charge so that a wormole
throat with opposite magnetic charge is needed to compensate this charge. This wormhole
throat can also compensate the weak isospin of the second wormhole throat so that weak
confinement and massivation results. In the case of quarks magnetic confinement might take
place in hadronic rather than weak length scale. Second crucial observation was that gauge
bosons are necessarily massive since the light-like momenta at two throats must correspond
to opposite three-momenta so that no Higgs potential is needed. This leads to a picture in
which gauge bosons eat the Higgs scalars and also photon, gluons, and gravitons develop
small mass.
4. A further step was the realization that although the existence of Higgs is established, it
need not contribute to neither fermion or gauge boson masses. CP2 geometry does not
even allow covariantly constant holomorphic vector field as a representation for the vacuum
expectation value of Higgs. Elementary particles are string like objects and string tension
can give additional contribution to the mass squared. This would explain the large masses
of weak bosons as compared to the mass of photon predicted also to be non-vanishing in
principle. Also a small contribution to fermion masses is expected.
Higgs vacuum expectation would be replaced with the stringy contribution to the mass
squared, which by perturbative argument should apart from normalization factor have the
form ∆m2 ∝ g 2 T , where g is the gauge coupling assignable to the weak boson, and T is the
analog of hadronic string tension but in weak scale. This predicts correctly the ratio of W
and Z boson masses in terms of Weinberg angle.
5. The conformal weight characterizing fermionic masses in p-adic thermodynamics can be
assigned to the very short piece of string connecting the opposite throats of wormhole contact.
The conformal weight associated with the long string connecting the throats of two wormhole
contacts should give the dominant contribution to the masses of weak gauge bosons. Five
tensor factors are needed in super-conformal algebra and super-symplectic and super-Kac
Moody contributions assignable to symplectic isometries give five factors.
4
One can assign conformal weights to both the light-like radial coordinate rM of δM±
and
string. A third integer-valued quantum number comes from the extension of the extended
super-conformal algebra to multi-local Yangian algebra. Yangian extension should take place
for quark wormhole contacts inside hadrons and give non-perturbative multi-local contributions to hadron masses and might explain most of hadronic mass since quark contribution
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is very small. That three integers classify states conforms with the very naı̈ve first guess
inspired by 3-dimensionality of the basic objects.
The details of the picture are however still fuzzy. Are the light-like radial and stringy conformal weights really independent quantum numbers as it seems? These conformal weights
however must be additive in the expression for mass squared to get five tensor factors. Could
one identify stringy coordinate with the light-like radial coordinate rM in Minkowskian spacetime regions to explain the additivity? The dominating contribution to the vacuum conformal
weight must be negative and half-integer valued. What is the origin of this tachyonic contribution?
The fundamental parton level description of TGD is based on almost topological QFT for
light-like 3-surfaces.
1. Dynamics is constrained by the requirement that CP2 projection is for extremals of ChernSimons action 2-dimensional and for off-shell states light-likeness is the only constraint.
Chern-Simons action and its Dirac counterpart result as boundary terms of Kähler action
and its Dirac counterpart for preferred extremals. This requires that j · A contribution to
Kähler action vanishes for preferred extremals plus weak form of electric-magnetic duality.
1-D Dirac action in induced metric and line length is assigned with the boundaries of string
world sheets at the light-like parton orbits. Field equations imply that the boundaries are
light-like geodesics and fermion has light-like 8-momentum. This suggests strongly a connection with quantum field theory and an 8-D generalization of twistor Grassmannian approach.
2. That mass squared, rather than energy, is a fundamental quantity at CP2 length scale is
besides Loretnz invariance suggested by a simple dimensional argument (Planck mass squared
is proportional to ~ so that it should correspond to a generator of some Lie-algebra (Virasoro
generator L0 !)).
Mass squared is identified as the p-adic thermal expectation value of mass squared operator
m2 appearing as M 4 contribution in the scaling generator L0 (G) in the superposition of states
with vanishing total conformal weight but with varying mass squared eigenvalues associated
with the difference L0 (G) − L0 (H) annihilating the physical state. This definition does not
break Lorentz invariance in zero energy ontology. The states appearing in the superposition
of different states with vanishing total conformal weight give different contribution to the padic thermodynamical expectation defining mass squared and the ability to physically observe
this as massivation might be perhaps interpreted as breaking of conformal invariance.
3. There is also a modular contribution to the mass squared, which can be estimated using
elementary particle vacuum functionals in the conformal modular degrees of freedom of the
partonic 2-surface. It dominates for higher genus partonic 2-surfaces. For bosons both
Virasoro and modular contributions seem to be negligible and could be due to the smallness
of the p-adic temperature.
4. A long standing problem has been whether coupling to Higgs boson is needed to explain gauge
boson masses via a generation of Higgs vacuum expectation having possibly interpretation in
terms of a coherent state. Before the detailed model for elementary particles in terms of pairs
of wormhole contacts at the ends of flux tubes the picture about the situation was as follows.
From the beginning it was clear that is that ground state conformal weight must be negative.
Then it became clear that the ground state conformal weight need not be a negative integer.
The deviation ∆h of the total ground state conformal weight from negative integer gives rise
to stringy contribution to the thermal mass squared and dominates in case of gauge bosons
for which p-adic temperature is small. In the case of fermions this contribution to the mass
squared is small. The possible Higgs vacuum expectation makes sense only at QFT limit
perhaps allowing to describe the Yangian aspects, and would be naturally proportional to
∆h so that the coupling to Higgs would only apparently cause gauge boson massivation.
5. A natural identification of the non-integer contribution to the conformal weight is as stringy
contribution to the vacuum conformal weight. In twistor approach external fundamental
fermions carry light-like momenta and when the three-momenta at opposite wormhole throats
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are opposite this gives rise to non-vanishing mass. Higgs is necessary to give longitudinal
polarizations for weak gauge bosons. Bosonic massivation would be essentially many-sheeted
phenomenon.
An important question concerns the justification of p-adic thermodynamics.
1. The underlying philosophy is that real number based TGD can be algebraically continued to
various p-adic number fields. This gives justification for the use of p-adic thermodynamics
although the mapping of p-adic thermal expectations to real counterparts is not completely
unique. The physical justification for p-adic thermodynamics is effective p-adic topology
characterizing the 3-surface: this is the case if real variant of light-like 3-surface has large
number of common algebraic points with its p-adic counterpart obeying same algebraic equations but in different number field. In fact, there is a theorem stating that for rational surfaces
the number of rational points is finite and rational (more generally algebraic points) would
naturally define the notion of number theoretic braid essential for the realization of number
theoretic universality.
2. The most natural option is that the descriptions in terms of both real and p-adic thermodynamics make sense and are consistent. This option indeed makes if the number of generalized
eigen modes of Kähler-Dirac operator is finite.
The finite number of fermionic oscillator operators implies an effective cutoff in the number
conformal weights so that conformal algebras reduce to finite-dimensional algebras. The
first guess would be that integer label for oscillator operators becomes a number in finite
field for some prime. This means that one can calculate mass squared also by using real
thermodynamics but the consistency with p-adic thermodynamics gives extremely strong
number theoretical constraints on mass scale. This consistency condition allows also to solve
the problem how to map a negative ground state conformal weight to its p-adic counterpart.
Negative conformal weight is divided into a negative half odd integer part plus positive part
∆h, and negative part corresponds as such to p-adic integer whereas positive part is mapped
to p-adic number by canonical identification.
p-Adic thermodynamics is what gives to this approach its predictive power.
1. p-Adic temperature is quantized by purely number theoretical constraints (Boltzmann weight
exp(−E/kT ) is replaced with pL0 /Tp , 1/Tp integer) and fermions correspond to Tp = 1
whereas Tp = 1/n, n > 1, seems to be the only reasonable choice for gauge bosons.
2. p-Adic thermodynamics forces to conclude
√ that CP2 radius is essentially the p-adic length
scale R ∼ L and thus of order R ' 103.5 ~G and therefore roughly 103.5 times larger than
the naı̈ve guess. Hence p-adic thermodynamics describes the mixing of states with vanishing
conformal weights with their Super Kac-Moody Virasoro excitations having masses of order
10−3.5 Planck mass.

5.1.3

What Next?

The successes of p-adic mass calculations are basically due to the power of super-conformal symmetries and of number theory. One cannot deny that the description of the gauge boson and
hadron massivation involves phenomenological elements. There are however excellent hopes that
it might be possible some day to calculate everything from first principles. The non-local Yangian
symmetry generalizing the super-conformal algebras suggests itself strongly as a fundamental symmetry of quantum TGD. The generalized of the Yangian symmetry replaces points with partonic
2-surfaces being multi-local with respect to them, and leads to general formulas for multi-local
operators representing four-momenta and other conserved charges of composite states.
In TGD framework even elementary particles involve two wormhole contacts having each
two wormhole throats identified as the fundamental partonic entities. Therefore Yangian approach
would naturally define the first principle approach to the understanding of masses of elementary
particles and their bound states (say hadrons). The power of this extended symmetry might be
enough to deduce universal mass formulas. One of the future challenges would therefore be the
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mathematical and physical understanding of Yangian symmetry. This would however require the
contributions of professional mathematicians.
The appendix of the book gives a summary about basic concepts of TGD with illustrations.
Pdf representation of same files serving as a kind of glossary can be found at http://tgdtheory.
fi/tgdglossary.pdf [L22].

5.2
5.2.1

Identification Of Elementary Particles
Partons As Wormhole Throats And Particles As Bound States Of
Wormhole Contacts

The assumption that partonic 2-surfaces correspond to representations of Super Virasoro algebra
has been an unchallenged assumption of the p-adic mass calculations for a long time although
one might argue that these objects do not possess stringy characteristics, in particular they do
not possess two ends. The progress in the understanding of the Kähler-Dirac equation and the
introduction of the weak form of electric magnetic duality [K40] however forces to modify the
picture about the origin of the string mass spectrum.
1. The weak form of electric-magnetic duality, the basic facts about Kähler-Dirac equation and
the proposed twistorialization of quantum TGD [K91] force to conclude that both strings
and bosons and their super-counterparts emerge from massless fermions moving collinearly
at partonic two-surfaces. Stringy mass spectrum is consistent with this only if p-adic thermodynamics describes wormhole contacts as analogs of stringy objects having quantum numbers
at the throats playing the role of string ends. For instance, the three-momenta of massless
wormhole throats could be in opposite direction so that wormhole contact would become
massive. The fundamental string like objects would therefore correspond to the wormhole
contacts with size scale of order CP2 length. Already these objects must have a correct
correlation between color and electroweak quantum numbers. The colored super-generators
taking care that anomalous color is compensated can be assigned with purely bosonic quanta
associated with the wormhole throats which carry no fermion number.
2. Second modification comes from the necessity to assume weak confinement in the sense that
each wormhole throat carrying fermionic numbers is accompanied by a second wormhole
throat carrying neutrino pair cancelling the net weak isospin so that only electromagnetic
charge remains unscreened. This screening must take place in weak length scale so that
ordinary elementar particles are predicted to be string like objects. This string tension
has however nothing to do with the fundamental string tension responsible for the mass
spectrum. This picture is forced also by the fact that fermionic wormhole throats necessarily
carry Kähler magnetic charge [K40] so that in the case of leptons the second wormhole throat
must carry a compensating Kähler magnetic charge. In the case of quarks one can consider
the possibility that magnetic charges are not neutralized completely in weak scale and that
the compensation occurs in QCD length scale so that Kähler magnetic confinement would
accompany color confinement. This means color magnetic confinement since classical color
gauge fields are proportional to induced Kähler field.
These modifications do not seem to appreciably affect the results of calculations, which
depend only on the number of tensor factors in super Virasoro representation, they are not taken
explicitly into account in the calculations. The predictions of the general theory are consistent
with the earliest mass calculations, and the earlier ad hoc parameters disappear. In particular,
optimal lowest order predictions for the charged lepton masses are obtained and photon, gluon and
graviton appear as essentially massless particles. What is new is the possibility to describe the
massivation of gauge bosons by including the contribution from the string tension of weak string
like objects: weak boson masses have indeed been the trouble makers and have forced to conclude
that Higgs expectation might be needed unless some other mechanism contributes to the conformal
vacuum weight of the ground state.
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Family Replication Phenomenon Topologically

One of the basic ideas of TGD approach has been genus-generation correspondence: boundary
components of the 3-surface should be carriers of elementary particle numbers and the observed
particle families should correspond to various boundary topologies.
With the advent of ZEO this picture changed somewhat. It is the wormhole throats identified
as light-like 3-surfaces at with the induced metric of the space-time surface changes its signature
from Minkowskian to Euclidian, which correspond to the light-like orbits of partonic 2-surfaces.
One cannot of course exclude the possibility that also boundary components could allow to satisfy
boundary conditions without assuming vacuum extremal property of nearby space-time surface.
The intersections of the wormhole throats with the light-like boundaries of causal diamonds (CDs)
identified as intersections of future and past directed light cones (CD × CP2 is actually in question
but I will speak about CDs) define special partonic 2-surfaces and it is the moduli of these partonic
2-surfaces which appear in the elementary particle vacuum functionals naturally.
The first modification of the original simple picture comes from the identification of physical
particles as bound states of pairs of wormhole contacts and from the assumption that for generalized
Feynman diagrams stringy trouser vertices are replaced with vertices at which the ends of light-like
wormhole throats meet. In this picture the interpretation of the analog of trouser vertex is in terms
of propagation of same particle along two different paths. This interpretation is mathematically
natural since vertices correspond to 2-manifolds rather than singular 2-manifolds which are just
splitting to two disjoint components. Second complication comes from the weak form of electricmagnetic duality forcing to identify physical particles as weak strings with magnetic monopoles at
their ends and one should understand also the possible complications caused by this generalization.
These modifications force to consider several options concerning the identification of light
fermions and bosons and one can end up with a unique identification only by making some assumptions. Masslessness of all wormhole throats- also those appearing in internal lines- and dynamical
SU (3) symmetry for particle generations are attractive general enough assumptions of this kind.
This means that bosons and their super-partners correspond to wormhole contacts with fermion and
anti-fermion at the throats of the contact. Free fermions and their superpartners could correspond
to CP2 type vacuum extremals with single wormhole throat. It turns however that dynamical
SU (3) symmetry forces to identify massive (and possibly topologically condensed) fermions as
(g, g) type wormhole contacts.
Do free fermions correspond to single wormhole throat or (g, g) wormhole?
The original interpretation of genus-generation correspondence was that free fermions correspond
to wormhole throats characterized by genus. The idea of SU (3) as a dynamical symmetry suggested
that gauge bosons correspond to octet and singlet representations of SU (3). The further idea that
all lines of generalized Feynman diagrams are massless poses a strong additional constraint and it
is not clear whether this proposal as such survives.
1. Twistorial program assumes that fundamental objects are massless wormhole throats carrying
collinearly moving many-fermion states and also bosonic excitations generated by supersymplectic algebra. In the following consideration only purely bosonic and single fermion
throats are considered since they are the basic building blocks of physical particles. The
reason is that propagators for high excitations behave like p−n , n the number of fermions
associated with the wormhole throat. Therefore single throat allows only spins 0,1/2,1 as
elementary particles in the usual sense of the word.
2. The identification of massive fermions (as opposed to free massless fermions) as wormhole
contacts follows if one requires that fundamental building blocks are massless since at least
two massless throats are required to have a massive state. Therefore the conformal excitations
with CP2 mass scale should be assignable to wormhole contacts also in the case of fermions.
As already noticed this is not the end of the story: weak strings are required by the weak
form of electric-magnetic duality.
3. If free fermions corresponding to single wormhole throat, topological condensation is an
essential element of the formation of stringy states. The topological condensation of fermions

5.2. Identification Of Elementary Particles

187

by topological sum (fermionic CP2 type vacuum extremal touches another space-time sheet)
suggest (g, 0) wormhole contact. Note however that the identification of wormhole throat is as
3-surface at which the signature of the induced metric changes so that this conclusion might be
wrong. One can indeed consider also the possibility of (g, g) pairs as an outcome of topological
conensation. This is suggested also by the idea that wormhole throats are analogous to string
like objects and only this option turns out to be consistent with the BF F vertex based on the
requirement of dynamical SU (3) symmetry to be discussed later. The structure of reaction
vertices makes it possible to interpret (g, g) pairs as SU (3) triplet. If bosons are obtained as
fusion of fermionic and anti-fermionic throats (touching of corresponding CP2 type vacuum
extremals) they correspond naturally to (g1 , g2 ) pairs.
4. p-Adic mass calculations distinguish between fermions and bosons and the identification of
fermions and bosons should be consistent with this difference. The maximal p-adic temperature T = 1 for fermions could relate to the weakness of the interaction of the fermionic wormhole throat with the wormhole throat resulting in topological condensation. This wormhole
throat would however carry momentum and 3-momentum would in general be non-parallel
to that of the fermion, most naturally in the opposite direction.
p-Adic mass calculations suggest strongly that for bosons p-adic temperature T = 1/n,
n > 1, so that thermodynamical contribution to the mass squared is negligible. The low padic temperature could be due to the strong interaction between fermionic and anti-fermionic
wormhole throat leading to the “freezing” of the conformal degrees of freedom related to the
relative motion of wormhole throats.
5. The weak form of electric-magnetic duality forces second wormhole throat with opposite
magnetic charge and the light-like momenta could sum up to massive momentum. In this
case string tension corresponds to electroweak length scale. Therefore p-adic thermodynamics must be assigned to wormhole contacts and these appear as basic units connected by
Kähler magnetic flux tube pairs at the two space-time sheets involved. Weak stringy degrees
of freedom are however expected to give additional contribution to the mass, perhaps by
modifying the ground state conformal weight.
Dynamical SU (3) fixes the identification of fermions and bosons and fundamental
interaction vertices
For 3 light fermion families SU (3) suggests itself as a dynamical symmetry with fermions in fundamental N = 3-dimensional representation and N × N = 9 bosons in the adjoint representation and
singlet representation. The known gauge bosons have same couplings to fermionic families so that
they must correspond to the singlet representation. The first challenge is to understand whether
it is possible to have dynamical SU (3) at the level of fundamental reaction vertices.
This is a highly non-trivial constraint. For instance, the vertices in which n wormhole
throats with same (g1 , g2 ) glued along the ends of lines are not consistent with this symmetry.
The splitting of the fermionic worm-hole contacts before the proper vertices for throats might
however allow the realization of dynamical SU (3). The condition of SU (3) symmetry combined
with the requirement that virtual lines resulting also in the splitting of wormhole contacts are
always massless, leads to the conclusion that massive fermions correspond to (g, g) type wormhole
contacts transforming naturally like SU (3) triplet. This picture conformsl with the identification
of free fermions as throats but not with the naı̈ve expectation that their topological condensation
gives rise to (g, 0) wormhole contact.
The argument leading to these conclusions runs as follows.
1. The question is what basic reaction vertices are allowed by dynamical SU (3) symmetry. F F B
vertices are in principle all that is needed and they should obey the dynamical symmetry. The
meeting of entire wormhole contacts along their ends is certainly not possible. The splitting
of fermionic wormhole contacts before the vertices might be however consistent with SU (3)
symmetry. This would give two a pair of 3-vertices at which three wormhole lines meet along
partonic 2-surfaces (rather than along 3-D wormhole contacts).
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2. Note first that crossing gives all possible reaction vertices of this kind from F (g1 )F (g2 ) →
B(g1 , g2 ) annihilation vertex, which is relatively easy to visualize. In this reaction F (g1 ) and
F (g2 ) wormhole contacts split first. If one requires that all wormhole throats involved are
massless, the two wormhole throats resulting in splitting and carrying no fermion number
must carry light-like momentum so that they cannot just disappear. The ends of the wormhole throats of the boson must glued together with the end of the fermionic wormhole throat
and its companion generated in the splitting of the wormhole. This means that fermionic
wormhole first splits and the resulting throats meet at the partonic 2-surface.
his requires that topologically condensed fermions correspond to (g, g) pairs rather than (g, 0)
pairs. The reaction mechanism allows the interpretation of (g, g) pairs as a triplet of dynamical SU (3). The fundamental vertices would be just the splitting of wormhole contact and
3-vertices for throats since SU (3) symmetry would exclude more complex reaction vertices
such as n-boson vertices corresponding the gluing of n wormhole contact lines along their
3-dimensional ends. The couplings of singlet representation for bosons would have same
coupling to all fermion families so that the basic experimental constraint would be satisfied.
3. Both fermions and bosons cannot correspond to octet and singlet of SU (3). In this case
reaction vertices should correspond algebraically to the multiplication of matrix elements
eij : eij ekl = δjk eil allowing for instance F (g1 , g2 ) + F (g2 , g3 ) → B(g1 , g3 ). Neither the fusion
of entire wormhole contacts along their ends nor the splitting of wormhole throats before
the fusion of partonic 2-surfaces allows this kind of vertices so that BF F vertex is the only
possible one. Also the construction of QFT limit starting from bosonic emergence led to the
formulation of perturbation theory in terms of Dirac action allowing only BF F vertex as
fundamental vertex [K66] .
4. Weak electric-magnetic duality brings in an additional complication. SU (3) symmetry poses
also now strong constraints and it would seem that the reactions must involve copies of basic
BF F vertices for the pairs of ends of weak strings. The string ends with the same Kähler
magnetic charge should meet at the vertex and give rise to BF F vertices. For instance, F F B
annihilation vertex would in this manner give rise to the analog of stringy diagram in which
strings join along ends since two string ends disappear in the process.
If one accepts this picture the remaining question is why the number of genera is just three.
Could this relate to the fact that g ≤ 2 Riemann surfaces are always hyper-elliptic (have global Z2
conformal symmetry) unlike g > 2 surfaces? Why the complete bosonic de-localization of the light
families should be restricted inside the hyper-elliptic sector? Does the Z2 conformal symmetry
make these states light and make possible de-localization and dynamical SU (3) symmetry? Could
it be that for g > 2 elementary particle vacuum functionals vanish for hyper-elliptic surfaces?
If this the case and if the time evolution for partonic 2-surfaces changing g commutes with Z2
symmetry then the vacuum functionals localized to g ≤ 2 surfaces do not disperse to g > 2 sectors.
The notion of elementary particle vacuum functional
Obviously one must know something about the dependence of the elementary particle state functionals on the geometric properties of the boundary component and in the sequel an attempt to
construct what might be called elementary particle vacuum functionals, is made.
The basic assumptions underlying the construction are the following ones:
1. Elementary particle vacuum functionals depend on the geometric properties of the two-surface
X 2 representing elementary particle.
2. Vacuum functionals possess extended Diff invariance: all 2-surfaces on the orbit of the 2surface X 2 correspond to the same value of the vacuum functional. This condition is satisfied
if vacuum functionals have as their argument, not X 2 as such, but some 2- surface Y 2
belonging to the unique orbit of X 2 (determined by the principle selecting preferred extremal
of the Kähler action as a generalized Bohr orbit [K15] ) and determined in Dif f 3 invariant
manner.
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3. ZEO allows to select uniquely the partonic two surface as the intersection of the wormhole
throat at which the signature of the induced 4-metric changes with either the upper or lower
boundary of CD × CP2 . This is essential since otherwise one one could not specify the
vacuum functional uniquely.
4. Vacuum functionals possess conformal invariance and therefore for a given genus depend on
a finite number of variables specifying the conformal equivalence class of Y 2 .
5. Vacuum functionals satisfy the cluster decomposition property: when the surface Y 2 degenerates to a union of two disjoint surfaces (particle decay in string model inspired picture),
vacuum functional decomposes into a product of the vacuum functionals associated with
disjoint surfaces.
6. Elementary particle vacuum functionals are stable against the decay g → g1 + g2 and one
particle decay g → g − 1. This process corresponds to genuine particle decay only for stringy
diagrams. For generalized Feynman diagrams the interpretation is in terms of propagation
along two different paths simultaneously.
In [K10] the construction of elementary particle vacuum functionals is described in more
detail. This requires some basic concepts related to the description of the space of the conformal
equivalence classes of Riemann surfaces and the concept of hyper-ellipticity. Since theta functions
will play a central role in the construction of the vacuum functionals, also their basic properties
are needed. Also possible explanations for the experimental absence of the higher fermion families
are considered.

5.2.3

Critizing the view about elementary particles

The concrete model for elementary particles has developed gradually during years and is by no
means final. In the recent model elementary particle corresponds to a pair of wormhole contacts
and monopole flux runs between the throats of of the two contacts at the two space-time sheets
and through the contacts between space-time sheets.
The first criticism relates to twistor lift of TGD [L29]. In the case of Kähler action the
wormhole contacts correspond to deformations for pieces of CP2 type vacuum extremals for which
the 1-D M 4 projection is light-like random curve. Twistor lift adds to Kähler action a volume term
proportional to cosmological constant and forces the vacuum extremal to be a minimal surface
carrying non-vanishing light-like momentum (this is of course very natural): one could call this
surface CP2 extremal. This implies that M 4 projection is light-like geodesic: this is physically
rather natural.
Twistor lift leads to a loss of the proposed space-time correlate of massivation used also to
justify p-adic thermodynamics: the average velocity for a light-like random curve is smaller than
maximal signal velocity - this would be a clear classical signal for massivation. One could however
conjecture that the M 4 projection for the light-like boundaries of string world sheets becomes lightlike geodesic of M 4 × CP2 instead light-like geodesic of M 4 and that this serves as the correlate
for the massivation in 4-D sense.
Second criticism is that I have not considered in detail what the monopole flux hypothesis
really means at the level of detail. Since the monopole flux is due to the CP2 topology, there
must be a closed 2-surface which carries this flux. This implies that the flux tube cannot have
boundaries at larger space-time surface but one has just the flux tube with closed cross section
obtained as a deformation of a cosmic string like object X 2 × Y 2 , where X 2 is minimal surface in
M 4 and Y 2 a complex surface of CP2 characterized by genus. Deformation would have 4-D M 4
projection instead of 2-D string world sheet.
Note: One can also consider objects for which the flux is not monopole flux: in this case
one would have deformations of surfaces of type X 2 × S 2 , S 2 homologically trivial geodesic sphere:
these are non-vacuum extremals for the twistor lift of Kähler action (volume term). The net
magnetic flux would vanish - as a matter fact, the induced Kähler form would vanish identically
for the simplest situation. These objects might serve as correlates for gravitons since the induced
metric is the only field degree of freedom. One could also have non-vanishing fluxes for flux tubes
with disk-like cross section.
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If this is the case, the elementary particles would be much simpler than I have though
hitherto.
1. Elementary particles would be simply closed flux tubes which look like very long flattened
squares. Short sides with length of order CP2 radius would be identifiable as pieces of
deformed CP2 type extremals having Euclidian signature of the induced metric. Long sides
would be deformed cosmic strings with Minkowskian signature with apparent ends, which
are light-like 3-surfaces at which the induced 4-metric is degenerate. Both Minkowskian and
Euclidian regions of closed flux tubes would be accompanied by fermionic strings. These
objects would topologically condense at larger space-time sheets with wormhole contacts
that do not carry monopole flux: touching the larger space-time surface but not sticking to
it.
2. One could understand why the genus for all wormhole throats must be the same for the
simplest states as the TGD explanation of family replication phenomenon demands. Of
course, the change of the topology along string like object cannot be excluded but very
probably corresponds to an unstable higher mass excitation.
3. The basic particle reactions would include re-connections of closed string like objects and
their reversals. The replication of 3-surfaces would remain a new element brought by TGD.
The basic processes at fermionic level would be reconnections of closed fermionic strings.
The new element would be the presence of Euclidian regions allowing to talk about effective
boundaries of strings as boundaries between the Minkowskian or Euclidian regions. This
would simplify enormously the description of particle reactions by bringing in description
topologically highly analogous to that provided by closed strings.
4. The original picture need not of course be wrong: it is only slightly more complex than the
above proposal. One would have two space-time sheets connected by a pair of wormhole
contacts between, which most of the magnetic flux would flow like in flux tube. The flux
from the throat could emerges more or less spherically but eventually end up to the second
wormhole throat. The sheets would be connected along their boundaries so that 3-space
would be connected. The absence of boundary terms in the action implies this. The monopole
fluxes would sum up to a vanishing flux at the boundary, where gluing of the sheets of the
covering takes place.
There is a further question to be answered. Are the fermionic strings closed or not?
Fermionic strings have certainly the Minkowskian portions ending at the light-like partonic orbits
at Minkowskian-Euclidian boundaries. But do the fermionic strings have also Euclidian portions
so that the signature of particle would be 2+2 kinks of a closed fermionic string? If strong for of
holography is true in both Euclidian and Minkowskian regions, this is highly suggestive option.
If only Minkowskian portions are present, particles could be seen as pairs of open fermionic
strings and the counterparts of open string vertices would be possible besides reconnection of closed
strings. For this option one can also consider single fermionic open strings connecting wormhole
contacts: now possible flux tube would not carry monopole flux.

5.3

Non-Topological Contributions To Particle masses From
P-Adic Thermodynamics

In TGD framework p-adic thermodynamics provides a microscopic theory of particle massivation
in the case of fermions. The idea is very simple. The mass of the particle results from a thermal
mixing of the massless states with CP2 mass excitations of super-conformal algebra. In p-adic
thermodynamics the Boltzmann weight exp(−E/T ) does not exist in general and must be replaced
with pL0 /Tp which exists for Virasoro generator L0 if the inverse of the p-adic temperature is integer
valued Tp = 1/n. The expansion in powers of p converges extremely rapidly for physical values
of p, which are rather large. Therefore the three lowest terms in expansion give practically exact
results. Thermal massivation does not not necessarily lead to light states and this drops a large
number of exotic states from the spectrum of light particles. The partition functions of N-S and
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Ramond type representations are not changed in TGD framework despite the fact that fermionic
super generators carry fermion numbers and are not Hermitian. Thus the practical calculations
are relatively straightforward albeit tedious.
In free fermion picture the p-adic thermodynamics in the boson sector is for fermion-antifermion states associated with the two throats of the bosonic wormhole. The question is whether
the thermodynamical mass squared is just the sum of the two independent fermionic contributions
for Ramond representations or should one use N-S type representation resulting as a tensor product
of Ramond representations.
The overall conclusion about p-adic mass calculations is that fermionic mass spectrum is
predicted in an excellent accuracy but that the thermal masses of the intermediate gauge bosons
come 20-30 per cent to large for Tp = 1 and are completely negligible for Tp = 1/2. The bound
state character of the boson states could be responsible for Tp < 1 and for extremely small thermodynamical contribution to the masses (present also for photon).
This forces to consider seriously the possibility that thermal contribution to the bosonic
mass is negligible and that TGD can, contrary to the original expectations, provide dynamical
Higgs field as a fundamental field and that even Higgs mechanism could contribute to the particle
masses.
Higgs mechanism is probably the only viable description of Higgs mechanism in QFT approach, where particles are point-like but not in TGD, where particles are replaced by string like
objects consisting of two wormhole contacts with monopole Kähler magnetic flux flowing between
“upper” throats and returning back along “lower” space-time sheets. In this framework the assumption that fermion masses would result from p-adic thermodynamics but boson masses from
Higgs couplings looks like an ugly idea. A more plausible vision is that the dominating contribution to gauge boson masses comes from the two flux tubes connecting the two wormhole contacts
defining boson. This contribution would be present also for fermions but would be small. The
correct W/Z mass ratio is obtained if the string tension is proportional to weak gauge coupling
squared. The nice feature of this scenario is that naturalness is not lost: the dimensional gradient
coupling of fermion to Higgs is same for all fermions.
The stringy contribution to mass squared could be expressed in terms of the deviation of
the ground state conformal weight from negative half integer.
The problem is to understand how the negative value of the ground state conformal weight
emerges. This negative conformal weight compensated by the action of Super Virasoro generators
is necessary for the success of p-adic mass calculations. The intuitive expectation is that the
solution of this problem must relate to the Euclidian signature of the regions representing lines of
generalized Feynman diagrams.

5.3.1

Partition Functions Are Not Changed

One must write Super Virasoro conditions for Ln and both Gn and G†n rather than for Ln and Gn
as in the case of the ordinary Super Virasoro algebra, and it is a priori not at all clear whether the
partition functions for the Super Virasoro representations remain unchanged. This requirement is
however crucial for the construction to work at all in the fermionic sector, since even the slightest
changes for the degeneracies of the excited states can change light state to a state with mass of
order m0 in the p-adic thermodynamics.

Super conformal algebra
Super Virasoro algebra is generated by the bosonic the generators Ln (n is an integer valued index)
and by the fermionic generators Gr , where r can be either integer (Ramond) or half odd integer
(NS). Gr creates quark/lepton for r > 0 and antiquark/antilepton for r < 0. For r = 0, G0 creates
lepton and its Hermitian conjugate anti-lepton. The defining commutation and anti-commutation
relations are the following:
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c
(m − n)Lm+n + m(m2 − 1)δm,−n ,
2
m
[Lm , Gr ] = ( − r)Gm+r ,
2


m
Lm , G†r = ( − r)G†m+r ,
2
c
1
†
{Gr , Gs } = 2Lr+s + (r2 − )δm,−n ,
3
4
{Gr , Gs } = 0 ,
[Lm , Ln ]

=

{G†r , G†s }

=

0 .

(5.3.1)

By the inspection of these relations one finds some results of a great practical importance.
1. For the Ramond algebra G0 , G1 and their Hermitian conjugates generate the r ≥ 0, n ≥ 0
part of the algebra via anti-commutations and commutations. Therefore all what is needed
is to assume that Super Virasoro conditions are satisfied for these generators in case that
G0 and G†0 annihilate the ground state. Situation changes if the states are not annihilated
by G0 and G†0 since then one must assume the gauge conditions for both L1 , G1 and G†1
besides the mass shell conditions associated with G0 and G†0 , which however do not affect
the number of the Super Virasoro excitations but give mass shell condition and constraints
on the state in the cm spin degrees of freedom. This will be assumed in the following. Note
that for the ordinary Super Virasoro only the gauge conditions for L1 and G1 are needed.
2. NS algebra is generated by G1/2 and G3/2 and their Hermitian conjugates (note that G3/2
cannot be expressed as the commutator of L1 and G1/2 ) so that only the gauge conditions
associated with these generators are needed. For the ordinary Super Virasoro only the
conditions for G1/2 and G3/2 are needed.
Conditions guaranteeing that partition functions are not changed
The conditions guaranteeing the invariance of the partition functions in the transition to the
modified algebra must be such that they reduce the number of the excitations and gauge conditions
for a given conformal weight to the same number as in the case of the ordinary Super Virasoro.
1. The requirement that physical states are invariant under G ↔ G† corresponds to the charge
conjugation symmetry and is very natural. As a consequence, the gauge conditions for G
and G† are not independent and their number reduces by a factor of one half and is the same
as in the case of the ordinary Super Virasoro.
2. As far as the number of the thermal excitations for a given conformal weight is considered,
the only remaining problem are the operators Gn G†n , which for the ordinary Super Virasoro
reduce to Gn Gn = L2n and do not therefore correspond to independent degrees of freedom.
In present case this situation is achieved only if one requires

(Gn G†n − G†n Gn )|physi =

0 .

(5.3.2)

It is not clear whether this condition must be posed separately or whether it actually follows
from the representation of the Super Virasoro algebra automatically.
Partition function for Ramond algebra
Under the assumptions just stated, the partition function for the Ramond states not satisfying any
gauge conditions
Z(t)

=

1 + 2t + 4t2 + 8t3 + 14t4 + .... ,

(5.3.3)
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which is identical to that associated with the ordinary Ramond type Super Virasoro.
For a Super Virasoro representation with N = 5 sectors, of main interest in TGD, one has

ZN (t)

X

=

Z N =5 (t) =

D(n)tn

=

1 + 10t + 60t2 + 280t3 + ... .

(5.3.4)

The degeneracies for the states satisfying gauge conditions are given by

d(n)

= D(n) − 2D(n − 1) .

(5.3.5)

corresponding to the gauge conditions for L1 and G1 . Applying this formula one obtains for N = 5
sectors

d(0) = 1 ,

d(1) = 8 ,

d(2) = 40 ,

d(3) = 160 .

(5.3.6)

The lowest order contribution to the p-adic mass squared is determined by the ratio
r(n) =

D(n + 1)
,
D(n)

where the value of n depends on the effective vacuum weight of the ground state fermion. Light
state is obtained only provided the ratio is integer. The remarkable result is that for lowest lying
states the ratio is integer and given by

r(1) = 8 ,

r(2) = 5 ,

r(3) = 4 .

(5.3.7)

It turns out that r(2) = 5 gives the best possible lowest order prediction for the charged lepton
masses and in this manner one ends up with the condition hvac = −3 for the tachyonic vacuum
weight of Super Virasoro.
Partition function for NS algebra
For NS representations the calculation of the degeneracies of the physical states reduces to the
calculation of the partition function for a single particle Super Virasoro

ZN S (t)

=

X

z(n/2)tn/2 .

(5.3.8)

n

Here z(n/2) gives the number of Super Virasoro generators having conformal weight n/2. For a
state with N active sectors (the sectors with a non-vanishing weight for a given ground state) the
degeneracies can be read from the N-particle partition function expressible as

ZN (t)

=

Z N (t) .

(5.3.9)

Single particle partition function is given by the expression

Z(t)

=

1 + t1/2 + t + 2t3/2 + 3t2 + 4t5/2 + 5t3 + ... .

(5.3.10)

Using this representation it is an easy task to calculate the degeneracies for the operators of
conformal weight ∆ acting on a state having N active sectors.
One can also derive explicit formulas for the degeneracies and calculation gives
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D(0, N ) = 1 ,
D(1/2, N ) = N ,
D(1, N ) = N (N2+1) ,
D(3/2, N ) = N6 (N 2 + 3N + 8) ,
N
2
D(5/2, N ) = 9N (N − 1) ,
D(2, N ) = 2 (N + 2N + 3) ,
D(3, N ) = 12N (N − 1) + 2N (N − 1)
.

(5.3.11)

as a function of the conformal weight ∆ = 0, 1/2, ..., 3.
The number of states satisfying Super Virasoro gauge conditions created by the operators
of a conformal weight ∆, when the number of the active sectors is N , is given by

d(∆, N )

= D(∆, N ) − D(∆ − 1/2, N ) − D(∆ − 3/2, N ) .

(5.3.12)

The expression derives from the observation that the physical states satisfying gauge conditions
for G1/2 , G3/2 satisfy the conditions for all Super Virasoro generators. For Tp = 1 light bosons
correspond to the integer values of d(∆ + 1, N )/d(∆, N ) in case that massless states correspond
to thermal excitations of conformal weight ∆: they are obtained for ∆ = 0 only (massless ground
state). This is what is required since the thermal degeneracy of the light boson ground state
would imply a corresponding factor in the energy density of the black body radiation at very high
temperatures. For the physically most interesting nontrivial case with N = 2 two active sectors
the degeneracies are

d(0, 2) = 1 ,

d(1, 2) = 1 ,

N, ∆
2
3
4
5

d(2, 2) = 3 ,

0
1
1
1
1

1/2
1
2
3
4

1
1
3
5
10

d(3, 2) = 4 .

3/2
3
9
19
24

2
3
11
26
150

5/2
4

(5.3.13)

3
4

Table 5.1: Degeneracies d(∆, N ) of the operators satisfying NS type gauge conditions as a function
of the number N of the active sectors and of the conformal weight ∆ of the operator. Only those
degeneracies, which are needed in the mass calculation for bosons assuming that they correspond
to N-S representations are listed.

5.3.2

Fundamental Length And Mass Scales

The basic difference between quantum TGD and super-string models is that the size of CP2 is not
of order Planck length but much larger: of order 103.5 Planck lengths. This conclusion is forced by
several consistency arguments, the mass scale of electron, and by the cosmological data allowing to
fix the string tension of the cosmic strings which are basic structures in TGD inspired cosmology.
The relationship between CP2 radius and fundamental p-adic length scale
One can relate CP2 “cosmological constant” to the p-adic mass scale: for kL = 1 one has

m20

=

m21
= m21 = 2Λ .
kL

(5.3.14)

kL = 1 results also by requiring that p-adic thermodynamics leaves charged leptons light and leads
to optimal lowest order prediction for the charged lepton masses. Λ denotes the “cosmological
constant” of CP2 (CP2 satisfies Einstein equations Gαβ = Λg αβ with cosmological term).
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The real counterpart of the p-adic thermal expectation for the mass squared is sensitive to
the choice of the unit of p-adic mass squared which is by definition mapped as such to the real
unit in canonical identification. Thus an important factor in the p-adic mass calculations is the
correct identification of the p-adic mass squared scale, which corresponds to the mass squared unit
and hence to the unit of the p-adic numbers. This choice does not affect the spectrum of massless
states but can affect the spectrum of light states in case of intermediate gauge bosons.
1. For the choice

M2

= m20 ↔ 1

(5.3.15)

the spectrum of L0 is integer valued.
2. The requirement that all sufficiently small mass squared values for the color partial waves
are mapped to real integers, would fix the value of p-adic mass squared unit to

M2

=

m20
↔1 .
3

(5.3.16)

For this choice the spectrum of L0 comes in multiples of 3 and it is possible to have a first
order contribution to the mass which cannot be of thermal origin (say m2 = p). This indeed
seems to happen for electro-weak gauge bosons.
p-Adic mass calculations allow to relate m0 to electron mass and to Planck mass by the
formula

m0
mP l

=

mP l

=

1
me
× 2127/2 ×
,
mP l
5 + Ye
1
√
.
~G
√

(5.3.17)

For Ye = 0 this gives m0 = .2437 × 10−3 mP l .
This means that CP2 radius R defined by the length L = 2πR of CP2 geodesic is roughly
103.5 times the Planck length. More precisely, using the relationship
Λ=

3
= M 2 = m20 ,
2R2

one obtains for

r
L = 2πR

=

2π

√
3 1
' 3.1167 × 104 ~G for Ye = 0 .
2 m0

(5.3.18)

The result came as a surprise: the first belief was that CP2 radius is of order Planck length. It
has however turned out that the new identification solved elegantly some long standing problems
of TGD. Table 5.2 gives the value of the scale parameter KR .
The value of top quark mass favors Ye = 0 and Ye = .5 is largest value of Ye marginally
consistent with the limits on the value of top quark mass.
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Ye
(m0 /mP l )103
KR ×√10−7
(LR / ~G) × 10−4
K ×√10−7
(L/ ~G) × 10−4
KR /K

0
.2437
2.5262
3.1580
2.4606
3.1167
1.0267

.5
.2323
2.7788
3.3122
2.4606
3.1167
1.1293

.7798
.2266
2.9202
3.3954
2.4606
3.1167
1.1868

Table 5.2: Table gives the values of the ratio KR = R2 /G and CP2 geodesic length L = 2πR for
Ye ∈ {0, 0.5, 0.7798}. Also the ratio of KR /K, where K = 2 × 3 × 5 × 7 × 11 × 13 × 17 × 19 × 23 ×
2−3 ∗ (15/17) is rational number producing R2 /G approximately is given.

CP2 radius as the fundamental p-adic length scale
The identification of CP2 radius as the fundamental p-adic length scale is forced by the Super
Virasoro invariance. The pleasant surprise was that the identification of the CP2 size as the
fundamental p-adic length scale rather than Planck length solved many long standing problems of
older TGD.
1. The earliest formulation predicted cosmic strings with a string tension larger than the critical value giving the angle deficit 2π in Einstein’s equations and thus excluded by General
Relativity. The corrected value of CP2 radius predicts the value k/G for the cosmic string
tension with k in the range 10−7 − 10−6 as required by the TGD inspired model for the
galaxy formation solving the galactic dark matter problem.
2. In the
√ earlier formulation there was no idea as how to derive the p-adic length scale L ∼
103.5 ~G from the basic theory. Now this problem becomes trivial and one has to predict
gravitational constant in terms of the p-adic length scale. This follows in principle as a prediction of quantum TGD. In fact, one can deduce G in terms of the p-adic length scale and
the action exponential associated with the CP2 extremal and gets a correct value if αK approaches fine structure constant at electron length scale (due to the fact that electromagnetic
field equals to the Kähler field if Z 0 field vanishes).
Besides this, one obtains a precise prediction for the dependence of the Kähler coupling
strength on the p-adic length scale by requiring that the gravitational coupling does not
depend on the p-adic length scale. p-Adic prime p in turn has a nice physical interpretation: the critical value of αK is same for the zero modes with given p. As already found,
the construction of graviton state allows to understand the small value of the gravitational
constant in terms of a de-coherence caused by multi-p fractality reducing the value of the
gravitational constant from L2p to G.
3. p-Adic length scale is also the length scale at which super-symmetry should be restored
in standard super-symmetric theories. In TGD this scale corresponds to the transition to
Euclidian field theory for CP2 type extremals. There are strong reasons to believe that
sparticles are however absent and that super-symmetry is present only in the sense that
super-generators have complex conformal weights with Re(h) = ±1/2 rather than h = 0.
The action of this super-symmetry changes the mass of the state by an amount of order CP2
mass.

5.4

Color Degrees Of Freedom

The ground states for the Super Virasoro representations correspond to spinor harmonics in M 4 ×
CP2 characterized by momentum and color quantum numbers. The correlation between color and
electro-weak quantum numbers is wrong for the spinor harmonics and these states would be also
hyper-massive. The super-symplectic generators allow to build color triplet states having negative
vacuum conformal weights, and their values are such that p-adic massivation is consistent with
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the predictions of the earlier model differing from the recent one in the quark sector. In the
following the construction and the properties of the color partial waves for fermions and bosons
are considered. The discussion follows closely to the discussion of [A22] .

5.4.1

SKM Algebra And Counterpart Of Super Virasoro Conditions

There have been a considerable progress also in the understanding of super-conformal symmetries
[K40, K60].
1. Super-symplectic algebra corresponds to the isometries of WCW constructed in terms covariantly constant right handed neutrino mode and second quantized induced spinor field Ψ and
the corresponding Super-Kac-Moody algebra restricted to symplectic isometries and realized
in terms of all spinor modes and Ψ is the most plausible identification of the superconformal
algebras when the constraints from p-adic mass calculations are taken into account. These
algebras act as dynamical rather than gauge algebras and related to the isometries of WCW.
2. One expects also gauge symmetries due to the non-determinism of Kähler action. They
transform to each other preferred extremals having fixed 3-surfaces as ends at the boundaries
of the causal diamond. They preserve the value of Kähler action and those of conserved
charges. The assumption is that there are n gauge equivalence classes of these surfaces and
that n defines the value of the effective Planck constant hef f = n × h in the effective GRT
type description replacing many-sheeted space-time with single sheeted one. Note that the
geometric part of SKM algebra must respect the light-likeness of the partonic 3-surface.
4
× CP2 should be ex3. An interesting question is whether the symplectic isometries of δM±
2
4
tended to include all isometries of δM± = S ×R+ in one-one correspondence with conformal
transformations of S 2 .The S 2 local scaling of the light-like radial coordinate rM of R+ compensates the conformal scaling of the metric coming from the conformal transformation of
S 2 . Also light-like 3-surfaces allow the analogs of these isometries.

The requirement that symplectic generators have well defined radial conformal weight with
respect to the light-like coordinate r of X 3 restricts M 4 conformal transformations to the group
SO(3) × E 3 . This involves choice of preferred time coordinate. If the preferred M 4 coordinate
4
is chosen to correspond to a preferred light-like direction in δM±
characterizing the theory, a
2
reduction to SO(2) × E more familiar from string models occurs. SKM algebra contains also
U (2)ew Kac-Moody algebra acting as holonomies of CP2 and having no bosonic counterpart.
p-Adic mass calculations require N = 5 sectors of super-conformal algebra. These sectors
correspond to the 5 tensor factors for the SO(3) × E 3 × SU (3) × U (2)ew (or SO(2) × E 2 × SU (3) ×
U (2)ew ) decomposition of the SKM algebra to gauge symmetries of gravitation, color and electroweak interactions.
For symplectic isometries (Super-Kac-Moody algebra) fermionic algebra is realized in terms
second quantized induced spinor field Ψ and spinor modes with well-defined em charge restricted
to 2-D surfaces: string world sheets and possibly also partonic 2-surfaces. The full symplectic
algebra is realized in terms of Ψ and covariantly constant right handed neutrino mode. One can
4
consider also the possiblity of extended the symplectic isometries of δM±
= S 2 × R+ to include
2
all isometries which act as conformal transformations of S and for which conformal scaling of the
metric is compensated by S 2 local scaling of the light-like radial coordinate rM of R+ .
The algebra differs from the standard one in that super generators G(z) carry lepton and
quark numbers are not Hermitian as in super-string models (Majorana conditions are not satisfied).
The counterparts of Ramond representations correspond to zero modes of a second quantized spinor
field with vanishing radial conformal weight.
The Ramond or N-S type Virasoro conditions satisfied by the physical states in string model
approach are replaced by the formulas expressing mass squared as a conformal weight. The condition is not equivalent with super Virasoro conditions since four-momentum does not appear in
super Virasoro generators. It seems possible to assume that the commutator algebra [SKM, SC]
and the commutator of [SKM V, SSV ] of corresponding Super Virasoro algebras annihilate physical states. This would give rise to the analog of Super Virasoro conditions which could be seen as
a Dirac equation in the world of classical worlds.
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CP2 CM degrees of freedom
Important element in the discussion are center of mass degrees of freedom parameterized by imbedding space coordinates. By the effective 2-dimensionality it is indeed possible to assign to partons
momenta and color partial waves and they behave effectively as free particles. In fact, the technical
problem of the earlier scenario was that it was not possible to assign symmetry transformations
acting only on the light-like 3-surfaces at which the signature of the induced metric transforms
from Minkowskian to Euclidian.
The original assumption was that 3-surface has boundary components to which elementary
particle quantum numbers were assigned. It however became clear that boundary conditions at
boundaries probably fail to be satisfied. Hence the above described light-like 3-surfaces took the
role the boundary components. Space-time sheets were replaced with surfaces looking like doublesheeted (at least) structures from M 4 perspective with sheets meeting along 3-D surfaces. Sphere
in Euclidian 3-space is the simplest analog for this kind of structure.
One can assign to each eigen state of color quantum numbers a color partial wave in CP2
degrees of freedom. Thus color quantum numbers are not spin like quantum numbers in TGD
framework except effectively in the length scales much longer than CP2 length scale. The correlation between color partial waves and electro-weak quantum numbers is not physical in general:
only the covariantly constant right handed neutrino has vanishing color.
Mass formula, and condition determining the effective string tension
Mass squared eigenvalues are given by
M2

=

m2CP2 + kL0 .

(5.4.1)

The contribution of CP2 spinor Laplacian to the mass squared operator is in general not integer
valued.
The requirement that mass squared spectrum is integer valued for color partial waves possibly representing light states fixes the possible values of k determining the effective string tension
modulo integer. The value k = 1 is the only possible choice. The earlier choice kL = 1 and
kq = 2/3, kB = 1 gave integer conformal weights for the lowest possible color partial waves. The
assumption that the total vacuum weight hvac is conserved in particle vertices implied kB = 1.

5.4.2

General Construction Of Solutions Of Dirac Operator Of H

4
The construction of the solutions of massless spinor and other d’Alembertians in M+
× CP2 is
based on the following observations.

1. d’Alembertian corresponds to a massless wave equation M 4 × CP2 and thus Kaluza-Klein
4
picture applies, that is M+
mass is generated from the momentum in CP2 degrees of freedom.
This implies mass quantization:
M 2 = Mn2 ,
where Mn2 are eigenvalues of CP2 Laplacian. Here of course, ordinary field theory is considered. In TGD the vacuum weight changes mass squared spectrum.
2. In order to get a respectable spinor structure in CP2 one must couple CP2 spinors to an odd
integer multiple of the Kähler potential. Leptons and quarks correspond to n = 3 and n = 1
couplings respectively. The spectrum of the electromagnetic charge comes out correctly for
leptons and quarks.
3. Right handed neutrino is covariantly constant solution of CP2 Laplacian for n = 3 coupling
to Kähler potential whereas right handed “electron” corresponds to the covariantly constant
solution for n = −3. From the covariant constancy it follows that all solutions of the spinor
Laplacian are obtained from these two basic solutions by multiplying with an appropriate
solution of the scalar Laplacian coupled to Kähler potential with such a coupling that a
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correct total Kähler charge results. Left handed solutions of spinor Laplacian are obtained
simply by multiplying right handed solutions with CP2 Dirac operator: in this operation the
eigenvalues of the mass squared operator are obviously preserved.
4. The remaining task is to solve scalar Laplacian coupled to an arbitrary integer multiple of
Kähler potential. This can be achieved by noticing that the solutions of the massive CP2
Laplacian can be regarded as solutions of S 5 scalar Laplacian. S 5 can indeed be regarded as
a circle bundle over CP2 and massive solutions of CP2 Laplacian correspond to the solutions
of S 5 Laplacian with exp(isτ ) dependence on S 1 coordinate such that s corresponds to the
coupling to the Kähler potential:
s = n/2 .
Thus one obtains

D52

=

(Dµ − iAµ ∂τ )(Dµ − iAµ ∂τ ) + ∂τ2

(5.4.2)

so that the eigen values of CP2 scalar Laplacian are

m2 (s)

= m25 + s2

(5.4.3)

for the assumed dependence on τ .
5. What remains to do, is to find the spectrum of S 5 Laplacian and this is an easy task.
All solutions of S 5 Laplacian can be written as homogenous polynomial functions of C 3
complex coordinates Z k and their complex conjugates and have a decomposition into the
representations of SU (3) acting in natural manner in C 3 .
6. The solutions of the scalar Laplacian belong to the representations (p, p + s) for s ≥ 0 and to
the representations (p + |s|, p) of SU (3) for s ≤ 0. The eigenvalues m2 (s) and degeneracies
d are

m2 (s)

=

d =

2Λ 2
[p + (|s| + 2)p + |s|] , p > 0 ,
3
1
(p + 1)(p + |s| + 1)(2p + |s| + 2) .
2

(5.4.4)

Λ denotes the “cosmological constant” of CP2 (Rij = Λsij ).

5.4.3

Solutions Of The Leptonic Spinor Laplacian

Right handed solutions of the leptonic spinor Laplacian are obtained from the asatz of form
0
νR = Φs=0 νR
,

where uR is covariantly constant right handed neutrino and Φ scalar with vanishing Kähler charge.
Right handed “electron” is obtained from the ansats
eR = Φs=3 e0R ,
where e0R is covariantly constant for n = −3 coupling to Kähler potential so that scalar function
must have Kähler coupling s = n/2 = 3 a in order to get a correct Kähler charge. The d’Alembert
equation reduces to
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(Dµ Dµ − (1 − )Λ)Φ = −m2 Φ ,
(ν) = 1 ,

(e) = −1 .

(5.4.5)

The two additional terms correspond to the curvature scalar term and Jkl Σkl terms in spinor
Laplacian. The latter term is proportional to Kähler coupling and of different sign for ν and e,
which explains the presence of the sign factor  in the formula.
Right handed neutrinos correspond to (p, p) states with p ≥ 0 with mass spectrum

m2 (ν)
m21


m21  2
p + 2p , p ≥ 0 ,
3
≡ 2Λ .
=

(5.4.6)

Right handed “electrons” correspond to (p, p + 3) states with mass spectrum

m2 (e)

=


m21  2
p + 5p + 6 , p ≥ 0 .
3

(5.4.7)

Left handed solutions are obtained by operating with CP2 Dirac operator on right handed solutions
with one exception: the action of the Dirac operator on the covariantly constant right handed
neutrino ((p = 0, p = 0) state) annihilates it.

5.4.4

Quark Spectrum

Quarks correspond to the second conserved H-chirality of H-spinors. The construction of the
color partial waves for quarks proceeds along similar lines as for leptons. The Kähler coupling
corresponds to n = 1 (and s = 1/2) and right handed U type quark corresponds to a right handed
neutrino. U quark type solutions are constructed as solutions of form
UR = uR Φs==1 ,
where uR possesses the quantum numbers of covariantly constant right handed neutrino with
Kähler charge n = 3 (s = 3/2). Hence Φs has s = −1. For DR one has
DR = dr Φs=2 .
dR has s = −3/2 so that one must have s = 2. For UR the representations (p + 1, p) with triality
one are obtained and p = 0 corresponds to color triplet. For DR the representations (p, p + 2) are
obtained and color triplet is missing from the spectrum (p = 0 corresponds to 6̄).
The CP2 contributions to masses are given by the formula

m2 (U, p)

=

m2 (D, p)

=

m21
3
m21
3

 2

p + 3p + 2 , p ≥ 0 ,
 2

p + 4p + 4 , p ≥ 0 .

(5.4.8)

Left handed quarks are obtained by applying Dirac operator to right handed quark states and
mass formulas and color partial wave spectrum are the same as for right handed quarks.
The color contributions to p-adic mass squared are integer valued if m20 /3 is taken as a
fundamental p-adic unit of mass squared. This choice has an obvious relevance for p-adic mass
calculations since canonical identification does not commute with a division by integer. More
precisely, the images of number xp in canonical identification has a value of order 1 when x is
a non-trivial rational whereas for x = np the value is n/p and extremely is small for physically
interesting primes. This choice does not however affect the spectrum of massless states but can
affect the spectrum of light states in case of electro-weak gauge bosons.

5.4. Color Degrees Of Freedom

5.4.5
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Spectrum Of Elementary Particles

The assumption that k = 1 holds true for all particles forces to modify the earlier construction of
quark states. This turns out to be possible without affecting the p-adic mass calculations whose
outcome depend in an essential manner on the ground state conformal weights hgr of the fermions
(which can be negative).
Leptonic spectrum
For k = 1 the leptonic mass squared is integer valued in units of m20 only for the states satisfying
p mod 3 6= 2 .
Only these representations can give rise to massless states. Neutrinos correspond to (p, p) representations with p ≥ 1 whereas charged leptons correspond to (p, p + 3) representations. The
earlier mass calculations demonstrate that leptonic masses can be understood if the ground state
conformal weight is hgr = −1 for charged leptons and hgr = −2 for neutrinos.
The contribution of color partial wave to conformal weight is hc = (p2 + 2p)/3, p ≥ 1, for
neutrinos and p = 1 gives hc = 1 (octet). For charged leptons hc = (p2 + 5p + 6)/3 gives hc = 2
for p = 0 (decouplet). In both cases super-symplectic operator O must have a net conformal
weight hsc = −3 to produce a correct conformal weight for the ground state. p-adic considerations
P
suggests the use of operators O with super-symplectic conformal weight z = −1/2 − i nk yk ,
where sk = 1/2 + iyk corresponds to zero of Riemann ζ. If the operators in question are color
Hamiltonians in octet representation net super-symplectic conformal weight hsc = −3 results. The
tensor product of two octets with conjugate super-symplectic conformal weights contains both octet
and decouplet so that singlets are obtained. What strengthens the hopes that the construction is
not ad hoc is that the same operator appears in the construction of quark states too.
Right handed neutrino remains essentially massless. p = 0 right handed neutrino does not
however generate N = 1 space-time (or rather, imbedding space) super symmetry so that no
sparticles are predicted. The breaking of the electro-weak symmetry at the level of the masses
comes out basically from the anomalous color electro-weak correlation for the Kaluza-Klein partial
waves implying that the weights for the ground states of the fermions depend on the electromagnetic
charge of the fermion. Interestingly, TGD predicts lepto-hadron physics based on color excitations
of leptons and color bound states of these excitations could correspond topologically condensed on
string like objects but not fundamental string like objects.
Spectrum of quarks
Earlier arguments [K25] related to a model of CKM matrix as a rational unitary matrix suggested
that the string tension parameter k is different for quarks, leptons, and bosons. The basic mass
formula read as
M 2 = m2CP2 + kL0 .
The values of k were kq = 2/3 and kL = kB = 1. The general theory however predicts that k = 1
for all particles.
1. By earlier mass calculations and construction of CKM matrix the ground state conformal
weights of U and D type quarks must be hgr (U ) = −1 and hgr (D) = 0. The formulas for
the eigenvalues of CP2 spinor Laplacian imply that if m20 is used as unit, color conformal
weight hc ≡ m2CP2 is integer for p mod = ±1 for U type quark belonging to (p + 1, p) type
representation and obeying hc (U ) = (p2 + 3p + 2)/3 and for p mod 3 = 1 for D type quark
belonging (p, p + 2) type representation and obeying hc (D) = (p2 + 4p + 4)/3. Only these
states can be massless since color Hamiltonians have integer valued conformal weights.
2. In the recent case p = 1 states correspond to hc (U ) = 2 and hc (D) = 3. hgr (U ) = −1 and
hgr (D) = 0 reproduce the previous results for quark masses required by the construction
of CKM matrix. This forces the super-symplectic operator O to compensate the anomalous
color to have a net conformal weight hsc = −3 just as in the leptonic case. The facts that the
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values of p are minimal for spinor harmonics and the super-symplectic operator is same for
both quarks and leptons suggest that the construction is not had hoc. The real justification
would come from the demonstration that hsc = −3 defines null state for SSV: this would also
explain why hsc would be same for all fermions.
3. It would seem that the tensor product of the spinor harmonic of quarks (as also leptons)
with Hamiltonians gives rise to a large number of exotic colored states which have same
thermodynamical mass as ordinary quarks (and leptons). Why these states have smaller
values of p-adic prime that ordinary quarks and leptons, remains a challenge for the theory.
Note that the decay widths of intermediate gauge bosons pose strong restrictions on the
possible color excitations of quarks. On the other hand, the large number of fermionic color
exotics can spoil the asymptotic freedom, and it is possible to have and entire p-adic length
scale hierarchy of QCDs existing only in a finite length scale range without affecting the
decay widths of gauge bosons.
Table 5.3 summarizes the color conformal weights and super-symplectic vacuum conformal
weights for the elementary particles.

hvac
hc

L
-3
2

νL
-3
1

.
U
-3
2

D
-3
3

W
-2
2

γ, G, g
0
0

Table 5.3: The values of the parameters hvac and hc assuming that k = 1. The value of hvac ≤ −hc
is determined from the requirement that p-adic mass calculations give best possible fit to the mass
spectrum.

Photon, graviton and gluon
For photon, gluon and graviton the conformal weight of the p = 0 ground state is hgr = hvac = 0.
The crucial condition is that h = 0 ground state is non-degenerate: otherwise one would obtain
several physically more or less identical photons and this would be seen in the spectrum of blackbody radiation. This occurs if one can construct several ground states not expressible in terms of
the action of the Super Virasoro generators.
Masslessness or approximate masslessness requires low enough temperature Tp = 1/n, n > 1
at least and small enough value of the possible contribution coming from the ground state conformal
weight.
In NS thermodynamics the only possibility to get exactly massless states in thermal sense
is to have ∆ = 0 state with one active sector so that NS thermodynamics becomes trivial due
to the absence of the thermodynamical excitations satisfying the gauge conditions. For neutral
gauge bosons this is indeed achieved. For Tp = 1/2, which is required by the mass spectrum of
intermediate gauge bosons, the thermal contribution to the mass squared is however extremely
small even for W boson.

5.4.6

Some Probabilistic Considerations

There are uniqueness problems related to the mapping of p-adic probabilities to real ones. These
problems find a nice resolution from the requirement that the map respects probability conservation. The implied modification of the original mapping does not change measurably the predictions
for the masses of light particles.
How unique the map of p-adic probabilities and mass squared values are mapped to
real numbers is?
The mapping of p-adic thermodynamical probabilities and mass squared values to real numbers is
not completely unique.
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P
P
1. Canonical identification I :
xn p n →
xn p−n takes care of this mapping but does not
respect the sum of probabilities so that the real images I(pn ) of the probabilities must be
normalized. This is a somewhat alarming feature.
2. The modification of the canonical identification mapping rationals by the formula I(r/s) =
I(r)/I(s) has appeared naturally in various applications, in particular because it respects
unitarity of unitary matrices with rational elements with r < p, s < p. In the case of p-adic
thermodynamic the formula I(g(n)pn /Z) → I(g(n)pn )/I(Z) would be very natural although
Z need not be rational anymore. For g(n) < p the real counterparts of the p-adic probabilities
would sum up to one automatically for this option. One cannot deny that this option is more
convincing than the original one. The generalization of this formula to map p-adic mass
squared to a real one is obvious.
3. Options 1) and 2) differ dramatically when the n = 0 massless ground state has ground state
degeneracy D > 1. For option 1) the real mass is predicted to be of order CP2 mass whereas
for option 2) it would be by a factor 1/D smaller than the minimum mass predicted by the
option a). Thus option 2) would predict a large number of additional exotic states. For those
states which are light for option 1), the two options make identical predictions as far as the
significant two lowest order terms are considered. Hence this interpretation would not change
the predictions of the p-adic mass calculations in this respect. Option 2) is definitely more
in accord with the real physics based intuitions and the main role of p-adic thermodynamics
would be to guarantee the quantization of the temperature and fix practically uniquely the
spectrum of the “Hamiltonian”.
Under what conditions the mapping of p-adic ensemble probabilities to real probabilities respects probability conservation?
One can consider also a more general situation. Assume that one has an ensemble consisting of
independent elementary events suchP
that the number of events of type i is Ni . The probabilities
are given by pi = Ni /N and N =
Ni is the total number of elementary events. Even in the
case that N is infinite as a real number it is natural to map the p-adic probabilities to their real
counterparts using the rational canonical identification I(pi ) = I(Ni )/I(N ). Of course, Ni and N
exist as well defined p-adic numbers under very stringent conditions only.
The question is under what conditions this map respects probability conservation. The
answer becomes obvious by looking at the pinary expansions of Ni and N . If the integers Ni
(possibly infinite as real integers) have pinary expansions having no common pinary digits, the
sum of probabilities is conserved in the map. Note that this condition can assign also to a finite
ensemble with finite number of a unique value of p.
This means that the selection of a basis for independent events corresponds to a decomposition of the set of integers labelling pinary digits to disjoint sets and brings in mind the selection of
orthonormalized basis of quantum states in quantum theory. What is physically highly non-trivial
that this “orthogonalization” alone puts strong constraints on probabilities of the allowed elementary events. One can say that the probabilities define distributions of pinary digits analogous to
non-negative probability amplitudes in the space of integers labelling pinary digits, and the probabilities of independent events must be orthogonal with respect to the inner product defined by
point-wise multiplication in the space of pinary digits.
p-Adic thermodynamics for which Boltzmann weights g(E)exp(−E/T ) are replaced by
g(E)pE/T such that one has g(E) < p and E/T is integer valued, satisfies this constraint. The
quantization of E/T to integer values implies quantization of both T and “energy” spectrum and
forces so called super conformal invariance in TGD applications, which is indeed a basic symmetry
of the theory.
There are infinitely many ways to choose the elementary events and each choice corresponds
to a decomposition of the infinite set of integers n labelling the powers of p to disjoint subsets.
These subsets can be also infinite. One can assign to this kind of decomposition a resolution which
is the poorer the larger the subsets involved are. p-Adic thermodynamics would represent the
situation in which the resolution is maximal since each set contains only single pinary digit. Note
the analogy with the basis of completely localized wave functions in a lattice.
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Modular Contribution To The Mass Squared

The success of the p-adic mass calculations gives convincing support for the generation-genus
correspondence. The basic physical picture is following.
1. Fermionic mass squared is dominated by partonic contribution, which is sum of cm and modular contributions: M 2 = M 2 (cm)+M 2 (mod). Here “cm” refers to the thermal contribution.
Modular contribution can be assumed to depend on the genus of the boundary component
only.
2. If Higgs contribution for diagonal (g, g) bosons (singlets with respect to “topological” SU (3))
dominates, the genus dependent contribution can be assumed to be negligible. This should
be due to the bound state character of the wormhole contacts reducing thermal motion and
thus the p-adic temperature.
3. Modular contribution to the mass squared can be estimated apart from an overall proportionality constant. The mass scale of the contribution is fixed by the p-adic length scale
hypothesis. Elementary particle vacuum functionals are proportional to a product of all even
theta functions and their conjugates, the number of even theta functions and their conjugates
being 2N (g) = 2g (2g + 1). Also the thermal partition function must also be proportional to
2N (g):th power of some elementary partition function. This implies that thermal/ quantum
expectation M 2 (mod) must be proportional to 2N (g). Since single handle behaves effectively as particle, the contribution must be proportional to genus g also. The success of the
resulting mass formula encourages the belief that the argument is essentially correct.
The challenge is to construct theoretical framework reproducing the modular contribution to
mass squared. There are two alternative manners to understand the origin modular contribution.
1. The realization that super-symplectic algebra is relevant for elementary particle physics leads
to the idea that two thermodynamics are involved with the calculation of the vacuum conformal weight as a thermal expectation. The first thermodynamics corresponds to Super
Kac-Moody algebra and second thermodynamics to super-symplectic algebra. This approach
allows a first principle understanding of the origin and general form of the modular contribution without any need to introduce additional structures in modular degrees of freedom.
The very fact that super-symplectic algebra does not commute with the modular degrees of
freedom explains the dependence of the super-symplectic contribution on moduli.
2. The earlier approach was based on the idea that he modular contribution could be regarded
as a quantum mechanical expectation value of the Virasoro generator L0 for the elementary
particle vacuum functional. Quantum treatment would require generalization the concepts
of the moduli space and theta function to the p-adic context and finding an acceptable
definition of the Virasoro generator L0 in modular degrees of freedom. The problem with
this interpretation is that it forces to introduce, not only Virasoro generator L0 , but the
entire super Virasoro algebra in modular degrees of freedom. One could also consider of
interpreting the contribution of modular degrees of freedom to vacuum conformal weight
as being analogous to that of CP2 Laplacian but also this would raise the challenge of
constructing corresponding Dirac operator. Obviously this approach has become obsolete.
The thermodynamical treatment taking into account the constraints from that p-adicization
is possible might go along following lines.
1. In the real case the basic quantity is the thermal expectation value h(M ) of the conformal
weight as a function of moduli. The average value of the deviation ∆h(M ) = h(M ) − h(M0 )
over moduli space M must be calculated using elementary particle vacuum functional as
a modular invariant partition function. Modular invariance is achieved if this function is
proportional to the logarithm of elementary particle vacuum functional: this reproduces
the qualitative features basic formula for the modular contribution to the conformal weight.
p-Adicization leads to a slight modification of this formula.

5.5. Modular Contribution To The Mass Squared

205

2. The challenge of algebraically continuing this calculation to the p-adic context involves several
sub-tasks. The notions of moduli space Mp and theta function must be defined in the padic context. An appropriately defined logarithm of the p-adic elementary particle vacuum
functional should determine ∆h(M ). The average of ∆h(M ) requires an integration over
Mp . The problems related to the definition of this integral could be circumvented if the
integral in the real case could be reduced to an algebraic expression, or if the moduli space
is discrete in which case integral could be replaced by a sum.
3. The number theoretic existence of the p-adic Θ function leads to the quantization of the
moduli so that the p-adic moduli space is discretized. Accepting the sharpened form of
Riemann hypothesis [K81] , the quantization means that the imaginary resp. real parts of
the moduli are proportional to integers resp. combinations of imaginary parts of zeros of
Riemann Zeta. This quantization could occur also for the real moduli for the maxima of
Kähler function. This reduces the problematic p-adic integration to a sum and the resulting
sum defining h∆hi converges extremely rapidly for physically interesting primes so that only
the few lowest terms are needed.

5.5.1

Conformal Symmetries And Modular Invariance

The full SKM invariance means that the super-conformal fields depend only on the conformal
moduli of 2-surface characterizing the conformal equivalence class of the 2-surface. This means
that all induced metrics differing by a mere Weyl scaling have same moduli. This symmetry is
extremely powerful since the space of moduli is finite-dimensional and means that the entire infinitedimensional space of deformations of parton 2-surface X 2 degenerates to a finite-dimensional moduli spaces under conformal equivalence. Obviously, the configurations of given parton correspond
to a fiber space having moduli space as a base space. Super-symplectic degrees of freedom could
break conformal invariance in some appropriate sense.
Conformal and SKM symmetries leave moduli invariant
Conformal transformations and super Kac Moody symmetries must leave the moduli invariant.
This means that they induce a mere Weyl scaling of the induced metric of X 2 and thus preserve
its non-diagonal character ds2 = gzz dzdz. This is indeed true if
4
× CP2 made
1. the Super Kac Moody symmetries are holomorphic isometries of X 7 = δM±
2
local with respect to the complex coordinate z of X , and

2. the complex coordinates of X 7 are holomorphic functions of z.
Using complex coordinates for X 7 the infinitesimal generators can be written in the form
J An

= z n j Ak Dk + z n j Ak Dk .

(5.5.1)

The intuitive picture is that it should be possible to choose X 2 freely. It is however not always
possible to choose the coordinate z of X 2 in such a manner that X 7 coordinates are holomorphic
functions of z since a consistency of inherent complex structure of X 2 with that induced from X 7
is required. Geometrically this is like meeting of two points in the space of moduli.
Lorentz boosts produce new inequivalent choices of S 2 with their own complex coordinate:
this set of complex structures is parameterized by the hyperboloid of future light cone (Lobatchevski
space or mass shell), but even this is not enough. The most plausible manner to circumvent the
problem is that only the maxima of Kähler function correspond to the holomorphic situation so
that super-symplectic algebra representing quantum fluctuations would induce conformal anomaly.
4
The isometries of δM+
are in one-one correspondence with conformal transformations

For CP2 factor the isometries reduce to SU (3) group acting also as symplectic transformations.
4
For δM+
= S 2 × R+ one might expect that isometries reduce to Lorentz group containing rotation
group of SO(3) as conformal isometries. If rM corresponds to a macroscopic length scale, then X 2
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has a finite sized S 2 projection which spans a rather small solid angle so that group SO(3) reduces
in a good approximation to the group E 2 × SO(2) of translations and rotations of plane.
4
This expectation is however wrong! The light-likeness of δM+
allows a dramatic generalization of the notion of isometry. The point is that the conformal transformations of S 2 induce
4
a conformal factor |df /dw|2 to the metric of δM+
and the local radial scaling rM → rM /|df /dw|
compensates it. Hence the group of conformal isometries consists of conformal transformations of
S 2 with compensating radial scalings. This compensation of two kinds of conformal transformations is the deep geometric phenomenon which translates to the condition LSC − LSKM = 0 in
the sub-space of physical states. Note that an analogous phenomenon occurs also for the light-like
CDs Xl3 with respect to the metrically 2-dimensional induced metric.
The X 2 -local radial scalings rM → rM (z, z) respect the conditions gzz = gzz = 0 so that a
4
mere Weyl scaling leaving moduli invariant results. By multiplying the conformal isometries of δM+
n
2
2
by z (z is used as a complex coordinate for X and w as a complex coordinate for S ) a conformal
localization of conformal isometries would result. Kind of double conformal transformations would
be in question. Note however that this requires that X 7 coordinates are holomorphic functions
of X 2 coordinate. These transformations deform X 2 unlike the conformal transformations of X 2 .
For Xl3 similar local scalings of the light like coordinate leave the moduli invariant but lead out of
X 7.
Symplectic transformations break the conformal invariance
In general, infinitesimal symplectic transformations induce non-vanishing components gzz , gzz of
the induced metric and can thus change the moduli of X 2 . Thus the quantum fluctuations represented by super-symplectic algebra and contributing to the WCW metric are in general moduli
changing. It would be interesting to know explicitly the conditions (the number of which is the
dimension of moduli space for a given genus), which guarantee that the infinitesimal symplectic
transformation is moduli preserving.

5.5.2

The Physical Origin Of The Genus Dependent Contribution To
The Mass Squared

Different p-adic length scales are not enough to explain the charged lepton mass ratios and an
additional genus dependent contribution in the fermionic mass formula is required. The general
form of this contribution can be guessed by regarding elementary particle vacuum functionals in
the modular degrees of freedom as an analog of partition function and the modular contribution to
the conformal weight as an analog of thermal energy obtained by averaging over moduli. p-Adic
length scale hypothesis determines the overall scale of the contribution.
The exact physical origin of this contribution has remained mysterious but super-symplectic
degrees of freedom represent a good candidate for the physical origin of this contribution. This
would mean a sigh of relief since there would be no need to assign conformal weights, super-algebra,
Dirac operators, Laplacians, etc.. with these degrees of freedom.
Thermodynamics in super-symplectic degrees of freedom as the origin of the modular
contribution to the mass squared
The following general picture is the simplest found hitherto.
1. Elementary particle vacuum functionals are defined in the space of moduli of surfaces X 2
corresponding to the maxima of Kähler function. There some restrictions on X 2 . In particular, p-adic length scale poses restrictions on the size of X 2 . There is an infinite hierarchy of
elementary particle vacuum functionals satisfying the general constraints but only the lowest
elementary particle vacuum functionals are assumed to contribute significantly to the vacuum
expectation value of conformal weight determining the mass squared value.
2. The contribution of Super-Kac Moody thermodynamics to the vacuum conformal weight h
coming from Virasoro excitations of the h = 0 massless state is estimated in the previous
calculations and does not depend on moduli. The new element is that for a partonic 2-surface
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X 2 with given moduli, Virasoro thermodynamics is present also in super-symplectic degrees
of freedom.
Super-symplectic thermodynamics means that, besides the ground state with hgr = −hSC
with minimal value of super-symplectic conformal weight hSC , also thermal excitations of
this state by super-symplectic Virasoro algebra having hgr = −hSC − n are possible. For
these ground states the SKM Virasoro generators creating states with net conformal weight
h = hSKM − hSC − n ≥ 0 have larger conformal weight so that the SKM thermal average
h depends on n. It depends also on the moduli M of X 2 since the Beltrami differentials
representing a tangent space basis for the moduli space M do not commute with the supersymplectic algebra. Hence the thermally averaged SKM conformal weight hSKM for given
values of moduli satisfies

hSKM

= h(n, M ) .

(5.5.2)

3. The average conformal weight induced by this double thermodynamics can be expressed as
a super-symplectic thermal average h·iSC of the SKM thermal average h(n, M ):

h(M )

=

hh(n, M )iSC =

X

pn (M )h(n) ,

(5.5.3)

where the moduli dependent probability pn (M ) of the super-symplectic Virasoro excitation
with conformal weight n should be consistent with the p-adic thermodynamics. It is convenient to write h(M ) as

h(M )

=

h0 + ∆h(M ) ,

(5.5.4)

where h0 is the minimum value of h(M ) in the space of moduli. The form of the elementary
particle vacuum functionals suggest that h0 corresponds to moduli with Im(Ωij ) = 0 and thus
to singular configurations for which handles degenerate to one-dimensional lines attached to
a sphere.
4. There is a further averaging of ∆h(M ) over the moduli space M by using the modulus
squared of elementary particle vacuum functional so that one has

h =

h0 + h∆h(M )iM .

(5.5.5)

Modular invariance allows to pose very strong conditions on the functional form of ∆h(M ).
The simplest assumption guaranteeing this and thermodynamical interpretation is that ∆h(M )
is proportional to the logarithm of the vacuum functional Ω:

∆h(M ) ∝

−log(

Ω(M )
) .
Ωmax

Here Ωmax corresponds to the maximum of Ω for which ∆h(M ) vanishes.

(5.5.6)
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Justification for the general form of the mass formula
The proposed general ansatz for ∆h(M ) provides a justification for the general form of the mass
formula deduced by intuitive arguments.
1. The factorization of the elementary particle vacuum functional Ω into a product of 2N (g) =
2g (2g +1) terms and the logarithmic expression for ∆h(M ) imply that the thermal expectation
values is a sum over thermal expectation values over 2N (g) terms associated with various
even characteristics (a, b), where a and b are g-dimensional vectors with components equal
to 1/2 or 0 and the inner product 4a · b is an even integer. If each term gives the same result
in the averaging using Ωvac as a partition function, the proportionality to 2Ng follows.
2. For genus g ≥ 2 the partition function defines an average in 3g − 3 complex-dimensional
space of moduli. The analogy of h∆hi and thermal energy suggests that the contribution is
proportional to the complex dimension 3g − 3 of this space. For g ≤ 1 the contribution the
complex dimension of moduli space is g and the contribution would be proportional to g.

h∆hi

∝ g × X(g) for g ≤ 1 ,

h∆hi

∝ (3g − 3) × X(g) for g ≥ 2 ,

X(g)

=

2g (2g + 1) .

(5.5.7)

If X 2 is hyper-elliptic for the maxima of Kähler function, this expression makes sense only
for g ≤ 2 since vacuum functionals vanish for hyper-elliptic surfaces.
3. The earlier argument, inspired by the interpretation of elementary particle vacuum functional
as a partition function, was that each factor of the elementary particle vacuum functional
gives the same contribution to h∆hi, and that this contribution is proportional to g since
each handle behaves like a particle:

h∆hi

∝

g × X(g) .

(5.5.8)

The prediction following from the previous differs by a factor (3g − 3)/g for g ≥ 2. This
would scale up the dominant
p modular contribution to the masses of the third g = 2 fermionic
generation by a factor 3/2 ' 1.22. One must of course remember, that these rough
arguments allow g− dependent numerical factors of order one so that it is not possible to
exclude either argument.

5.5.3

Generalization Of Θ Functions And Quantization Of P-Adic Moduli

The task is to find p-adic counterparts for theta functions and elementary particle vacuum functionals. The constraints come from the p-adic existence of the exponentials appearing as the
summands of the theta functions and from the convergence of the sum. The exponentials must be
proportional to powers of p just as the Boltzmann weights defining the p-adic partition function.
The outcome is a quantization of moduli so that integration can be replaced with a summation
and the average of ∆h(M ) over moduli is well defined.
It is instructive to study the problem for torus in parallel with the general case. The
ordinary moduli space of torus is parameterized by single complex number τ . The points related
by SL(2, Z) are equivalent, which means that the transformation τ → (Aτ +B)/(Cτ +D) produces
a point equivalent with τ . These transformations are generated by the shift τ → τ + 1 and
τ → −1/τ . One can choose the fundamental domain of moduli space to be the intersection of the
slice Re(τ ) ∈ [−1/2, 1/2] with the exterior of unit circle |τ | = 1. The idea is to start directly from
physics and to look whether one might some define p-adic version of elementary particle vacuum
functionals in the p-adic counterpart of this set or in some modular invariant subset of this set.
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Elementary particle vacuum functionals are expressible in terms of theta functions using the
4
functions Θ4 [a, b]Θ [a, b] as a building block. The general expression for the theta function reads
as

Θ[a, b](Ω)

=

X

exp(iπ(n + a) · Ω · (n + a))exp(2iπ(n + a) · b) .

(5.5.9)

n

The latter exponential phase gives only a factor ±i or ±1 since 4a · b is integer. For p mod 4 = 3
imaginary unit exists in an algebraic extension of p-adic numbers. In the case of torus (a, b) has
the values (0, 0), (1/2, 0) and (0, 1/2) for torus since only even characteristics are allowed.
Concerning the p-adicization of the first exponential appearing in the summands in Eq.
5.5.9, the obvious problem is that π does not exists p-adically unless one allows infinite-dimensional
extension.
1. Consider first the real part of Ω. In this case the proper manner to treat the situation is
to introduce and algebraic extension involving roots of unity so that Re(Ω) rational. This
approach is proposed as a general approach to the p-adicization of quantum TGD in terms
of harmonic analysis in symmetric spaces allowing to define integration also in p-adic context
in a physically acceptable manner by reducing it to Fourier analysis. The simplest situation
corresponds to integer values for Re(Ω) and in this case the phase are equal to ±i or ±1
since a is half-integer valued. One can consider a hierarchy of variants of moduli space
characterized by the allowed roots of unity. The physical interpretation for this hierarchy
would be in terms of a hierarchy of measurement resolutions. Note that the real parts of Ω
can be assumed to be rationals of form m/n where n is constructed as a product of finite
number of primes and therefore the allowed rationals are linear combinations of inverses 1/pi
for a subset {pi } of primes.
2. For the imaginary part of Ω different approach is required. One wants a rapid convergence of
the sum formula and this requires that the exponents reduces in this case to positive powers
of p. This is achieved if one has

Im(Ω)

= −n

log(p)
,
π)

(5.5.10)

Unfortunately this condition is not consistent with the condition Im(Ω) > 0. A manner to
circumvent the difficulty is to replace Ω with its complex conjugate. Second approach is to
define the real discretized variant of theta function first and then map it by canonical identification to its p-adic counterpart: this would map phase to phases and powers of p to their
inverses. Note that a similar change of sign must be performed in p-adic thermodynamics for
powers of p to map p-adic probabilities to real ones. By rescaling Im(Ω) → log(p)
π) Im(Ω) one
has non-negative integer valued spectrum for Im(Ω) making possible to reduce integration
in moduli space to a summation over finite number of rationals associated with the real part
of Ω and powers of p associated with the imaginary part of Ω.
3. Since the exponents appearing in
p(n+a)·Im(Ωij,p )·(n+a) = pa·Im(Ω)·a × p2a·Im(Ω·n × p+n·Im(Ωij,p )·n
are positive integers valued, Θ[a,b] exist in Rp and converges. The problematic factor is
the first exponent since the components of the vector a can have values 1/2 and 0 and its
existence implies a quantization of Im(Ωij ) as

Im(Ω)

= −Kn

log(p)
, n∈Z , n≥1 ,
p

(5.5.11)
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In p-adic context this condition must be formulated for the exponent of Ω defining the
natural coordinate. K = 4 guarantees the existence of Θ functions and K = 1 the existence
4
of the building blocks Θ4 [a, b]Θ [a, b] of elementary particle vacuum functionals in Rp . The
extension to higher genera means only replacement of Ω with the elements of a matrix.
4. One can criticize this approach for the loss of the full modular covariance in the definition
of theta functions. The modular transformations Ω → Ω + n are consistent with the number
theoretic constraints but the transformations Ω → −1/Ω do not respect them. It seem that
one can circumvent the difficulty by restricting the consideration to a fundamental domain
satisfying the number theoretic constraints.
This variant of moduli space is discrete and p-adicity is reflected only in the sense that the
moduli space makes sense also p-adically. One can consider also a continuum variant of the p-adic
moduli space using the same prescription as in the construction of p-adic symmetric spaces [K88] .
1. One can introduce exp(iπRe(Ω)) as the counterpart of Re(Ω) as a coordinate of the Teichmueller space. This coordinate makes sense only as a local coordinate since it does not
differentiate between Re(Ω) and Re(Ω + 2n). On the other hand, modular invariance states
that Ω abd Ω + n correspond to the same moduli so that nothing is lost. In the similar manner one can introduce exp( πIm(Ω)) ∈ {pn , n > 0} as the counterpart of discretized version
of Im(Ω).
2. The extension to continuum would mean in the case of Re(Ω) the extension of the phase
exp(iπRe(Ω)) to a product exp(iπRe(Ω))exp(ipx) = exp(iπRe(Ω) + exp(ipx), where x is
p-adic integer which can be also infinite as a real integer. This would mean that each root
of unity representing allowed value Re(Ω) would have a p-adic neighborhood consisting of
p-adic integers. This neighborhood would be the p-adic counterpart for the angular integral
∆φ for a given root of unity and would not make itself visible in p-adic integration.
3. For the imaginary part one can also consider the extension of exp(πIm(Ω)) to pn × exp(npx)
where x is a p-adic integer. This would assign to each point pn a p-adic neighborhood defined
by p-adic integers. This neighborhood is same all integers n with same p-adic norm. When
n is proportional to pk one has exp(npx) − 1 ∝ pk .
The quantization of moduli characterizes precisely the conformal properties of the partonic
2-surfaces corresponding to different p-adic primes. In the real context -that is in the intersection
of real and p-adic worlds- the quantization of moduli of torus would correspond to

τ

= K

X

log(p)
q+i×n
π


,

(5.5.12)

where q is a rational number expressible as linear combination of inverses of a finite fixed set of
primes defining the allowed roots of unity. K = 1 guarantees the existence of elementary particle
vacuum functionals and K = 4 the existence of Theta functions. The ratio for the complex vectors
defining the sides of the plane parallelogram defining torus via the identification of the parallel
sides is quantized. In other words, the angles Φ between the sides and the ratios of the sides given
by |τ | have quantized values.
The quantization rules for the moduli of the higher genera is of exactly same form

Ωij

=

K

X

log(p)
qij + i × nij ×
π


,
(5.5.13)

If the quantization rules hold true also for the maxima of Kähler function in the real context or
more precisely- in the intersection of real and p-adic variants of the “world of classical worlds”
identified as partonic 2-surfaces at the boundaries of causal diamond plus the data about their 4-D
tangent space, there are good hopes that the p-adicized expression for ∆h is obtained by a simple
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algebraic continuation of the real formula. Thus p-adic length scale would characterize partonic
surface X 2 rather than the light like causal determinant Xl3 containing X 2 . Therefore the idea
that various p-adic primes label various Xl3 connecting fixed partonic surfaces Xi2 would not be
correct.
Quite generally, the quantization of moduli means that the allowed 2-dimensional shapes
form a lattice and are thus additive. It also means that the maxima of Kähler function would obey a
linear superposition in an extreme abstract sense. The proposed number theoretical quantization
is expected to apply for any complex space allowing some preferred complex coordinates. In
particular, WCW of 2-surfaces could allow this kind of quantization in the complex coordinates
naturally associated with isometries and this could allow to define WCW integration, at least the
counterpart of integration in zero mode degrees of freedom, as a summation.
Number theoretic vision leads to the notion of multi-p-p-adicity in the sense that the same
partonic 2-surface can correspond to several p-adic primes and that infinite primes code for these
primes [K40, K87] . At the level of the moduli space this corresponds to the replacement of p with
an integer in the formulas so that one can interpret the formulas both in real sense and p-adic sense
for the primes p dividing the integer. Also the exponent of given prime in the integer matters.

5.5.4

The Calculation Of The Modular Contribution h∆Hi To The Conformal Weight

The quantization of the moduli implies that the integral over moduli can be defined as a sum
over moduli. The theta function Θ[a, b](Ω)p (τp ) is proportional to pa·aIm(Ωij,p ) = pKnij m(a)/4 for
a · a = m(a)/4, where K = 1 resp. K = 4 corresponds to the existence existence of elementary
particle vacuum functionals resp. theta functions in Rp . These powers of p can be extracted
from the
P The numerator of the vacuum functional gives
P thetas defining the vacuum functional.
(pn )2K a,b m(a) . The numerator gives (pn )2K a,b m(a0 ) , where a0 corresponds to the minimum
value of m(a). a0 = (0, 0, .., 0) is allowed and gives m(a0 ) = 0 so that the p-adic norm of the
denominator equals to one. Hence one has

|Ωvac (Ωp )|p

= p−2nK

P

a,b

m(a)

(5.5.14)

The sum converges extremely rapidly for large values of p as function of n so that in practice only
few moduli contribute.
The definition of log(Ωvac ) poses however problems since in log(p) does not exist as a p-adic
number in any p-adic number field. The argument of the logarithm should have a unit p-adic
norm. The simplest manner to circumvent the difficulty is to use the fact that the p-adic norm
|Ωp |p is also a modular invariant, and assume that the contribution to conformal weight depends
on moduli as

∆hp (Ωp ) ∝ log(

Ωvac
) .
|Ωvac |p

(5.5.15)

The sum defining h∆hp i converges extremely rapidly and gives a result of order O(p) p-adically as
required.
The p-adic expression for h∆hp i should result from the corresponding real expression by an
algebraic continuation. This encourages the conjecture that the allowed moduli are quantized for
the maxima of Kähler function, so that the integral over the moduli space is replaced with a sum
also in the real case, and that ∆h given by the double thermodynamics as a function of moduli
can be defined as in the p-adic case. The positive power of p multiplying the numerator could be
interpreted as a degeneracy factor. In fact, the moduli are not primary dynamical variables in the
case of the induced metric, and there must be a modular invariant weight factor telling how many
2-surfaces correspond to given values of moduli. The power of p could correspond to this factor.
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5.6

The Contributions Of P-Adic Thermodynamics To Particle Masses

In the sequel various contributions to the mass squared are discussed.

5.6.1

General Mass Squared Formula

The thermal independence of Super Virasoro and modular degrees of freedom implies that mass
squared for elementary particle is the sum of Super Virasoro, modular and Higgsy contributions:
M2

=

M 2 (color) + M 2 (SV ) + M 2 (mod) + M 2 (Higgsy) .

(5.6.1)

Also small renormalization correction contributions might be possible.

5.6.2

Color Contribution To The Mass Squared

The mass squared contains a non-thermal color contribution to the ground state conformal weight
coming from the mass squared of CP2 spinor harmonic. The color contribution is an integer
multiple of m20 /3, where m20 = 2Λ denotes the “cosmological constant” of CP2 (CP2 satisfies
Einstein equations Gαβ = Λg αβ ).
The color contribution to the p-adic mass squared is integer valued only if m20 /3 is taken
as a fundamental p-adic unit of mass squared. This choice has an obvious relevance for p-adic
mass calculations since the simplest form of the canonical identification does not commute with
a division by integer. More precisely, the image of number xp in canonical identification has a
value of order 1 when x is a non-trivial rational number whereas for x = np the value is n/p and
extremely is small for physically interesting primes.
The choice of the p-adic mass squared unit are no effects on zeroth order contribution which
must vanish for light states: this requirement eliminates quark and lepton states for which the
CP2 contribution to the mass squared is not integer valued using m20 as a unit. There can be a
dramatic effect on the first order contribution. The mass squared m2 = p/3 using m20 /3 means
that the particle is light. The mass squared becomes m2 = p/3 when m20 is used as a unit and the
particle has mass of order 10−4 Planck masses. In the case of W and Z 0 bosons this problem is
actually encountered. For light states using m20 /3 as a unit only the second order contribution to
the mass squared is affected by this choice.

5.6.3

Modular Contribution To The Mass Of Elementary Particle

The general form of the modular contribution is derivable from p-adic partition function for conformally invariant degrees of freedom associated with the boundary components. The general form
of the vacuum functionals as modular invariant functions of Teichmueller parameters was derived
in [K10] and the square of the elementary particle vacuum functional can be identified as a partition
function. Even theta functions serve as basic building blocks and the functionals are proportional
to the product of all even theta functions and their complex conjugates. The number of theta
functions for genus g > 0 is given by

N (g)

=

2g−1 (2g + 1) .

(5.6.2)

One has N (1) = 3 for muon and N (2) = 10 for τ .
1. Single theta function is analogous to a partition function. This implies that the modular
contribution to the mass squared must be proportional to 2N (g). The factor two follows
from the presence of both theta functions and their conjugates in the partition function.
2. The factorization properties of the vacuum functionals imply that handles behave effectively
as particles. For example, at the limit, when the surface splits into two pieces with g1 and
g −g1 handles, the partition function reduces to a product of g1 and g −g1 partition functions.
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This implies that the contribution to the mass squared is proportional to the genus of the
surface. Altogether one has

M 2 (mod, g)

=

2k(mod)N (g)g

k(mod)

=

1 .

m20
,
p
(5.6.3)

Here k(mod) is some integer valued constant (in order to avoid ultra heavy mass) to be
determined. k(mod) = 1 turns out to be the correct choice for this parameter.
Summarizing, the real counterpart of the modular contribution to the mass of a particle
belonging to g + 1:th generation reads as
M 2 (mod)

=

0 f or e, νe , u, d ,
m20
M 2 (mod) = 9
f or X = µ, νµ , c, s ,
p(X))
m2
M 2 (mod) = 60 0 f or X = τ, ντ , t, b .
p(X)

(5.6.4)

The requirement that hadronic mass spectrum and CKM matrix are sensible however forces the
modular contribution to be the same for quarks, leptons and bosons. The higher order modular
contributions to the mass squared are completely negligible if the degeneracy of massless state is
D(0, mod, g) = 1 in the modular degrees of freedom as is in fact required by k(mod) = 1.

5.6.4

Thermal Contribution To The Mass Squared

One can deduce the value of the thermal mass squared in order O(p2 ) (an excellent approximation) using the general mass formula given by p-adic thermodynamics. Assuming maximal p-adic
temperature Tp = 1 one has
M2

=

s∆

=

X∆

=

k

=

k(sp + Xp2 + O(p3 )) ,
D(∆ + 1)
,
D(∆)
D(∆ + 2) D2 (∆ + 1)
2
−
,
D(∆)
D2 (∆)
1 .

(5.6.5)

∆ is the conformal weight of the operator creating massless state from the ground state.
The ratios rn = D(n + 1)/D(n) allowing to deduce the values of s and X have been deduced
from p-adic thermodynamics in [K19] . Light state is obtained only provided r(∆) is an integer.
The remarkable result is that for lowest lying states this is the case. For instance, for Ramond
representations the values of rn are given by

(r0 , r1 , r2 , r3 ) = (8, 5, 4,

55
) .
16

(5.6.6)

The values of s and X are
(s0 , s1 , s2 ) = (8, 5, 4) ,
(X0 , X1 , X2 ) = (16, 15, 11 + 1/2)) .

(5.6.7)

The result means that second order contribution is extremely small for quarks and charged leptons
having ∆ < 2. For neutrinos having ∆ = 2 the second order contribution is non-vanishing.
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5.6.5

The Contribution From The Deviation Of Ground StateConformal
Weight From Negative Integer

The interpretation inspired by p-adic mass calculations is that the squares λ2i of the eigenvalues of
the Kähler-Dirac operator correspond to the conformal weights of ground states. Another natural
physical interpretation of λ is as an analog of the Higgs vacuum expectation. The instability
of the Higgs=0 phase would corresponds to the fact that λ = 0 mode is not localized to any
region in which ew magnetic field or induced Kähler field is non-vanishing. A good guess is that
induced
√ Kähler magnetic field BK dictates the magnitude of the eigenvalues which is thus of order
h0 = BK R, R CP2 radius. The first guess is that eigenvalues in the first approximation come as
(n+ 1/2)h0 . Each region where induced Kähler field is non-vanishing would correspond to different
scale mass scale h0 .
1. The vacuum expectation value of Higgs is only proportional to an eigenvalue λ, not equal to
it. Indeed, Higgs and gauge bosons as elementary particles correspond to wormhole contacts
carrying fermion and anti-fermion at the two wormhole throats and must be distinguished
from the space-time correlate of its vacuum expectation as something proportional to λ. In
the fermionic case the vacuum expectation value of Higgs does not seem to be even possible
since fermions do not correspond to wormhole contacts between two space-time sheets but
possess only single wormhole throat (p-adic mass calculations are consistent with this).
2. Physical considerations suggest that the vacuum expectation of Higgs field corresponds to
a particular eigenvalue λi of Kähler-Dirac operator so that the eigenvalues λi would define
TGD counterparts for the minima of Higgs potential. Since the vacuum expectation of
Higgs corresponds to a condensate of wormhole contacts giving rise to a coherent state,
the vacuum expectation cannot be present for topologically condensed CP2 type vacuum
extremals representing fermions since only single wormhole throat is involved. This raises a
hen-egg question about whether Higgs contributes to the mass or whether Higgs is only a
correlate for massivation having description using more profound concepts. From TGD point
of view the most elegant option is that Higgs does not give rise to mass but Higgs vacuum
expectation value accompanies bosonic states and is naturally proportional to λi . With this
interpretation λi could give a contribution to both fermionic and bosonic masses.
3. p-Adic mass calculations require negative ground state conformal weight compensated by
Super Virasoro generators in order to obtain massless states. The tachyonicity of the ground
states would mean a close analogy with both string models and Higgs mechanism. λ2i is very
natural candidate for the ground state conformal weights identified but would have wrong
kα lβ
sign if the effective metric of Xl3 defined by the inner products TK
TK hkl of the Kähler
energy momentum tensor T kα = hkl ∂LK /∂hlα and appearing in the Kähler-Dirac operator
DK has Minkowskian signature.
The situation changes if the effective metric has Euclidian signature. This seems to be the
case for the light-like surfaces assignable to the known extremals such as MEs and cosmic
strings. In this kind of situation light-like coordinate possesses Euclidian signature and
real eigenvalue spectrum is replaced with a purely imaginary one. Since Dirac operator
is in question both signs for eigenvalues are possible and one obtains both exponentially
increasing and decreasing solutions. This is essential for having solutions extending from the
past end of Xl3 to its future end. Non-unitary time evolution is possible because Xl3 does not
strictly speaking represent the time evolution of 2-D dynamical object but actual dynamical
objects (by light-likeness both interpretation as dynamical evolution and dynamical object
are present). The Euclidian signature of the effective metric would be a direct analog for
the tachyonicity of the Higgs in unstable minimum and the generation of Higgs vacuum
expectation would correspond to the compensation of ground state conformal weight by
conformal weights of Super Virasoro generators.
4. In accordance with this λ2i would give constant contribution to the ground state conformal
weight. What contributes to the thermal mass squared is the deviation of the ground state
conformal weight from half-odd integer since the negative integer part of the total conformal
weight can be compensated by applying Virasoro generators to the ground state. The first
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guess motivated by cyclotron energy analogy is that the lowest conformal weights are of form
hc = λ2i = −1/2 − n + ∆hc so that lowest ground state conformal weight would be hc = −1/2
in the first approximation. The negative integer part of the net conformal weight can be
canceled using Super Virasoro generators but ∆hc would give to mass squared a contribution
analogous to Higgs contribution. The mapping of the real ground state conformal weight to
a p-adic number by canonical identification involves some delicacies.
5. p-Adic mass calculations are consistent with the assumption that Higgs type contribution is
vanishing (that is small) for fermions and dominates for gauge bosons. This requires that the
deviation of λ2i with smallest magnitude from half-odd integer value in the case of fermions is
considerably smaller than in the case of gauge bosons in the scale defined by p-adic mass scale
1/L(k) in question. Somehow this difference could relate to the fact that bosons correspond
to pairs of wormhole throats.

5.6.6

General Mass Formula For Ramond Representations

By taking the modular contribution from the boundaries into account the general p-adic mass formulas for the Ramond type states read for states for which the color contribution to the conformal
weight is integer valued as
m2 (∆ = 0)
m20
m2 (∆ = 1)
m20
m2 (∆ = 2)
m20
n(g)

=

(8 + n(g))p + Y p2 ,

=

(5 + n(g)p + Y p2 ,

=

(4 + n(g))p + (Y +

=

3g · 2g−1 (2g + 1) .

23 2
)p ,
2
(5.6.8)

Here ∆ denotes the conformal weight of the operators creating massless states from the ground
state and g denotes the genus of the boundary component. The values of n(g) for the three lowest
generations are n(0) = 0, n(1) = 9 and n(2) = 60. The value of second order thermal contribution
is nontrivial for neutrinos only. The value of the rational number Y can, which corresponds to the
renormalization correction to the mass, can be determined using experimental inputs.
Using m20 as a unit, the expression for the mass of a Ramond type state reads in terms of
the electron mass as
s
M (∆, g, p)R

= K(∆, g, p)

M127
me
p

r

n(g) + 8 + YR
X
r
n(g) + 5 + YR
K(1, g, p) =
X
r
n(g) + 4 + YR
K(2, g, p) =
,
X
p
X =
5 + Y (e)R .
K(0, g, p)

=

(5.6.9)

Y can be assumed to depend on the electromagnetic charge and color representation of the state
and is therefore same for all fermion families. Mathematica provides modules for calculating the
real counterpart of the second order contribution and for finding realistic values of Y .

5.6.7

General Mass Formulas For NS Representations

Using m20 /3 as a unit, the expression for the mass of a light NS type state for Tp = 1 ad kB = 1
reads in terms of the electron mass as
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s
M (∆, g, p, N )R

= K(∆, g, p, N )

M127
me
p

r

n(g) + YR
,
X
r
n(g) + 1 + YR
,
K(0, g, p, 2) =
X
r
n(g) + 3 + YR
K(1, g, p, 3) =
,
X
r
n(g) + 5 + YR
K(2, g, p, 4) =
,
X
r
n(g) + 10 + YR
K(2, g, p, 5) =
,
X
p
X =
5 + Y (e)R .

K(0, g, p, 1)

=

(5.6.10)

Here N is the number of the “active” NS sectors (sectors for which the conformal weight of the
massless state is non-vanishing). Y denotes the renormalization correction to the boson mass and
in general depends on the electro-weak and color quantum numbers of the boson.
√
The thermal contribution to the mass of W boson is too large by roughly a factor 3 for
Tp = 1. Hence Tp = 1/2 must hold true for gauge bosons and their masses must have a nonthermal origin perhaps analogous to Higgs mechanism. Alternatively, the non-covariant constancy
of charge matrices could induce the boson mass [K19] .
It is interesting to notice that the minimum mass squared for gauge boson corresponds to
the p-adic mass unit M 2 = m20 p/3 and this just what is needed in the case of W boson. This
forces to ask whether m20 /3 is the correct choice for the mass squared unit so that non-thermally
induced W mass would be the minimal m2W = p in the lowest order. This choice would mean the
replacement
(3Y )R
3
in the preceding formulas and would affect only neutrino mass in the fermionic sector. m20 /3 option
is excluded by charged lepton mass calculation. This point will be discussed later.
YR →

5.6.8

Primary Condensation Levels From P-Adic Length ScaleHypothesis

p-Adic length scale hypothesis states that the primary condensation levels correspond to primes
near prime powers of two p ' 2k , k integer with prime values preferred. Black hole-elementary
particle analogy [K76] suggests a generalization of this hypothesis by allowing k to be a power of
prime. The general number theoretical vision discussed in [K88] provides a first principle justification for p-adic length scale hypothesis in its most general form. The best fit for the neutrino
mass squared differences is obtained for k = 132 = 169 so that the generalization of the hypothesis
might be necessary.
A particle primarily condensed on the level k can suffer secondary condensation on a level
with the same value of k: for instance, electron (k = 127) suffers secondary condensation on
k = 127 level. u, d, s quarks (k = 107) suffer secondary condensation on nuclear space-time sheet
having k = 113). All quarks feed their color gauge fluxes at k = 107 space-time sheet. There is
no deep reason forbidding the condensation of p on p. Primary and secondary condensation levels
could also correspond to different but nearly identical values of p with the same value of k.

5.7

Fermion Masses

In the earlier model the coefficient of M 2 = kL0 had to be assumed to be different for various
particle states. k = 1 was assumed for bosons and leptons and k = 2/3 for quarks. The fact that
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k = 1 holds true for all particles in the model including also super-symplectic invariance forces to
modify the earlier construction of quark states. This turns out to be possible without affecting the
earlier p-adic mass calculations whose outcome depend in an essential manner on the ground state
conformal weights hgr of the fermions (hgr can be negative). The structure of lepton and quark
states in color degrees of freedom was discussed in [K19] .

5.7.1

Charged Lepton Mass Ratios

The overall mass scale for lepton and quark masses is determined by the condensation level given
by prime p ' 2k , k prime by length scale hypothesis. For charged leptons k must correspond to
k = 127 for electron, k = 113 for muon√and k = 107√for τ . For muon p = 2113 −1−4∗378 is assumed
(smallest prime below 2113 allowing 2 but not 3). So called Gaussian primes are to complex
integers what primes are for the ordinary integers and the Gaussian counterparts of the Mersenne
primes are Gaussian primes of form (1 ± i)k − 1. Rather interestingly, k = 113 corresponds to a
Gaussian Mersenne so that all charged leptons correspond to generalized Mersenne primes.
For k = 1 the leptonic mass squared is integer valued in units of m20 only for the states
satisfying
p mod 3 6= 2 .
Only these representations can give rise to massless states. Neutrinos correspond to (p, p) representations with p ≥ 1 whereas charged leptons correspond to (p, p + 3) representations. The
earlier mass calculations demonstrate that leptonic masses can be understood if the ground state
conformal weight is hgr = −1 for charged leptons and hgr = −2 for neutrinos.
The contribution of color partial wave to conformal weight is hc = (p2 + 2p)/3, p ≥ 1, for
neutrinos and p = 1 gives hc = 1 (octet). For charged leptons hc = (p2 + 5p + 6)/3 gives hc = 2
for p = 0 (decouplet). In both cases super-symplectic operator O must have a net conformal
weight hsc = −3 to produce a correct conformal weight for the ground state. p-adic considerations
P
suggests the use of operators O with super-symplectic conformal weight z = −1/2 − i nk yk ,
where sk = 1/2 + iyk corresponds to zero of Riemann ζ. If the operators in question are color
Hamiltonians in octet representation net super-symplectic conformal weight hsc = −3 results. The
tensor product of two octets with conjugate super-symplectic conformal weights contains both octet
and decouplet so that singlets are obtained. What strengthens the hopes that the construction is
not ad hoc is that the same operator appears in the construction of quark states too.
Using CP2 mass scale m20 [K19] as a p-adic unit, the mass formulas for the charged leptons
read as

A(e)

=

m20
,
p(L)
5 + X(p(e)) ,

A(µ)

=

14 + X(p(µ)) ,

A(τ )

=

65 + X(p(τ )) .

M 2 (L)

= A(ν)

(5.7.1)

X(·) corresponds to the yet unknown second order corrections to the mass squared.
Table 5.4 gives the basic parameters as determined from the mass of electron for some
values of Ye . The mass of top quark favors as maximal value of CP2 mass which corresponds to
Ye = 0.
Ye
(m0 /mP l ) × 103
−7
K × 10
√
(LR / G) × 10−4

0
.2437
2.5262
3.1580

.5
.2323
2.7788
3.3122

.7798
.2266
2.9202
3.3954

√
Table 5.4: Table gives the values of CP2 mass m0 using Planck mass mP l = 1/ G as unit, the
ratio K = R2 /G and CP2 geodesic length L = 2πR for Ye ∈ {0, 0.5, 0.7798}.
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Table 5.5 lists the lower and upper bounds for the charged lepton mass ratios obtained
by taking second order contribution to zero or allowing it to have maximum possible value. The
values of lepton masses are me = .510999 MeV, mµ = 105.76583 MeV, mτ = 1775 MeV.

m(µ)+
m(µ)
m(µ)−
m(µ)
m(τ )+
m(τ )
m(τ )−
m(τ )

r

15 7 me
2
' 1.0722 ,
5 (µ)

r

14 7 me
2
' 0.9456 ,
6 m( µ)

r

66 10 me
2
' 1.0710 ,
5
m(τ )

r

65 10 me
2
' .9703 .
6
m(τ )

=
=
=
=

(5.7.2)
Table 5.5: Lower and upper bounds for the charged lepton mass ratios obtained by taking second
order contribution to zero or allowing it to have maximum possible value.
For the maximal value of CP2 mass the predictions for the mass ratio are systematically too large
by a few per cent. From the formulas above it is clear that the second order corrections to mass
squared can be such that correct masses result.
τ mass is least sensitive to X(p(e)) ≡ Ye and the maximum value of Ye ≡ Ye,max consistent
with τ mass corresponds to Ye,max = .7357 and Yτ = 1. This means that the CP2 mass is at least
a fraction .9337 of its maximal value. If YL is same for all charged leptons and has the maximal
value Ye,max = .7357, the predictions for the mass ratios are

m(µ)pr
m(µ)
m(τ )pr
m(τ )

s

14 + Ye,max
me
' .9922 ,
× 27
5 + Ye,max
m(µ)

s

65 + Ye,max
me
' .9980 .
× 210
5 + Ye,max
m(τ )

=

=

(5.7.3)
The error is .8 per cent resp. .2 per cent for muon resp. τ .
The argument leading to estimate for the modular contribution to the mass squared [K19]
leaves two options for the coefficient of the modular contribution for g = 2 fermions: the value
of coefficient is either X = g for g ≤ 1, X = 3g − 3 for g ≥ 2 or X = g always. For g = 2
the predictions are X = 2 and X = 3 in the two cases. The option X = 3 allows slightly larger
1)
maximal value of Ye equal to Ye,max = Ye,max + (5 + Ye,max )/66.

5.7.2

Neutrino Masses

The estimation of neutrino masses is difficult at this stage since the prediction of the primary
condensation level is not yet possible and neutrino mixing cannot yet be predicted from the basic
principles. The cosmological bounds for neutrino masses however help to put upper bounds on
the masses. If one takes seriously the LSND data on neutrino mass measurement of [C214, C107]
and the explanation of the atmospheric ν-deficit in terms of νµ − ντ mixing [C152, C137] one can
deduce that the most plausible condensation level of µ and τ neutrinos is k = 167 or k = 132 = 169
allowed by the more general form of the p-adic length scale hypothesis suggested by the blackholeelementary particle analogy. One can also deduce information about the mixing matrix associated
with the neutrinos so that mass predictions become rather precise. In particular, the mass splitting
of µ and τ neutrinos is predicted correctly if one assumes that the mixing matrix is a rational
unitary matrix.
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Super Virasoro contribution
Using m20 /3 as a p-adic unit, the expression for the Super Virasoro contribution to the mass squared
of neutrinos is given by the formula

M 2 (SV )

=

(s + (3Y p)R /3)

m20
,
p

s =

4 or 5 ,
23
=
+ Y1 ,
2

Y

(5.7.4)

where m20 is universal mass scale. One can consider two possible identifications of neutrinos corresponding to s(ν) = 4 with ∆ = 2 and s(ν) = 5 with ∆ = 1. The requirement that CKM matrix
is sensible forces the asymmetric scenario in which quarks and, by symmetry, also leptons correspond to lowest possible excitation so that one must have s(ν) = 4. Y1 represents second order
contribution to the neutrino mass coming from renormalization effects coming from self energy
diagrams involving intermediate gauge bosons. Physical intuition suggest that this contribution is
very small so that the precise measurement of the neutrino masses should give an excellent test
for the theory.
With the above described assumptions and for s = 4, one has the following mass formula
for neutrinos
m20
,
p(ν))
(3Y (p(νe )))R
A(νe ) = 4 +
,
3
(3Y (p(νµ )))R
A(νµ ) = 13 +
,
3
(3Y (p(ντ )))R
A(ντ ) = 64 +
,
3
1
3Y '
.
2

M 2 (ν)

=

A(ν)

(5.7.5)

The predictions must be consistent with the recent upper bounds [C112]
of order 10 eV , 270 keV and 0.3 M eV for νe , νµ and ντ respectively. The recently reported results
of LSND measurement [C107] for νe − > νµ mixing gives string limits for ∆m2 (νe , νµ ) and the
parameter sin2 (2θ) characterizing the mixing: the limits are given in the figure 30 of [C107]. The
results suggests that the masses of both electron and muon neutrinos are below 5 eV and that
mass squared difference ∆m2 = m2 (νµ ) − m2 (νe ) is between .25 − 25 eV 2 . The simplest possibility
is that νµ and νe have common condensation level (in analogy with d and s quarks). There are
three candidates for the primary condensation level: namely k = 163, 167 and k = 169. The p-adic
prime associated with
√ the primary
√ condensation level is assumed to be the nearest prime below
2k allowing p-adic 2 but not 3 and satisfying p mod 4 = 3. The Table 5.6 gives the values of
various parameters and unmixed neutrino masses in various cases of interest.
k
163
167
169

p
2163 − 4 ∗ 144 − 1
2167 − 4 ∗ 144 − 1
2169 − 4 ∗ 210 − 1

(3Y )R /3
1.36
.34
.17

m(νe )/eV
1.78
.45
.22

m(νµ )/eV
3.16
.79
.40

m(ντ )/eV
6.98
1.75
.87

Table 5.6: The values of various parameters and unmixed neutrino masses in various cases of
interest.
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Could neutrino topologically condense also in other p-adic length scales than k = 169?
One must keep mind open for the possibility that there are several p-adic length scales at which
neutrinos can condense topologically. Biological length scales are especially interesting in this
respect. In fact, all intermediate p-adic length scales k = 151, 157, 163, 167 could correspond to
metastable neutrino states. The point is that these p-adic lengths scales are number theoretically
completely exceptional in the sense that there exist Gaussian Mersenne 2k ± i (prime in the ring of
complex integers) for all these values of k. Since charged leptons, atomic nuclei (k = 113) , hadrons
and intermediate gauge bosons correspond to ordinary or Gaussian Mersennes, it would not be
surprising if the biologically important Gaussian Mersennes would correspond to length scales
giving rise to metastable neutrino states. Of course, one can keep mind open for the possibility
that k = 167 rather than k = 132 = 169 is the length scale defining the stable neutrino physics.
Neutrino mixing
Consider next the neutrino mixing. A quite general form of the neutrino mixing matrix D given
by Table 5.7 will be considered.

νe
νµ
ντ

νe
c1
−s1 c2
−s1 s2

νµ
s1 c3
c1 c2 c3 − s2 s3 exp(iδ)
c1 s2 c3 + c2 s3 exp(iδ)

ντ
s1 s3
c1 c2 s3 + s2 c3 exp(iδ)
c1 s2 s3 − c2 c3 exp(iδ)

Table 5.7: General form of neutrino mixing matrix.
Physical intuition suggests that the angle δ related to CP breaking is small and will be
assumed to be vanishing. Topological mixing is active only in modular degrees of freedom and one
obtains for the first order terms of mixed masses the expressions

s(νe )

=

4 + 9|U12 |2 + 60|U13 |2 = 4 + n1 ,

s(νµ )

=

4 + 9|U22 |2 + 60|U23 |2 = 4 + n2 ,

s(ντ )

=

4 + 9|U32 |2 + 60|U33 |2 = 4 + n3 .
(5.7.6)

The requirement that resulting masses are not ultra heavy implies that s(ν) must be small integers.
The condition n1 + n2 + n3 = 69 follows from unitarity. The simplest possibility is that the mixing
matrix is a rational unitary matrix. The same ansatz was used successfully to deduce information
about the mixing matrices of quarks. If neutrinos are condensed on the same condensation level,
rationality implies that νµ −ντ mass squared difference must come from the first order contribution
to the mass squared and is therefore quantized and bounded from below.
The first piece of information is the atmospheric νµ /νe ratio, which is roughly by a factor
2 smaller than predicted by standard model [C152]. A possible explanation is the CKM mixing of muon neutrino with τ -neutrino, whereas the mixing with electron neutrino is excluded as
an explanation. The latest results from Kamiokande [C152] are in accordance with the mixing
m2 (ντ ) − m2 (νµ ) ' 1.6 · 10−2 eV 2 and mixing angle sin2 (2θ) = 1.0: also the zenith angle dependence of the ratio is in accordance with the mixing interpretation. If mixing matrix is assumed to
be rational then only k = 169 condensation level is allowed for νµ and ντ . For this level νµ − ντ
mass squared difference turns out to be ∆m2 ' 10−2 eV 2 for ∆s ≡ s(ντ ) − s(νµ ) = 1, which is
the only acceptable possibility and predicts νµ − ντ mass squared difference correctly within experimental uncertainties! The fact that the predictions for mass squared differences are practically
exact, provides a precision test for the rationality assumption.
What is measured in LSND experiment is the probability P (t, E) that νµ transforms to νe
in time t after its production in muon decay as a function of energy E of νµ . In the limit that ντ
and νµ masses are identical, the expression of P (t, E) is given by
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sin2 (2θ)
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= sin2 (2θ)sin2 (
=

∆Et
) ,
2

4c21 s21 c22 ,

(5.7.7)

where ∆E is energy difference of νµ and νe neutrinos and t denotes time. LSND experiment gives
stringent conditions on the value of sin2 (2θ) as the figure 30 of [C107] shows. In particular, it seems
that sin2 (2θ) must be considerably below 10−1 and this implies that s21 must be small enough.
The study of the mass formulas shows that the only possibility to satisfy the constraints
for the mass squared and sin2 (2θ) given by LSND experiment is to assume that the mixing of the
electron neutrino with the tau neutrino is much larger than its mixing with the muon neutrino. This
means that s3 is quite near to unity. At the limit s3 = 1 one obtains the following (nonrational)
solution of the mass squared conditions for n3 = n2 + 1 (forced by the atmospheric neutrino data)
s21

=

c22

=

sin2 (2θ)

=

s(νµ ) − s(νe )

=

69 − 2n2 − 1
,
60
n2 − 9
,
2n2 − 17
4(n2 − 9) (34 − n2 )(n2 − 4)
,
51
302
3n2 − 68 .

(5.7.8)

The study of the LSND data shows that there is only one acceptable solution to the conditions
obtained by assuming maximal mass squared difference for νe and νµ
n1

=

2 n2 = 33 n3 = 34 ,
1
24
s21 =
c22 =
,
30
49
24 2 29
sin2 (2θ) =
' .0631 ,
49 15 30
s(νµ ) − s(νe )) = 31 ↔ .32 eV 2 .

(5.7.9)

That c22 is near 1/2 is not surprise taking into account the almost mass degeneracy of νmu and ντ .
From the figure 30 of [C107] it is clear that this solution belongs to 90 per cent likelihood region of
LSND experiment but sin2 (2θ) is about two times larger than the value allowed by Bugey reactor
experiment. The study of various constraints given in [C107] shows that the solution is consistent
with bounds from all other experiments. If one assumes that k > 169 for νe νµ − νe mass difference
increases, implying slightly poorer consistency with LSND data.
There are reasons to hope that the actual rational solution can be regarded as a small
2 −1
deformation of this solution obtained by assuming that c3 is non-vanishing. s21 = 69−2n
increases
60−51c2
24−102c0 c0 s0 c

3

1 2 2 3
3
in the deformation by O(c23 ) term but if c3 is positive the value of c22 '
∼ 24−61c
49
49
2
decreases by O(c3 ) term so that it should be possible to reduce the value of sin (2θ). Consistency
with Bugey reactor experiment requires .030 ≤ sin2 (2θ) < .033. sin2 (2θ) = .032 is achieved for
s21 ' .035,s22 ' .51 and c23 ' .068. The construction of U and D matrices for quarks shows that very
stringent number theoretic conditions are obtained and as in case of quarks it might be necessary
to allow complex CP breaking phase in the mixing matrix. One might even hope that the solution
to the conditions is unique.
For the minimal rational mixing one has s(νe ) = 5, s(νµ ) = 36 and s(ντ ) = 37 if unmixed
νe corresponds to s = 4. For s = 5 first order contributions are shifted by one unit. The masses
(s = 4 case) and mass squared differences are given by Table 5.8.

Predictions for neutrino masses and mass squared splittings for k = 169 case.
Evidence for the dynamical mass scale of neutrinos
In recent years (I am writing this towards the end of year 2004 and much later than previous lines)
a great progress has been made in the understanding of neutrino masses and neutrino mixing.
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k
169

m(νe )
.27 eV

m(νµ )
.66 eV

m(ντ )
.67 eV

∆m2 (νµ − νe )
.32 eV 2

∆m2 (ντ − νµ )
.01 eV 2

Table 5.8: Mass squared differences for neutrinos.

The pleasant news from TGD perspective is that there is a strong evidence that neutrino masses
depend on environment [C184]. In TGD framework this translates to the statement that neutrinos
can suffer topological condensation in several p-adic length scales. Not only in the p-adic length
scales suggested by the number theoretical considerations but also in longer length scales, as will
be found.
The experiments giving information about mass squared differences can be divided into three
categories [C184].
1. There along baseline experiments, which include solar neutrino experiments [C123, C166,
C182] and [C204] as well as earlier studies of solar neutrinos. These experiments see evidence
for the neutrino mixing and involve significant propagation through dense matter. For the
solar neutrinos and KamLAND the mass splittings are estimated to be of order O(8 × 10−5 )
eV2 or more cautiously 8 × 10−5 eV2 < δm2 < 2 × 10−3 eV2 . For K2K and atmospheric
neutrinos the mass splittings are of order O(2×10−3 )eV 2 or more cautiously δm2 > 10−3 eV2 .
Thus the scale of mass splitting seems to be smaller for neutrinos in matter than in air, which
would suggest that neutrinos able to propagate through a dense matter travel at space-time
sheets corresponding to a larger p-adic length scale than in air.
2. There are null short baseline experiments including CHOOZ, Bugey, and Palo Verde reactor
experiments, and the higher energy CDHS, JARME, CHORUS, and NOMAD experiments,
which involve muonic neutrinos (for references see [C184]. No evidence for neutrino oscillations have been seen in these experiments.
3. The results of LSND experiment [C107] are consistent with oscillations with a mass splitting
greater than 3 × 10−2 eV 2 . LSND has been generally been interpreted as necessitating a
mixing with sterile neutrino. If neutrino mass scale is dynamical, situation however changes.
If one assumes that the p-adic length scale for the space-time sheets at which neutrinos
can propagate is different for matter and air, the situation changes. According to [C184] a mass
3 × 10−2 eV in air could explain the atmospheric results whereas mass of of order .1 eV and
.07eV 2 < δm2 < .26eV 2 would explain the LSND result. These limits are of the same order as the
order of magnitude predicted by k = 169 topological condensation.
Assuming that the scale of the mass splitting is proportional to the p-adic mass scale squared,
one can consider candidates for the topological condensation levels involved.
1. Suppose that k = 169 = 132 is indeed the condensation level for LSND neutrinos. k = 173
would predict mνe ∼ 7 × 10−2 eV and δm2 ∼ .02 eV2 . This could correspond to the
masses of neutrinos propagating through air. For k = 179 one has mνe ∼ .8 × 10−2 eV
and δm2 ∼ 3 × 10−4 eV2 which could be associated with solar neutrinos and KamLAND
neutrinos.
2. The primes k = 157, 163, 167 associated with Gaussian Mersennes would give δm2 (157) =
26 δm2 (163) = 210 δm2 (167) = 212 δm2 (169) and mass scales m(157) ∼ 22.8 eV, m(163) ∼ 3.6
eV, m(167) ∼ .54 eV. These mass scales are unrealistic or propagating neutrinos. The
interpretation consistent with TGD inspired model of condensed matter in which neutrinos
screen the classical Z 0 force generated by nucleons would be that condensed matter neutrinos
are confined inside these space-time sheets whereas the neutrinos able to propagate through
condensed matter travel along k > 167 space-time sheets.
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The results of MiniBooNE group as a support for the energy dependence of p-adic
mass scale of neutrino
The basic prediction of TGD is that neutrino mass scale can depend on neutrino energy and the
experimental determinations of neutrino mixing parameters support this prediction. The newest
results (11 April 2007) about neutrino oscillations come from MiniBooNE group which has published its first findings [C97] concerning neutrino oscillations in the mass range studied in LSND
experiments [C94].
1. The motivation for MiniBooNE
Neutrino oscillations are not well-understood. Three experiments LSND, atmospheric neutrinos, and solar neutrinos show oscillations but in widely different mass regions (1 eV2 , 3 × 10−3
eV2 , and 8 × 10−5 eV2 ).
In TGD framework the explanation would be that neutrinos can appear in several p-adically
scaled up variants with different mass scales and therefore different scales for the differences ∆m2
for neutrino masses so that one should not try to try to explain the results of these experiments
using single neutrino mass scale. In single-sheeted space-time it is very difficult to imagine that
neutrino mass scale would depend on neutrino energy since neutrinos interact so extremely weakly
with matter. The best known attempt to assign single mass to all neutrinos has been based on the
use of so called sterile neutrinos which do not have electro-weak couplings. This approach is an ad
hoc trick and rather ugly mathematically and excluded by the results of MiniBooNE experiments.
2. The result of MiniBooNE experiment
The purpose of the MiniBooNE experiment was to check whether LSND result ∆m2 = 1eV 2
is genuine. The group used muon neutrino beam and looked whether the transformations of muonic
neutrinos to electron neutrinos occur in the mass squared region ∆m2 ' 1 eV2 . No such transitions
were found but there was evidence for transformations at low neutrino energies.
What looks first as an over-diplomatic formulation of the result was MiniBooNE researchers
showed conclusively that the LSND results could not be due to simple neutrino oscillation, a phenomenon in which one type of neutrino transforms into another type and back again. rather than
direct refutation of LSND results.
3. LSND and MiniBooNE are consistent in TGD Universe
The habitant of the many-sheeted space-time would not regard the previous statement as a
mere diplomatic use of language. It is quite possible that neutrinos studied in MiniBooNE have
suffered topological condensation at different space-time sheet than those in LSND if they are in
different energy range (the preferred rest system fixed by the space-time sheet of the laboratory or
Earth). To see whether this is the case let us look more carefully the experimental arrangements.
1. In LSND experiment 800 MeV proton beam entering in water target and the muon neutrinos
resulted in the decay of produced pions. Muonic neutrinos had energies in 60-200 MeV
range [C94].
2. In MiniBooNE experiment [C97] 8 GeV muon beam entered Beryllium target and muon
neutrinos resulted in the decay of resulting pions and kaons. The resulting muonic neutrinos
had energies the range 300-1500 GeV to be compared with 60-200 MeV.
Let us try to make this more explicit.
1. Neutrino energy ranges are quite different so that the experiments need not be directly
comparable. The mixing obeys the analog of Schrödinger equation for free particle with
energy replaced with ∆m2 /E, where E is neutrino energy. The mixing probability as a
function of distance L from the source of muon neutrinos is in 2-component model given by
P = sin2 (θ)sin2 (1.27∆m2 L/E) .
The characteristic length scale for mixing is L = E/∆m2 . If L is sufficiently small, the mixing
is fifty-fifty already before the muon neutrinos enter the system, where the measurement is
carried out and no mixing is detected. If L is considerably longer than the size of the

224

Chapter 5. Massless States and Particle Massivation

measuring system, no mixing is observed either. Therefore the result can be understood if
∆m2 is much larger or much smaller than E/L, where L is the size of the measuring system
and E is the typical neutrino energy.
2. MiniBooNE experiment found evidence for the appearance of electron neutrinos at low neutrino energies (below 500 MeV) which means direct support for the LSND findings and for
the dependence of neutron mass scale on its energy relative to the rest system defined by the
space-time sheet of laboratory.
3. Uncertainty Principle inspires the guess Lp ∝ 1/E implying mp ∝ E. Here E is the energy of
the neutrino with respect to the rest system defined by the space-time sheet of the laboratory.
Solar neutrinos indeed have the lowest energy (below 20 MeV) and the lowest value of ∆m2 .
However, atmospheric neutrinos have energies starting from few hundreds of MeV and ∆; m2
is by a factor of order 10 higher. This suggests that the growth of ∆m2 with E 2 is slower
than linear. It is perhaps not the energy alone which matters but the space-time sheet at
which neutrinos topologically condense. For instance, MiniBooNE neutrinos above 500 MeV
would topologically condense at space-time sheets for which the p-adic mass scale is higher
than in LSND experiments and one would have ∆m2 >> 1 eV2 implying maximal mixing in
length scale much shorter than the size of experimental apparatus.
4. One could also argue that topological condensation occurs in condensed matter and that no
topological condensation occurs for high enough neutrino energies so that neutrinos remain
massless. One can even consider the possibility that the p-adic length scale Lp is proportional to E/m20 , where m0 is proportional to the mass scale associated with non-relativistic
neutrinos. The p-adic mass scale would obey mp ∝ m20 /E so that the characteristic mixing
length would be by a factor of order 100 longer in MiniBooNE experiment than in LSND.
Comments
Some comments on the proposed scenario are in order: some of the are written much later than
the previous text.
1. Mass predictions are consistent with the bound ∆m(νµ , νe ) < 2 eV 2 coming from the requirement that neutrino mixing does not spoil the so called r-process producing heavy elements
in Super Novae [C197].
2. TGD neutrinos cannot solve the dark matter problem: the total neutrino mass required by
the cold+hot dark matter models would be about 5 eV . In [K61] a model of galaxies based
on string like objects of galaxy size and providing a more exotic source of dark matter, is
discussed.
3. One could also consider the explanation of LSND data in terms of the interaction of νµ and
nucleon via the exchange of g = 1 W boson. The fraction of the reactions ν̄µ + p → e+ + n
m4 (g=0)

is at low neutrino energies P ∼ m4W (g=1) sin2 (θc ), where θc denotes Cabibbo angle. Even if
W
the condensation level of W (g = 1) is k = 89, the ratio is by a factor of order .05 too small
to explain the average νµ → νe transformation probability P ' .003 extracted from LSND
data.
4. The predicted masses exclude MSW and vacuum oscillation solutions to the solar neutrino
problem unless one assumes that several condensation levels and thus mass scales are possible
for neutrinos. This is indeed suggested by the previous considerations.

5.7.3

Quark Masses

The prediction or quark masses is more difficult due the facts that the deduction of even the
p-adic length scale determining the masses of these quarks is a non-trivial task, and the original
identification was indeed wrong. Second difficulty is related to the topological mixing of quarks.
The new scenario leads to a unique identification of masses with top quark mass as an empirical
input and the thermodynamical model of topological mixing as a new theoretical input. Also CKM
matrix is predicted highly uniquely.
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Basic mass formulas
By the earlier mass calculations and construction of CKM matrix the ground state conformal
weights of U and D type quarks must be hgr (U ) = −1 and hgr (D) = 0. The formulas for the
eigenvalues of CP2 spinor Laplacian imply that if m20 is used as a unit, color conformal weight
hc ≡ m2CP2 is integer for p mod = ±1 for U type quark belonging to (p + 1, p) type representation
and obeying hc (U ) = (p2 + 3p + 2)/3 and for p mod 3 = 1 for D type quark belonging (p, p + 2)
type representation and obeying hc (D) = (p2 + 4p + 4)/3. Only these states can be massless since
color Hamiltonians have integer valued conformal weights.
In the recent case the minimal p = 1 states correspond to hc (U ) = 2 and hc (D) = 3.
hgr (U ) = −1 and hgr (D) = 0 reproduce the previous results for quark masses required by the
construction of CKM matrix. This requires super-symplectic operators O with a net conformal
weight hsc = −3 just as in the leptonic case. The facts that the values of p are minimal for spinor
harmonics and the super-symplectic operator is same for both quarks and leptons suggest that
the construction is not had hoc. The real justification would come from the demonstration that
hsc = −3 defines null state for SCV: this would also explain why hsc would be same for all fermions.
Consider now the mass squared values for quarks. For h(D) = 0 and h(U ) = −1 and using
m20 /3 as a unit the expression for the thermal contribution to the mass squared of quark is given
by the formula

M2

=

s(U )

=

X

≡

m20
,
p
5 , s(D) = 8 ,
(3Y p)R
,
3

(s + X)

(5.7.10)

where the second order contribution Y corresponds to renormalization effects coming and depending on the isospin of the quark. When m20 is used as a unit X is replaced by X = (Yp )R .
With the above described assumptions one has the following mass formula for quarks
m2

0
M 2 (q) = A(q) p(q)
,

A(u) = 5 + XU (p(u) , A(c) = 14 + XU (p(c)) ,
A(d) = 8 + XD (p(d)) , A(s) = 17 + XD (p(s)) ,

A(t) = 65 + XU (p(t)) ,
A(b) = 68 + XD (p(b)) .
(5.7.11)

p-Adic length scale hypothesis allows to identify the p-adic primes labelling quarks whereas
topological mixing of U and D quarks allows to deduce topological mixing matrices U and D and
CKM matrix V and precise values of the masses apart from effects like color magnetic spin orbit
splitting, color Coulomb energy,
P etc..
P
Integers nqi satisfying i n(Ui ) =
i n(Di ) = 69 characterize the masses of the quarks
and also the topological mixing to high degree. The reason that modular contributions remain
integers is that in the p-adic context non-trivial rationals would give CP2 mass scale for the real
counterpart of the mass squared. In the absence of mixing the values of integers are nd = nu = 0,
ns = nc = 9, nb = nt = 60.
The fact that CKM matrix V expressible as a product V = U † D of topological mixing matrices is near to a direct sum of 2×2 unit matrix and 1×1 unit matrix motivates the approximation
nb ' nt . The large masses of top quark and of tt meson encourage to consider a scenario in which
nt = nb = n ≤ 60 holds true.
The model for topological mixing matrices and CKM matrix predicts U and D matrices
highly uniquely and allows to understand quark and hadron masses in surprisingly detailed level.
1. nd = nu = 60 is not allowed by number theoretical conditions for U and D matrices and by
the basic facts about CKM matrix but nt = nb = 59 allows almost maximal masses for b and
t. This is not yet a complete hit. The unitarity of the mixing matrices and the construction
of CKM matrix to be discussed in the next section forces the assignments
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(nd , ns , nb ) = (5, 5, 59) , (nu , nc , nt ) = (5, 6, 58) .

(5.7.12)

fixing completely the quark masses apart possible Higgs contribution [K25] . Note that top
quark mass is still rather near to its maximal value.
2. The constraint that valence quark contribution to pion mass does not exceed pion mass
implies the constraint n(d) ≤ 6 and n(u) ≤ 6 in accordance with the predictions of the
+
0
model of topological mixing. u − d mass difference does
p not affect π − π mass difference
and the quark contribution to m(π) is predicted to be (nd + nu + 13)/24 × 136.9 MeV for
the maximal value of CP2 mass (second order p-adic contribution to electron mass squared
vanishes).
The p-adic length scales associated with quarks and quark masses
The identification of p-adic length scales associated with the quarks has turned to be a highly nontrivial problem. The reasons are that for light quarks it is difficult to deduce information about
quark masses for hadron masses and that the unknown details of the topological mixing (unknown
until the advent of the thermodynamical model [K25] ) made possible several p-adic length scales
for quarks. It has also become clear that the p-adic length scale can be different form free quark
and bound quark and that bound quark p-adic scale can depend on hadron.
Two natural constraints have however emerged from the recent work.
1. Quark contribution to the hadron mass cannot be larger than color contribution and for
quarks having kq 6= 107 quark contribution to mass is added to color contribution to the
mass. For quarks with same value of k conformal weight rather than mass is additive whereas
for quarks with different value of k masses are additive. An important√implication is that for
diagonal mesons M = qq having k(q) 6= 107 the condition m(M ) ≥ 2mq must hold true.
This gives strong constraints on quark masses.
2. The realization that scaled up variants of quarks explain elegantly the masses of light hadrons
allows to understand large mass splittings of light hadrons without the introduction of strong
isospin-isospin interaction.
The new model for quark masses is based on the following identifications of the p-adic length
scales.
1. The nuclear p-adic length scale Le (k), k = 113, corresponds to the p-adic length scale
determining the masses of u, d, and s quarks. Note that k = 113 corresponds to a so called
Gaussian Mersenne. The interpretation is that quark massivation occurs at nuclear spacetime sheet at which quarks feed their em fluxes. At k = 107 space-time sheet, where quarks
feed their color gauge fluxes, the quark masses are vanishing in the first p-adic order. This
could be due to the fact that the p-adic temperature is Tp = 1/2 at this space-time sheet so
that the thermal contribution to the mass squared is negligible. This would reflect the fact
that color interactions do not involve any counterpart of Higgs mechanism.
p-Adic mass calculations turn out to work remarkably well for massive quarks. The reason
could be that M107 hadron physics means that allb quarks feed their color gauge fluxes to
k = 107 space-time sheets so that color contribution to the masses becomes negligible for
heavy quarks as compared to Super-Kac Moody and modular contributions corresponding to
em gauge flux fed to k > 107 space-time sheets in case of heavy quarks. Note that Z 0 gauge
flux is fed to space-time sheets at which neutrinos reside and screen the flux and their size
corresponds to the neutrino mass scale. This picture might throw some light to the question
of whether and how it might be possible to demonstrate the existence of M89 hadron physics.
One might argue that k = 107 is not allowed as a condensation level in accordance with
the idea that color and electro-weak gauge fluxes cannot be fed at the space-time space
time sheet since the classical color and electro-weak fields are functionally independent. The
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identification of η 0 meson as a bound state of scaled up k = 107 quarks is not however
consistent with this idea unless one assumes that k = 107 space-time sheets in question are
separate.
2. The requirement that the masses of diagonal pseudo-scalar
mesons of type M = qq are larger
√
but as near as possible to the quark contribution 2mq to the valence quark mass, fixes the
p-adic primes p ' 2k associated with c, b quarks but not t since toponium does not exist.
These values of k are “nominal” since k seems to be dynamical. c quark corresponds to the
p-adic length scale k(c) = 104 = 23 × 13. b quark corresponds to k(b) = 103 for n(b) = 5.
Direct determination of p-adic scale from top quark mass gives k(t) = 94 = 2 × 47 so that
secondary p-adic length scale is in question.
Top quark mass tends to be slightly too low as compared to the most recent experimental
value of m(t) = 169.1 GeV with the allowed range being [164.7, 175.5] GeV [C205] . The
optimal situation corresponds to Ye = 0 and Yt = 1 and happens to give top mass exactly
equal to the most probable experimental value. It must be emphasized that top quark is
experimentally in a unique position since toponium does not exist and top quark mass is
that of free top.
In the case of light quarks there are good reasons to believe that the p-adic mass scale of
quark is different for free quark and bound state quark and that in case of bound quark it can
also depend on hadron. This would explain the notions of valence (constituent) quark and current
quark mass as masses of bound state quark and free quark and leads also to a TGD counterpart
of Gell-Mann-Okubo mass formula [K25] .
1. Constituent quark masses
Constituent quark masses correspond to masses derived assuming that they are bound to
hadrons. If the value of k is assumed to depend on hadron one obtains nice mass formula for light
hadrons as will be found later. Table 6.1 summarizes constituent quark masses as predicted by
this model.
2. Current quark masses
Current quark masses would correspond to masses of free quarks which tend to be lower
than valence quark masses. Hence k could be larger in the case of light quarks. The table of
quark masses in Wikipedia [?]ives the value ranges for current quark masses depicted in Table 6.2
together with TGD predictions for the spectrum of current quark masses.
q
m(q)exp /M eV
k(q)
m(q)/M eV
q
m(q)exp /M eV
k(q)
m(q)/M eV

d
4-8
(122,121,120)
(4.5,6.6,9.3)
c
1150-1350
(106,105)
(1045,1477)

u
1.5-4
(125,124,123,122)
(1.4,2.0,2.9,4.1)
b
4100-4400
(105,104)
(3823,5407)

s
80-130
(114,113,112)
(74,105,149)
t
1691
92
167.8 × 103

Table 5.9: The experimental value ranges for current quark masses [?]nd TGD predictions for
their values assuming (nd , ns , nb ) = (5, 5, 59), (nu , nc , nt ) = (5, 6, 58), and Ye = 0. For top quark
Yt = 0 is assumed. Yt = 1 would give 169.2 GeV.
Some comments are in order.
1. The long p-adic length associated with light quarks seem to be in conflict with the idea that
quarks have sizes smaller than hadron size. The paradox disappears when one realized that
k(q) characterizes the electromagnetic “field body” of quark having much larger size than
hadron.
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2. u and d current quarks correspond to a mass scale not much higher than that of electron and the ranges for mass estimates suggest that u could correspond to scales k(u) ∈
(125, 124, 123, 122) = (53 , 4 × 31, 3 × 41, 2 × 61), whereas d would correspond to k(d) ∈
(122, 121, 120) = (2 × 61, 112 , 3 × 5 × 8).
3. The TGD based model for nuclei based on the notion of nuclear string leads to the conclusion
that exotic copies of k = 113 quarks having k = 127 are present in nuclei and are responsible
for the color binding of nuclei [K86, L5] , [L5] .
4. The predicted values for c and b masses are slightly too low for (k(c), k(b)) = (106, 105) =
(2 × 53, 3 × 5 × 7). Second order Higgs contribution could increase the c mass into the range
given in [C21] but not that of b.
5. The mass of top quark has been slightly below the experimental estimate for long time.
The experimental value has been coming down slowly and the most recent value obtained
by CDF [C207] is mt = 165.1 ± 3.3 ± 3.1 GeV and consistent with the TGD prediction for
Ye = Yt = 0.
One can talk about constituent and current quark masses simultaneously only if they correspond to dual descriptions. M 8 − H duality [K19] has been indeed suggested to relate the old
fashioned low energy description of hadrons in terms of SO(4) symmetry (Skyrme model) and
higher energy description of hadrons based on QCD. In QCD description the mass of say baryon
would be dominated by the mass associated with super-symplectic quanta carrying color. In SO(4)
description constituent quarks would carry most of the hadron mass.
Can Higgs field develop a vacuum expectation in fermionic sector at all?
An important conclusion following from the calculation of lepton and quark masses is that if Higgs
contribution is present, it can be of second order p-adically and even negligible, perhaps even
vanishing. There is indeed an argument forcing to consider this possibility seriously. The recent
view about elementary particles is following.
1. Fermions correspond to CP2 type vacuum extremals topologically condensed at positive/negative
energy space-time sheets carrying quantum numbers at light-like wormhole throat. Higgs and
gauge bosons correspond to wormhole contacts connecting positive and negative energy spacetime sheets and carrying fermion and anti-fermion quantum numbers at the two light-like
wormhole throats.
2. If the values of p-adic temperature are Tp = 1 and Tp = 1/n, n > 1f or fermions and bosons
the thermodynamical contribution to the gauge boson mass is negligible.
3. Different p-adic temperatures and Kähler coupling strengths for fermions and bosons make
sense if bosonic and fermionic partonic 3-surfaces meet only along their ends at the vertices
of generalized Feynman diagrams but have no other common points [K59] . This forces
to consider the possibility that fermions cannot develop Higgs vacuum expectation value
although they can couple to Higgs. This is not in contradiction with the modification of
sigma model of hadrons based on the assumption that vacuum expectation of σ field gives
a small contribution to hadron mass [K22] since this field can be assigned to some bosonic
space-time sheet pair associated with hadron.
4. Perhaps the most elegant interpretation is that ground state conformal is equal to the square
of the eigenvalue of the modified Dirac operator. The ground state conformal weight is
negative and its deviation from half odd integer value gives contribution to both fermion and
boson masses. The Higgs expectation associated with coherent state of Higgs like wormhole
contacts is naturally proportional to this parameter since no other parameter with dimensions
of mass is present. Higgs vacuum expectation determines gauge boson masses only apparently
if this interpretation is correct. The contribution of the ground state conformal weight to
fermion mass square is near to zero. This means that λ is very near to negative half odd
integer and therefore no significant difference between fermions and gauge bosons is implied.
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q
nq
sq
k(q)
m(q)/GeV

d
4
12
113
.105

u
5
10
113
.092

s
6
14
113
.105

c
6
11
104
2.191

b
59
67
103
7.647
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t
58
63
94
167.8

Table 5.10: Constituent quark masses predicted for diagonal mesons assuming (nd , ns , nb ) =
(5, 5, 59) and (nu , nc , nt ) = (5, 6, 58), maximal CP2 mass scale(Ye = 0), and vanishing of second
order contributions.

5.8

About The Microscopic Description Of Gauge Boson
Massivation

The conjectured QFT limit allows to estimate the quantitative predictions of the theory. This is
not however enough. One should identify the microscopic TGD counterparts for various aspects
of gauge boson massivation. There is also the question about the consistency of the gauge theory
limit with the ZEO inspired view about massivation. The basic challenge are obvious: one should
translate notions like Higgs vacuum expectation, massivation of gauge bosons, and finite range of
weak interactions to the language of wormhole throats, Kähler magnetic flux tubes, and string
world sheets. The proposal is that generalization of super-conformal symmetries to their Yangian
counterparts is needed to meet this challenge in mathematically satisfactory manner.

5.8.1

Can P-Adic Thermodynamics Explain The Masses Of Intermediate Gauge Bosons?

The requirement that the electron-intermediate gauge boson mass ratios are sensible, serves as
a stringent test for the hypothesis that intermediate gauge boson masses result from the p-adic
thermodynamics. It seems that the only possible option is that the parameter k has same value
for both bosons, leptons, and quarks:
kB = kL = kq = 1 .
In this case all gauge bosons have D(0) = 1 and there are good changes to obtain boson masses
correctly. k = 1 together with Tp = 1 implies that the thermal masses of very many boson states
are extremely heavy so that the spectrum of the boson exotics is reduced drastically. For Tp = 1/2
the thermal contribution to the mass squared is completely negligible.
Contrary to the original optimistic beliefs based on calculational error, it turned out impossible to predict W/e and Z/e mass ratios correctly in the original p-adic thermodynamics scenario.
Although the errors are of order 20-30 percent, they seemed to exclude the explanation for the
massivation of gauge bosons using p-adic thermodynamics.
1. The thermal mass squared for a boson state with N active sectors (non-vanishing vacuum
weight) is determined by the partition function for the tensor product of N NS type Super
Virasoro algebras. The degeneracies of the excited states as a function of N and the weight
∆ of the operator creating the massless state are given in the table below.
2. Both W and Z must correspond to N = 2 active Super Virasoro sectors for which D(1) = 1
and D(2) = 3 so that (using the formulas of p-adic thermodynamics the thermal mass squared
is m2 = kB (p + 5p2 ) for Tp = 1. The second order contribution to the thermal mass squared
is extremely small so that Weinberg angle vanishes in the thermal approximation. kB = 1
gives Z/e mass-ratio which is about 22 per cent too high. For Tp = 1/2 thermal masses are
completely negligible.
3. The thermal prediction for W-boson mass is the same as for Z 0 mass and thus even worse
2
since the two masses are related MW
= MZ2 cos2 (θW ).
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The conclusion is that p-adic thermodynamics does not produce a natural description for the
massivation of weak bosons. For p = M89 the mass scale is somewhat too small even if the second
order contribution is maximal. If it is characterized by small integer, the contribution is extremely
small. An explanation for the value of Weinberg angle is also missing. Hence some additional
contribution to mass must be present. Higgsy contribution is not natural in TGD framework but
stringy contribution looks very natural.

5.8.2

The Counterpart Of Higgs Vacuum Expectation In TGD

The development of the TGD view about Higgs involves several wrong tracks involving a lot of
useless calculation. All this could have been avoided with more precise definition of basic notions.
The following view has distilled through several failures and might be taken as starting point.
The basic challenge is to translate the QFT description of gauge boson massivation to
microscopic description.
1. One can say that gauge bosons “eat” the components of Higgs. In unitary gauge one gauge
rotates Higgs field to electromagnetically neutral direction defined by the vacuum expectation
value of Higgs. The rotation matrix codes for the degrees of freedom assignable to nonneutral part of Higgs and they are transferred to the longitudinal components of Higgs in
gauge transformation. This gives rise to the third polarization direction for gauge boson.
Photon remains massless because em charge commutes with Higgs.
2. The generation of vacuum expectation value has two functions: to make weak gauge bosons
massive and to define the electromagnetically neutral direction to which Higgs field is rotated
in the transition to the unitary gauge. In TGD framework only the latter function remains for
Higgs if p-adic thermodynamics takes care of massivation. The notion of induced gauge field
together with CP2 geometry uniquely defines the electromagnetically neutral direction so
that vacuum expectation is not needed. Of course, the essential element is gauge invariance
of the Higgs gauge boson couplings. In twistor Grassmann approach gauge invariance is
replaced with Yangian symmetry, which is excellent candidate also for basic symmetry of
TGD.
3. The massivation of gauge bosons (all particles) involves two contributions. The contribution
from p-adic thermodynamics in CP2 scale (wormhole throat) and the stringy contribution in
weak scale more generally, in hadronic scale. The latter contribution cannot be calculated yet.
The generalization of p-adic thermodynamics to that for Yangian symmetry instead of mere
super-conformal symmetry is probably necessary to achieve this and the construction WCW
geometry and spinor structure strongly supports the interpretation in terms of Yangian.
One can look at the situation also at quantitative level.
1. W/Z mass ratio is extremely sensitive test for any model for massivation. In the recent case
this requires that string tension for weak gauge boson depends on boson and is proportional
to the appropriate gauge coupling strength depending on Weinberg angle. This is natural if
the contribution to mass squared can be regarded as perturbative.
2. Higgs mechanism is characterized by the parameter m20 defining the originally tachyonic mass
of Higgs, the dimensionless coupling constant λ defining quartic self-interaction of Higgs.
Higgs vacuum expectation is given by µ2 = m20 /λ, Higgs mass squared by m20 = µ2 λ, and
weak boson mass squared is proportional g 2 µ2 . In TGD framework λ takes the role of g 2 in
2
2
stringy picture and the string tensions of bosons are proportional to gw
, gZ
, λ respectively.
3. Whether λ in TGD framework actually corresponds to the quartic self-coupling of Higgs
or just to the numerical factor in Higgs string tension, is not clear. The problem of Higgs
mechanism is that the mass of observed Higgs is somewhat too low. This requires fine tuning
of the parameters of the theory and SUSY, which was hoped to come in rescue, did not solve
the problem. TGD approach promises to solve the problem.
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Elementary Particles In ZEO

Let us first summarize what kind of picture ZEO suggests about elementary particles.
1. Kähler magnetically charged wormhole throats are the basic building bricks of elementary
particles. The lines of generalized Feynman diagrams are identified as the Euclidian regions
of space-time surface. The weak form of electric magnetic duality forces magnetic monopoles
and gives classical quantization of the Kähler electric charge. Wormhole throat is a carrier
of many-fermion state with parallel momenta and the fermionic oscillator algebra gives rise
to a badly broken large N SUSY [K66].
2. The first guess would be that elementary fermions correspond to wormhole throats with
unit fermion number and bosons to wormhole contacts carrying fermion and anti-fermion
at opposite throats. The magnetic charges of wormhole throats do not however allow this
option. The reason is that the field lines of Kähler magnetic monopole field must close. Both
in the case of fermions and bosons one must have a pair of wormhole contacts (see Fig.
http://tgdtheory.fi/appfigures/wormholecontact.jpg or Fig. ?? in the appendix of
this book) connected by flux tubes. The most general option is that net quantum numbers are
distributed amongst the four wormhole throats. A simpler option is that quantum numbers
are carried by the second wormhole: fermion quantum numbers would be carried by its
second throat and bosonic quantum numbers by fermion and anti-fermion at the opposite
throats. All elementary particles would therefore be accompanied by parallel flux tubes and
string world sheets.
3. A cautious proposal in its original form was that the throats of the other wormhole contact
could carry weak isospin represented in terms of neutrinos and neutralizing the weak isospin
of the fermion at second end. This would imply weak neutrality and weak confinement above
length scales longer than the length of the flux tube. This condition might be un-necessarily
strong.
The realization of the weak neutrality using pair of left handed neutrino and right handed
antineutrino or a conjugate of this state is possible if one allows right-handed neutrino to have
also unphysical helicity. The weak screening of a fermion at wormhole throat is possible if νR
is a constant spinor since in this case Dirac equation trivializes and allows both helicities as
solutions. The new element from the solution of the Kähler-Dirac equation is that νR would
be interior mode de-localized either to the other wormhole contact or to the Minkowskian
flux tube. The state at the other end of the flux tube is spartner of left-handed neutrino.
It must be emphasized that weak confinement is just a proposal and looks somewhat complex:
Nature is perhaps not so complex at the basic level. To understand this better, one can think
about how M89 mesons having quark and antiquark at the ends of long flux tube returning
back along second space-time sheet could decay to ordinary quark and antiquark.

5.8.4

Virtual And Real Particles And Gauge Conditions In ZEO

ZEO and twistor Grassmann approach force to build a detailed view about real and virtual particles.
ZEO suggests also new approaches to gauge conditions in the attempts to build detailed connection
between QFT picture and that provided by TGD. The following is the most conservative one. Of
course, also this proposal must be taken with extreme cautiousness.
1. In ZEO all wormhole throats - also those associated with virtual particles - can be regarded
as massless. In twistor Grassmann approach [K91] this means that the fermionic propagators can be by residue integration transformed to their inverses which correspond to online
massless states but having an unphysical polarization so that the internal lines do not vanish
identically.
2. This picture inspired by twistorial considerations is consistent with the simplest picture about
√
Kähler-Dirac action. The boundary term for K-D action is g4 ΨΓnK−D Ψd3 x and due to the
localization of spinor modes to 2-D surfaces reduces to a term localized at the boundaries
of string world sheets. The normal component ΓnK−D of the Kähler-Dirac gamma matrices
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defined by the canonical momentum currents of Kähler action should define the inverse of
massless fermionic propagator. If the action of this operator on the induced spinor mode at
stringy curves satisfies
√

g4 Γn Ψ = pk γk Ψ ,

this reduction is achieved. One can pose the condition g4 = constant as a coordinate condition on stringy curves at the boundaries of CD and the condition would correlate the spinor
modes at stringy curve with incoming quantum numbers. This is extremely powerful simplification giving hopes about calculable theory. The residue integral for virtual momenta
reduces the situation to integral over on mass shell momenta and only non-physical helicities
contribute in internal lines. This would generalize twistorial formulas to fermionic context.
One however ends up with an unexpected prediction which has bothered me for a long time.
Consider the representation of massless spin 1 gauge bosons as pairs as wormhole throat carrying
fermion and antifermion having net quantum numbers of the boson. Neglect the effects of the
second wormhole throat. The problem is that for on-mass shell massless fermion and antifermion
with physical helicities the boson has spin 0. Helicity 1 state would require that second fermion
has unphysical helicity. What does this mean?
1. Are all on mass shell gauge bosons - including photon - massive? Or is on mass shell massless
propagation impossible? Massivation is achieved if the fermion and antifermion have different
momentum directions: for instance opposite 3-momen but same sign of energy. Higher order
contributions in p-adic thermodynamics could make also photon massive. The 4-D worldlines of fermion and antifermion would not be however parallel, which does not conform with
the geometric optics based prejudices.
2. Or could on mass shell gauge bosons have opposite four-momenta so that the second gauge boson would have negative energy? In this manner one could have massless on mass shell states.
ZEO ontology certainly allows the identification massless gauge bosons as on mass shell states
with opposite directions of four-momenta. This would however require the weakening of the
hypothesis that all incoming (outgoing) fundamental fermions have positive (negative) energies to the assumption that only the incoming (outgoing) particles have positive (negative)
energies. In the case of massless gauge boson the gauge condition p ·  = 0 would be satisfied
by the momenta of both fermion and antifermion. With opposite 3-momenta (massivation)
but same energy the condition ptot ·  = 0 is satisfied for three polarization since in cm system
ptot has only time component.
3. The problem is present also for internal lines. Since by residue argument only the unphysical fermion helicities contribute in internal lines, both fermion and antifermion must have
unphysical helicity. For the same sign of energy the wormhole throat would behave as scalar
particle. Therefore it seems that the energies must have different sign or momenta cannot
be strictly parallel. This is required also by the possibility of space-like momenta for virtual
bosons.

5.8.5

The Role Of String World Sheets And Magnetic Flux Tubes In
Massivation

What is the role of string world sheets and flux tubes in the massivation? At the fundamental level
one studies correlation functions for particles and finite correlation length means massivation.
1. String world sheets define as essential element in 4-D description. All particles are basically
bi-local objects: pairs of string at parallel space-time sheets extremely near to each other
and connected by wormhole contacts at ends. String world sheets are expected to represent
correlations between wormhole throats.
2. Correlation length for the propagator of the gauge boson characterizes its mass. Correlation
length can be estimated by calculating the correlation function. For bosons this reduces to the
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calculation of fermionic correlations functions assignable to string world sheets connecting the
upper and lower boundaries of CD and having four external fermions at the ends of CD. The
perturbation theory reduces to functional integral over space-time sheets and deformation
of the space-time sheet inducing the deformation of the induced spinor field expressible as
convolution of the propagator associated with the Kähler-Dirac operator with vertex factor
defined by the deformation multiplying the spinor field. The external vertices are braid
ends at partonic 2-surfaces and internal vertices are in the interior of string world sheet.
Recall that the conjecture is that the restriction to the wormhole throat orbits implies the
reduction to diagrams involving only propagators connecting braid ends. The challenge is
to understand how the coherent state assigned to the Euclidian pion field induces the finite
correlation length in the case of gauge bosons other than photon.
3. The non-vanishing commutator of the gauge boson charge matrix with the vacuum expectation assigned to the Euclidian pion must play a key role. The study of the Kähler-Dirac
operator suggests that the braid
R strands contain the Abelianized variant of non-integrable
phase factor defined as exp(i Adx). If A is identified as string world sheet Hodge dual of
Kac-Moody charge the opposite edges of string world sheet with geometry of square given
contributions which compensate each other by conservation of Kac-Moody charge if A commutes with the operators building the coherent Higgs state. For photon this would be true.
For weak gauge bosons this would not be the case and this gives hopes about obtaining
destructive interference leading to a finite correlation length.
One can also consider try to build more concrete manners to understand the finite correlation
length.
1. p
Quantum classical correspondence suggests that string with length of order L ∼ ~/E, E =
p2 + m2 serves as a correlate for particle defined by a pair of wormhole contacts. For
massive particle wave length satisfies L ≤ ~/m. Here (p, m) must be replaced with (pL , mL )
if one takes the notion of longitudinal mass seriously. For photon standard option gives L = λ
or L = λL and photon can be a bi-local object connecting arbitrarily distant objects. For
the second option small longitudinal mass of photon gives an upper bound for the range of
the interaction. Also gluon would have longitudinal mass: this makes sense in QCD where
the decomposition M 4 = M 2 × E 2 is basic element of the theory.
2. The magnetic flux tube associated with the particle carries magnetic energy. Magnetic energy
grows as the length of flux tube increases. If the flux is quantized magnetic field behaves
like 1/S, where S is the area of the cross section of the flux tube, the total magnetic energy
behaves like L/S. The dependence of S on L determines how the magnetic energy depends
on L. If the magnetic energy increases as function of L the probability of long flux tubes is
small and the particle cannot have large size and therefore mediates short range interactions.
For S ∝ Lα ∼ λα , α > √1, the magnetic energy behaves like λ−α+1 and the thickness of
the flux tube scales like λα . In case of photon one might expect this option to be true.
Note that for photon string world sheet one can argue that the natural choice of string is as
light-like string so that its length vanishes.
What kind of string world sheets are possible? One can imagine two options.
1. All strings could connect only the wormhole contacts defining a particle as a bi-local object
so that particle would be literally the geometric correlate for the interaction between two
objects. The notion of free particle would be figment of imagination. This would lead to
a rather stringy picture about gauge interactions. The gauge interaction between systems
S1 and S2 would mean the emission of gauge bosons as flux tubes with charge carrying end
at S1 and neutral end. Absorption of the gauge boson would mean that the neutral end of
boson and neutral end of charge particle fuse together line the lines of Feynman diagram at
3-vertex.
2. Second option allows also string world sheets connecting wormhole contacts of different particles so that there is no flux tube accompanying the string world sheet. In this case particles
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would be independent entities interacting via string world sheets. In this case one could consider the possibility that photon corresponds to string world sheet (or actually parallel pair
of them) not accompanied by a magnetic flux tube and that this makes the photon massless
at least in excellent approximation.
The first option represents the ontological minimum.
Super-conformal symmetry involves two conformal weight like integers and these correspond
to the conformal weight assignable to the radial light-like coordinate appearing in the role of complex coordiante in super-symplectic Hamiltonians and to the spinorial conformal weight assignable
to the solutions of Kähler Dirac equation localized to string world sheets. These conformal weights
are independent quantum numbers unless one can use the light-like radial coordinate as string
coordinate, which is certainly not possible always. The latter conformal weight should correspond
to the stringy contribution to the masses of elementary particles and hadron like states. In fact, it
is difficult to distinguish between elementary particles and hadrons at the fundamental level since
both involve the stringy aspect.
The Yangian symmetry variant of conformal symmetry is highly suggestive and brings in
poly-locality with respect to partonic 2-surfaces. This integer would count the number of partonic
2-surfaces to which the generator acts and need not correspond to spinorial conformal weight as
one might think first. In any case, Yangian variant of p-adic termodynamics provides an attractive
approach concerning the mathematical realization of this vision.

5.8.6

Weak Regge Trajectories

The weak form of electric-magnetic duality suggests strongly the existence of weak Regge trajectories.
2
1. The most general mass squared formula with spin-orbit interaction term ML−S
L · S reads as

M2

2
= nM12 + M02 + ML−S
L · S , n = 0, 2, 4 or n = 1, 3, 5, ..., .

(5.8.1)

M12 corresponds to string tension and M02 corresponds to the thermodynamical mass squared
and possible other contributions. For a given trajectory even (odd) values of n have same
parity and can correspond to excitations of same ground state. From ancient books written
about hadronic string model one vaguely recalls that one can have several trajectories (satellites) and if one has something called exchange degeneracy, the even and odd trajectories
define single line in M 2 − J plane. As already noticed TGD variant of Higgs mechanism
combines together n = 0 states and n = 1 states to form massive gauge bosons so that the
trajectories are not independent.
2. For fermions, possible Higgs, and pseudo-scalar Higgs and their super partners also p-adic
thermodynamical contributions are present. M02 must be non-vanishing also for gauge bosons
and be equal to the mass squared for the n = L = 1 spin singlet. By applying the formula
to h = ±1 states one obtains

M02

= M 2 (boson) .

(5.8.2)

The mass squared for transversal polarizations with (h, n, L) = (±1, n = L = 0, S = 1)
should be same as for the longitudinal polarization with (h = 0, n = L = 1, S = 1, J = 0)
state. This gives

2
M12 + M02 + ML−S
L·S

= M02 .

From L · S = [J(J + 1) − L(L + 1) − S(S + 1)] /2 = −2 for J = 0, L = S = 1 one has

(5.8.3)
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(5.8.4)

Only the value of weak string tension M12 remains open.
3. If one applies this formula to arbitrary n = L one obtains total spins J = L + 1 and L − 1
from the tensor product. For J = L − 1 one obtains
M 2 = (2n + 1)M12 + M02 .
For J = L + 1 only M02 contribution remains so that one would have infinite degeneracy of
the lightest states. Therefore stringy mass formula must contain a non-linear term making
Regge trajectory curved. The simplest possible generalization which does not affect n=0 and
n=1 states is of from

M2

= n(n − 1)M22 + (n −

L·S
)M12 + M02 .
2

(5.8.5)

The challenge is to understand the ratio of W and Z0 masses, which is purely group theoretic
and provides a strong support for the massivation by Higgs mechanism.
1. The above formula and empirical facts require

M02 (W )
M02 (Z)

=

M 2 (W )
= cos2 (θW ) .
M 2 (Z)

(5.8.6)

in excellent approximation. Since this parameter measures the interaction energy of the
fermion and anti-fermion decomposing the gauge boson depending on the net quantum numbers of the pair, it would look very natural that one would have

M02 (W )

=

2
2
2
2
2
gW
MSU
(2) , M0 (Z) = gZ MSU (2) .

(5.8.7)

2
Here MSU
(2) would be the fundamental mass squared parameter for SU (2) gauge bosons.
p-Adic thermodynamics of course gives additional contribution which is vanishing or very
small for gauge bosons.

2. The required mass ratio would result in an excellent approximation if one assumes that the
mass scales associated with SU (2) and U (1) factors suffer a mixing completely analogous to
the mixing of U (1) gauge boson and neutral SU (2) gauge boson W3 leading to γ and Z0 . Also
Higgs, which consists of SU (2) triplet and singlet in TGD Universe, would very naturally
suffer similar mixing. Hence M0 (B) for gauge boson B would be analogous to the vacuum
expectation of corresponding mixed Higgs component. More precisely, one would have

M0 (W )

=

MSU (2) ,

M0 (Z)

=

cos(θW )MSU (2) + sin(θW )MU (1) ,

M0 (γ)

=

−sin(θW )MSU (2) + cos(θW )MU (1) .

(5.8.8)

The condition that photon mass is very small and corresponds to IR cutoff mass scale gives
M0 (γ) = cos(θW )MSU (2) , where  is very small number, and implies
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MU (1)
M (W )
M (γ)
M (W )
M (Z)
M (W )

=

tan(θW ) +  ,

=

 × cos(θW ) ,

=

1 +  × sin(θW )cos(θW )
.
cos(θW )

(5.8.9)

There is a small deviation from the prediction of the standard model for W/Z mass ratio but
by the smallness of photon mass the deviation is so small that there is no hope of measuring
it. One can of course keep mind open for  = 0. The formulas allow also an interpretation
in terms of Higgs vacuum expectations as it must. The vacuum expectation would most
naturally correspond to interaction energy between the massless fermion and anti-fermion
with opposite 3-momenta at the throats of the wormhole contact and the challenge is to
show that the proposed formulas characterize this interaction energy. Since CP2 geometry
codes for standard model symmetries and their breaking, it woul not be surprising if this
would happen. One cannot exclude the possibility that p-adic thermodynamics contributes
to M02 (boson). For instance,  might characterize the p-adic thermal mass of photon.
If the mixing applies to the entire Regge trajectories, the above formulas would apply also
to weak string tensions, and also photons would belong to Regge trajectories containing high
spin excitations.
3. What one can one say about the value of the weak string tension M12 ? The naı̈ve order of
magnitude estimate is M12 ' m2W ' 104 GeV2 is by a factor 1/25 smaller than the direct
scaling up of the hadronic string tension about 1 GeV2 scaled up by a factor 218 . The above
argument however allows also the identification as the scaled up variant of hadronic string
tension in which case the higher states at weak Regge trajectories would not be easy to
discover since the mass scale defined by string tension would be 512 GeV to be compared
with the recent beam energy 7 TeV. Weak string tension need of course not be equal to the
scaled up hadronic string tension. Weak string tension - unlike its hadronic counterpartcould also depend on the electromagnetic charge and other characteristics of the particle.

5.8.7

Low Mass Exotic Mesonic Structures As Evidence For Dark Scaled
Down Variants Of Weak Bosons?

During last years reports about low mass exotic mesonic structures have appeared. It is interesting
to combine these bits of data with the recent view about TGD analog of Higgs mechanism and
find whether new predictions become possible. The basic idea is to derive understanding of the
low mass exotic structures from LHC data by scaling and understanding of LHC data from data
about mesonic structures by scaling back.
1. The article Search for low-mass exotic mesonic structures: II. attempts to understand the experimental results by Taticheff and Tomasi-Gustafsson (see http://tinyurl.com/ybq323yy)
[C212] mentions evidence for exotic mesonic structures. The motivation came from the observation of a narrow range of dimuon masses in Σ+ → pP 0 , P 0 → µ− µ+ in the decays
of P 0 with mass of 214.3 ± .5 MeV: muon mass is 105.7 MeV giving 2mµ = 211.4 MeV.
Mesonlike exotic states with masses M = 62, 80, 100, 181, 198, 215, 227.5, and 235 MeV are
reported. This fine structure of states with mass difference 20-40 MeV between nearby states
is reported for also for some baryons.
2. The preprint Observation of the E(38) boson by Kh.U. Abraamyan et al (see http://
tinyurl.com/y7zer8dw) [C45, C46, C120] reports the observation of what they call E(38)
boson decaying to gamma pair observed in d(2.0 GeV/n)+C,d(3.0 GeV/n)+Cu and p(4.6
GeV)+C reactions in experiments carried in JINR Nuclotron.

5.8. About The Microscopic Description Of Gauge Boson Massivation

237

If these results can be replicated they mean a revolution in nuclear and hadron physics. What
strongly suggests itself is a fine structure for ordinary hadron states in much smaller energy scale
than characterizing hadronic states. Unfortunately the main stream, in particular the theoreticians
interested in beyond standard model physics, regard the physics of strong interactions and weak
interactions as closed chapters of physics, and are not interested on results obtained in nuclear
collisions.
In TGD framework situation is different. The basic characteristic of TGD Universe is fractality. This predicts new physics in all scales although standard model symmetries are fundamental
unlike in GUTs and are reduced to number theory. p-Adic length scale hypothesis characterizes
the fractality.
1. In TGD Universe p-adic length scale hypothesis predicts the possibility of scaled versions
of both strong and weak interactions. The basic objection against new light bosons is that
the decay widths of weak bosons do not allow them. A possible manner to circumvent the
objection is that the new light states correspond to dark matter in the sense that the value
of Planck constant is not the standard one but its integer multiple [K65].
The assumption that only particles with the same value of Planck constant can appear in
the vertex, would explain why weak bosons do not decay directly to light dark particles.
One must however allow the transformation of gauge bosons to their dark counterparts. The
2-particle vertex is characterized by a coupling having dimensions of mass squared in the case
of bosons, and p-adic length scale hypothesis suggests that the primary p-adic mass scale
√
characterizes the parameter (the secondary p-adic mass scale is lower by factor 1/ p and
would give extremely small transformation rate).
2. Ordinary strong interactions correspond to Mersenne prime Mn , n = 2107 − 1, in the sense
that hadronic space-time sheets correspond to this p-adic prime. Light quarks correspond to
space-time sheets identifiable as color magnetic flux tubes, which are much larger than hadron
itself. M89 hadron physics has hadronic mass scale 512 times higher than ordinary hadron
physics and should be observed at LHC. There exist some pieces of evidence for the mesons of
this hadron physics but masked by the Higgsteria. The expectation is that Minkowskian M89
pion has mass around 140 GeV assigned to CDF bump (see http://tinyurl.com/yc98cau6)
[C65].
3. In the leptonic sector there is evidence for lepto-hadron physics for all charged leptons labelled
by Mersenne primes M127 , MG,113 (Gaussian Mersenne), and M107 [K92]. One can ask
whether the above mentioned resonance P 0 decaying to µ− µ+ pair motivating the work
described in [C212] could correspond to pion of muon-hadron physics consisting of a pair of
color octet excitations of muon. Its production would presumably take place via production
of virtual gluon pair decaying to a pair of color octet muons.
Returning to the observations of [C212]: the reported meson-like exotic states seem to
be arranged along Regge trajectories but with string tension lower than that for the ordinary
Regge trajectories with string tension T = .9 GeV2 . String tension increases slowly with mass of
meson like state and has three values T /GeV 2 ∈ {1/390, 1/149.7, 1/32.5} in the piecewise linear fit
discussed in the article. The TGD inspired proposal is that IR Regge trajectories assignable to the
color magnetic flux tubes accompanying quarks are in question. For instance, in hadrons u and d
quarks - understood as constituent quarks - would have k = 113 quarks and string tension would
be by naı̈ve scaling by a factor 2107−113 = 1/64 lower: as a matter of fact, the largest value of
the string tension is twice this value. For current quark with mass scale around 5 MeV the string
tension would be by a factor of order 2107−121 = 2−16 lower.
Clearly, a lot of new physics is predicted and it begins to look that fractality - one of the key
predictions of TGD - might be realized both in the sense of hierarchy of Planck constants (scaled
variants with same mass) and p-adic length scale hypothesis (scaled variants with varying masses).
Both hierarchies would represent dark matter if one assumes that the values of Planck constant
and p-adic length scale are same in given vertex. The testing of predictions is not however expected
to be easy since one must understand how ordinary matter transforms to dark matter and vice
versa. Consider only the fact, that only recently the exotic meson like states have been observed
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and modern nuclear physics regarded often as more or less trivial low energy phenomenology was
born born about 80 years ago when Chadwick discovered neutron.

5.8.8

Cautious Conclusions

The discussion of TGD counterpart of Higgs mechanism gives support for the following general
picture.
1. p-Adic thermodynamics for wormhole contacts contributes to the masses of all particles including photon and gluons: in these cases the contributions are however small. For fermions
they dominate. For weak bosons the contribution from string tension of string connecting
wormhole contacts as the correct group theoretical prediction for the W/Z mass ratio demonstrates. The mere spin 1 character for gauge bosons implies that they are massive in 4-D
sense unless massless fermion and anti-fermion have opposite signs of energy. Higgs provides
the longitudinal components of weak bosons by gauge invariance and CP2 geometry defines
unitary gauge so that Higgs vacuum expectation value is not needed. The non-existence of
covariantly constant CP2 vector field does not mean absence of Higgs like particle as believed
first but only the impossibility of Higgs vacuum expectation value.
The usual space-time SUSY associated with imbedding space in TGD framework is not
needed, and there are strong arguments suggesting that it is not present [?] For space-time
regarded as 4-surfaces one obtains 2-D super-conformal invariance for fermions localized
at 2-surfaces and for right-handed neutrino it extends to 4-D superconformal symmetry
generalizing ordinary SUSY to infinite-D symmetry.
2. The basic predictions to LHC are following. M89 hadron physics, whose pion was first
proposed to be identifiable as Higgs like particle, will be discovered. The findings from RHIC
and LHC concerning collisions of heavy ions and protons and heavy ions already provide
support for the existence of string like objects identifiable as mesons of M89 physics. Fermi
satellite has produced evidence for a particle with mass around 140 GeV and this particle
could correspond to the pion of M89 physics. This particle should be observed also at LHC
and CDF reported already earlier evidence for it. There has been also indications for other
mesons of M89 physics from LHC discussed in [K22].
3. Fermion and boson massivation by Higgs mechanism could emerge unavoidably as a theoretical artefact if one requires the existence of QFT limit leading unavoidably to a description in
terms of Higgs mechanism. In the real microscopic theory p-adic thermodynamics for wormhole contacts and strings connecting them would describe fermion massivation, and might
describe even boson massivation in terms of long parts of flux tubes. Situation remains open
in this respect. Therefore the observation of decays of Higgs at expected rate to fermion
pairs cannot kill TGD based vision.
The new view about Higgs combined with the stringy vision about twistor Grassmannian
[K91] allows to see several conjectures related to ZEO in new light and also throw away some
conjectures such as the idea about restriction of virtual momenta to plane M 2 ⊂ M 4 .
1. The basic conjecture related to the perturbation theory is that wormhole throats are massless
on mass shell states in imbedding space sense: this would hold true also for virtual particles
and brings in mind what happens in twistor program. The recent progress [K40] in the construction of n-point functions leads to explicit general formulas for them expressing them in
terms of a functional integral over four-surfaces. The deformation of the space-time surface
fixes the deformation of basis for induced spinor fields and one obtains a perturbation theory in which correlation functions for imbedding space coordinates and fermionic propagator
defined by the inverse of the Kähler-Dirac operator appear as building bricks and the electroweak gauge coupling of the Kähler-Dirac operator define the basic vertex. This operator
is indeed 2-D for all other fermions than right-handed neutrino.
2. The functional integral gives some expressions for amplitudes which resemble twistor amplitudes in the sense that the vertices define polygons and external fermions are massless
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although gauge bosons as their bound states are massive. This suggests a stringy generalization of twistor Grassmannian approach [K91]. The residue integral would replace 4-D
integrations of virtual fermion momenta to integrals over massless momenta. The outcome
would be non-vanishing for non-physical helicities of virtual fermion. Also the problem due to
the fact that fermionic Super Virasoro generator carries fermion number in TGD framework
disappears.
3. There are two conformal weights involved. The conformal weight associated with the light-like
4
radial coordinate of δM±
and the spinorial conformal weight associated with the fermionic
string connecting wormhole throats and throats of wormhole contact. Are these conformal
weights independent or not? For instance, could one use radial light-like coordinate as string
coordinate in the generic situation so that the conformal weights would not define independent
quantum numbers? This does not look feasible. The Yangian variant of conformal algebra
[A17] [B24, B19, B20] involves two integers. Second integer would naturally be the number
of partonic 2-surfaces acted by the generator characterizing the poly-locality of Yangian
generators, and it is not clear whether it has anything to do with the spinorial conformal
weight. One can of course consider also three integers! This would be in accordance with
the idea that the basic objects are 3-dimensional.
If the conjecture that Yangian invariance realized in terms of Grassmannians makes sense,
it could allow to deduce the outcome of the functional integral over four-surfaces and one
could hope that TGD can be transformed to a calculable theory. Also p-adic mass calculations should be formulated using p-adic thermodynamics assuming Yangian invariance and
enlargened conformal algebra.

5.9

M 8 −H duality and the two manners to describe particles

The isometry groups for M 4 × CP2 is P × SU (3) (P for Poincare group). The isometry group
for M 8 = M 4 × E 4 with a fixed choice of M 4 breaks down to P × SO(4). A further breaking by
selection M 4 ⊂ M 2 of preferred octonionic complex plane M 2 necessary in the algebraic approach
to space-time surfaces X 4 ⊂ M 8 brings in preferred rest system and reduces the Poincare symmetry
further. At the space-time level the assumption that the tangent space of X 4 contains fixed M 2
or at least integral distribution of M 2 (x) ⊂ M 4 is necessary for M 8 − H duality [L39].
The representations SO(4) and SU (3) could provide alternative description of physics so
that one would have what I have called SO(4)−SU (3) duality [K89]. This duality could manifest in
the description of strong interaction physics in terms of hadrons and quarks respectively (conserved
vector current hypothesis and partially conserved axial current hypothesis based on Spin(SO(4)) =
SU (2) × SU (2)R . The challenge is to understand in more detail this duality. This could allow also
to understand better how the two twistor descriptions might relate.
SO(4) − SU (3) duality implies two descriptions for the states and scattering amplitudes.
Option I: One uses projection of 8-momenta to a fixed MT4 ⊃ M 2 .
Option II: One assumes that ML4 ⊃ M 2 is defines the frame in which quaternionic octonion
momentum is parallel to ML4 : this ML4 depends on particle state and describes this dependence in
terms of wave function in CP2 .

5.9.1

Option I: fixed MT4 ⊃ M 2

For Option I the description would be in terms of a fixed MT4 ⊂ M 8 = MT4 × E 4 and M 2 ⊂ MT4
fixed for both options. For given quaternionic light-like M 8 momentum one would have projection
to MT4 , which is in general massive. E 4 momentum would have same the length squared by
light-likeness.
De-localization MT4 mass squared equal to p2 (MT4 ) = m2 in E 4 can be described in terms
of SO(4) harmonics at sphere having p2 (E 4 ) = m2 . This would be the description applied to
hadrons and leptons and particles treated as massive particles. Particle mass would be due to the
fixed choice of MT4 . What dictates this choice is an interesting question. An interesting question is
how these descriptions relate to QFT Higgs mechanism as (in principle) alternative descriptions:
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the choice of fixed MT4 could be seen as analog for the generation of vacuum expectation of Higgs
selecting preferred direction in the space of Higgs fields.

5.9.2

Option II: varying ML4 ⊃ M 2

For Option II the description would use ML4 ⊃ M 2 , which is not fixed but chosen so that it contains
light-like M 8 momentum. This would give light-like momentum in ML4 identifiable as quaternionic
sub-space of complexified octonions.
1. One could assign to the state wave function function for the choices of M 4 and by quaternionicity of 8-momenta this would correspond to a state in super-conformal representation with
vanishing ML4 mass: CP2 point would code the information about E 4 component light-like
8-momentum. This description would apply to the partonic description of hadrons in terms
of massless quarks and gluons.
2. For this option one could use the product of ordinary M 4 twistors and CP2 twistors. One
challenge would be the generalization of the twistor description to the case of CP2 twistors.

5.9.3

p-Adic particle massivation and ZEO

The two pictures about description of light-like M 8 momenta do not seem to be quite consistent
with the recent view about TGD in which H-harmonics describe massivation of massless particles.
What looks like a problem is following.
1. The resulting particles are massive in M 4 . But they should be massless in M 4 × CP2
description. The non-vanishing mass would suggest the correct description in terms of Option
I for which the description in terms of E 4 momenta with length equal to mass and thus
identifiable as points of S 3 . Momentum space wave functions at S 3 - essentially rigid body
wave functions given by representation matrices of SU (2) could characterize the states rather
than CP2 harmonic.
2. The description based on CP2 color partial waves however works and this would favor Option
II with vanishing M 4 mass. What goes wrong?
To understand what might be involved, consider p-adic mass calculations.
1. The massivation of physical fermion states includes also the action of super-conformal generators changing the mass. The particles are originally massless and p-adic mass squared is
generated thermally and mapped to real mass squared by canonical identification map.
For CP2 spinor harmonics mass squared is of order CP2 mass squared and thus gigantic.
Therefore the mass squared is assumed to contain negative tachyonic ground state contribution due to the negative half-odd integer valued conformal weight hvac < 0 of vacuum. The
origin of this contribution has remained a mystery in p-adic thermodynamics but it makes
possible to construct massless states. hvac cancels the spinorial contributions and the contribution from positive conformal weights of super-conformal generators so that the particle
states are massless before thermalization. This would conform with the idea of using varying
ML4 and thus CP2 description.
2. What does the choice of M 4 mean in terms of super-conformal representations? Could the
mysterious vacuum conformal weight hvac provide a description for the effect of the needed
SU (3) rotation of M 4 from standard orientation on super-conformal representation. The
effect would be very simple and in certain sense reversal to the effect of Higgs vacuum
expectation value in that it would cancel mass rather than generate it.
An important prediction would be that heavy states should be absent from the spectrum
in the sense that mass squared would be p-adically of order O(p) or O(p2 ) (in real sense of
order O(1/p) or O(1/p2 )). The trick would be that the generation of h0 as a representation
of SU(3) rotation of M 4 makes always the dominating contribution to the mass of the state
vanishing.

5.9. M 8 − H duality and the two manners to describe particles

241

Remark: If the canonical identification
P I mapping the p-adic
P mass integers to their real
numbers is of the simplest form m = n xn pn → I(m) = n xn p−n , it can happen that
the image of rational m/n with p-adic norm not larger than 1 represented as p-adic integer
by expanding it in powers of p, can be near to the maximal value of p and the mass of the
state can be of order CP2 mass - about 10−4 Planck masses. If the canonical identification
is defined as m/n → I/(m)/I(n) the image of the mass is small for small values of m and n.
3. Unfortunately, it is easy to get convinced that this explanation of hvac is not physically
attractive. Identical mass spectra at the level of M 8 and H looks like a natural implication
of M 8 − H-duality. SU (3) rotation of M 4 in M 8 cannot however preserve the general form
of M 4 × CP2 mass squared spectrum for the M 4 projections of M 8 momenta at level of M 8 .
Remark: For H = M 4 × CP2 the mass squared in given representation of Super-conformal
symmetries is given as a sum of CP2 mass squared for the spinor harmonic determining the
ground state and of a Virasoro contribution proportional to a non-negative integer. The
masses are required to independent of electroweak quantum numbers.
One can imagine two further identifications for the origin of hvac .
1. Take seriously the possibility of complex momenta allowed by the complexification of M 8
by commuting imagine unit i and also suggested by the generalization of the twistorialization. The real and imaginary parts of light-like complex 8-momenta p8 = p8,Re + ip8,Im are
orthogonal to each other: p8,Re · p8,Im = 0 so that both real and imaginary parts of p8 are
light-like: p28,Re = p28,Im = 0. The M 4 mass squared can be written has m2 = m2Re − m2Im
with hvac ∝ −m2Im . The representations of Super-conformal algebra would be labelled by
hvac ∝ m2Im .
Could the needed wrong sign contribution to CP2 mass squared mass make sense? CP2 type
extremals having light-like geodesic as M 4 projection are locally identical with CP2 but because of light-like projection they can be regarded as CP2 with a hole and thus non-compact.
Boundary conditions allow analogs of CP2 harmonics for which spinor d’Alembertian would
have complex eigenvalues.
Does quantum-classical correspondence allow complex momenta: can the classical fourmomenta assignable to 6-D Kähler action be complex? The value of Kähler coupling strength
allows the action to have complex phase but parts with different phases are not allowed. Could
the imaginary part to 4-momentum could come from the CP2 type extremal with Euclidian
signature of metric?
2. Second - not necessarily independent - idea relies on the observation that in TGD one has
besides the usual conformal algebra acting on complex coordinate z also its analog acting on
the light-like radial coordinate r of light-cone boundary. At light-cone boundary one has both
4
super-symplectic symmetries of ∆M+
× CP2 and extension of super-conformal symmetries
2
of sphere S to analogs of conformal symmetries depending on z and r and it seems that one
must chose between these two options. Also the extension of ordinary Kac-Moody algebra
acts at the light-like orbits of partonic 2-surfaces.
There are two scaling generators: the usual L0 = zd/dz and the second generator L0,1 =
ird/dr. For L0,1 at light-cone boundary powers of z n are replaced with (r/r0 )ik = exp(iku),
u = log(r/r0 )). Could it be that mass squared operator is proportional to L0 + L0,1 having
eigenvalues h = n − k? The absence of tachyons requires h ≥ 0. Could k characterize
given Super-Virasoro representation? Could k ≥ 0 serve as an analog of positive energy
condition allowing to analytically continue exp(iku) to upper u-plane? How to interpret this
continuation?
The 3-D generalization of super-symplectic symmetries at light-cone boundary and extended
Ka-Moody symmetries at partonic 2-surfaces should be possible in some sense. Could the
continuation to the upper u-plane correspond to the continuation of the extended conformal
symmetries from light-cone boundary to future light-one and from light-partonic 2-surfaces
to space-time interior?
Why p-adic massivation should occur at all? Here ZEO comes in rescue.
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1. In ZEO one can have superposition of states with different 4-momenta, mass values and also
other charges: this does not break conservation laws. How to fix M 4 in this case? One
cannot do it separately for the states in superposition since they have different masses. The
most natural choices is as the M 4 associated with the dominating contribution to the zero
energy state. The outcome would be thermal massivation described excellently by p-adic
thermodynamics [K19]. Recently a considerable increase in the understanding of hadron and
weak boson masses took place [L72].
2. In ZEO quantum theory is square root of thermodynamics in a well-defined formal sense, and
one can indeed assign to p-adic partition function a complex square root as a genuine zero
energy state. Since mass varies, one must describe the presence of higher mass excitations
in zero energy state as particles in M 4 assigned with the dominating part of the state so
that the observed particle mass squared is essentially p-adic thermal expectation value over
thermal excitations. p-Adic thermodynamics would thus describe the fact that the choice of
ML4 cannot not ideal in ZEO and massivation would be possible only in ZEO.
3. Current quarks and constituent quarks are basic notions of hadron physics. Constituent
quarks with rather large masses appear in the low energy description of hadrons and current
quarks in high energy description of hadronic reactions. That both notions work looks rather
paradoxical. Could massive quarks correspond to MT picture and current quarks to ML4
picture but with p-adic thermodynamics forced by the superposition of mass eigenstates
with different masses.
The massivation of ordinary massless fermion involves mixing of fermion chiralities. This
means that the SU (3) rotation determined by the dominating component in zero energy
state must induce this mixing. This should be understood.

5.10

About The Basic Assumptions Behind P-Adic Mass
Calculations

The motivation for this piece of text was the basic horror experience of theoretician waking him up
at early morning hours. Is there something wrong with basic assumptions of some particular piece
of theory? At this time it was p-adic thermodynamics. Theoretician tries to figure this out in a
drowsy state between wake-up and sleep, fails repeatedly, and blames the mighties of the Universe
for his miserable fate as eternal doubter. Eventually merciful sleep arrives and theoretician wakes
up in the morning, recalls the problem and feels that nothing is wrong. But theoretician knows
that it is better to check everything once again.
So that this is what I am doing in the sequel: listing and challenging the basic assumptions
and philosophy behind p-adic mass calculations. As always in this kind of situation, I prefer to
think it allover again rather than finding what I have written earlier: reader can check whether the
recent me agrees with the earlier me. This list is not the only one that I have made during these
years and other, possibly different, lists can be found in the chapters of various books. Although
the results of calculations are unique and involve only very general assumptions, the guessing of
the detailed physical picture behind them is difficult.
I hope that this piece of text would also help to understand better how p-adic mass calculations as a microscopic theory and the standard description of Higgs mechanism as a phenomenological low energy parameterization relate to each other.

5.10.1

Why P-Adic Thermodynamics?

p-Adic thermodynamics is a fundamental assumption behind the p-adic mass calculations (see
http://tinyurl.com/ybrcyvy4): p-adic mass squared is identified as a thermal average of mass
squared for super-conformal representation with p-adic mass squared given essentially by the conformal weight.
Zero energy ontology (ZEO) has gradually gained a status of second fundamental assumption. In fact, ZEO strongly suggests the replacement of p-adic thermodynamics with its “complex
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square root” so that one would be actually considering genuine quantum states squaring to thermodynamical states. This idea looks highly satisfactory for anyone used to think that elementary
particles cannot be thermodynamical objects. The square root of p-adic thermodynamics raises
delicate number theoretical issues [K88] since the p-adic square root of the conformal weight having
value p does not exist without a proper algebraic extension of p-adic numbers leading to algebraic
integers and generalized notion of primeness.
Q: Why p-adic thermodynamics, which predicts the thermal expectation of p-adic mass
squared and requires the mapping of p-adic valued mass squared to real mass squared by some
variant of canonical identification?
A: Number theoretical universality requires fusion of real and p-adic number based physics
for various primes so that p-adic thermodynamics becomes natural.
1. The answer inspired by TGD inspired theory of consciousness would be that the interaction
of p-adic space-time sheets serving as correlates of cognition with real space-time sheets
representing matter makes p-adic topology effective topology in some length scale range
also for real space-time sheets (as an effective topology for discretization). One could even
speak about cognitive representations of elementary particles using the rational or algebraic
intersections of real and p-adic space-time sheets. These cognitive representations are very
simple in p-adic topology and it is easy to calculate the masses of the particles using p-adic
thermodynamics. Since representation is in question, the result should characterize also real
particle.
2. The pragmatic answer would be that p-adic thermodynamics gives extremely powerful number theoretical constraints leading to the quantization of mass scales and masses with p-adic
temperature T = 1/n and p-adic prime appearing as free parameters. Also conformal invariance is strongly favored since the counterpart of Hamiltonian must be integer valued as the
super-conformal scaling generator indeed is.
3. By number theoretical universality one can require that the p-adic mass thermodynamics
is equivalent with real thermodynamics for real mass squared. This is the case if partition
function has cutoff so that conformal weights only up to some maximum value N are allowed.
This has no practical consequences since the real-valued contribution from the conformal
weight n is proportional to p−n+1/2 and for n > 2 is completely negligible since the primes
involved are so large (p = M127 = 2127 − 1 for electron for instance).
Q: Is the canonical identification mapping the p-adic mass squared to real mass squared
unique? This is not the case. One can imagine a family of identification for which integers n < pN ,
N = 1, 2, ... are mapped to itself. This however has no practical implications for the calculations
since the values of primes involved are so large.
The calculations themselves assume only p-adic thermodynamics and super-conformal invariance. The most important thing that matters is the number of tensor factors in the tensor
product of representations of conformal algebra, which must be five.
Q: What are the fundamental conformal algebras giving rise to the super conformal symmetries?
A: There are two conformal algebras involved.
4
1. The symplectic algebra of δM±
× CP2 has the formal structure of Kac-Moody algebra with
4
the light-like radial coordinate r of the light-cone boundary δM±
taking the role of complex coordinate z. It has symplectic algebras of CP2 and sphere S 2 of light-cone boundary
as building blocks taking the role of the finite-dimensional Lie group defining Kac-Moody
algebra. This algebra has not in string models.

2. There is also the Kac-Moody algebra assignable to the light-like wormhole throats and
assignable to the isometries of the imbedding space having M 4 and CP2 isometries as factors.
There are also electroweak symmetries acting on spinor fields. In fact, the construction of
the solutions of the Kähler-Dirac equation [K40] suggests that electroweak and color gauge
symmetries become Kac-Moody symmetries in TGD framework. In practice this means that
only the generators with positive conformal weight annihilate the physical states. For gauge
symmetry also those with negative conformal weight annihilate the physical states.
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One can of course ask whether also SU (2) sub-algebra of SL(2, C) acting on spinors should
be counted. One could argue that this is not the case since spin does correspond to gauge or
Kac-Moody symmetry as electroweak quantum numbers do.
Q: One must have five tensor factors. How should one count the number of tensor factors,
in other words what is the basic building brick to which one identifies as a tensor factor of SuperVirasoro algebra?
A: One can imagine two options.
1. The most general option is that one takes the CP2 and S 2 symplectic algebras as factors in the
symplectic sector. In Kac-Moody sector one has E 2 ⊂ M 4 isometries (longitudinal degrees
of freedom of string world sheet carrying induce spinors fields are not physical) and SU (3).
Besides this one has electroweak algebra U (2), which almost but quite not decomposes to
SU (2)L × U (1) (there are correlations between SU (2)L and U (1) quantum numbers and the
existence of spinor structure of CP2 makes also these correlations manifest). This would give
5 tensor factors as required.
2. I have also considered Cartan algebras as separate tensor factors. I must confess, that at this
moment I am unable to rediscover what my motivation for this actually has been. This would
give a larger number of tensor factors: 1+2 factors in symplectic sector from Cartan algebras
of SO(3) × SU (3) defining subgroup of symplectic group, 2+2 for isometries in Kac-Moody
sector from E 2 and SU (3), and 1+1 in the electroweak sector with spin giving a possible
further factor. This means 9 (or possibly 10) factors so that thermalization is not possible
for all Cartan algebra factors. Symplectic sectors are certainly a natural candidate in this
respect so that one would have 5 as required (or 6 if spin is allowed to have Kac-Moody
structure) sectors.
The first option looks more convincing to me.

5.10.2

How To Understand The Conformal Weight Of The Ground
State?

Ground state conformal weight which is non-positive can receives various contributions. One
contribution is negative and therefore corresponds to a tachyonic mass squared, second contribution
corresponds to CP2 cm degrees of freedom and together with the momentum squared boils down
to an eigenvalue of the square of spinor d’Alembertian for H = M 4 × CP2 (by bosonic emergence).
Third one comes from the conformal moduli of the partonic 2-surface at the end of the space-time
sheet at light-like boundary of causal diamond and distinguishes between different fermion families.
Q: Tachyonic ground state mass does not look physical and is quite generally seen as a serious
- if not lethal - problem also in string models. What is the origin of the tachyonic contribution to
the mass squared in TGD framework?
A: The recent picture about elementary particles is as lines of generalized Feynman diagram
identified as space-time regions with Euclidian signature of the induced metric. In this regions mass
squared is naturally negative and it is natural to think that ground state mass squared receives
contributions from both Euclidian and Mionkowskian regions. If so, the necessary tachyonic contribution would be a direct signal for the presence of the Euclidian regions, which have actually turned
out to define a generalization of blackhole interior (see http://tinyurl.com/ybfhflzm) and be
assignable to any system as a space-time sheet characterizing the system geometrically [L20]. For
instance, my own body as I experience it would correspond to my personal Euclidian space-time
seet as a line of generalized Feynman diagram.
Q: Where does the H = M 4 × CP2 contribution to the scaling generator L0 assignable to
spinor partial waves in H come from?
A: Zero energy ontology (ZEO) allows to assign to each particle a causal diamond CD and
according to the recent view (see http://tinyurl.com/yabuzmsw) emerging from the analysis of
the relationship between subjective (experienced) time and geometric time, particle is characterized
by a quantum superposition of CDs. Every state function reduction means localization of the upper
of lower tip of all CDs in the superposition and de-localization of the other tip. The position of the
4
upper tip has wave function in H± = M±
×CP2 and there is a great temptation to identify the wave
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function as being induced from a partial wave in H = M 4 ×CP2 . As a matter fact, number theoretic
arguments and arguments related to finite measurement resolution strongly suggest discretization
4
4
of H± . M±
would be replaced with a union of hyperboloids with a distance from the tip of M±
which is quantized as a multiple of CP2 radius. Furthermore at each hyperboloid the allowed
points would correspond to the orbit of some discrete subgroup of SL(2, C). CP2 would be also
discretized.

5.10.3

What About Lorentz Invariance?

The square root of p-adic thermodynamics implies quantum superposition of states with different
values of mass squared and hence four-momenta. In ZEO this does not mean obvious breaking of
Lorentz invariance since physical states have vanishing total energy. Note that coherent states of
Cooper pairs, which in ordinary ontology would have both ill-defined energy and fermion number,
have a natural interpretation in ZEO.
1. A natural assumption is that the state in the rest system involves only a superposition of
states with vanishing three-momentum. For Lorentz boosts the state would be a superposition of states with different three-momenta but same velocity. Classically the assumption
about same 3-velocity is natural.
Q: Could Lorentz invariance break down by the presence of the superposition of different
momenta?
A: This is not the case if only the average four-momentum is observable. The reason is that
average four-momentum transforms linearly under Lorentz boosts. I have earlier considered
the possibility of replacing momentum squared with conformal weight but this option looks
somewhat artificial and even wrong to me now.
2. The decomposition M 4 = M 2 × E 2 is fundamental in the formulation of quantum TGD, in
the number theoretical vision about TGD, in the construction of preferred extremals, and for
the vision about generalized Feynman diagrams. It is also fundamental in the decomposition
of the degrees of string to longitudinal and transversal ones. An additional item to the list
is that also the states appearing in thermodynamical ensemble in p-adic thermodynamics
correspond to four-momenta in M 2 fixed by the direction of the Lorentz boost.
Q: In parton model of hadrons it is assumed that the partons have a distribution with respect
to longitudinal momentum, which means that the velocities of partons are same along the
direction of motion of hadron. Could one have p-adic thermodynamics for hadrons?
A: For hadronic p-adic thermodynamics the value of the string tension parameter would be
much smaller and the thermal contributions from n > 0 states would be completely negligible
so that the idea does not look good. In p-adic thermodynamics for elementary particles one
would have distribution coming from different values of p-adic mass squared which is integer
valued apart from ground state configuration.

5.10.4

What Are The Fundamental Dynamical Objects?

The original assumption was that elementary particles correspond to wormhole throats. With the
discovery of the weak form of electric-magnetic duality came the realization that wormhole throat
is homological magnetic monopole (rather than Dirac monopole) and must therefore have (Kähler)
magnetic charge. Magnetic flux lines must be however closed so that the wormhole throat must
be associated with closed flux loop.
The most natural assumption is that this loop connects two wormhole throats at the first
space-time sheet, that the flux goes through a second wormhole contact to another sheet, returns
back along second flux tube, and eventually is transferred to the original throat along the first
wormhole contact.
The solutions of the Kähler-Dirac equation [K40] assign to this flux tube string like curve
as a boundary of string world sheet carrying the induced fermion field. This closed string has
“short” portions assignable to wormhole contacts and “long” portions corresponding to the flux
tubes connecting the two wormhole contacts. One can assign a string tension defined by CP2
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scale with the “short” portions of the string and string tension defined by the primary or perhaps
secondary p-adic length scale to the “long” portions of the closed string.
Also the “long” portion of the string can contribute to the mass of the elementary particle
as a contribution to the vacuum conformal weight. In the case of weak gauge bosons this would
be the case and since the contribution is naturally proportional to gauge couplings strength of
W/Z boson one could understand Q/Z mass ratio if the p-adic thermodynamics gives a very small
contribution from the “short” piece of string (also photon would receive this small contribution in
ZEO): this is the case if one must have T = 1/2 for gauge bosons. Note that “long” portion of
string can contribute also to fermion masses a small shift. Hence no Higgs vacuum expectation
value or coherent state of Higgs would be needed. There are two options for the interpretation
of recent results about Higgs (see http://tinyurl.com/y87tvrgy) and Option II in which Higgs
mechanism emerges as an effective description of particle massivation at QFT limit of the theory
and both gauge fields and Higgs fields and its vacuum expectation exist only as constructs making
sense at QFT limit. Higgs like particles do of course exist. At WCW limit they are replaced by
WCW spinor fields as fundamental object.
Q: One can consider several identifications of the fundamental dynamical object of p-adic
mass calculations. Either as a wormhole throat (in the case of fermions for which either wormhole
throat carries the fermion quantum number this looks natural), as entire wormhole contact, or as
the entire flux tube having two wormhole contacts. Which one of these options is correct?
A: The strong analogy with string model implied by the presence of fermionic string world
sheet would support that the identification as entire flux tube in which case the large masses for
higher conformal excitations could be interpreted in terms of string tension. Note that this is the
only possibility in case of gauge bosons.
Q: What about p-adic thermodynamics or its square root in hadronic scale?
A: As noticed the contributions from n > 0 conformal excitations would be extremely
small in p-adic thermodynamics for “long” portions. It would seem that this contribution is nonthermal and comes from each value of n labelling states in Regge trajectory separately just as
in old-fashioned string model. Even weak bosons would have Regge trajectories. The dominant
contribution to the hadron mass can be assigned to the magnetic body of the hadron consisting
of Kähler magnetic flux tubes. The Kähler-magnetic (or equivalently color-magnetic) flux tubes
connecting valence quarks can contribute to the mass squared of hadron. I have also considered
the possibility that symplectic conformal symmetries distinguishing between TGD and superstring
models could be responsible for a contribution identifiable as color magnetic energy of hadron
classically.

5.11

Appendix: The Particle Spectrum Predicted By TGD

The detailed model of elementary particles has evolved slowly during more than 15 years and
is still in progress. What SUSY means in TGD framework is second difficult question. In this
problem text books provide no help since the SUSY differs in several respects from the standard
SUSY. It must be admitted that there are open questions and several competing candidates for
interpretations at the level of details and following just summarizes various competing approaches.

5.11.1

The General TGD Based View About Elementary Particles

A rough overall view about the particle spectrum predicted by TGD has remained rather stable
since 1995 when I performed first p-adic mass calculations but several important ideas have emerged
allowing to make the vision more detailed.
1. The discovery of bosonic emergence had far reaching implications for both the formulation
and interpretation of TGD. Bosonic emergence means that the basic building bricks of bosons
are identifiable as wormhole contacts with throats carrying fermion and anti-fermion quantum
numbers.
2. A big step was the realization wormhole throats carry Kähler magnetic charge [K40]. This
forces to assume that observed elementary particles are string like objects carrying opposite
magnetic charges at the wormhole ends of magnetic flux tubes. The obvious idea is that weak
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massivation corresponds to the screening of weak charges by neutrino pairs at the second end
of the flux tube.
At least for weak gauge bosons this would fix the length of the flux tube to be given by
weak length scale. For fermions and gluons the length of flux tube could also correspond
to Compton length: the second end would be invisible since it would contain only neutrino
pair. In the case of quarks an attractive idea is that flux tubes carry color magnetic fluxes
and connect valence quarks and have hadronic size scale.
There are thus several stringy length scales present. The most fundamental corresponds to
wormhole contacts and to CP2 length scale appearing in p-adic mass calculations and is
analogous to the Planck scale characterizing string models. String like objects indeed appear
at all levels in TGD Universe: one can say that strings emerge. The assumption that strings
are fundamental objects would be a fatal error.
3. p-Adic massivation does not involve Higgs mechanism [K19]. The idea that Higgs provides
longitudinal polarizations for gauge bosons is attractive, and its TGD based variant was
that all Higgs components become longitudinal polarizations so that also photon has a small
mass. The recent formulation of gauge conditions as pM 2 ·  = 0, where pM 2 is a projection
of the momentum to to a preferred plane M 2 ⊂ M 4 assignable to a given CD and defining
rest system and spin quantization axis, allows three polarizations automatically. Also the
construction of gauge bosons as wormhole contacts with fermion and anti-fermion at the
ends of throat massless on mass-shell states implies that all gauge bosons must be massive.
Therefore Higgs does not seem to serve its original purposes in TGD.
4. This does not however mean that Higgs like states - or more generally spin 0 particles, could
not exist. Here one encounters the problem of formulating what the notions like “scalar”
and “pseudo-scalar” defined in M 4 field theory mean when M 4 is replaced with M 4 × CP2 .
The reason is that genuine scalars and pseudo-scalars in M 4 × CP2 would correspond to
lepto-quark states and chiral invariance implying separate conservation of quark and lepton
numbers denies their existence.
These problems are highly non-trivial, and depending on what one is willing to assume, one
can have spin 0 particles which however need not have anything to do with Higgs.
(a) For a subset of these spin 0 particles the interpretation as 4 polarizations of gauge
bosons in CP2 direction is highly suggestive: the polarizations can be regarded as
doublets 2⊕+2 defining representations of u(2) ⊂ su(3) in its complement and therefore
being rather “Higgsy”. Another subset consists of triplet and singlet representations for
u(2) ⊂ u(3) allowing interpretation as the analog of strong isospin symmetry in CP2
scale for the analogs of hadrons defined by wormhole contacts.
(b) 3 ⊕ 1 representation of u(2) ⊂ su(3) acting on u(2) is highly analogous to (π, η) system
and 2 ⊕ 2 representation assignable naturally to the complement of u(2) is analogous to
kaon system. Exactly the same representations are obtained from the model of hadrons
as string like objects and the two representations explain the difference between (π, η)
like and (K, K systems in terms of SU(3) Lie-algebra. Also the vector bosons associated
with pseudo-scalar mesons identified as string like objects have counterparts at the level
of wormhole contacts. A surprisingly precise analogy between hadronic spectrum and
the spectrum of elementary particle states emerges and could help to understand the
details of elementary particle spectrum in TGD Universe.
In both cases charge matrices are expressible in terms of Killing vector fields of color isometries and gamma matrices or sigma matrices acting however on electroweak spin degrees
of freedom so that a close connection between color and strong isospin is suggestive. This
connection is empirically suggested also by the conserved vector current hypothesisandpartially conserved vector current hypothesis allowing to express strong interaction observables
in terms of weak currents. In TGD framework color and electro-weak quantum numbers are
therefore not totally unrelated as they are in standard model and it would be interesting to
see whether this could allow to distinguish between TGD and standard model.
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The detailed model for elementary particles involves still many un-certainties and in the
following some suggestions allowing more detailed view are considered.

5.11.2

Construction Of Single Fermion States

The general prediction of TGD is that particles correspond to partonic 2-surfaces, which can carry
arbitrary high fermion number. The question is why only wormhole throats seem to carry fermion
number 1 or 0 and why higher fermion numbers can be only assigned to the possibly existing
super-partners.
1. p-Adic calculations assume that fermions correspond at imbedding space level to color partial
waves assignable to the CP2 cm degrees of freedom of partonic 2-surface. The challenge is to
give a precise mathematical content to the statement that partonic 2-surface moves in color
partial wave. Color partial wave for the generic partonic 2-surface in general varies along the
surface. One must either identify a special point of the surface as cm or assume that color
partial wave is constant at the partonic 2-surface.
2. The first option looks artificial. Constancy condition is however very attractive since it
would correlate the geometry of partonic 2-surface with the geometry of color partial wave
and therefore code color quantum numbers to the geometry of space-time surface. This
quantum classical correlation cannot hold true generally but could be true for the maxima
of Kähler function.
3. Similar condition can be posed in M 4 degrees of freedom and would state that the plane
wave representing momentum eigenstate is constant at the partonic 2-surface.
For momentum eigenstates one obtains only one condition stating
pM 4 · m = constant = C
at the partonic 2-surface located at the light-like boundary of CD. Here pM 4 denotes the M 2
projection of the four-momentum. CD projection is at most 2-dimensional and at the surface of
ellipsoid of form
x2 + y 2 + k 2 (z − z0 )2 = R2 ,
where the parameters are expressible in terms of the momentum components p0 , p3 parameter C.
In this case, the assumption that fermions have collinear M 2 momentum projection allows to add
several fermions to the state provided the conditions in CP2 degrees of freedom allow this. In
particular, covariantly constant right-handed neutrino must be collinear with the other fermions
possibly present in the state.
For color partial waves the condition says that color partial wave is complex constant at
partonic 2-surface Ψ = C.
1. The condition implies that the CP2 projection of the color partial wave is 2-dimensional
so that one obtains a family of 2-surfaces Y 2 labelled by complex parameter C. Color
transformations act in this space of 2-surfaces. In general Y 2 is not holomorphic since only
the lowest representations (1, 0) and (0, 1) of SU (3) correspond to holomorphic color partial
waves. What is highly satisfying is that the condition allows CP2 projection with maximal
possible dimension.
2. If one requires covariant constancy of fermionic spinors, only vanishing induced spinor curvature is possible and CP2 projection is 1-dimensional, which does not conform with the
assumption that elementary particles correspond to Kähler magnetic monopoles.
3. There is an objection against this picture. The topology of CP2 projection must be consistent
with the genus of the partonic 2-surface [K10]. The conditions that plane waves and color
partial waves are constant at the partonic 2-surface means that one can regard partonic
2-surfaces as sub-manifolds in 4-dimensional sub-manifold of A × B ⊂ δCD × CP2 . The
topologies of AandB pose no conditions on the genus of partonic 2-surface locally. Therefore
the objection does not bite.
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One can consider also partonic 2-surfaces containing several fermions. In the case of covariantly constant right-handed neutrino this gives no additional conditions in CP2 degrees of
freedom if the right handed neutrino has M 2 momentum projection collinear with the already
existing fermion. Therefore Ψ = C constraint is consistent with SUSY in TGD sense. For other
fermions N-fermion state gives 2N conditions in CP2 degrees of freedom. Already for N = 2 the
solutions consist of discrete points of CP2 . Physical intuition suggests that the states with higher
fermion number are not realized as maxima of Kähler function and are effectively absent unlike
the observed states and their spartners.

5.11.3

About The Construction Of Mesons And Elementary Bosons In
TGD Universe

It looks somewhat strange to talk about the construction of mesons and elementary bosons in the
same sentence. The construction recipes are however structurally identical so that it is perhaps
sensible to proceed from mesons to elementary bosons. Therefore I will first consider the construction of meson like states relevant for the TGD based model of hadrons, in particular for the model
of the pion of M89 hadron physics possibly explaining the 125 GeV state for which LHC finds evidence. The more standard interpretation is as elementary spin 0 boson, which need not however
have anything to do with Higgs. Amusingly, the two alternatives obey very similar mathematics.
Construction of meson like states in TGD framework
The challenge is how translate attributes like scalar and pseudo-scalar making sense at M 4 level
to statements making sense at the level of M 4 × CP2 .
In QCD the view about construction of pseudo-scalar mesons is roughly that one has string
like object having quark and antiquark at its ends, call them A and B. The parallel translation of
the antiquark spinor from A to B is needed in order to construct gauge invariant object of type
ΨOΨ, where O characterizes the meson. The parallel translation implies stringy non-locality. In
lattice QCD this string correspond to the edge of lattice cell. For a general meson O is “charge
matrix” obtained as a combination of gamma matrices (γ5 matrix for pseudo-scalar), polarization
vectors, and isospin matrices.
This procedure must be generalized to TGD context. In fact a similar procedure applies
also in the construction of gauge bosons possible Higgs like states since also in this case one must
have general coordinate invariance and gauge invariance. Consider as an example pseudo-scalars.
1. Pseudo-scalars in M 4 are replaced with axial vectors in M 4 × CP2 with components in CP2
direction. One can say that these pseudo-scalars have CP2 polarization representing the
charge of the pseudo-scalar meson. One replaces γ5 with γ5 × Oa where Oa = Oak γk is the
analog of k γk for gauge boson. Now however the gamma matrices are CP2 gamma matrices
and Oak is some vector field in CP2 . The index a labels the isospin components of the meson.
2. What can one assume about Oa at the partonic 2-surfaces? In the case of pseudo-scalars
pion and η (or vector mesons ρ and ω with nearly the same masses) one should have four
such fields forming isospin triplet and singlet with large mass splitting. In the case of kaon
would should have also 4 such fields but with almost degenerate masses. Why such a large
difference between kaon and (π, η) system? A plausible explanation is in terms of mixing of
neutral pseudo-scalar mesons with vanishing weak isospin mesons raising the mass of η but
one might dream of alternative explanations too.
(a) Obviously Oa : s should form strong isospin triplets and singlets in case of (π, η) system. In the case of kaon system they should form strong isospin doublets. The group
in question should be identifiable as strong isospin group. One can formally identify
the subgroup U (2) ⊂ SU (3) as a counterpart of strong isospin group. The group
SO(3) ⊂ SU (3) defines second candidate of this kind. These subgroups correspond
to two different geodesic spheres of S 2 . The first gives rise to vacuum extremals of
Kähler action and second one to non-vacuum extremals carrying magnetic charge at the
partonic 2-surface. Cosmic strings as vacuum extremals and cosmic strings as magnetically charged objects are basic examples of what one obtains. The fact that partonic
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2-surfaces carry Kähler magnetic charge strongly suggests that U (2) option is the only
sensible one but one must avoid too strong conclusions.
(b) Could one identify Oa as Killing vector fields for u(2) ⊂ su(3) or for its complement
and in this manner obtain two kinds of meson states directly from the basic Lie algebra
structure of color algebra? For u(2) one would obtain 3+1 vector fields forming a
representation of u(2) decomposing to a direct sum of representations 3 and 1 of U (2)
having interpretation in terms of π and η the symmetry breaking is expected to be small
between these representations. For the complement of u(2) one would obtain doublet
and its conjugate corresponding to kaon like states. Mesons states are constructed from
the four states Ui Dj , U i Dj , Ui U j , Di Dj . For i = j one would have u(2) and for i 6= j
its complement.
(c) One would obtain a connection between color group and strong isospin group at the
level of meson states and one could say that mesons states are not color invariants in
the strict sense of the world since color would act on electroweak spin degrees of freedom
non-trivially. This could relate naturally to the possibility to characterize hadrons at
the low energy limit of theory in terms of electroweak quantum numbers. Strong force
at low energies could be described as color force but acting only on the electroweak
spin degrees of freedom. This is certainly something new not predicted by the standard
model.
3. Covariant constancy of Oa at the entire partonic 2-surface is perhaps too strong a constraint.
One can however assume this condition only at the braid ends.
(a) The holonomy algebra of the partonic 2-surface is Abelian and reduces to a direct sum
of left and right handed parts. For both left- and right-handed parts it reduces to
a direct sum of two algebras. Covariant constancy requires that the induced spinor
curvature defining classical electroweak gauge field commutes with Oa . The physical
interpretation is that electroweak symmetries commute with strong symmetries defined
by Oa . There would be at least two conditions depending only on the CP2 projection
of the partonic 2-surface.
(b) The conditions have the form
a
F AB jB
=0 ,

where a is color index for the sub-algebra in question and A, B are electroweak indices.
The conditions are quadratic in the gradients of CP2 coordinates. One can interpret
F AB as components of gauge field in CP2 with Abelian holonomy and j a as electroweak
current. The condition would say that the electroweak Lorentz force acting on j a vanishes at the partonic 2-surface projected to CP2 . This interpretation looks natural
a
= 0, that is
classically. The conditions are trivially satisfied at points, where one has jB
at the fixed points of the one-parameter subgroups of isometries in question. Oa would
however vanish identically in this case.
a
(c) The condition F AB jB
= 0 at all points of the partonic 2-surface looks un-necessary
strong and might fail to have solution. The reason is that quantum classical correspondence strongly suggests that the color partial waves of fermions and plane waves
associated with 4-momentum are constant along the partonic surface. The additional
a
condition F AB jB
= 0 allows only a discrete set of solutions.
A weaker form of these conditions would hold true for the braid ends only and could be
used to identify them. This conforms with the notion of finite measurement resolution
and looks rather natural from the point of view of quantum classical correspondence.
Both forms of the conditions allows SUSY in the sense that one can add to the fermionic
state at partonic 2-surface a covariantly constant right-handed neutrino spinor with
opposite fermionic helicity.

(d) These conditions would be satisfied only for the operators Oa characterizing the meson
state and this would give rise to symmetry breaking relating to the mass splittings.
Physical intuition suggests that the constraint on the partonic 2-surface should select
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or at least pose constraints on the maximum of Kähler function. This would give
the desired quantum classical correlation between the quantum numbers of meson and
space-time surface.
4. The parallel translation between the ends connecting the partonic 2-surfaces at which quark
and antiquark reside at braid ends is along braid strand defining the state of string like object
at the boundary of CD. These stringy world sheets are fundamental structures in quantum
TGD and a possible interpretation is as singularity of the effective covering of the imbedding
space associated with the hierarchy of Planck constants and due to the vacuum degeneracy
of Kähler action implying that canonical momentum densities correspond to several values
for the gradients of imbedding space coordinates. The parallel translation is therefore unique
once the partonic 2-surface is fixed. This is of outmost importance for the well-definedness
of quantum states. Obviously this state of affairs gives an additional “must” for braids.
The construction recipe generalizes trivially to scalars. There is however a delicate issue
associated with the construction of spin 1 partners of the pseudo-scalar mesons. One must assign
to a spin 1 meson polarization vector using k γk as an additional factor in the “charge matrix”
slashed between fermion and anti-fermion. If the charge matrix is taken to be Qa = k γk jka Γk , it
has matrix elements only between quark and lepton spinors. The solution of the problem is simple.
The triplet of charge matrices defined as Qa = k γk Dk jla Σkl transforms in the same manner as the
original triplet under U (2) rotations and can be used in the construction of spin 1 vector mesons.
Generalization to the construction of gauge bosons and spin 0 bosons
The above developed argument generalizes with trivial modifications to the construction of the
gauge bosons and possible Higgs like states as well as their super-partners.
1. Now one must form bi-linears from fermion and anti-fermion at the opposite throats of the
wormhole contact rather than at the ends of magnetic flux tube. This requires braid strands
along the wormhole contact and parallel translation of the spinors along them. Hadronic
strings are replaced with the TGD counterparts of fundamental strings.
2. For electro-weak gauge bosons O corresponds to the product k γ k Qi , where Qi is the charge
matrix associated with gauge bosons contracted between both leptonic and quark like states.
For gluons the charge matrix is of form QA = k γ k HA , where HA is the Hamiltonian of the
corresponding color isometry.
3. One can also consider the possibility of charge matrices of form QA = k γk Dk jlA Σkl , where j A
is the Killing vector field of color isometry. These states would compose to representations of
∗
u(2) ⊂ u(3) to form the analogs of (ρ, ω) and (K ∗ , K ) system in CP2 scale. This is definitely
something new.
4. In the case of spin zero states polarization vector is replaced with polarization in CP2 degrees
of freedom represented by one of the operators Oa already discussed. One would obtain the
analogs of (π, η) and (K, K) systems at the level of wormhole contacts. Higgs mechanism
for these does not explain fermionic masses since p-adic thermodynamics gives the dominant
contributions to them. It is also difficult to imagine how gauge bosons could eat these states
and what the generation of vacuum expectation value could mean mathematically. Higgs
mechanism is essentially 4-D concept and now the situation is 8-dimensional.
5. At least part of spin zero states corresponds to polarizations in CP2 directions for the electroweak gauge bosons. This would mean that one replaces k γ k with jak Γk , where ja is Killing
vector field of color isometry in the complement of u(2) ⊂ su(3). This would give four additional polarization states. One would have 4+2=6 polarization just as one for a gauge field in
8-D Minkowski space. What about the polarization directions defined by u(2) itself? For the
Kähler part of electroweak gauge field this part would give just the (ρ, ω) like states already
mentioned. Internal consistency might force to drop these states from consideration.
The nice aspect of p-adic mass calculations is that they are so general: only super-conformal
invariance and p-adic thermodynamics and p-adic length scale hypothesis are assumed. The drawback is that this leaves a lot of room for the detailed modelling of elementary particles.
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1. Lightest mesons are lowest states at Regge trajectories and also p-adic mass calculations
assign Regge trajectories in CP2 scale to both fermions and bosons.
2. It would be natural to assign the string tension with the wormhole contact in the case of
bosons and identifiable in terms of the Kähler action assignable to the wormhole contact
modellable as piece of CP2 type vacuum extremal and having interpretation in terms of the
action of Kähler magnetic fields.
3. Free fermion has only single wormhole throat. The action of the piece of CP2 type vacuum
extremal could give rise to the string tension also now. One would have something analogous
to a string with only one end, and one can worry whether this is enough. The magnetic
flux of the fermion however enters to the Minkowskian region and ends up eventually to a
wormhole throat with opposite magnetic charge. This contribution to the string tension is
however expected to be small being proportional to 1/S, where S is the thickness of the
magnetic flux tube connecting the throats. Only if the magnetic flux tube remains narrow,
does one obtain the needed string tension from the Minkowskian contribution. This is the
case if the flux tube is very short. It seem that the dominant contribution to the string
tension must come from the wormhole throat.
4. The explanation of family replication phenomenon [K10] based on the genus of wormhole
throat works for fermions if the genus is same for the two throats associated with the fermion.
In case of bosons the possibility of different genera leads to a prediction of dynamical SU(3)
group assignable to genus degree of freedom and gauge bosons should appear also in octets
besides singlets corresponding to ordinary elementary particles. For the option assuming
identical genera also for bosons only the singlets are possible.
5. Regge trajectories in CP2 scale indeed absolutely essential in p-adic thermodynamics in
which massless states generate thermal mass in p-adic sense. This makes sense in zero energy
ontology without breaking of Poincare invariance if CD corresponds to the rest system of the
massive particle. An alternative way to achieve Lorentz invariance is to assume that observed
mass squared equals to the thermal expectation value of thermal weight rather than being
thermal expectation for mass squared.
It must be emphasized that spin 0 states and exotic spin 1 states together with their superpartners might be excluded by some general arguments. Induced gauge fields have only two
polarization states, and one might argue that same reduction takes place at the quantum level
for the number of polarization states which would mean the elimination of FL F R type states
having interpretation as CP2 type polarizations for gauge bosons. One could also argue that only
gauge bosons with charge matrices corresponding to induced spinor connection and gluons are
realized. The situation remains open in this respect.

5.11.4

What SUSY Could Mean In TGD Framework?

What SUSY means in TGD framework is second long-standing problem. In TGD framework SUSY
is inherited from super-conformal symmetry at the level of WCW [K11, K60]. The SUSY differs
from N = 1 SUSY of the MSSM and from the SUSY predicted by its generalization and by string
models. One obtains the analog of the N = 4 SUSY in bosonic sector but there are profound
differences in the physical interpretation.
1. One could understand SUSY in very general sense as an algebra of fermionic oscillator operators acting on vacuum states at partonic 2-surfaces. Oscillator operators are assignable to
braids ends and generate fermionic many particle states. SUSY in this sense is badly broken and the algebra corresponds to rather large N . The restriction to covariantly constant
right-handed neutrinos (in CP2 degrees of freedom) gives rise to the counterpart of ordinary
SUSY, which is more physically interesting at this moment.
2. Right handed neutrino and antineutrino are not Majorana fermions. This is necessary for
separate conservation of lepton and baryon numbers. For fermions one obtains the analog
N = 2 SUSY.
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3. Bosonic emergence means the construction of bosons as bound states of fermions and antifermions at opposite throats of wormhole contact. This reduces TGD SUSY to that for
fermions. This difference is fundamental and means deviation from the SUSY of N = 4
SUSY, where SUSY acts on gauge boson states. Bosonic representations are obtained as
tensor products of representation assigned to the opposite throats of wormhole contacts.
Further tensor products with representations associated with the wormhole ends of magnetic
flux tubes are needed to construct physical particles. This represents a crucial difference with
respect to standard approach, where one introduces at the fundamental level both fermions
and bosons or gauge bosons as in N = 4 SUSY. Fermionic N = 2 representations are
analogous to “short” N = 4 representations for which one half of super-generators annihilates
the states.
4. The introduction of both fermions and gauge bosons as fundamental particles leads in quantum gravity theories and string models to d = 10 condition for the target space, spontaneous
compactification, and eventually to the landscape catastrophe.
For a supersymmetric gauge theory (SYM) in d-dimensional Minkowski space the condition
that the number of transversal polarization for gauge bosons given by d − 2 equals to the
number of fermionic states made of Majorana fermions gives d − 2 = 2k , since the number of
fermionic spinor components is always power of 2.
This allows only d = 3, 4, 6, 10, 16, ... Also the dimensions d + 1 are actually possible since
the number of spinor components for d and d + 1 is same for d even. This is the standard
argument leading to super-string models and M-theory. It it lost - or better to say, one gets
rid of it - if the basic fields include only fermion fields and bosonic states are constructed as
the tensor products of fermionic states. This is indeed the case in TGD, where spontaneous
compactification plays no role and bosons are emergent.
5. Spontaneous compactification leads in string model picture from N = 1 SUSY in say d =
10 to N > 1 SUSY in d = 4 since the fermionic multiplet reduces to a direct sum of
fermionic multiplets in d = 4. In TGD imbedding space is not dynamical but fixed by
internal consistency requirements, and also by the condition that the theory is consistent
with the standard model symmetries. The identification of space-time as 4-surface makes
the induced spinor field dynamical and the notion of many-sheeted space-time allows to
circumvent the objections related to the fact that only 4 field like degrees of freedom are
present.
The missing energy predicted standard SUSY is absent at LHC. The easy explanation would
be that the mass scale of SUSY is unexpectedly high, of order 1 TeV. This would however destroy
the original motivations for SUSY.
In TGD framework the natural first guess was hat the missing energy corresponds to covariantly constant right-handed neutrinos carrying four-momentum. The objection is that covariantly
constant right-handed neutrinos cannot appear in asymptotic states because one cannot assign a
super-multiplet to right-handed neutrinos consistently. Covariantly constant right-handed neutrinos can however generate SUSY.
This alone would explain the missing missing momentum at LHC predicted by standard
SUSY. The assumption that fermions correspond to color partial waves in H implies that color
excitations of the right handed neutrino that would appear in asymptotic states are necessarily
colored. It could happen that these excitations are color neutralized by super-conformal generators.
If this is not the case, these neutrinos would be like quarks and color confimenent would explain
why they cannot be observed as asymptotic states in macroscopic scales. So called lepto-hadrons
could correspond to bound states of colored sleptons and have same p-adic mass scale as leptons
have [K92]. Even in the case of quarks the situation could be the same.
Second possibility considered earlier is that SUSY itself is generated by color partial waves
of right-handed neutrino, octet most naturally. This option is not however consistent with the
above model for one-fermion states and their super-partners.
The breakthrough in the understanding of the preferred extremals of Kähler action and
solutions of the Kähler-Dirac equation led to a radical reconsideration of the existing picture.
The most natural conclusion is that the TGD counterpart of standard SUSY is most naturally
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absent. The arguments in favor of this conclusion discussed in the last section are rather strong.
The breakthrough in understanding of TGD counterpart for Higgs like particle - Euclidian M89
pion - led to a model for the generation of weak gauge bosons masses free of the problem of the
standard Higgs mechanism caused by the fact that tachyonic mass term is not stable under radiative
corrections. In TGD framework this kind of term is absent. Therefore also the basic motivation
for standard SUSY as stabilizer of radiative corrections disappears. Standard space-toime SUSY
would be replaced with 4-D generalization of 2-D super-conformal invariance but restricted to
the modes of right-handed neutrino. For other fermion states the modes would be restricted to
2-D string world sheets and partonic 2-surfaces and super-conformal symmetry would reduce to
2-D one. The 2-D super-conformal symmetry is mathematically analogous to badly broken SUSY
with very large value of N and massive neutrino would represent the least broken aspect of this
symmetry. The masses of sparticles are expected to be higher than particles for this SUSY.

Chapter 6

p-Adic Particle Massivation:
Hadron Masses
6.1

Introduction

In this chapter the results of the calculation of elementary particle masses will be used to construct
a model predicting hadron masses. The new elements are a revised identification for the p-adic
length scales of quarks and the realization that number theoretical constraints on topological mixing
can be realized by assuming that topological mixing leads to a thermodynamical equilibrium. This
gives an upper bound of 1200 for the number of different U and D matrices and the input from top
quark mass and π + −π 0 mass difference implies that physical U and D matrices can be constructed
as small perturbations of matrices expressible as a direct sum of essentially unique 2 × 2 and 1 × 1
matrices.
The assumption about the presence of scaled up variants of light quarks in light hadrons
leads to a surprisingly successful model for pseudo scalar meson masses in terms of only quark
masses. This conforms with the idea that at least light pseudo scalar mesons are Goldstone bosons
in the sense that color Coulombic and magnetic contributions to the mass cancel each other.
Also the mass differences between baryons containing different numbers of strange quarks can
be understood if s quark appears as three scaled up versions. The earlier model for the purely
hadronic contributions to hadron masses simplifies dramatically and only the color Coulombic and
magnetic contributions to color conformal weight are needed.

6.1.1

Construction Of U And D Matrices

The basic constraint on the topological mixing that the modular contributions to the conformal
weight defining the mass squared remain integer valued in the proper units: if this condition
does not hold true, the order of magnitude for the real counterpart of the p-adic mass squared
corresponds to 10−4 Planck masses.
Number theory gives strong constraints on CKM matrix. p-Adicization requires that U
and D matrix elements are algebraic numbers. A strong constraint would be that the mixing
probabilities are rational numbers implying that matrices defined by the moduli of U and D
involve only square roots of rationals. The phases of matrix elements should belong to a finite
extension of complex rationals.
Little can be said about the details of the dynamics of topological mixing. Nothing however
prevents for constructing a thermodynamical model for the mixing. A thermodynamical model
for U and D matrices maximizing the entropy defined by the mixing probabilities subject to the
constraints fixing the values of nqi and the sums of row/column probabilities to one gives a thermodynamical ensemble with two quantized temperatures and two quantized chemical potentials.
The resulting polynomial equations allow at most 1200 different solutions so that the number of U
and D matrices is relatively small. The fact that matrix elements are algebraic numbers guarantees
that the matrices are continuable to p-adic number fields as required.
The detailed study of quark mass spectrum leads to a tentative identification (nd , ns , nb ) =
255
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(5, 5, 59) and (nu , nc , nt ) = (5, 6, 58) of the modular contributions of conformal weights of quarks:
note that in absence of mixing the contributions would be (0, 9, 60) for both U and D type quarks.
That b and t quark masses are nearly maximal and thus mix very little with lighter quarks is forced
by the masses of t quark and tt meson. The values of nqi for light quarks follow by considering
π + − π 0 mass difference.
One might consider the possibility that nqi for slightly dynamical and can vary in light
mesons in order to guarantee that uu, dd and ss give identical modular contributions to the
conformal weight in states which are linear combinations of quark pairs. It turns out that unitarity
does not allow the choices (n1 = 4, n2 < 9), and that the choice (nd , ns ) = (5, 5), (nu , nc ) = (5, 6) is
the unique choice producing a realistic CKM matrix. The requirement that quark contribution to
pseudo scalar meson mass is smaller than meson mass is possible to satisfy and gives a constraint
on CP2 mass scale consistent with the prediction of leptonic masses when second order p-adic
contribution to lepton mass is allowed to be non-vanishing.
The small mixing with b and t quarks is natural since the modular conformal weight of
unmixed state having spectrum {0, 9, 60} is analogous to energy so that Boltzmann weight for
n(g = 3) thermal excitation is small for g = 1, 2 ground states.
The maximally entropic solutions can be found numerically by using the fact that only the
probabilities p11 and p21 can be varied freely. The solutions are unique in the accuracy used, which
suggests that the system allows only single thermodynamical phase.
The matrices U and D associated with the probability matrices can be deduced straightforwardly in the standard gauge. The U and D matrices derived from the probabilities determined
by the entropy maximization turn out to be unitary for most values of n1 and n2 . This is a
highly non-trivial result and means that mass and probability constraints together with entropy
maximization define a sub-manifold of SU (3) regarded as a sub-manifold in 9-D complex space.
The choice (nu , nc ) = (4, n), n < 9, does not allow unitary U whereas (nu , nc ) = (5, 6) does. This
choice is still consistent with top quark mass and together with nd = ns = 5 it leads to a rather
reasonable CKM matrix with a value of CP breaking invariant within experimental limits. The
elements Vi3 and V3i , i = 1, 2 are however roughly twice larger than their experimental values
deduced assuming standard model. V31 is too large by a factor 1.6. The possibility of scaled up
variants of light quarks could lead to too small experimental estimates for these matrix elements.
The whole parameter space has not been scanned so that better candidates for CKM matrices
might well exist.

6.1.2

Observations Crucial For The Model Of Hadron Masses

The evolution of the model for hadron masses involves several key observations made during the
more decade that I have been working with p-adic mass calculations.
The p-adic mass scales of quarks are dynamical
The existence of scaled up variants of quarks is suggested by various anomalies such as Aleph
anomaly [C37] and the strange bumpy structure of the distribution of the mass of the top quark
candidate. This leads to the idea that the integer k(q) characterizing the p-adic mass scale of
quark is different for free quarks and bound quarks and that k(q) can depend on hadron. Hence
one can understand not only the notions of current quark mass and constituent quark mass but
reproduce also the p-adic counterpart of Gell-Mann-Okubo mass formula. Indeed, the assumption
about scaled up variants of u, d, s, and even c quarks in light hadrons leads to an excellent fit of
meson masses with quark contribution explaining almost all of meson mass.
Quarks give dominating contribution to the masses of pseudo-scalar mesons
The interpretation is that color Coulombic and color magnetic interaction conformal weights (rather
than interaction energies) cancel each other in a approximation for pseudo-scalar mesons in accordance with the idea that pseudo scalar mesons are massless as far as color interactions are
considered. In the case of baryons the assumption that s quark appears in three different scaled up
versions (which are Λ, {Σ, Ξ}, and Ω) allows to understand the mass differences between baryons
with different s quark content. The dominating contribution to baryon mass has however remained
hitherto unidentified.
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What it means that Higgs like contribution to fermion masses is negligible?
The failure of the simplest form of p-adic thermodynamics for intermediate gauge bosons led to
the unsatisfactory conclusion that p-adic thermodynamics is not enough and the coupling to Higgs
bosons contributes to the gauge boson masses. This option had its own problems.
1. There are good, purely topological - reasons to believe that Higgs expectation for the
fermionic space-time sheets is vanishing although fermions couple to Higgs. p-Adic thermodynamics would explain fermion masses completely: this indeed turns out to be the case
within experimental uncertainties. The absence of Higgs contribution to fermion masses
would however mean asymmetry between fermions and bosons unless also boson masses have
some other origin.
2. The recent view about elementary particles is as pairs of wormhole contacts connected by
magnetic flux tubes carrying monopole flux. The modes of Kähler-Dirac equation are localized at 2-D surfaces: string world sheets and possibly also partonic 2-surfaces and flux tubes
are accompanied by oneor more string world sheets. Therefore there is a strong temptation to
assign an additional contribution to mass squared. The flux tube would give the dominating
contribution to gauge boson masses and only a small contribution to fermion masses. One
can even consider the possibility of Regge trajectories for gauge bosons.
The fact that the prediction of the model for the top quark mass is consistent with the
most recent limits on it [C206], fixes the CP2 mass scale with a high accuracy to the maximal
one obtained if second order contribution to electron’s p-adic mass squared vanishes. This is very
valuable constraint on the model.
Mass squared is additive for quarks with same p-adic prime
An essential element of the new understanding is that mass squared (conformal weight) is additive
for quarks with the same p-adic length scale whereas mass is additive
√ for quarks with different
values of p. For instance, the masses of heavy qq mesons are equal to 2 × m(q) rather than 2m(q).
Since k = 107 for hadronic space-time sheet, for quarks with k(q) 6= 107, additivity holds true for
the quark and color contributions for mass rather than mass squared.
This hypothesis yields surprisingly good fit for meson masses but for some mesons the
predicted mass is slightly too high. The reduction of CP2 mass scale to cure the situation is not
possible since top quark mass would become too low. In case of diagonal mesons for which quarks
correspond to same p-adic prime, quark contribution to mass squared can be reduced by ordinary
color interactions and in case of non-diagonal mesons one can require that quark contribution is
not larger than meson mass.
A remark about terminology
Before continuing a remark about terminology is in order.
4
1. In the generalized coset construction the symplectic algebra of δM±
× CP2 and Super-Kac
3
Moody algebras at light-like partonic surfaces X are lifted to hyper-complex algebras inside
the causal diamond of M 4 × CP2 carrying the zero energy states. SKM is identified as a
sub-algebra of SC and the differences of SC and SKM Super-Virasoro generators annihilate
the physical states. All purely geometric contributions and their super-counterparts can be
regarded as SC contributions. The fermionic contributions in electro-weak and spin degrees
of freedom responsible also for color partial waves are trivially one and same. One could say
that there is no other contribution than SC which can be however divided into a contribution
from imbedded SKM subalgebra and a genuine SC contribution.

2. In the coset construction a tachyonic ground state of negative SC conformal weight from
which SKM generators create massless states must have a negative conformal weight also in
SKM sense. Therefore the earlier idea that genuine SC generators create the ground states
with a negative conformal weight assignable to elementary particles does not work anymore:
the negative conformal weight must be due to SKM generators with conformal weight which
is most naturally of form h = −1/2 + iy.
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3. Super-symplectic contribution with a positive conformal weight can be regarded also as a
product of genuine SC contribution with a vanishing conformal weight and a contribution
having also interpretation as SKM contribution. What motivates the term “super-symplectic
bosons” used in the sequel is that in a non-perturbative situation this contribution is most
naturally calculated by regarding it as a super-symplectic contribution. This contribution is
highly constrained since it comes solely from generators which are color octets and singlets
have spin one or spin zero. Genuine SC contribution with a zero conformal weight comes from
the products of super-Hamiltonians in higher representations of SU (3) × SO(3) containing
both positive and negative conformal weights compensating each other. This contribution
must have vanishing color quantum numbers and spin since otherwise Dirac operators of H
in SKM and SC degrees of freedom could not act on it in the same manner. Note that
gluons do not correspond to SKM generators but to pairs of quark and antiquark at throats
of a wormhole contact.
Super-symplectic bosons at hadronic space-time sheet can explain the constant contribution to baryonic masses
Quarks explain only a small fraction of the baryon mass and that there is an additional contribution
which in a good approximation does not depend on baryon. This contribution should correspond
to the non-perturbative aspects of QCD.
A possible identification of this contribution is in terms of super-symplectic gluons predicted
by TGD. Baryonic space-time sheet with k = 107 would contain a many-particle state of supersymplectic gluons with net conformal weight of 16 units. This leads to a model of baryons masses
in which masses are predicted with an accuracy better than 1 per cent. super-symplectic gluons
also provide a possible solution to the spin puzzle of proton.
Hadronic string model provides a phenomenological description of non-perturbative aspects
of QCD and a connection with the hadronic string model indeed emerges. Hadronic string tension is
predicted correctly from the additivity of mass squared for J = 2 bound states of super-symplectic
quanta. If the topological mixing for super-symplectic bosons is equal to that for U type quarks
then a 3-particle state formed by 2 super-symplectic quanta from the first generation and 1 quantum
from the second generation would define baryonic ground state with 16 units of conformal weight.
In the case of mesons pion could contain super-symplectic boson of first generation preventing
the large negative contribution of the color magnetic spin-spin interaction to make pion a tachyon.
For heavier bosons super-symplectic boson is not absolutely necessary but a very precise prediction
for hadron masses results by assuming that the spin of hadron correlates with its super-symplectic
particle content.
Color magnetic spin-spin splitting formulated in terms of conformal weight
What remains to be understood are the contributions of color Coulombic and magnetic interactions
to the mass squared. There are several delicate points to be taken into account.
1. The QCD based formula for the color magnetic interaction energy fails completely since the
dependence of color magnetic spin-spin splittings on quark mass scale is nearer to logarithmic
dependence on p-adic length scale than being of form 1/m(qi )m(qj ) ∝ L(ki )L(kj ). This
finding supports the decade old idea that the proper notion is not color interaction energy
but color conformal weight. A model based on this assumption is constructed assuming that
all pseudo-scalars are Goldstone boson like states. The predictions for the masses of mesons
are not so good than for baryons, and one might criticize the application of the format of
perturbative QCD in an essentially non-perturbative situation.
2. The comparison of the super-symplectic conformal weights associated with spin 0 and spin 1
states and spin 1/2 and spin 3/2 states shows that the different masses of these states could
be understood in terms of the super-symplectic particle contents of the state correlating with
the total quark spin. The resulting model allows excellent predictions also for the meson
masses and implies that only pion and kaon can be regarded as Goldstone boson like states.
The model based on spin-spin splittings is consistent with the model.
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To sum up, the model provides an excellent understanding of baryon and meson masses.
This success is highly non-trivial since the fit involves only the integers characterizing the p-adic
length scales of quarks and the integers characterizing color magnetic spin-spin splitting plus p-adic
thermodynamics and topological mixing for super-symplectic gluons. The next challenge would
be to predict the correlation of hadron spin with super-symplectic particle content in the case of
long-lived hadrons.

6.1.3

A Possible Model For Hadron

These findings suggest that the following model for hadrons deserves a testing. Hadron can be
characterized in terms of k ≥ 113 partonic 2-surfaces X 2 (qi ) connected by join along boundaries
bonds (JABs, flux tubes) to k = 107 2-surface X 2 (H) corresponding to hadron. These flux tubes
which for k = 113 have size much larger than hadron can be regarded as “field bodies” of quarks
which themselves have sub-hadronic size. Color flux tubes between quarks are replaced with
pairs of flux tubes from X 2 (q1 )) → X 2 (H) → X 2 (q2 ) mediating color Coulombic and magnetic
interactions between quarks. In contrast to the standard model, mesons are characterized by two
flux tubes rather than only one flux tube. Certainly this model gives nice predictions for hadron
masses and even the large color Coulomb contribution to baryon masses can be deduced from ρ − π
mass splitting in a good approximation.
The appendix of the book gives a summary about basic concepts of TGD with illustrations.
Pdf representation of same files serving as a kind of glossary can be found at http://tgdtheory.
fi/tgdglossary.pdf [L22].

6.2

Quark Masses

The prediction or quark masses is more difficult due the facts that the deduction of even the
p-adic length scale determining the masses of these quarks is a non-trivial task, and the original
identification was indeed wrong. Second difficulty is related to the topological mixing of quarks.
The new scenario leads to a unique identification of masses with top quark mass as an empirical
input and the thermodynamical model of topological mixing as a new theoretical input. Also CKM
matrix is predicted highly uniquely.

6.2.1

Basic Mass Formulas

By the earlier mass calculations and construction of CKM matrix the ground state conformal
weights of U and D type quarks must be hgr (U ) = −1 and hgr (D) = 0. The formulas for the
eigenvalues of CP2 spinor Laplacian imply that if m20 is used as a unit, color conformal weight
hc ≡ m2CP2 is integer for p mod = ±1 for U type quark belonging to (p + 1, p) type representation
and obeying hc (U ) = (p2 + 3p + 2)/3 and for p mod 3 = 1 for D type quark belonging (p, p + 2)
type representation and obeying hc (D) = (p2 + 4p + 4)/3. Only these states can be massless since
color Hamiltonians have integer valued conformal weights.
In the recent case the minimal p = 1 states correspond to hc (U ) = 2 and hc (D) = 3.
hgr (U ) = −1 and hgr (D) = 0 reproduce the previous results for quark masses required by the
construction of CKM matrix. This requires super-symplectic operators O with a net conformal
weight hsc = −3 to compensate the anomalous color just as in the leptonic case. The facts that
the values of p are minimal for spinor harmonics and the super-symplectic operator is same for
both quarks and leptons suggest that the construction is not had hoc.
Consider now the mass squared values for quarks. For h(D) = 0 and h(U ) = −1 and using
m20 /3 as a unit the expression for the thermal contribution to the mass squared of quark is given
by the formula

M2

=

s(U )

=

X

≡

m20
,
p
5 , s(D) = 8 ,
(3Y p)R
,
3

(s + X)

(6.2.1)
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where the second order contribution Y corresponds to renormalization effects coming and depending on the isospin of the quark.
With the above described assumptions one has the following mass formula for quarks
m2

0
M 2 (q) = A(q) p(q)
,

A(u) = 5 + XU (p(u) , A(c) = 14 + XU (p(c)) ,
A(d) = 8 + XD (p(d)) , A(s) = 17 + XD (p(s)) ,

A(t) = 65 + XU (p(t)) ,
A(b) = 68 + XD (p(b)) .
(6.2.2)

p-Adic length scale hypothesis allows to identify the p-adic primes labeling quarks whereas
topological mixing of U and D quarks allows to deduce topological mixing matrices U and D and
CKM matrix V and precise values of the masses apart from effects like color magnetic spin orbit
splitting, color Coulomb energy,
P etc..
P
Integers nqi satisfying i n(Ui ) =
i n(Di ) = 69 characterize the masses of the quarks
and also the topological mixing to high degree. The reason that modular contributions remain
integers is that in the p-adic context non-trivial rationals would give CP2 mass scale for the real
counterpart of the mass squared. In the absence of mixing the values of integers are nd = nu = 0,
ns = nc = 9, nb = nt = 60.
The fact that CKM matrix V expressible as a product V = U † D of topological mixing matrices is near to a direct sum of 2×2 unit matrix and 1×1 unit matrix motivates the approximation
nb ' nt .
The model for topological mixing matrices and CKM matrix predicts U and D matrices
highly uniquely and allows to understand quark and hadron masses in surprisingly detailed level.
The large masses of top quark and of tt meson encourage to consider a scenario in which
nt = nb = n ≤ 60 holds true.
1. nd = nu = 60 is not allowed by number theoretical conditions for U and D matrices and by
the basic facts about CKM matrix but nt = nb = 59 allows almost maximal masses for b and
t. This is not yet a complete hit. The unitarity of the mixing matrices and the construction
of CKM matrix to be discussed in the next section forces the assignments

(nd , ns , nb ) = (5, 5, 59) , (nu , nc , nt ) = (5, 6, 58) .

(6.2.3)

fixing completely the quark masses apart from a possible few per cent renormalization effects
of hadronic mass scale in topological condensation which seem to be present and will be
discussed later 1 . Note that top quark mass is still rather near to its maximal value.
2. The constraint that quark contribution to pion mass does not exceed pion mass implies
the constraint n(d) ≤ 6 and n(u) ≤ 6 in accordance with the predictions of the model of
topological mixing. It is important to notices that u−d mass difference p
does not affect π + −π 0
mass difference and the quark contribution to m(π) is predicted to be (nd + nu + 13)/24 ×
136.9 MeV for the maximal value of CP2 mass (second order p-adic contribution to electron
mass squared vanishes).

6.2.2

The P-Adic Length Scales Associated With Quarks And Quark
Masses

The identification of p-adic length scales associated with the quarks has turned to be a highly
non-trivial problem. The reasons are that for light quarks it is difficult to deduce information
about quark masses for hadron masses and that the unknown details of the topological mixing
(unknown until the advent of the thermodynamical model) made possible several p-adic length
1 As this was written I had not realized that there is also a Higgs contribution which tends to increase top quark
mass
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scales for quarks. It has also become clear that the p-adic length scale can be different form free
quark and bound quark and that bound quark p-adic scale can depend on hadron.
Two natural constraints have however emerged from the recent work.
1. Quark contribution to the hadron mass cannot be larger than color contribution and for
quarks having kq 6= 107 quark contribution to mass is added to color contribution to the
mass. For quarks with same value of k conformal weight rather than mass is additive whereas
for quarks with different value of k masses are additive. An important√implication is that for
diagonal mesons M = qq having k(q) 6= 107 the condition m(M ) ≥ 2mq must hold true.
This gives strong constraints on quark masses.
2. The realization that scaled up variants of quarks explain elegantly the masses of light hadrons
allows to understand large mass splittings of light hadrons without the introduction of strong
isospin-isospin interaction.
The new model for quark masses is based on the following identifications of the p-adic length
scales.
1. The nuclear p-adic length scale Le (k), k = 113, corresponds to the p-adic length scale
determining the masses of u, d, and s quarks. Note that k = 113 corresponds to a so called
Gaussian Mersenne. The interpretation is that quark massivation occurs at nuclear spacetime sheet at which quarks feed their em fluxes. At k = 107 space-time sheet, where quarks
feed their color gauge fluxes, the quark masses are vanishing in the first p-adic order. This
could be due to the fact that the p-adic temperature is Tp = 1/2 at this space-time sheet so
that the thermal contribution to the mass squared is negligible. This would reflect the fact
that color interactions do not involve any counterpart of Higgs mechanism.
p-Adic mass calculations turn out to work remarkably well for massive quarks. The reason
could be that M107 hadron physics means that all quarks feed their color gauge fluxes to
k = 107 space-time sheets so that color contribution to the masses becomes negligible for
heavy quarks as compared to Super-Kac Moody and modular contributions corresponding to
em gauge flux fed to k > 107 space-time sheets in case of heavy quarks. Note that Z 0 gauge
flux is fed to space-time sheets at which neutrinos reside and screen the flux and their size
corresponds to the neutrino mass scale. This picture might throw some light to the question
of whether and how it might be possible to demonstrate the existence of M89 hadron physics.
One might argue that k = 107 is not allowed as a condensation level in accordance with
the idea that color and electro-weak gauge fluxes cannot be fed at the space-time space
time sheet since the classical color and electro-weak fields are functionally independent. The
identification of η 0 meson as a bound state of scaled up k = 107 quarks is not however
consistent with this idea unless one assumes that k = 107 space-time sheets in question are
separate.
2. The requirement that the masses of diagonal pseudo-scalar
mesons of type M = qq are larger
√
but as near as possible to the quark contribution 2mq to the valence quark mass, fixes the
p-adic primes p ' 2k associated with c, b quarks but not t since toponium does not exist.
These values of k are “nominal” since k seems to be dynamical. c quark corresponds to the
p-adic length scale k(c) = 104 = 23 × 13. b quark corresponds to k(b) = 103 for n(b) = 5.
Direct determination of p-adic scale from top quark mass gives k(t) = 94 = 2 × 47 so that
secondary p-adic length scale is in question.
3. Top quark is experimentally in a unique position since toponium does not exist and top quark
mass is that of free top. The prediction for top quark mass (see Table 6.1) is 167.8 GeV
for Yt = Ye = 0 (second order contributions to mass vanish) and 169.1 GeV for Yt = 1 and
Ye = 0 (maximal possible mass for top). The experimental estimate for mt remained for a
long time somewhat higher than the prediction but the estimates have gradually reduced.
The previous experimental average value was m(t) = 169.1 GeV with the allowed range being
[164.7, 175.5] GeV [C21, C206]. The fine tuning Ye = 0, Yt = 1 giving 169.1 GeV is somewhat
un-natural. The most recent value obtained by CDF and discussed in detail by Tommaso
Dorigo [C207] is mt = 165.1 ± 3.3 ± 3.1 GeV. This is value is consistent with the lower bound
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predicted by TGD for Ye = Yt = 0 and increase of Yt increases the value of the predicted
mass. Clearly, TGD passes the stringent test posed by top quark.
4. There are good reasons to believe that the p-adic mass scale of quark is different for free quark
and bound state quark and that in case of bound quark it can also depend on hadron. This
would explain the notions of valence (constituent) quark and current quark mass as masses of
bound state quark and free quark and leads also to a TGD counterpart of Gell-Mann-Okubo
mass formula.
1. Constituent quark masses
Constituent quark masses correspond to masses derived assuming that they are bound to
hadrons. If the value of k is assumed to depend on hadron one obtains nice mass formula for light
hadrons as will be found later. Table 6.1 summarizes constituent quark masses labelled by kq
deduced from the masses of diagonal mesons.
q
nq
sq
k(q)
m(q)/GeV

d
4
12
113
.105

u
5
10
113
.092

s
6
14
113
.105

c
6
11
104
2.191

b
59
67
103
7.647

t
58
63
94
167.8

Table 6.1: Constituent quark masses predicted for diagonal mesons assuming (nd , ns , nb ) =
(5, 5, 59) and (nu , nc , nt ) = (5, 6, 58), maximal CP2 mass scale(Ye = 0), and vanishing of second
order contributions.
2. Current quark masses
Current quark masses would correspond to masses of free quarks which tend to be lower
than valence quark masses. Hence k could be larger in the case of light quarks. The table of quark
masses in Wikipedia [C21] gives the value ranges for current quark masses depicted in the Table
6.2 together with TGD predictions for the spectrum of current quark masses.
Some comments are in order.
1. The long p-adic length associated with light quarks seem to be in conflict with the idea that
quarks have sizes smaller than hadron size. The paradox disappears when one realized that
k(q) characterizes the electromagnetic “field body” of quark having much larger size than
hadron.
2. u and d current quarks correspond to a mass scale not much higher than that of electron and the ranges for mass estimates suggest that u could correspond to scales k(u) ∈
q
m(q)exp /M eV
k(q)
m(q)/M eV
q
m(q)exp /M eV
k(q)
m(q)/M eV

d
4-8
(122, 121, 120)
(4.5, 6.6, 9.3)
c
1150-1350
(106, 105)
(1045, 1477)

u
1.5-4
(125, 124, 123, 122)
(1.4, 2.0, 2.9, 4.1)
b
4100-4400
(105, 104)
(3823, 5407)

s
80-130
(114, 113, 112)
(74, 105, 149)
t
1691
92
167.8

Table 6.2: The experimental value ranges for current quark masses [C21] and TGD predictions
for their values assuming (nd , ns , nb ) = (5, 5, 59), (nu , nc , nt ) = (5, 6, 58), Ye = 0, and vanishing of
second order contributions.
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(125, 124, 123, 122) = (53 , 4 × 31, 3 × 41, 2 × 61), whereas d would correspond to k(d) ∈
(122, 121, 120) = (2 × 61, 112 , 3 × 5 × 8).
3. The TGD based model for nuclei based on the notion of nuclear string leads to the conclusion
that exotic copies of k = 113 quarks having k = 127 are present in nuclei and are responsible
for the color binding of nuclei [K86, L5] , [L5].
4. The predicted values for c and b masses are slightly too low for (k(c), k(b)) = (106, 105) =
(2 × 53, 3 × 5 × 7). Second order Higgs contribution could increase the c mass into the range
given in [C21] but not that of b.
One can talk about constituent and current quark masses simultaneously only if they correspond to dual descriptions. M 8 − H duality [K19] has been indeed suggested to relate the old
fashioned low energy description of hadrons in terms of SO(4) symmetry (Skyrme model) and
higher energy description of hadrons based on QCD. In QCD description the mass of say baryon
would be dominated by the mass associated with super-symplectic quanta carrying color. In SO(4)
description constituent quarks would carry most of the hadron mass.

6.2.3

Are Scaled Up Variants Of Quarks Also There?

The following arguments suggest that p-adically scaled up variants of quarks might appear not
only at very high energies but even in low energy hadron physics.
Aleph anomaly and scaled up copy of b quark
The prediction for the b quark mass is consistent with the explanation of the Aleph anomaly [C37]
inspired by the finding that neutrinos seem to condense at several p-adic length scales [C184].
A reasonable estimate for k(b) is k(b) = 103 from the estimates for its mass in range 4.3-4.7
GeV. It must be emphasized that this estimate is uncertain and even kb = 105 giving two times
smaller mass can be considered. If b quark condenses at k(b) = 96 level, the predicted mass is
m(b, 96) = 52.3 GeV for nb = 59 for the maximal CP2 mass consistent with η 0 mass. If the mass
of the particle candidate is defined
experimentally as one half of the mass of resonance, b quark
√
mass is actually by a factor 2 higher and scaled up b corresponds to k(b) = 96 = 25 × 3. The
prediction is consistent with the estimate 55 GeV for the mass of the Aleph particle and gives
additional support for the model of topological mixing. Also the decay characteristics of Aleph
particle are consistent with the interpretation as a scaled up b quark.
Scaled variants of top quark
To begin with notice that the recent estimate for top quark mass is around 172 GeV and in p-adic
mass calculatiosn top quark mass corresponds to k(t) = 94. Tony Smith has emphasized the fact
that the distribution for the mass of the top quark candidate has a clear structure suggesting the
existence of several states, which he interprets as excited states of top quark [C211]. According to
the figures ?? and ?? representing published FermiLab data, this structure is indeed clearly visible.
There is evidence for a sharp peak in the mass distribution of the top quark in 140-150 GeV
range (Fig. 6.1 ). There is also a peak slightly below 120 GeV, which could correspond to a
p-adically scaled down variant t quark with k = 93 having mass 121.6 GeV for (Ye = 0, Yt = 1).
There is also a small peak also around 265 GeV which could relate to m(t(95)) = 243.2 GeV. There
top could appear at least for the p-adic scales k = 93, 94, 95 as also u and d quarks seem to appear
as current quarks.
Scaled up variants of d, s, u, c in top quark mass scale
The fact that all neutrinos seem to appear as scaled up versions in several scales, encourages to
look whether also u, d, s, and c could appear as scaled up variants transforming to the more stable
variants by a stepwise increase of the size scale involving the emission of electro-weak gauge bosons.
In the following the scenario in which t and b quarks mix minimally is considered.
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Figure 6.1: Fermilab semileptonic histogram for the distribution of the mass of top quark candidate (FERMILAB-PUB-94/097-E).
1. For k = 92, the masses would be m(q, 92) =134, 140, 152, 152 GeV in the order q= u, c, d,
s so that all these quarks might appear in the critical region where the top quark mass has
been wandering.
2. For k = 91 copies would have masses m(q, 91) =189, 198, 256, 256 GeV in the order q= u,
c, d, s. The masses of u and c are somewhat above the value of latest estimate 170 GeV for
top quark mass [C206].
Note that it is possible to distinguish between scaled up quarks of M107 hadron physics and
the quarks of M89 hadron physics since the unique signature of M89 hadron physics would be the
increase of the scale of color Coulombic and magnetic energies by a factor of 512. As will be found,
this allows to estimate the masses of corresponding mesons and baryons by a direct scaling. For
instance, M89 pion and nucleon would have masses 71.7 GeV and 481 GeV.
It must be added that the detailed identifications are sensitive to the exact value of the CP2
mass scale. The possibility of at most 2.5 per cent downward scaling of masses occurs is allowed
by the recent value range for top quark mass.
q
u
d
c
s

m(92)/GeV
134
152
140
152

m(91)/GeV
189
216
198
216

m(90)/GeV
267
304
280
304

Table 6.3: The masses of k = 92, 91 and k = 90 scaled up variants of u, d, c, s quarks assuming
same integers nqi as for ordinary quarks in the scenario (nd , ns , nb ) = (5, 5, 59) and (nu , nc , nt ) =
(5, 6, 58) and maximal CP2 mass consistent with the η 0 mass.
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Figure 6.2: Fermilab D0 semileptonic histogram for the distribution of the mass of top quark
candidate (hep-ex/9703008, April 26, 1994)
Fractally scaled up copies of light quarks and low mass hadrons?
One can of course ask, whether the fractally scaled up quarks could appear also in low lying
hadrons. The arguments to be developed in detail later suggest that u, d, and s quark masses
could be dynamical in the sense that several fractally scaled up copies can appear in low mass
hadrons and explain the mass differences between hadrons.
In this picture the mass splittings of low lying hadrons with different flavors would result from
fractally scaled up excitations of s and also u and d quarks in case of mesons. This notion would
also throw light into the paradoxical presence of two kinds of quark masses: constituent quark
masses and current quark masses having much smaller values than constituent quarks masses.
That color spin-spin splittings are of same order of magnitude for all mesons supports the view
that color gauge fluxes are fed to k = 107 space-time sheet.
The alert reader has probably already asked whether also proton mass could be understood
in terms of scaled up copies of u and d quarks. This does not seem to be the case, and an argument
predicting with 23 per cent error proton mass scale from ρ − π and ∆ − N color magnetic splittings
emerges.
To sum up, it seems quite possible that the scaled up quarks predicted by TGD have been
observed for decade ago in FermiLab about that the prevailing dogmas has led to their neglect
as statistical fluctuations. Even more, scaled up variants of s quarks might have been in front
of our eyes for half century! Phenomenon is an existing phenomenon only if it is an understood
phenomenon.
The mystery of two Ωb baryons
Tommaso Dorigo has three interesting postings [C208] about the discovery of Ωb baryon containing
two strange quarks and one bottom quark. Ωb has been discovered -even twice. This is not a
problem. The problem is that the masses of these Ωb s differ quite too much. D0 collaboration
discovered Ωb with a significance of 5.4 sigma and a mass of 6165 ± 16.4 MeV [C80]. Later CDF
collaboration announced the discovery of the same particle with a significance of 5.5 sigma and
a mass of 6054.4 ± 6.9 MeV. Both D0 and CDF agree that the particle is there at better than
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5 sigma significance and also that the other collaboration is wrong. They cant both be right Or
could they? In some other Universe that of standard model and all its standard generalizations,
maybe in some less theoretically respected Universe, say TGD Universe?
The mass difference between the two Ωb candidates is 111 MeV, which represents the mass
scale of strange quark. TDG inspired model for quark masses relies on p-adic thermodynamics and
predicts that quarks can appear in several p-adic mass scales forming a hierarchy of half octaves
- in other words mass scales comes as powers of square root of two. This property is absolutely
essential for the TGD based model for masses of even low lying baryons and mesons where strange
quarks indeed appear with several different p-adic mass scales. It also explains the large difference
of the mass scales assigned to current quarks and constituent quarks. Light variants of quarks
appear also in nuclear string model where nucleons are connected by color bonds containing light
quark and antiquark at their ends.
Ωb contains two strange quarks and the mass difference between the two candidates is of
order of mass of strange quark. Could it be that both Ωb s are real and the discrepancy provides
additional support for p-adic length scale hypothesis? The prediction of p-adic mass calculations for
the mass of s quark is 105 MeV (see Table 6.1) so that the mass difference can be understood if the
second s-quark in Ωb has mass which is twice the “standard” value. Therefore the strange finding
about Ωb could give additional support for quantum TGD. Before buying a bottle of champaigne,
one should however understand why D0 and CDF collaborations only one Ωb instead of both of
them.

6.3

Topological Mixing Of Quarks

The requirement that hadronic mass spectrum is physical requires mixing of U and D type boundary topologies. In this section quark masses and the mixing of the boundary topologies are considered on the general level and CKM matrix is derived using the existing empirical information
plus the constraints on the quark masses to be derived from the hadronic mass spectrum in the
later sections.

6.3.1

Mixing Of The Boundary Topologies

In TGD the different mixings of the boundary topologies for U and D type quarks provide the
fundamental mechanism for CKM mixing and also CP breaking. In the determination of CKM
matrix one can use following conditions.
1. Mass squared expectation values in order O(p) for the topologically mixed states must be
integers and the study of the hadron mass spectrum leads to very stringent conditions on
the values of these integers. Physical values for these integers imply essentially correct value
for Cabibbo angle provided U and D matrices differ only slightly from the mixing matrices
mixing only the two lowest generations.
2. The matrices U and D describing the mixing of U and D type boundary topologies are unitary
in the p-adic sense. The requirement that the moduli squared of the matrix elements are
rational numbers, is very attractive since it suggests equivalence of p-adic and real probability
concepts and therefore could solve some conceptual problems related to the transition from
the p-adic to real regime. It must be however immediately added that rationality assumption
for the probabilities defined by S-matrix turns out to be non-physical. It turns out that the
mixing scenario reproducing a physical CKM matrix is consistent with the rationality of the
moduli squared of the matrix elements of U and D matrices but not with the rationality of the
matrix elements themselves. The phase angles appearing in U and D matrix can be rational
and in this case they correspond to Pythagorean triangles. In principle the rationality of the
CKM matrix is possible.
3. The requirements that Cabibbo angle has correct value and that the elements V (t, d) and
V (u, b) of the CKM matrix have small values not larger than 10−2 fixes the integers ni
characterizing quark masses to a very high degree and in a good approximation one can
estimate the angle parameters analytically. remains open at this stage. The requirement of
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a realistic CKM matrix leads to a scenario for the values of ni , which seems to be essentially
unique.
The mass squared constraints give for the D matrix the following conditions

9|D12 |2 + 60|D13 |2

= n1 (D) ≡ nd ,

2

2

=

n2 (D) ≡ ns ,

2

2

=

n3 (D) ≡ nb = 69 − n2 (D) − n1 (D) .

9|D22 | + 60|D23 |
9|D32 | + 60|D33 |

(6.3.1)
The third condition is not independent since the sum of the conditions is identically true by
unitarity.
For U matrix one has similar conditions:

9|U12 |2 + 60|U13 |2

=

n1 (U ) ≡ nu ,

2

2

=

n2 (U ) ≡ nc ,

2

2

=

n3 (U ) ≡ nt = 69 − n2 (U ) − n1 (U ) .

9|U22 | + 60|U23 |
9|U32 | + 60|U33 |

(6.3.2)
The integers nd , ns and nu , nc characterize the masses of the physical quarks and the task is to
derive the values of these integers by studying the spectrum of the hadronic masses. The second
task is to find unitary mixing matrices satisfying these conditions.
The general form of U and D matrices can be deduced from the standard parameterization
of the CKM matrix given by


c1
V =  −s1 c2
−s1 s2


s1 c3
s1 s3
c1 c2 c3 − s2 s3 exp(iδCP ) c1 c2 s3 + s2 c3 exp(iδCP ) 
c1 s2 c3 + c2 s3 exp(iδCP ) c1 s2 s3 − c2 c3 exp(iδCP )

(6.3.3)

This form of the CKM matrix is always possible to achieve by multiplying each U and D type quark
fields with a suitable phase factor: this induces a multiplication U and D from left by a diagonal
phase factor matrix inducing the multiplication of the columns of U and D by phase factors:
U → U × d(φ1 , φ2 , φ3 ) ,
D → D × d(χ1 , χ2 , χ3 ) ,
d(φ1 , φ2 , φ3 ) ≡ diag(exp(iφ1 ), exp(iφ2 ), exp(iφ3 )) .
The multiplication of the columns by the phase factors affects CKM matrix defined as

V

=

U † D → d(−φ1 , −φ2 , −φ3 )V d(χ1 , χ2 ), χ3 ) .

(6.3.4)

By a suitable choice of the phases, the first row and column of V can be made real. The multiplication of the rows of U and D from the left by the same phase factors does not affect the elements
of V. One can always choose D to be of the same general form as the CKM matrix but must allow
U to have nontrivial phase overall factors on the second and third row so that the most general U
matrix is parameterized by six parameters.
Mass squared conditions give two independent conditions on the values of the moduli of the
matrix elements of U and D. This eliminates two coordinates so that the most general D matrix
can be chosen to depend on 2 parameters, which can be taken to be r11 ≡ |D11 | and r21 ≡ |D21 |. U
matrix contains also the overall phase angles associated with the second and third row and hence
depends on four parameters altogether.
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6.3.2

The Constraints On U And D Matrices From Quark Masses

The new view about quark masses allows a surprisingly simple model for U and D matrices predicting in the lowest order approximation that the probabilities defined by these matrices are identical
and that the integers characterizing the masses of U and D type quarks are identical.
The constraints on |U | and |D| matrices from quark masses
The understanding of quark masses pose strong constraints on U and D matrices. The constraints
are identical in the approximation that V -matrix is identity matrix and read in the case of D-matrix
as

nd

=

D
D
13 = P12
× 9 + P13
× 60 ,

ns

=

D
D
31 = P22
× 9 + P23
× 60 .

(6.3.5)

The conditions for b quark give nothing new. The extreme cases when only g = 1 or g = 2
contributes to nq gives the bounds
15
36
22
60

15
,
60
31
≤
.
60

≤

D
P13
≤

≤

D
P23

(6.3.6)

Unitarity conditions
The condition D = V U and the fact that V is in not too far from unit matrix being in a good
approximation a direct sum of 2 × 2 matrix and 1 × 1 identity matrix, imply together that U an
D cannot differ much from each other. At least the probabilities defined by the moduli squared of
matrix elements are near to each other.
1. Instead of trying numerically to solve U and D matrices by a direct numerical search, it is
more appropriate to try to deduce estimates for the probabilities PijU = |Uij |2 and PijD =
|Dij |2 determined
by the moduli
P
P squared of the matrix elements and satisfying the unitarity
conditions j PijX = 1 and i PijX = 1.
2. The formula D = U V using the fact that Vi3 is small for i = 1, 2 implies |Di3 | ' |Ui3 |. By
probability conservation also the condition |D33 | ' |U33 | must hold true so that the third
columns of U and D are same in a reasonable approximation.
1. Parametrization of |U | and |D| matrices
The following parameterization is natural for the matrices PijX .
D
P12
=

kD
9

,

D
=
P13

nd −kD
9

,

D
P22
=

lD
9

,

D
P23
=

ns −lD
60

,

D
P32
=

9−kD −lD
9

D
P33
=

60−ns −nd −kD −lD
60

,

(6.3.7)
.

A similar parameterization holds true for PijU but with nd = nu and ns = nc but possibly different
D
values of kU and lU . Since lD  ns is expected to hold true, P23
is in a good approximation equal
D
U
to P23 = ns /60 = 31/60. Same applies to P23 .
kX = 2 (kX need not be an integer) gives a good first estimate for mixing probabilities of u
and d quark. Thus only the parameter lX remains free if kD = 2 is accepted.
U
D
The approximation Pi3
= Pi3
motivated by the near unit matrix property of V , gives the
parameterization
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D
P12

U
= P12
=

k
D
U nd − k
, P13
= P13
.
9
60
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(6.3.8)

2. Constraints from CKM matrix in |U | = |D| approximation
The condition D12 = (U V )12 when fed to the condition
U
P12

=

D
P12

(6.3.9)

using the approximation kD = kU = k lD = lU = l gives
|Ui2 |2 − |Ui1 V12 + Ui2 V22 + Ui3 V32 |2 = 0 .

(6.3.10)

i = 1, 2, 3 In the approximation that the small V32 term does not contribute, this gives
|Ui1 V12 + Ui2 V22 )|2

= |Ui2 |2 .

(6.3.11)

By dividing with |Ui1 |2 |V22 |2 and using the approximation |V22 |2 = 1 this gives
vi2

+

2ui vi × cos(Ψi ) = 0 ,

Ψi

=

ui

=

arg(Vi2 ) − arg(V32 ) + arg(Ui1 ) − arg(Ui2 ) .
Vi2
Ui2
| , vi = |
| .
|
Ui1
V22

(6.3.12)

This gives
r
vi
vi 9xi
cos(Ψi ) = −
=−
,
2ui
2
ki
n(i) − k(i)
ki
−
,
xi = PiiD = 1 −
9
60
k(1) = k , k(2) = l , n(1) = nd , n(2) ≡ ns .

(6.3.13)

The condition |cos(Ψ)| ≤ 1 is trivially satisfied. For nd = 13 and k = 2 the condition gives x = .59
and cos(Ψ1 ) = .185. k = 1.45 gives x = .65 and cos(Ψ) = .226, which is rather near to V12 .

6.3.3

Constraints From CKM Matrix

Besides the constraints from hadron masses, there are constraints from CKM matrix V = U † D on
U and D matrices.
1. The fact that CKM matrix is near unit matrix implies that U and D matrix are near to each
other and the assumption n(Ui ) = n(Di ) predicting quark masses correctly is consistent with
this.
2. Cabibbo angle allows to derive the estimate for the difference |U11 | − |D11 |. Together with
other conditions this difference fixes the scenario essentially uniquely.
3. The requirement that CP breaking invariant J has a correct order of magnitude gives a very
strong constraint on D matrix. The smallness of J implies that V is nearly orthogonal matrix
and same assumption can be made about U and D matrices.
4. The requirement that the moduli the first row (column) of CKM matrix are predicted correctly makes it possible to deduce for given D (U) U (D) matrix essentially uniquely. Unitarity
requirement poses very strong additional constraints. It must be emphasized that the constraints from the moduli of the CKM alone are sufficient to determine U and D matrices and
hence also quark masses and hadron masses to very high degree.
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|V13 | ≡ |Vub | = (0.087 ± 0.075)Vcb : 0.42 · 10−3 < |Vub | < 6.98 · 10−3
|V23 | ≡ |Vcb | = (41.2 ± 4.5) · 10−3
|V31 | ≡ |Vtd | = (9.6 ± 0.9) · 10−3
|V32 | ≡ |Vts | = (40.2 ± 4.4) · 10−3
sCab = 0.226 ± 0.002
Table 6.4: The experimental constraints on the absolute values of the CKM matrix elements.
1. Bounds on CKM matrix elements
The most recent experimental information [C36] concerning CKM matrix elements is summarized in Table 6.4
s1

=

.226 ± .002 ,

s1 s2

=

V31 = (9.6 ± .9) · 10−3 ,

s1 s3

=

V13 = (.087 ± .075) · V23 ,

V23

=

(40.2 ± 4.4) · 10−3 .

(6.3.14)

The remaining parameter is sin(δ) or equivalently the CP breaking parameter J:
J

=

Im(V11 V22 V 12 V 21 ) = c1 c2 c3 s2 s3 s21 sin(δ) ,
(6.3.15)

where the upper bound is for sin(δ) = 1 and the previous average values of the parameters si , ci
(note that the poor knowledge of s3 affects on the upper bound for J considerably). Unitary
triangle [C47] gives for the CP breaking parameter the limits
1.0 × 10−4 ≤ J ≤ 1.7 × 10−4 .

(6.3.16)

2. CP breaking in M − M systems as a source of information about CP breaking phase
Information about the value of sin(δ) as well as on the range of possible top quark masses
comes from CP breaking in K − K̄ and B − B̄ systems.
The observables in KL → 2π system [C196]
A(KL → π + π − )
0
√ ,
=+
+
−
A(KS → π π )
1 + ω/ 2
0
A(KL → π 0 π 0 )
√
=

−
2
,
η00 =
A(KS → π 0 π 0 )
1 − 2ω
1
ω ∼
,
20
 = (2.27 ± .02) · 10−3 · exp(i43.7o ) ,
0
| | = (3.3 ± 1.1) · 10−3 .


η+−

=

(6.3.17)

The phases of  and 0 are in good approximation identical. CP breaking in K − K̄ mass
matrix comes from the CP breaking imaginary part of s̄d → sd¯ amplitude M12 (via the decay to
intermediate W + W − pair) whereas K 0 K̄ 0 mass difference ∆mK comes from the real part of this
amplitude: the calculation of the real part cannot be done reliably for kaon since perturbative
QCD does not work in the energy region in question. On can however relate the real part to the
known mass difference between KL and KS : 2Re(M12 ) = ∆mK .
Using the results of [C196] ) one can express  and 0 / in the following numerical form
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|| =
0
| | =

X(mt )

=

H(mt )

=

xq

=

K

=
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sd
1 Im(M12
)
0
0
√
− .05 · | | = 2J(22.2BK · X(mt ) − .28BK
) ,

2 ∆mK
0
C · J · BK
,

H(mt )
,
H(mt = 60 GeV )
−η1 F (xc ) + η2 F (xt )K + η3 G(xc , xt ) ,
m(q)2
,
m2W
s22 + s2 s3 cos(δ) .

(6.3.13)

0
Here the values of QCD parameters ηi depend on top mass slightly. BK
and BK are strong
interaction matrix elements and vary between 1/3 and 1. The functions F and G [C196] are given
by


3 x 3
3
1
1 9 1
+ (
+
−
) log(x) ,
2
4 4 1 − x 2 (1 − x)
2 x−1




1 3 1
3
1
1
3
1
+
−
.
= xy
log(x)
+
(y
→
x)
−
x − y 4 2 1 − x 4 (1 − x)2
4 (1 − x)(1 − y)
(6.3.12)


F (x)
G(x, y)

= x

0
One can solve parameter BK
by requiring that the value of 0 / corresponds to the experimental
mean value:

0
BK

=

1 0
.
C ×J 

(6.3.13)

The most recent measurements by KTeV collaboration in Fermi Lab [C1] give for the ratio
|0 /| the value |0 /| = (28±1)×10−4 . The proposed standard model explanation for the large value
0
is that s-quark has running mass about ms (mc ) ' .1 GeV at mc [C185]. The explanation
of BK
is marginally consistent with the TGD prediction m(s) = 127 MeV for the mass of s quark. Also
the effects caused by the predicted higher gluon generations having masses around 33 GeV can
increase the value of 0 / by a factor 3 in the lowest approximation since the corrections involve
sum over three different one-gluon loop diagrams with gluon mass small respect to intermediate
boson mass scale [K22].
A second source of information comes from B − B̄ mass difference. At the energies in
question perturbative QCD is expected to be applicable for the calculation of the mass difference
and mass difference is predicted correctly if the mass of the top quark is essentially the mass of
the observed top candidate [C38].
3. U and D matrices could be nearly orthogonal matrices
The smallness of the CP breaking phase angle δCP means that V is very near to an orthogonal
matrix. This raises the hope that in a suitable gauge also U and D are nearly orthogonal matrices
and would be thus almost determined by single angle parameter θX , X = U, D. Cabibbo angle
sc = sin(θc ) = .226 which is not too far from sin2 (θW ) ' .23 and appears in V matrix rotating
the rows of U to those of D. In very vague sense this angle would characterize between the
difference of angle parameters characterizing U and D matrices. If U is orthogonal matrix then
the decomposition


c1
V = V1 V2 =  −s1 c2
−s1 s2

s1
c1 c2
c1 s2

 
0
1
s2 exp(iδCP )  ×  0
−c2 exp(iδCP )
0

0
c3
−s3


0
s3 
c3

(6.3.14)
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suggests that CP breaking can be visualized as a process in which first s and b quarks are slightly
mixed to s0 and b0 by V2 (s3 ' 1.4 × 10−2 ) after which V1 induces a slightly CP-breaking mixing
of d and s0 with b0 (s2 ' .04).
4. How the large mixing between u and c results
The prediction that u quark spends roughly 1/3 of time in g = 0 state looks bizarre and it
is desirable to understand this from basic principles. The basic observations are following.
1. V matrix is in good approximation direct sum of 2 × 2 matrix inducing relatively large
rotation with sin(θc ) ' .23 and unit matrix. In particular, Vi3 are very small for i = 1, 2.
Using the formula D = U V one finds that |Ui3 | = |Di3 | in a good approximation for i = 1, 2
and by unitarity also for I = 3. Thus the third columns of U and D are identical in a good
approximation.
2. Assume that also Ui3 and Di3 are small for i = 1, 2. A stronger assumption is that even the
contribution of D13 and U13 are so small that they do not affect u and d masses. This implies

9|D12 |2 + 60|D13 |2 ' 9|D12 |2 ,

nd

=

nu

' 9|U12 |2 .

(6.3.14)

Unitarity implies in this approximation

1
nu
=
,
9
3
5
nd
=
.
|D11 |2 ≤ 1 −
9
9

|U11 |2 ≤ 1 −

(6.3.14)

3. It might be that there are also solutions for which mixing of u resp. d quark is mostly
with t resp. b quarks but numerical experimentation does not favor this idea since CP
breaking becomes extremely small. Since mixing presumably involves topology change, it
seems obvious that topological mixing involving a creation or annihilation of two handles is
improbable.

6.4

Construction Of U , D, And CKM Matrices

In this section it will be found that various mathematical and experimental constraints on U and
D matrices determine them essentially uniquely.

6.4.1

The Constraints From CKM Matrix And Number Theoretical
Conditions

The requirement that U, D and V allow an algebraic continuation to finite-dimensional extensions
of various p-adic number fields provides a very strong additional constraints. The mathematical
problem is to understand how many unitary V matrices acting on U as U → D = U V respect the
number theoretic constraints plus the constraints nu = nd + 2 and nc = nd − 2.
It is instructive to what happens in much simpler 2-dimensional case. In this case the
conditions boil down to the conditions on n(i) imply |U | = |D| and this condition is equivalent
with (say) the condition |U11 | = D11 . U and D can be parameterized as


cos(θ)exp(i(ψ)
sin(θ)exp(iφ)
U=
.
−sin(θ)exp(−iφ) cos(θ)exp(−iψ)
If cos(θ)2 and sin(θ)2 are rational numbers, exp(iθ) is associated with a Gaussian integer. A more
general requirement is that exp(iθ) belongs to a finite-dimensional extension of rational numbers
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and thus corresponds to a products of a phase associated with Gaussian integer and a phase in a
finite-dimensional algebraic extension of rational numbers.
Eliminating the trivial multiplicative phases gives a set of matrices U identifiable as a double
coset space X 2 = SU (2)/U (1)R × U (1)L . The value of cos(θ) = |U11 | serving as a coordinate for
X 2 is respected by the right multiplication with V . Eliminating trivial U (1)R phase multiplication,
the space of V : s reduces to S 2 = SU (2)/U (1)R . The condition that cos(θ) is not changed leaves
one parameter set of allowed matrices V .
The translation of these results to 3-dimensional case is rather straightforward. In the
3-dimensional case the probabilities Pi2 , Pi3 , i = 1, 2 characterize a general matrix |U |, and V
can affect these probabilities subject to constraints on n(I). When trivial phases affecting the
probabilities are eliminated, the matrices U correspond naturally to points of the 4-dimensional
double coset space X 4 = SU (3)/(U (1) × U (1))R × U (1) × U (1))L having dimension D = 4.
The two constraints on the probabilities mean that allowed solutions for given values of n(I)
define a 2-dimensional surface X 2 in X 4 . The allowed unitary transformations V must be such that
they move U along this surface. Certainly they exist since X 2 can be regarded as a local section in
SU (3) → X 2 bundle obtained as a restriction of SU (3) → X 4 bundle. The action of V on rows of
U is ordinary unitary transformation plus a 2-dimensional unitary transformation preserving the
Hermitian degenerate lengths Li = 9|Ui2 |2 + 60|Ui3 |2 = ni defining the sub-bundle SU (3) → X 2 .
Note for L1 = 0 (L2 = 0) the situation becomes 2-dimensional and solutions correspond to points
in S 2 . Thus these points seem to represent a conical singularity of X 2 .
The 2-dimensionality of the solution space means that two moduli (probabilities) of any row
or column of U or D matrix characterize the matrix apart from the non-uniqueness due to the
gauge choice allowing U (1)L × U (1)R transformation of U . Of course, discrete sign degeneracy
might be present.
A highly non-trivial problem is whether the set X 2 contains rational points and what is
the number of these points. For instance, Fermat’s theorem says that no rational solutions to
the equation xn + y n − z n = 0 exist for n > 2. The fact that the degenerate situation allows
infinite number of rational solutions suggest that they exist also in the general case. Note also that
the additional conditions are second order polynomial equations with rational coefficients so that
SU (3, Q) should contain non-trivial solutions to the equations.
It is possible to write |U | in a form containing minimal number of square roots:
p r1
p s1
√ p1
, |U12 | = n9u N
, |U13 | = n60u N
,
|U11 | = nu N
p nc r21
p nc s21
√ p21
|U21 | = nc N2 , |U22 | =
,
|U
|
=
,
23
2
2
p9 N
p 60 N
√ p3
r3
s3
|U31 | = nt N
, |U32 | = n9t N
, |U23 | = n60t N
.
3
3
3

(6.4.1)

Completely analogous expression holds true for D. ri , si and Ni are integers, and the defining
equations reduce in both cases to equations generalizing those satisfied by Pythagorean triangles

r12 + s21

=

N12 ,

r22 + s22

=

N22 ,

r32 + s23

=

N32 .

(6.4.0)

The square roots of ni are also eliminated from the unitarity conditions which become equations
with rational coefficients for the phases appearing in U and D. Hence there are good hopes that
even rational solutions to the conditions might exist.

6.4.2

How Strong Number Theoretic Conditions One Can Pose On U
And D Matrices?

It is not quite clear how strong the number theoretic conditions on U and D matrices are. An
attractive working hypothesis is that mixing probabilities are rational. This leaves a lot of freedom
concerning the mixing matrices themselves since square roots of rationals, Pythagorean phases,
and finite roots of unity can appear in the mixing matrices.
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1. The most stringent requirement would be that U and D matrices are rational unitary matrices.
p-Adicization without algebraic extension allows only matrices for which various phases and
trigonometric functions are products of Pythagorean phases. This option will be found to
be too restrictive. The minimal extension allows square roots requiring a finite-dimensional
extension of p-adic numbers: geometrically this means a generalization Pythagorean triangles
to triangles for which short sides are integer valued and long side is square root of integer.
Pythagorean phases and their generalizations span infinite discrete subgroups of SU(3).
2. Both the phases and also cosines and sines appearing in the mixing matrices could be restricted to algebraic roots of unit that is of form exp(i2π/N ) requiring finite algebraic extension of rationals and p-adic numbers. Roots of unity could define finite discrete subgroup
of SU(3) implying rather stringent conditions on the model. Root of unity option is highly
suggestive in light of the most recent developments (more than decade after development of
the model) related to the p-adicization in terms of harmonic analysis in symmetric spaces
relying on the counterparts of plane waves defined in terms of roots of unity and leading to
a p-adic version of real symmetric space [K88]. Finite roots of unity define as a special case
discrete subgroups of SU(3) implying rather stringent conditions on the model. For instance,
in case of SU(2) these finite groups are well-known.

6.4.3

Could Rational Unitarity Make Sense?

In this section the considerations are restricted mostly to rational unitarity which at the time of
writing of this chapter looked more attractive than the allowance of algebraic roots of unity. The
number theoretic conditions following from the rational unitarity on the moduli of the U and D
matrices are not completely independent of the parameterization used. The reason is that the
products of the parameters in some algebraic extension of the rationals can combine to give a
rational number. The safest parameterization to use is the one based on the moduli of the U and
D matrix.
Parameterization of moduli in the case of rational unitarity
If one assumes rationality for the mixing matrix then all moduli can be written in the form
nij
.
N

|Dij | =

(6.4.1)

If only moduli squared are required to be rational, the condition is replaced with a milder one:
n
√ij .
N

|Dij | =

(6.4.2)

√
Here N belongs to square root allowing algebraic extension of the p-adic numbers but is not an
integer itself. An even milder condition is
r
|Dij | =

nij
.
N

(6.4.3)

The following arguments show that only this option or more general option allowing roots of unity
with rational mixing probabilities is allowed. These options is also natural in light or preceding
general considerations.
Unitary and mass conditions modulo 8 for rational unitarity
q
For pij = ( nNi j )k , k = 1 or 2, the requirement that the rows are unit vectors implies
X

nki,j

= Nk ,

j

k

=

1 or 2 .

(6.4.3)
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The problem of finding vectors with integer valued components and with a given integer valued
length squared m (k = 2 case) is a well known and well understood problem of the number
theory [A33]. The basic idea is to write the conditions modulo 8 and use the fact that the square
of odd (even) integer is 1 (0 or 4) modulo 8. The result is that one must have

m

∈

{1, 2, 3, 5, 6} ,

(6.4.4)

for the conditions to possess nontrivial solutions. For m = N case this is the only condition needed.
In m = N 2 case the condition implies that N must be odd.
Using this result one can write the mass squared conditions modulo 8 for k = 2 as
3n2i,2 + 4n2i,3

= ni X ,

X

=

1 for m = N 2 ,

X

∈

{1, 2, 3, 5, 6} for m = N .

(6.4.3)

Here modulo 8 arithmetics is understood. In m = N 2 case one must have ni ∈ {0, 3, 4} modulo
8. These conditions are not satisfied in general. For m = N conditions allow considerably more
general set of solutions. By summing the equations and using probability conservation one however
obtains 7N = 5N implying 2N = 0 so that the non-allowed value N = 4 or 0 results.
For k = 1 no obvious conditions result on the values of ni and only this option is allowed
by mass conditions for the physical masses.
Rational unitarity cannot hold true for U and D matrices separately
The mixing scenario is not consistent with the assumption that the matrix elements of U and
D matrix are complex rational numbers. If this were the case then matrix elements had to be
proportional to a common denominator 1/N such that N is odd integer (otherwise the conditions
stating that the unit vector property of the rows is not satisfied). The conditions
X

rij

=

1 ,

j

9r12 + 60r13

= nd ,

9r22 + 60r23

= ns ,

9r32 + 60r33

= nb ,
nij
,
=
Ni

rij

(6.4.-1)
can be written modulo 8 as
X

nkij

=

Nk ,

+ 4nk13

=

nd N k ,

4nk23
4nk33

=

ns N k ,

=

rij

=

nb N k ,
nij k/2
(
)
, k = 1 or 2 .
N

j

nk12
nk22
nk32

+
+

(6.4.-5)
1. Consider first the case k = 2. For odd n n2 = 1 holds true and for even n n2 = 4 or 0 holds
true. It is easy to see that the conditions can be satisfied only of all integers are proportional
to 4 but this cannot be possible since it would be possible since nij an N cannot contain
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common factors. Thus at least an extension allowing square roots is needed. Quite generally
from N 2 = 1 mod 8 the above equations give
nqi mod 8 ∈ {0, 3, 4, 7} .
This condition fails to be satisfied by in the general case.
2. For the option k = 1 for which only the probabilities are rational the sum of all three
equations gives 5N = 5N so that equations are consistent.
The result favors the possibility that roots of unity are the basic building bricks of the mixing
matrices. This does not exclude the possibility that mixing probabilities are rational numbers.
Rational unitarity for phase factors
The phase factors associated with the rows of the mixing matrix are rational provided the corresponding angles correspond to Pythagorean triangles. It must be however emphasized that roots of
unit are highly suggestive in the recent vision about p-adicization. Combining this property with
the orthogonality conditions for the rows of the U matrix, one obtains highly nontrivial conditions
relating the integers characterizing the sides of the Pythagorean triangle to the integers nij . The
requirement that the imaginary parts of the inner product vanish, gives the conditions
si,2
si3

n13 ni3
, i = 2, 3 .
n12 n22

=

(6.4.-4)

Combining this conditions with the general representation for the sines of the Pythagorean triangle

sin(φ)

r2 − s2
2rs
or
,
r2 + s2
r2 + s2

=

(6.4.-3)

one obtains conditions relating the integers appearing characterizing the triangle to the integers
on the right hand side.
An interesting possibility is that the lengths of the hypothenusae of the triangles associated
with s(i, 2) ((r(i), s(i))) and si3 ((r1 (i), s1 (i))) are the same and sines correspond to the products
2rs:
r2 (i) + s2 (i)

=

r12 (i) + s21 (i) ,

si,2

=

2r(i)s(i)/(r2 (i) + s2 (i)) ,

si,3

=

2r1 (i)s1 (i)/(r12 (i) + s21 (i)) .

(6.4.-4)

In this case the conditions give
r(i)s(i)
r1 (i)s1 (i)

=

n13 ni3
.
n12 n22

(6.4.-3)

The conditions are satisfied if one has
r(i)s(i)

= n13 ni3 ,

r1 (i)s1 (i)

= n12 n22 .

(6.4.-3)

This implies that r(i) and s(i) are products of the factors contained in the product n13 ni3 . Analogous conclusion applies to r1 (i) and s1 (i).
Additional number theoretic conditions are obtained from the requirement that the real
parts of the inner products between first row and second and third rows vanish:
n11 ni1 + ci,2 n12 ni2 + ci,3 n13 ni3

=

0 , i = 2, 3 .

(6.4.-2)
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The Parameterization Suggested By The Mass Squared Conditions

To understand the consequences of the mass squared conditions, it is useful to use a parameterization, which is more natural for the treatment of the mass squared conditions than the standard
parameterization:



r12
r13
r22 x2 exp(iφ22 ) r23 x2 exp(iφ23 ) 
r32 x3 exp(iφ32 ) r33 x3 exp(iφ33 )

r11
U =  r21 x2
r31 x3

(6.4.-1)

x2 = exp(iφ2 ) ,
x3 = exp(iφ3 ) .
In case of D matrix, the phase factors x2 and x3 can be chosen to be trivial. As far as the
treatment of the mass conditions and unitarity conditions for the rows is considered, one can
restrict the consideration to the case, when the overall phase factors are trivial. The remaining
parameters are not independent and one on can deduce the formulas relating the moduli rij as
well as the phase angles φij to the parameters r11 and r12 . In general, the resulting parameters
are not real and unitarity is broken.
Mass squared conditions and the requirement that the rows are unit vectors:
2
2
9ri2
+ 60ri3
X
2
rik

= ni , i = 1, 2 ,
=

1 ,

(6.4.-1)

k

allows one to express ri2 and ri3 in terms of ri1
r
ri2

=

ri3

=

ni
20
2 )] ,
[− + (1 − ri1
51 17
r
ni
3
2 )] .
[ − (1 − ri1
51 17

(6.4.-1)

The requirement that the rows are orthogonal to each other, relates the phase angles φij in terms
to r11 and r21 . Using the notations sin(φij ) = sij and cos(φij ) = cij , one has
ci2 = abii ,
p
si2 = (i) 1 − c2i2 ,
A1i = r11 ri1 ,
A3i = r13 ri3 ,
ai = A23i − A21i − A22i ,

i2 A2i )
ci3 = − (A1i +c
,
A3i
2i
si3 = − A
s
,
A3i i2
A2i = r12 ri2
(i) = ±1 .
bi = 2A1i A2i ,

(6.4.0)

The sign factors (i) are not completely free and must be chosen so that the second and third row
are orthogonal.
The mass conditions imply the following bounds for the parameters ri1

mi
mi
mi
Mi

≤

ri1 ≤ Mi ,
r
ni
1−
for ni ≤ 9 ,
=
9
= 0 for ni ≥ 9 ,
r
ni
=
1−
.
60

(6.4.-2)
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The boundaries for the regions of the solution manifold in (r11 , r21 ) plane can be understood
as follows. For given values of r11 and r21 there are in general two solutions corresponding to the
sign factor (i) appearing in the equations defining the solutions of the mass squared conditions.
This means just that complex conjugation gives a new solution from a given one. These two
branches become degenerate, when the phase factors become ±1 so that (si2 , si3 ) vanishes for
i = 2 or i = 3. Thus the curves at which one has (si2 = 0, si3 = 0) define the boundaries of
the projection of the solution manifold to (r11 , r21 ) plane. At the boundaries the orthogonality
conditions reduce to the form
r11 ri1 + (i, 2)r12 ri2 + i3 r13 ri3 = 0 , i = 2 or 3 ,
22 = 32 ,
23 = −33

(6.4.-1)

where ij corresponds to the value of the cosine of the phase angle in question. Consistency requires
that either second or third row becomes real on the boundary of the unitarity region and that the
matrices reduce to orthogonal matrices at the tip of the region allowed by unitarity.

6.4.5

Thermodynamical Model For The Topological Mixing

What would be needed is a physical model for the topological mixing allowing to deduce U and D
matrices from first principles. The physical mechanism behind the mixing is change of the topology
of X 2 in the dynamical evolution defined by the light like 2-surface Xl3 defining parton orbit. This
suggests that the topology changes g → g ± 1 dominate the dynamics so that matrix elements
U
U13 and D13 should be indeed small so that the weird looking result P11
' 1/3 follows from the
requirement nu = 6. This model however suggests that the matrix elements U23 and D23 could be
large unlike in the original model for U and D matrices.
Solution of thermodynamical model
A possible approach to the construction of mixing matrices is based on the idea that the interactions
causing the mixing lead to a thermal equilibrium so that the entropies for the ensemble defined
D
by the probabilities pU
ij and pij matrix is maximized (the subscripts U and D are dropped in the
sequel).
1. The elements in the three rows of the mixing matrix represent probabilities for three states of
the system with energies (Ei1 , Ei2 , Ei3 ) = (0, 9, 60) and average energy is fixed to hEi = 69.
2. There are usual constraints from probability conservation for each row plus two independent
constraints from columns. The latter constraints can be regarded as a constraint on a second
quantity equal to 1 for each column and brings in variable analogous to chemical potential
besides temperature.
The constraint from mass squared for the third row follows from these constraints. The
independent constraints can be chosen to be the following ones
P

j

pij − 1 = 0 , i = 1, 2, 3

P

i

pij − 1 = 0, j = 1, 2 ,
(6.4.0)

9pi2 + 60pi3 − nqi = 0 , i = 1, 2 .
The obvious notations (q1 , q2 ) = (d, s) and (q1 , 22 ) = (u, c) are introduced. The conditions on
mass squared are completely analogous to the conditions fixing the energy of the ensemble and
thus its temperature, and thermodynamical intuition suggests that the probabilities pij decrease
exponentially as function of Ej in the absence of additional constraints coming from the probability
conservation for the columns and meaning presence of chemical potential.
The variational principle maximizing entropy in presence of these constraints can be expressed as
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L = S + Sc
X
S =
pij × log(pij )
i,j

Sc

=

X

X
X
X
X
λi (
pij − 1) +
µj (
pij − 1) +
σi (9pi2 + 60pi3 − nqi ) .

i

j

j=1,2

i

i=1,2

(6.4.-2)
The variational equation is

∂pij L =

0 ,

(6.4.-1)

and gives the probabilities as

p11 =
p21 =
p31 =

1
Z1
1
Z2
1
Z3

,

p12 =

,
,

p22 =
p32 =

xx31
Z1
xx32
Z2
x
Z3

p13 =
p13 =
p33 =

yx20
1
Z1
yx20
2
Z2
y
Z3 ,

,
,
(6.4.-1)

Here the parameters x, y, x1 , x2 are defined as
x = exp(−µ2 ) ,
x1 = exp(−3σ1 ) ,

y = exp(−µ3 ) ,
x2 = exp(−3σ2 ) .
(6.4.-1)

whereas the row partition functions Zi are defined as
Z1 = 1 + xx31 + yx20
1 ,

Z2 = 1 + xx32 + yx20
2 ,

Z3 = 1 + x + y .

(6.4.0)

Note that the parameters λi have been eliminated. There are four parameters µ2 , µ3 , σ2 , σ3 and
2 conditions from columns and 2 mass conditions so that the number of solutions is discrete and
only finite number of U and D matrices are possible in the thermodynamical approximation.
Mass squared conditions
The mass squared conditions read as
3
20
9xx31 + 60yx20
1 = n(q1 )Z1 , 9xx2 + 60yx2 = n(q2 )Z2 .

(6.4.1)

These equations allow to solve y as a simple linear function of x

y=

n(q1 )−xx31 (9−n(q1 ))
(60−n(q1 ))x20
1

≡ kx + l ,

y=

n(q2 )−xx32 (9−n(q2 ))
(60−n(q2 )x20
2

.

(6.4.2)

The identification of the two expressions for y allows to solve x1 in terms of x2 using equation of
3
form x20
1 − bx1 + c = 0:

=




60 − n(q2 )x20
n(q1 ) − xx31 (9 − n(q1 ))
2



60 − n(q1 )x20
n(q2 ) − xx32 (9 − n(q2 )) .
1

In the most general case the equation allows 20 roots x1 = x2 (x1 ).

(6.4.2)
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Probability conservation
Probability conditions give additional information. By solving 1/Z3 from the first column gives

Z1 Z2 Z3 − Z1 Z2 − Z2 Z3 − Z1 Z3

=

0 ,

(6.4.3)
(6.4.4)

This equation is a polynomial equation for in x1 and x2 with degree 20 and together with Eq. 6.4.2
having same degree determines and (x1 , x2 ) the possible values of x1 and x2 as function of x. The
number of real positive roots is at most 202 = 400.
Probability conservation for the second column gives



x (1 − x31 )Z2 + (1 − x32 )Z1 + (1 − x)Z1 Z2 = 0 .

(6.4.5)

The row partition functions Zi are linear functions of x and y and mass squared conditions give
y = kx + l (see Eq. 6.4.2 ) so that a third order polynomial equation for x results and gives the
roots as functions of control parameters x1 and x2 . Either 1 or 3 real roots are obtained for x.
The values of x1 and x2 are determined by the probability constraint Eq. 6.4.4 for the first column
and Eq. 6.4.2 relating x1 and x2 .
The analogy with spontaneous magnetization
Physically the situation is analogous to a spontaneous symmetry breaking with y representing
the external magnetizing field and x linear magnetization or vice versa. x1 and x2 are control
parameters characterizing the interaction between spins. For single real root for x no spontaneous
magnetization occurs but for 3 real roots there are two directions of spontaneous magnetization
plus unstable state. In the recent case the roots must be positive. Since the maximal number of
roots for (x1 , x2 ) is 400, the maximal number of real roots is 1200. The trivial solution to the
conditions is p11 = 1, p22 = 1, p33 = 1 with x = y = 0 represents corresponds to the absence of
external magnetizing field and of magnetization.
Catastrophe theoretic description of the system
In the catastrophe theoretic approach one can see that situation as a cusp catastrophe with x as
a behavior variable and x1 , x2 in the role of control variables. In the standard parameterization of
the cusp catastrophe [A27] the conditions correspond to the equation

x3 − a − bx =

0 ,
(6.4.5)

In the recent case a more general polynomial P3 (x) easily transformable to the standard form is
in question. The coefficients of the polynomial P3 (x) = Dx3 + Cx2 + Bx + A are

A =

Q(x1 )Q(x2 ) ,

B

=

P (x1 )Q(x2 ) + P (x2 )Q(x1 ) + R(x2 ) + R(x1 ) ,

C

= P (x1 )R(x2 ) + P (x2 )R(x1 ) − R(x1 )Q(x2 ) − R(x2 )Q(x1 ) ,

D

= R(x1 )R(x2 ) ,

P (u)

=

1 − u3 , Q(u) = 1 + lu20 , R(u) = u3 + ku20 .

(6.4.2)

The trivial scaling transformation A → A/D = Â, B → B/D = B̂, C → C/D = Ĉ and the shift
x → x + Ĉ/3 casts the equation in the standard form and gives
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Ĉ 3
,
9
Ĉ 2
= −B̂ +
.
3
= −Â +

(6.4.1)
The curve

a

b
= ±2( )3/2 , b ≥ 0
3

(6.4.2)

represents the bifurcation set for the solutions. For b ≥ 0, |a| ≤ ( 3b )3/2 three roots are obtained for
x. a = b = 0 corresponds to the tip of the cusp. Three solutions result under the conditions
Ĉ 2
3

≥ 3B̂ ,
3

Ĉ 2 3
(−B̂ +
)
3

≤

Â

=

B̂

=

Ĉ

=

P (u)

=

(−Â + Ĉ9 )2
,
4
Q(x1 )Q(x2 )
,
R(x1 )R(x2 )
P (x1 )Q(x2 ) + P (x2 )Q(x1 ) + R(x2 ) + R(x1 )
,
R(x1 )R(x2 )
P (x1 )R(x2 ) + P (x2 )R(x1 ) − R(x1 )Q(x2 ) − R(x2 )Q(x1 )
,
R(x1 )R(x2 )
1 − u3 , Q(u) = 1 + lu20 , R(u) = u3 + ku20 .

(6.4.-2)

The boundaries of the regions are defined by polynomial equations for x1 and x2 .. The two
mass squared conditions and the probability conservation for the first row select a discrete set of
parameter combinations.
One might ask whether U and D matrices could correspond to different solutions of these
equations for same values of nqi . This cannot be the case since this would predict too large u − d
mass difference. Orthogonalization conditions for the rows should determine the phases more or
less uniquely and could force CP breaking. The requirement that probabilities are rational valued
implies that x1 , x2 , x and y are rational and poses very strong additional conditions to the solutions.
The roots should correspond to very special solutions possessing symmetries so that the solutions
of polynomial equations give probabilities as rational numbers. Note however that the solutions
of polynomial equations with integer coefficients are in question and the solutions are algebraic
numbers: this is enough as far as the p-adicization of the theory is considered.
Maximization of entropy solving constraint equations explicitly
The mass squared conditions allow to express the probabilities pij in terms of p11 and p21 (for
instance) and this allows a rather concise representation for the solution to the maximization the
entropy of topological mixing. The key formulas are following.
p31
pi2
pi3

1 − p11 − p12 ,
ni
20
= − + (1 − pi1 ) , i = 1, 2 ,
51 17
ni
3
=
− (1 − pi1 ) , i = 1, 2 .
51 17
=

(6.4.-3)

Expressing entropy directly in terms of p11 and p21 , the conditions for the maximization of entropy
imply the equations
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log(pij )X ij = 0 ,

log(pij )Y ij = 0 ,

(6.4.-2)

where a summation over repeated indices is carried out. The matrices X ij = ∂p11 pij and Y ij =
∂p21 pij are given by


1
X= 0
−1

0
Y = 1
−1

3
17

20
− 17
0




0
3
− 17

0
3

17
3
− 17

20
17

0
20
− 17
20
17

(6.4.-3)
The equations can be transformed into the form

Q

ij

X

pij ij = 1 ,

Q

Y

ij

pijij = 1 .

(6.4.-2)

When written explicitly, these equations read as
p11
1−p11 −p21

−n1 +60(1−p11 ) −20/17
−9(1−p11 ) 3/17
× ( −n
)
× ( nn31−9(p
)
=1 ,
3 +60(p11 +p21 )
11 +p21 )

p21
1−p11 −p21

−n2 +60(1−p21 ) −20/17
−9(1−p21 ) 3/17
× ( −n
)
× ( nn32−9(p
)
=1 .
3 +60(p11 +p21 )
11 +p21 )

(6.4.-2)
The equations can be cast into polynomial equations in p11 and p21 by taking 17: th power of both
equations. This gives polynomial equations of degree d = 17 + 20 + 3 = 40. The total number of
solutions to the equations is at most 40 × 40 = 1600. The previous estimate gave upper bound
3 × 20 × 20 = 1200 for the number of solution. It might be that some symmetry is involved and
reduces the upper bound by a factor 3/4.
The solutions can be sought using gradient dynamics in which system
in (p11 , p21 ) plane
P
drifts in the force field defined byP
the gradient ∇S of the entropy S = − ij pij log(pi j) and ends
up to the maximum of S, S = − ij pij log(pi j).
dp11
dt
dp21
dt

= ∂p11 S = −X ij log(pij ) ,
= ∂p21 S = −Y ij log(pij ) ,
(6.4.-2)

The conditions that the probabilities are positive give the constraints
n1
9
n2
1−
9
0

1−

69 − n1 − n2
− p11
60

n1
,
60
n2
≤1−
,
60
≤ 1 − p11 ,
69 − n1 − n2
≤
− p11
9

≤

p11 ≤ 1 −

≤

p21

≤

p21

≤

p21

(6.4.-5)
on the region containing the solutions.
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U And D Matrices From The Knowledge Of Top Quark Mass
Alone?

As already found, a possible resolution to the problems created by top quark is based on the additivity of mass squared so that top quark mass would be about 230 GeV, which indeed corresponds
to a peak in mass distribution of top candidate, whereas tt̄ meson mass would be 163 GeV. This
requires that top quark mass changes very little in topological mixing. It is easy to see that the
mass constraints imply that for nt = nb = 60 the smallness of Vi3 and V (3i) matrix elements
implies that both U and D must be direct sums of 2 × 2 matrix and 1 × 1 unit matrix and that
V matrix would have also similar decomposition. Therefore nb = nt = 59 seems to be the only
number theoretically acceptable option. The comparison with the predictions with pion mass led
to a unique identification (nd , nb , nb ) = (5, 5, 59), (nu , nc , nt ) = (4, 6, 59).
U and D matrices as perturbations of matrices mixing only the first two genera
This picture suggests that U and D matrices could be seen as small perturbations of very simple U
and D matrices satisfying |U | = |D| corresponding to n = 60 and having (nd , nb , nb ) = (4, 5, 60),
(nu , nc , nt ) = (4, 5, 60) predicting V matrix characterized by Cabibbo angle alone. For instance,
CP breaking parameter would characterize this perturbation. The perturbed matrices should obey
thermodynamical constraints and it could be possible to linearize the thermodynamical conditions
and in this manner to predict realistic mixing matrices from first principles. The existence of
small perturbations yielding acceptable matrices implies also that these matrices be near a point
at which two different matrices resulting as a solution to the thermodynamical conditions coincide.
D matrix can be deduced from U matrix since 9|D12 |2 ' nd fixes the value of the relative
phase of the two terms in the expression of D12 .
|D12 |2

= |U11 V12 + U12 V22 |2
= |U11 |2 |V12 |2 + |U12 |2 |V22 |2
nd
,
9
= arg(U11 ) + arg(V12 ) − arg(U12 ) − arg(V22 ) .
+

Ψ

2|U11 ||V12 ||U12 ||V22 |cos(Ψ) =

(6.4.-8)
Using the values of the moduli of Uij and the approximation |V22 | = 1 this gives for cos(Ψ)
cos(Ψ)

=

A

=

B

=

A
,
B
nd − nu
9 − nu
−
|V12 |2 ,
9
9
2 p
nu (9 − nu ) .
9|V12 |

(6.4.-9)

The experimentation with different values of nd and nu shows that nu = 6, nd = 4 gives cos(Ψ) =
−1.123. Of course, nu = 6, nd = 4 option is not even allowed by nt = 60. For nd = 4, nu = 5 one
has cos(Ψ) = −0.5958. nd = 5, nu = 6 corresponding to the perturbed solution gives cos(Ψ) =
−0.6014.
Hence the initial situation could be (nu = 5, ns = 4, nb = 60), (nd = 4, ns = 5, nt = 60)
and the physical U and D matrices result from U and D matrices by a small perturbation as
one unit of t (b) mass squared is transferred to u (s) quark and produces symmetry breaking as
(nd = 5, ns = 5, nb = 59), (nu = 6, nc = 4, nt = 59).
The unperturbed matrices |U | and |D| would be identical with |U | given by
|U11 | = |U22 | =

2
3

√

, |U12 | = |U21 | =

5
3

,

(6.4.-8)

The thermodynamical model allows solutions reducing to a direct sum of 2 × 2 and 1 × 1 matrices,
and since |U | matrix is fixed completely by the mass constraints, it is trivially consistent with the
thermodynamical model.
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Direct search of U and D matrices
The general formulas for pU and pD in terms of the probabilities p11 and p21 allow straightforward
search for the probability matrices having maximum entropy just by scanning the (p11 , p21 ) plane
constrained by the conditions that all probabilities are positive and smaller than 1. In the physically
interesting case the solution is sought near a solution for which the non-vanishing probabilities are
p11 = p22 = (9 − n1 )/9, p12 = p21 = n1 /9, p33 = 1, n1 = 4 or 5. The inequalities allow to consider
only the values p11 ≥ (9 − n1 )/9.
1. Probability matrices pU and pD
The direct search leads to maximally entropic pD matrix with (nd , ns ) = (5, 5):


pD

0.4982
=  0.4981
0.0037

0.4923
0.4924
0.0153




0.0095
0.5556 0.4444 0
 0.4444 0.5556 0  .
0.0095  , pD
0 =
0.9810
0
0
1
(6.4.-8)

D
pD
0 represents the unperturbed matrix p0 with n(d = 4), ns = 5 and is included for the purpose of
D
comparison. The entropy S(p ) = 1.5603 is larger than the entropy S(pD
0 ) = 1.3739. A possible
interpretation is in terms of the spontaneous symmetry breaking induced by entropy maximization
in presence of constraints.
A maximally entropic pU matrix with (nu , nc ) = (5, 6) is given by



0.5137
pU =  0.4775
0.0088

0.4741
0.4970
0.0289


0.0122
0.0254 
0.9623
(6.4.-8)

The value of entropy is S(pU ) = 1.7246. There could be also other maxima of entropy but in the
range covering almost completely the allowed range of the parameters and in the accuracy used
only single maximum appears.
U
The probabilities pD
ii resp. pii satisfy the constraint p(i, i) ≥ .492 resp. pii ≥ .497 so that the
earlier proposal for the solution of proton spin crisis must be given up and the solution discussed
in [K70] remains the proposal in TGD framework.
2. Near orthogonality of U and D matrices
An interesting question whether U and D matrices can be transformed to approximately
orthogonal matrices by a suitable (U (1) × U (1))L × (U (1) × U (1))R transformation and whether
CP breaking phase appearing in CKM matrix could reflect the small breaking of orthogonality.
If this expectation is correct, it should be possible to construct from |U | (|D|) an approximately
orthogonal matrix by multiplying the matrix elements |Uij |, i, j ∈ {2, 3} by appropriate sign
factors. A convenient manner to achieve this is to multiply |U | (|D|) in an element wise manner
((A ◦ B)ij = Aij Bij ) by a sign factor matrix S.
1. In the case of |U | the matrix U = S ◦|U |, S(2, 2) = S(2, 3) = S(3, 2) = −1, Sij = 1 otherwise,
is approximately orthogonal as the fact that the matrix U T U given by


1.0000
U T U =  0.0006
−0.0075

0.0006
1.0000
−0.0038


−0.0075
−0.0038 
1.0000

is near unit matrix, demonstrates.
2. For D matrix there are two nearly orthogonal variants. For D = S ◦ |D|, S(2, 2) = S(2, 3) =
S(3, 2) = −1, Sij = 1 otherwise, one has
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1.0000
DT D =  −0.0075
0.0604

−0.0075
1.0000
0.0143

285


0.0604
0.0143  .
1.0000

The choice D = S ◦ D, S(2, 2) = S(2, 3) = S(3, 3) = −1, Sij = 1 otherwise, is slightly better


1.0000
DT D =  −0.0075
0.0601

−0.0075
1.0000
0.0143


0.0604
0.0143  .
1.0000

3. The matrices U and D in the standard gauge
Entropy maximization indeed yields probability matrices associated with unitary matrices.
8 phase factors are possible for the matrix elements but only 4 are relevant as far as the unitarity
conditions are considered. The vanishing of the inner products between row vectors, gives 6
conditions altogether so that the system seems to be over-determined. The values of the parameters
s1 , s2 , s3 and phase angle δ in the “standard gauge” can be solved in terms of r11 and r21 .
The requirement that the norms of the parameters ci are not larger than unity poses nontrivial constraints on the probability matrices. This should should be the case since the number
of unitarity conditions is 9 whereas probability conservation for columns and rows gives only 5
conditions so that not every probability matrix can define unitary matrix. It would seem that the
constraints are satisfied only if the 2 mass squared conditions and 2 conditions from the entropy
maximization are equivalent with 4 unitarity conditions so that the number of conditions becomes
5+4=9. Therefore entropy maximization and mass squared conditions would force the points of
complex 9-dimensional space defined by 3 × 3 matrices to a 9-dimensional surface representing
group U (3) so that these conditions would have a group theoretic meaning.
The formulas
r
ri2

=

ri3

=

ni
20
2 )] ,
[− + (1 − ri1
51 17
r
ni
3
2 )] .
[ − (1 − ri1
51 17

(6.4.-8)

and



s1 c3
s1 s3
c1 c2 c3 − s2 s3 exp(iδ) c1 c2 s3 + s2 c3 exp(iδ) 
c1 s2 c3 + c2 s3 exp(iδ) c1 s2 s3 − c2 c3 exp(iδ)

c1
U =  −s1 c2
−s1 s2

(6.4.-7)

give
c2 = √ r21 2

c1 = r11 ,
s3 = √ r13 2

1−r11

,

cos(δ)

,

1−r11
2
c2 c22 c23 +s22 s23 −r22
= 1 2c
1 c2 c3 s2 s3

.

(6.4.-6)

Preliminary calculations show that for n1 = n2 = 5 case the matrix of moduli allows a continuation
to a unitary matrix but that for n1 = 4, n2 = 6 the value of cos(δ) is larger than one. This would
suggest that unitarity indeed gives additional constraints on the integers ni . The unitary (in the
numerical accuracy used) (nd , ns ) = (5, 5) D matrix is given by


0.7059
0.7016
0.0975
D =  −0.7057 0.7017 − 0.0106i 0.0599 + 0.0766i  .
−0.0608 0.0005 + 0.1235i 0.4366 − 0.8890i
The unitarity of this matrix supports the view that for certain integers ni the mass squared
conditions and entropy maximization reduce to group theoretic conditions. The numerical experimentation shows that the necessary condition for the unitarity is n1 > 4 for n2 < 9 whereas for
n2 ≥ 9 the unitarity is achieved also for n1 = 4.
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Direct search for CKM matrices
The standard gauge in which the first row and first column of unitary matrix are real provides
a convenient representation for the topological mixing matrices: it is convenient to refer to these
representations as U0 and D0 . The possibility to multiply the rows of U0 and D0 by phase factors
(U (1) × U (1))R transformations) provides 2 independent phases affecting the values of |V |. The
phases exp(iφj ), j = 2, 3 multiplying the second and third row of D0 can be estimated from the
matrix elements of |V |, say from the elements |V11 | = cos(θc ) ≡ v11 , sinθc = .226 ± .002 and
|V31 | = (9.6 ± .9) · 10−3 ≡ v31 . Hence the model would predict two parameters of the CKM matrix,
say s3 and δCP , in its standard representation.
The fact that the existing empirical bounds on the matrix elements of V are based on the
standard model physics raises the question about how seriously they should be taken. The possible
existence of fractally scaled up versions of light quarks could effectively reduce the matrix elements
for the electro-weak decays b → c + W , b → u + W resp. t → s + W , t → d + W since the decays
involving scaled up versions of light quarks can be counted as decays W → bc resp. W → tb. This
would favor too small experimental estimates for the matrix elements Vi3 and V3i , i = 1, 2. In
particular, the matrix element V31 = Vtd could be larger than the accepted value.
Various constraints do not leave much freedom to choose the parameters nqi . The preliminary numerical experimentation shows that the choice (nd , ns ) = (5, 5) and (nu , nc ) = (5, 6) yields
realistic U and D matrices. In particular, the conditions |U (1, 1)| > .7 and |D(1, 1)| > .7 hold true
and mean that the original proposal for the solution of spin puzzle of proton must be given up.
In [K70] an alternative proposal based on more recent findings is discussed. Only for this choice
reasonably realistic CKM matrices have been found.
1. The requirement that the parameters |V11 | (or equivalently, Cabibbo angle and |V31 | are
produced correctly, yields CKM matrices for which CP breaking parameter J is roughly
one half of its accepted value. The matrix elements V23 ≡ Vcb , V32 ≡ Vtc , and V13 ≡ Vub
are roughly twice their accepted value. This suggests that the condition on V31 should be
loosened.
2. The following equations summarize the results of the search requiring that

(a) the value of the Cabibbo angle sCab is within the experimental limits sCab = .223±.002,
(b) V31 = (9.6 ± .9) · 10−3 , is allowed to have value at most twice its upper bound,
(c) V13 whose upper bound is determined by probability conservation, is within the experimental limits .42 · 10−3 < |Vub | < 6.98 · 10−3 whereas V23 ' 4 × 10−3 should come out
as a prediction,
(d) the CP breaking parameter satisfies the condition |(J − J0 )/J0 | < .6, where J0 = 10−4
represents the lower bound for J (the experimental bounds for J are J ×104 ∈ (1−1.7)).
The pairs of the phase angles (φ1 , φ2 ) defining the phases (exp(iφ1 ), exp(iφ2 )) are listed
below

class 1 :

φ1
φ2

0.1005
0.0754

0.1005
1.4828

4.8129
4.7878

4.8129
6.1952

class 2 :

φ1
φ2

0.1005 0.1005 4.8129
2.3122 5.5292 0.7414

4.8129
3.9584

(6.4.-6)

The phase angle pairs correspond to two different classes of U , D, and V matrices. The U , D and
V matrices inside each class are identical at least up to 11 digits(!). Very probably the phase angle
pairs are related by some kind of symmetry.
The values of the fitted parameters for the two classes are given by
|V11 |
|V31 |
|V13 |
J/10−4
class 1 0.9740 0.0157 0.0069 .93953
class 2 0.9740 0.0164 0.0067 1.0267
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V31 is predicted to be about 1.6 times larger than the experimental upper bound and for both
classes V23 and V32 are roughly too times too large. Otherwise the fit is consistent with the
experimental limits for class 2. For class 1 the CP breaking parameter is 7 per cent below the
experimental lower bound. In fact, the value of J is fixed already by the constraints on V31 and
V11 and reduces by a factor of one half if V31 is required to be within its experimental limits.
U , D and |V | matrices for class 1 are given by



0.1105
0.0909 + 0.1310i 
0.1747 − 0.9653i

0.7016
0.0975
0.6358 + 0.2972i 0.0203 + 0.0951i 
−0.0317 + 0.1194i 0.6534 − 0.7444i


0.9740 0.2265 0.0069
|V | =  0.2261 0.9703 0.0862 
0.0157 0.0850 0.9963

0.7167
0.6885
U =  −0.6910 0.7047 − 0.0210i
−0.0938 0.0696 + 0.1550i


0.7059
D =  −0.6347 − 0.3085i
−0.0587 − 0.0159i

(6.4.-8)
U , D and |V | matrices for class 2 are given by



0.1105
0.0909 + 0.1310i 
0.1747 − 0.9653i

0.7016
0.0975
0.6358 + 0.2972i 0.0203 + 0.0951i 
−0.0302 + 0.1198i 0.6440 − 0.7525i


0.9740 0.2265 0.0067
|V | =  0.2260 0.9704 0.0851 
0.0164 0.0838 0.9963

0.7167
0.6885
U =  −0.6910 0.7047 − 0.0210i
−0.0938 0.0696 + 0.1550i


0.7059
D =  −0.6347 − 0.3085i
−0.0589 − 0.0151i

(6.4.-10)
What raises worries is that the values of |V23 | = |Vcb | and |V32 | = |Vts | are roughly twice their
experimental estimates. This, as well as the discrepancy related to V31 , might be understood in
terms of the electro-weak decays of b and t to scaled up quarks causing a reduction of the branching
ratios b → c + W , t → s + W and t → t + d. The attempts to find more successful integer
combinations ni has failed hitherto. The model for pseudo-scalar meson masses, the predicted
relatively small masses of light quarks, and the explanation for tt meson mass supports this mixing
scenario.

6.5

Hadron Masses

Besides the quark contributions already discussed, hadron mass squared can contain several other
contributions and the task is to find a model allowing to identify and estimate these contributions.
There are several guidelines for the numerical experimentation.
1. Conformal weight, that is mass squared, is assumed to be additive for quarks corresponding
√
to the same p-adic prime. For instance, in case of qq mesons the mass
√ would be 2m(q) and
the contribution of k = 113 u, d, s quarks to nucleon mass would be 3 × 100 MeV and thus
surprisingly small. For CD meson quark masses would be additive.
2. Old fashioned quark model explains reasonably well hadron masses in terms of constituent
quark masses. Effective 2-dimensionality of partons suggests an interpretation for the constituent quark as a composite structure formed by the current quark identified as a partonic
2-surface X 2 characterized by k(q) and by join along boundaries bond/flux tube, kind of
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a gluonic “rubber band” characterized by k = 107 and connecting X 2 to the k = 107
hadronic 2-surface X 2 (H) representing hadron. X 2 (qi ) could be perhaps regarded as a hole
in k = k(q) 3-surface. The 2-dimensional visualization for a 3-dimensional topological condensation would become much more than a mere visualization. This view about hadrons brings
in mind unavoidably the surreal 2-dimensional structures formed by organs like retina. Of
course, effective 2-dimensionality allows to characterize the entire Universe as an extremely
complex fractal 2-surface.
The large mass of the constituent quark would be due to the color Coulombic and spin-spin
interaction conformal weights of join along boundaries bond. Quark mass and the mass due
to the color interaction conformal weight would be additive unless k = 107 for the quark (it
seems that for η 0 this is indeed the case!). Classical color gauge fluxes would flow between
k = 107 and k 6= 107 space-time sheets along the bonds. Color dynamics would take place at
k = 107 space-time sheet in the sense that color gauge flux between quarks q1 and q2 flows
first from X 2 ((k(q1 ) to the hadronic 2-surface X 2 (k = 107) and then back to X 2 (k(q2 )). The
induced Kähler field is always accompanied by a classical color gauge field and the classical
color gauge flux would represent non-perturbative aspects of color interactions at space-time
level.
3. A crucial observation is that the mass of η meson is rather precisely 4 times the pion mass
whereas the mass of its spin excited companion ω is very nearly the same as the mass of ρ
meson. This suggests that u, d quarks correspond to k = 109 inside η but to k = 113 inside
ω. This inspires the idea that the p-adic mass scale of quarks is dynamical and sensitive to
small perturbations as the fact that for CP2 type extremals the operators corresponding to
different p-adic primes reduce to one and same operator forces to √
suspect. If k characterizes
the length scale associated with the elementary particle horizon as k multiple of CP2 length
scale, quark mass would be characterized by the size of elementary particle horizon sensitive
to the dynamics in hadronic mass scale.
The physical states would result as small perturbations of this degenerate ground state and
the value of k(q) would be sensitive to the perturbation. A rather nice fit for meson and
baryon masses results by assuming that the p-adic length scale of the quark is dynamical.
4. In the case of pseudo-scalar mesons the scaled up versions of light quarks identifiable as
constituent quarks, turn out to explain almost all of the pseudo scalar meson mass, and
this inspires a new formulation for the old vision about pseudo-scalar mesons as Goldstone
bosons. At least light pseudo-scalar mesons are Goldstone bosons in the sense that the color
Coulombic and spin-spin interaction energies cancel in a good approximation so that quarks
at k 6= 107 space-time sheets are responsible for most of the meson mass. The assumption
that only k(s) is dynamical for light baryons is enough to understand the mass differences
between baryons having different numbers of strange quarks.
5. Color magnetic spin-spin interaction energies are indeed surprisingly constant among baryons.
Also for mesons spin-spin interaction energies vary much less than the scaling of quark
masses would predict on basis of QCD formula. This motivates the replacement of the
interaction energy with interaction conformal weight in the case of color interactions. The
interaction conformal weight is assignable to k = 107 space-time sheet, and the fact that
spin-spin splittings of also heavy hadrons can be measured in few hundred MeVs, supports
this identification. The mild dependence of color Coulombic conformal weight and spin-spin
interaction conformal weight on hadron would be due to their dependence on the primes
k(qi ) and k = 107 characterizing space-time sheets connected by the color bonds qi → 107
and 107 → qj .
6. The values for the parameters scij and Sij characterizing color Coulombic and color magnetic
interaction conformal weights can be deduced from the mass squared differences for hadrons
and assuming definite values for the parameters k(qi ) characterizing quark masses. It seems
that no other sources to meson mass (or at least pion mass) are needed.
7. In the case of nucleons the understanding of nucleon mass requires a large additional contribution about 780 MeV since quarks contribute only about 160 MeV to the mass of nucleon.
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This contribution can be assumed to be same for all baryons as the possibility to understand
baryon mass differences in terms of quark masses demonstrates. The most plausible identification of this contribution is in terms of 2- or 3-particle state formed by super-symplectic
gluons assignable to k = 107 hadronic space-time sheet and having conformal weight s = 16
corresponding to mass 934.2 MeV (rather near to nucleon mass and η 0 mass). This leads to a
vision about non-perturbative aspects of color interactions and allows to understand baryon
masses with accuracy better than one per cent. Also a connection with hadronic string model
emerges and hadronic string tension is predicted correctly.

6.5.1

The Definition Of The Model For Hadron Masses

The defining assumptions of the model of hadron masses are following. CP2 mass defines the
overall elementary particle mass scale. Electron mass determines this mass only in certain limits.
Model for hadronic quarks
The numerical construction of U and D matrices using the thermodynamical model for the topological mixing justifies the assumptions nd = ns = 5, nb = 59 and nu = 5, nc = 6, nt = 58.
Quarks can appear both as free quarks and bound state quarks and the value of k(q) is in
general different for free and bound state quarks and can depend on hadron in case of bound state
quarks. This allows to understand satisfactorily the masses of low lying hadrons.
Quark mass contribution to the mass of the hadron
Quark mass squared is p-adically additive for quarks with same value of p-adic prime. In the case
of meson one has
m2M (p1 = p2 )

= m2q1 + m2q2 .

(6.5.1)

mq denotes constituent quark mass which is larger than current quark mass due to the smaller
value of k.
Masses are additive for different values of p.

mM (p1 6= p2 )

= mq1 + mq2 .

(6.5.2)

The generalization of these formulas to the cse of baryons is trivial.
Super-symplectic gluons and non-perturbative aspects of hadron physics
At least in the case of light pseudo-scalar mesons the contribution of quark masses to the mass
squared of meson dominates whereas spin 1 mesons contain a large contribution identified as color
interaction conformal weight (color magnetic spin-spin interaction conformal weight and color
Coulombic conformal weight). This conformal weight cannot however correspond to the ordinary
color interactions alone and is negative for pseudo-scalars and compensated by some unknown
contribution in the case of pion in order to avoid tachyonic mass. Quite generally this realizes
the idea about light pseudo-scalar mesons as Goldstone bosons. Analogous mass formulas hold for
baryons but in this case the additional contribution which dominates.
The unknown contribution can be assigned to the k = 107 hadronic space-time sheet and
must correspond to the non-perturbative aspects of QCD and the failure of the quantum field
theory approach at low energies. In TGD the failure of QFT picture corresponds to the presence
of WCW degrees of freedom (“world of classical worlds” ) in which super-symplectic algebra acts.
The failure of the approximation assuming single fixed background space-time is in question.
The purely bosonic generators carry color and spin quantum numbers: spin has however
the character of orbital angular momentum. The only electro-weak quantum numbers of supergenerators are those of right-handed neutrino. If the super-generators degrees carry the quark spin
at high energies, a possible solution of proton spin puzzle emerges [K22].
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The presence of these degrees of freedom means that there are two contributions to color interaction energies corresponding to the ordinary gluon exchanges and exchanges of super-symplectic
gluons. For g = 0 these gluons are massless and in absence of topological mixing could form a
contribution analogous to sea or Bose-Einstein condensate. For g = 1 their mass can be calculated.
It turns out the model assuming same topological mixing as in case of U quarks leads to excellent
understanding of baryon masses assuming that hadron spin correlates with the super-symplectic
particle content of the hadronic space-time sheet.
Top quark mass as a fundamental constraint
CP2 mass is an important parameter of the model. The vanishing second order contribution to
electron mass gives an upper bound for CP2 mass. The bound Ye ≤ .7357 can be derived from the
requirement that it is possible to reproduce τ mass in p-adic thermodynamics.
p Maximal second
order contribution corresponds to a minimal CP2 mass reduced by a factor 5/6 = .9129 from
its maximal value. There is a natural mechanism making second order contribution negligible.
Leptonic masses tend to be predicted to be few per cent too high [K19] if the second order contribution from p-adic thermodynamics to the electron mass vanishes, which suggests that second
order contribution might be there.
For Ye = 0 and Yt = 1 the most recent experimental best estimate 169.1 GeV [C206] for top
quark mass is reproduced exactly. Even Yt = 0 allows a prediction in the allowed range. For too
large Ye top quark mass is predicted to be too small unless one allows first order Higgs contribution
to the top quark mass. This means that CP2 mass can be scaled down from its maximal value
at most 2.5 per cent. This translates to the condition Ye < .26. It is possible to understand
quark masses satisfactorily by assuming that Higgs contribution is second order p-adically and
even negligible. In fact, there are good arguments suggesting that Higgs does not develop vacuum
expectation at fermionic space-time sheets [K19]. If this is the case, top quark mass gives a very
strong constraint to the model.
The super-symplectic color interactions associated with k = 107 space-time sheet give rise
to the dominant reduction of the color conformal weight having interpretation in terms of color
magnetic and electric conformal weights. Canonical correspondence implies that this contribution
is always non-negative. Therefore the simple additive formula can lead to a situation in which the
contribution of quarks to the meson mass can be slightly larger than meson mass and it is not
obvious whether it is possible to reduce this contribution by any means since the reduction of CP2
mass scale makes top quark mass too small.
For diagonal mesons for which quarks have the same value of p-adic prime, ordinary color
interaction between quarks can contribute negative conformal weight reducing the contribution to
the mass squared. In the case of non-diagonal mesons it is not clear whether this kind of color
interaction exists. This kind of gluons would correspond to pairs of light-like partonic 3-surfaces for
which throats correspond to different values of p-adic prime p. These are in principle possible but
could couple weakly to matter. It seems that the parameters of the model, essentially CP2 mass
scale strongly constrained by the top quark mass, allow the quark contributions of non-diagonal
mesons to be below the mass of the meson.
The fact that standard QCD model for color binding energies works rather well for heavy
mesons suggests that the notion of negative color binding energy might make sense and could
explain the discrepancy. The mixing of real and p-adic physics descriptions is however aesthetically
very un-appealing but might be the only way out of the problem. The p-adic counterpart of this
description in case of heavy diagonal mesons would be based on the introduction of a negative
color Coulombic contribution to the conformal weight of quark pair.
Smallness of isospin splittings
The smallness of isospin splittings inside Is = 1/2 doublets poses an further constraint. d113 − u113
mass difference is about ∆md−u = 13 MeV and larger than typical isospin splitting. The repulsive
Coulomb interaction between quarks typically tends to reduce the mass differences due to ∆md−u
and the sign of ∆md−u explains the “wrong” sign of n-p mass difference equal to ∆mn−p = 1.3
MeV. Non-diagonal hadrons containing scaled up u and d quarks would have anomalously large
isospin splittings. On the other hand, for a diagonal meson containing b quark and scaled up u
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and d quark isospin splitting is proportional to (m2d − m2u )/mb and small. B meson corresponds
to this kind of situation.

6.5.2

The Anatomy Of Hadronic Space-Time Sheet

Although the presence of the hadronic space-time sheet having k = 107 has been obvious from the
beginning, the questions about its anatomy emerged only quite recently after the vision about the
spectrum of Kähler coupling strength had emerged [L55, K22].
In the case of pseudo-scalar mesons quarks give the dominating contribution to the meson
mass. This is not true for spin 1/2 baryons and the dominating contribution must have some
other origin. TGD allows to identify this contribution in terms of states created by purely bosonic
generators of super-symplectic algebra and having as a space-time correlate CP2 type vacuum
extremals topologically condensed at k = 107 hadronic space-time sheet (or having this space-time
sheet as field body). Proton and neutron masses are predicted with.5 per cent accuracy and ∆ − N
mass splitting with.6 per cent accuracy. A further outcome is a possible solution to the spin puzzle
of proton proposed already earlier [K22].
Quark contribution cannot dominate light baryon mass
The first guess would be that the masses give dominating contribution to the mass of baryon.
Since mass squared is additive, this would require rather large quark masses for proton and neutron. k(d) = k(u) = k(s) = 108 would give (m(d), m(u), m(s)) = (571.3, 520.4, 616.6) MeV
and (m(n), m(p)) = (961.1, 931.7) MeV to be compared with the actual masses (m(n), m(p) =
(939.6, 938.3) MeV. The difference looks too large to be explainable in terms of Coulombic selfinteraction energy. λ − n mass splitting would be 27.6 MeV for k(s) = 108 which is much smaller
than the real mass splitting 176.0 MeV. For k(s) = 110 one would have 120.0 MeV.
Does k = 107 hadronic space-time sheet give the large contribution to baryon mass?
In the sigma model for baryons the dominating contribution to the mass of baryon results as a
vacuum expectation value of scalar field and light pseudo-scalar mesons are analogous to Goldstone
bosons whose masses are basically due to the masses of light quarks.
This would suggest that k = 107 gluonic/hadronic space-time sheet gives a large contribution
to the mass squared of baryon. p-Adic thermodynamics allows to expect that the contribution to
the mass squared is in a good approximation of form
∆m2 = nm2 (107) ,
where m2 (107) is the minimum possible
p-adic mass mass squared and n a positive integer. One
p
has m(107) = 210 m(127) = 210 me / (5) = 233.55 MeV for Ye = 0 favored by the top quark mass.
1. n = 11 predicts (m(n), m(p)) = (944.5, 939.3) MeV for k = 113 quarks: the actual masses
are (m(n), m(p) = (939.6, 938.3) MeV. Coulomb repulsion between u quarks could reduce
the p-n difference to a realistic value.
2. λ − n mass splitting would be 184.7 MeV for k(s) = 111 to be compared with the real
difference which is 176.0 MeV. Note however that color magnetic spin-spin splitting requires
that the ground state mass squared is larger than 11m20 (107).
What is responsible for the large ground state mass of the baryon?
The observations made above do not leave much room for alternative models. The basic problem
is the identification of the large contribution to the mass squared coming from the hadronic spacetime sheet with k = 107. This contribution could have the energy of classical color field as a
space-time correlate.
1. The assignment of the energy to the vacuum expectation value of sigma boson does not look
very promising since the very existence sigma boson is questionable and it does not relate
naturally to classical color gauge fields. More generally, since no gauge symmetry breaking is
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involved, the counterpart of Higgs mechanism as a development of a coherent state of scalar
bosons does not look a plausible idea.
2. One can however consider the possibility of a Bose-Einstein condensate or of a more general
many-particle state of massive bosons possibly carrying color quantum numbers. A manyboson state of exotic bosons at k = 107 space-time sheet having net mass squared
m2 = nm20 (107) , n =

X

ni

i

could explain the baryonic ground state mass. Note that the possible values of ni are predicted by p-adic thermodynamics with Tp = 1.
Glueballs cannot be in question
Glueballs [C8, C19] define the first candidate for the exotic boson in question. There are however
several objections against this idea.
1. QCD predicts that lightest glue-balls consisting of two gluons have J P C = 0++ and 2++ and
have mass 1650 MeV [C19]. If one takes QCD seriously, one must exclude this option. One
can also argue that light glue balls should have been observed long ago and wonder why their
Bose-Einstein condensate is not associated with mesons.
2. There are also theoretical objections in TGD framework.
i) Can one really apply p-adic thermodynamics to the bound states of gluons? Even if this
is possible, can one assume the p-adic temperature Tp = 1 for them if Tp < 1 holds true for
gauge bosons consisting of fermion-anti-fermion pairs [L55, K22].
ii) Baryons are fermions and one can argue that they must correspond to single space-time
sheet rather than a pair of positive and negative energy space-time sheets required by the
glueball Bose-Einstein condensate realized as wormhole contacts connecting these space-time
sheets. This argument should be taken with a big grain of salt.
Do exotic colored bosons give rise to the ground state mass of baryon?
The objections listed above lead to an identification of bosons responsible for the ground state
mass, which looks much more promising.
1. Super-symplectic gluons
TGD predicts exotic bosons and their super-conformal partners. The bosons created by
the purely bosonic part of super-symplectic algebra [K11, K40], whose generators belong to the
representations of the color group and 3-D rotation group but have vanishing electro-weak quantum
numbers. Their spin is analogous to orbital angular momentum whereas the spin of ordinary
gauge bosons reduces to fermionic spin. The super-partners of the super-symplectic bosons have
quantum numbers of a right handed neutrino and have no electro-weak couplings. Recall that
super-symplectic algebra is crucial for the construction of WCW Kähler geometry.
Exotic bosons are single-sheeted structures meaning that they correspond to a single wormhole throat associated with a CP2 type vacuum extremal. The assignment of these bosons to
hadronic space-time having k = 107 is an attractive idea. The only contribution to the mass would
come from the genus and g = 0 state would be massless in absence of topological mixing. In this
case g = 0 bosons could condense on the ground state and define the analog of gluonic contribution
to the parton sea. If they mix situation changes.
In the following calculations it is assumed that the contributions to mass from different padic primes sum up linearly whereas for contributions with same value of p-adic prime mass squared
is additive. This rule is required if one wants to understand the mass differences of mesons and
baryons in terms of mass differences due to quark flavor and the dependence of the p-adic length
scale of quark on hadron. If one assumes that all contributions to masses sum up quadratically,
unreasonably large quark mass differences are required. The objection from QCD based approach
is that quarks contribute less than 2 per cent to the mass of the hadron. In TGD sea quarks would
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correspond to large value of p-adic prime and only their contribution would be so small whereas
the contribution of the valence quarks would be of the order of largest quark mass present.
g = 1 unmixed super-symplectic boson would have mass squared 9m20 (k) (mass would be
700.7 MeV). For a ground state containing two g = 1 exotic bosons, one would have ground
state mass squared M02 = 18m20 corresponding to (m(n), m(p)) = (1160.8, 1155.6) MeV. Negative
color Coulombic conformal weight and color magnetic spin-spin splitting can reduce the mass of
the system. Electromagnetic Coulomb interaction energy can reduce the p-n mass splitting to a
realistic value.
1. Color magnetic spin-spin splitting for baryons gives a test for this hypothesis. The splitting
of the conformal weight is by group theoretic arguments of the same general form as that of
color magnetic energy and given by (m2 (N ), m2 (∆)) = (18m20 − X, 18m20 + X) in absence of
topological mixing. n = 11 for nucleon mass implies X = 7 and m(∆) = 5m0 (107) = 1338
MeV to be compared with the actual mass m(∆) = 1232 MeV. The prediction is too large
by about 8.6 per cent.
2. If one allows negative color Coulombic conformal weight ∆s = −2 the mass squared reduces
by 2 units. The alternative is topological mixing one can have m2 = 8m20 instead of 9m20 .
This gives m(∆) = 1240 MeV so that the error is only.6 per cent. The mass of topologically
mixed exotic boson would be 660.6 MeV and equals to m104 .
One must consider also the possibility that super-symplectic gluons suffer topological mixing
identical with that suffered by say U type quarks in which the conformal weights would be (5, 6,
58) for the three lowest generations.
1. For this option the ground state of baryon could consist of 2 gluons of lowest generation and
one gluon of second generation (5 + 5 + 6 = 16).
2. If the mixing is same as for D type quarks with weights (5, 5, 59), one can have only s = 15
state. It turns out that this option allows to predict hadron masses with amazing precision
if one assumes correlation between hadron spin and its super-symplectic particle content.
3. For this option one can even consider the possibility that super-symplectic gluons are are able
to represent also color Coulombic conformal weight so that model would simply considerably.
The conclusion is that a many-particle state of super-symplectic bosons could be responsible
for the ground state mass of baryon. Also the baryonic spin puzzle caused by the fact that quarks
give only a small contribution to the spin of baryons, could find a natural solution since these
bosons could give to the spin of baryon an angular momentum like contribution having nothing to
do with the angular momentum of quarks.
2. A connection with hadronic string model
Hadronic string model provides a phenomenological description of the non-perturbative aspects of hadron physics, and TGD was born also as a generalization of the hadronic string model.
Hence one can ask whether something resembling hadronic string model might emerge from the
super-symplectic sector. TGD allows string like objects but the fundamental string tension is gigantic, roughly a factor 10−8 of that defined by Planck constant. The hypothesis motivated by the
p-adic length scale hypothesis is that vacuum extremals deformed to non-vacuum extremals give
to a hierarchy of string like structures with string tension T ∝ 1/L2p , Lp the p-adic length scale.
The challenge has been the identification of quantum counterpart of this picture.
The fundamental mass formula of the string model relates mass squared and angular momentum of the stringy state. It has the form
M2

=

kJ , k ' .9 GeV 2 .

(6.5.3)

A more general formula is M 2 = kn.
This kind of formula results from the additivity of the conformal weight (and thus mass
squared) if one constructs a many particle state from g = 1 super-symplectic bosons with a thermal
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n0
M02 /GeV 2

5
.273

9
.490

16
0.872

18
0.982

Table 6.5: The prediction for the hadronic string tension for some values of the mass squared of
super-symplectic particle used to construct hadronic excitations.
mass squared M 2 = M02 n, M02 = n0 m2107 . The angular momentum of the building blocks has some
spectrum fixed by Virasoro conditions. If the basic building block has angular momentum J0 and
mass squared M02 , one obtains M 2 = M02 J, k = M02 , J = nJ0 . The values of n are even in old
fashioned string model for a Regge trajectory with a fixed parity. J0 = 2 implies the same result
so that basic unit might be called “strong graviton”.
One can consider several candidates for the values of n0 . In the absence of topological
mixing one has n0 = 9 for super-symplectic gluons. The bound state of two super-symplectic
g = 1 bosons with mass squared M02 = 16m2107 (two units of color binding conformal weight) could
be responsible for the ground state mass of baryons. If topological mixing occurs and is same as
for U type quarks then also a bound state of 2 gluons of first generation and 1 gluon of second
generation gives M02 = 16m2107 .
Table 6.5 summarizes the prediction for the string tension in various cases. The identification of the basic excitations as many-particle states from from bound states of super-symplectic
gluons with M02 = 16m2107 predicts the nominal value of the.9 GeV with 3 per cent accuracy.
Pomeron [C198] represented an anomaly of the hadronic string model as a hadron like
particle which was not accompanied by a Regge trajectory. A natural interpretation would be
as a space-time sheet containing valence quarks as a structure connected by color flux tubes to
single structure. There is recent quite direct experimental evidence for the existence of Pomeron
[C148, C138, C160] in proton photon collisions: Pomeron seems to leave the hadronic space-time
sheet for a moment and collide with photon after which it topologically condenses back to the
hadronic space-time sheet. For a more detailed discussion see [K22].
This picture allows also to consider a possible mechanism explaining spin puzzle of proton
and I have already earlier considered an explanation in terms of super-symplectic spin [K22] assuming that state is superposition of ordinary (J = 0, Jq = 1/2) state and (J = 2, Jq = 3/2) state
in which super-symplectic bound state has spin 2.
3. Some implications
If one accepts this picture, it becomes possible to derive general mass formulas also for the
baryons of scaled up copies of QCD possibly associated with various Mersenne primes and Gaussian
Mersennes. In particular, the mass formulas for leptobaryons, in particular “electro-baryons”, can
be deduced [K92]. Good estimates for the masses of the mesons and baryons of M89 hadron physics
are also obtained by simple scaling of the ordinary hadron masses by factor 512. Scaled up isospin
splittings would be one signature of M89 hadron physics: for instance, n-p splitting of 1.3 MeV
would scale up to 665.6 MeV.
What about mesons?
The original short-lived belief was that only baryons are accompanied by a pair of super-symplectic
bosons condensed at hadronic k = 107 space-time sheet. By noticing that color magnetic spin-spin
splitting requires an additional contribution to the conformal weight of meson cancelled by spinspin splitting conformal weight in the case of pseudo-scalar mesons to first order in p, one ends up
with the conclusion that also mesons could possess the hadronic space-time sheet.
It is however unclear whether one must included besides the quantized contribution of supersymplectic gluons also color Coulombic contribution having interpretation as perturbative contribution. These contributions are of same form and one could argue that only super-symplectic
contribution should be allowed. This would mean very strong quantization rules.
It however turns out that the contribution of super-symplectic massive boson is necessarily
only in the case of π − ρ system and produces mere nuisance in the case of heavier mesons. The
special role of π − ρ system could be understood in terms of color confinement which would make
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M eson
π0
π+
K0
K+
η
η0 P
η 0 = BSC + i qi q i
ηc
D0
D+
Υ
B
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scaled quarks
d113 , u113
d113 , u113
d114 , s109
u114 , s109
u109 , d109 , s109
u107 , d107 , s107 , c107
q118
c104
c105 , u113
c105 , d113
b103
b104 , d104 , u104

mq (M )/M eV
140.0
140.0
495.5
486.3
522.2
1144.2
959.2
3098
1642
1654
10814
5909

mexp /M eV
135.0
139.6
497.7
493.7
548.9
957.6
957.6
2980
1865
1870
9460
5270

Table 6.6: Summary of the model for contribution of quarks to the masses of mesons containing
scaled up u, d, and s quarks. The model assumes the maximal value of CP2 mass allowed by η 0
mass and the condition Ye = 0 favored by top quark mass.

pion k = 107 tachyon without the presence of additional mass squared.
Assuming topological mixing of super-symplectic bosons to be same as for U type quarks,
the super-symplectic contribution must correspond to a conformal weight of 5 units in the case of
pion and thus to single super-symplectic boson with m2 = 5m2107 instead of 9m2107 as for g = 1
super-symplectic bosons. A possible interpretation is in terms of g = 0 boson which has suffered
a topological mixing. That 5 units of conformal weight result also in the topological mixing of
u and d quarks supports this option and forces to ask whether also super-symplectic topological
mixing is same inside baryons and mesons. If it is same for U type quarks and super-symplectic
bosons one has (s1 , s2 , s3 ) = (5, 6, 58) for the super-symplectic gluons. As noticed, SSC = 16 for
baryons is obtained if one has a bound state of 2 bosons of first generation and one boson of second
generation giving sSC = 5 + 5 + 6 = 16. One can wonder how tightly the super-symplectic gluons
are associated with baryonic valence quarks.

6.5.3

Pseudoscalar Meson Masses

The requirement that all contributions to the meson masses have p-adic origin allows to fix the
model uniquely and also constraints on the value of the parameter Ye emerge. In the following
only pseudo-scalar mesons will be considered.
Light pseudo-scalar mesons as analogs of Goldstone bosons
Fractally scaled up versions of light quarks allow a rather simple model for hadron masses. In the
old fashioned SU (3) based quark model η meson is regarded as a combination uu + dd − 2ss. The
basic observation is that η mass is rather precisely 4 times the mass of π whereas the mass of ω
is very near to ρ mass. This suggests that η results by a fractal scaling of quark masses obtained
by the replacement k(q) = 113 → 109 for the quarks appearing in η. This inspires the idea that
mesonic quarks are scaled up variants of light quarks and at least light pseudo-scalar mesons are
almost Goldstone bosons in the sense that quark contribution to the mass is as large as possible
but smaller than meson mass. This idea must of course be taken as an interesting ansatz and in
the end of the chapter it will be found that this idea might work only in the case of pion and kaon
systems.
Quark contributions to meson masses
Table 6.6 summarizes the predictions for quark contributions to the masses of mesons assuming
k(q) depending on meson and assuming Ye = 0 guaranteeing maximum value of top quark mass.
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1. The quark contribution to pion mass is predicted to be 140 MeV, which is by few percent
above the pion mass. Ordinary color interactions between pionic quarks can however reduce
the conformal weight of pion by one unit. The reduction of CP2 mass scaled cannot be
considered since it would reduce top quark mass to 163.3 GeV which is slightly below the
favored range of values [C206].
2. The success of the fit requires that spin-spin splitting cancels the mass of super-symplectic
boson in a good approximation for pseudo-scalar mesons. This would be in accordance
with the Goldstone boson interpretation of pseudo-scalar mesons in the sense that color
contribution to the mass from k = 107 space-time sheet vanishes in the lowest p-adic order.
√
3. In the case of η resp. √
η 0 meson it has been assumed that the states have form (uu+d−2ss)/ 6
resp. (uu + d + ss)/ 3.
4. B mesons have anomalously large coupling to η 0 K and η 0 X [C136], which indicates an anomalously large coupling of η 0 to gluons [C41]. The interpretation has been in terms of a considerable mixing η 0 with gluon-gluon bound state.
η 0 mass is only 2.5 per cent higher than the mass 4m107 of super-symplectic boson BSC
associated with the hadronic space-time sheet of hadron. Large mixing scenario is however
not consistent with the existence of Φ with nearly the same mass. This encourages to consider
the possibility that η 0 corresponds to a super-symplectic boson BSC plus quark pair with
k(d) = k(u) = k(s) = k(c) = 118 with maximal mixing. In this case the contribution of
quarks to the mass would be 25.1 MeV and one would have m(η 0 ) = 959.2 MeV which
coincides with the actual mass with 1 per mille accuracy. Note that this model predicts
identical couplings to various quark pairs as does also the model assuming that η 0 − Φ system
is singlet with respect to flavor SU (3) (having no fundamental status in TGD).
It is clear from the above table that the quark contributions to the masses of π, η 0 and B
are slightly above the meson masses. In the case of B the discrepancy is largest and about 12 per
cent. If one assumes that all contributions to the mass have p-adic origin, they are necessarily
non-negative.
1. In the case of diagonal mesons the ordinary color interactions can reduce the contribution of
quark masses to the mass of the meson. In the case of η 0 baruyonic super-symplectic gluon
BSC could resolve the problem.
2. In the case of non-diagonal mesons the only possible solutionp
of the problem is that Ye > 0
holds true so that mass scale is reduced by a factor 1 − P = 5/(5 + Ye ) giving Ye ' .056.
The prediction for top quark mass is reduced by 1.1 per cent to 167.2 GeV which belongs to
the allowed range [C206].
3. In the case of B meson one is forced to assume kb = kd = ku = 104 although it would be
possible to achieve smaller quark contribution by an alternative choice. This choice explains
the observed very small isospin splitting and diagonality allows the ordinary color interaction
to reduce the quark contribution to the B meson mass.
4. At the end of the chapter an alternative scenario in which quark masses give in good approximation only the masses of pion and kaon will be considered.
An example about how the mesonic mass formula works
The mass of the Bc meson (bound state of b and c quark) has been measured with a precision by
CDF (see the blog posting by Tommaso Dorigo [C205] ) and is found to be M (Bc ) = 6276.5 ± 4.8
MeV. Dorigo notices that there is a strange “crackpottian” co-incidence involved. Take the masses
of the fundamental mesons made of cc (Ψ) and bb (Υ), add them, and divide by two. The value of
mass turns out to be 6278.6 MeV, less than one part per mille away from the Bc mass!
The general p-adic mass formulas and the dependence of kq on hadron explain the coincidence. The mass of Bc is given
√ as m(Bc ) = m(c, kc (Bc√)) + m(b, kb (Bc )), whereas the masses
of Ψ and Υ are given by m(Ψ) = 2m(c, kΨ ) and m(Υ) = 2m(b, kΥ ). Assuming kc (Bc ) = kc (Ψ)
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√
√
and kb (Bc ) = kb (Υ) would give m(Bc ) = [m(Ψ) + m(Υ)]/ 2 which is by a factor 2 higher than
the prediction of the “crackpot” formula. kc (Bc ) = kc (Ψ) + 1 and kb (Bc ) = kb (Υ) + 1 however
gives the correct result.
As such the formula makes sense but the one part per mille accuracy must be an accident
in TGD framework.
1. The predictions for Ψ and Υ masses are too small by 2 resp. 5 per cent in the model assuming
no effective scaling down of CP2 mass.
2. The formula makes sense if the quarks are effectively free inside hadrons and the only effect of
the binding is the change of the mass scale of the quark. This makes sense if the contribution
of the color interactions, in particular color magnetic spin-spin splitting, to the heavy meson
masses are small enough. Ψ and ηc correspond to spin 1 and spin 0 states and their masses
by 3.7 per cent (m(ηc ) = 2980 MeV and m(Ψ) = 3096.9) so that color magnetic spin-spin
splitting is measured using per cent as natural unit.

6.5.4

Baryonic Mass Differences As A Source Of Information

The first step in the development of the model for the baryon masses was the observations that B−n
mass differences can be understood if baryons are assumed to contain scaled versions of strange
and heavy quarks. The deduction of precise values of k(q) is however not quite straightforward
since the color magnetic contribution to the mass affects the situation. Thus a working hypothesis
worth of studying is that ground state contribution is same for all baryons and that for spin 1/2
baryons quark contribution to the mass added to this contribution is near as possible to the real
mass but smaller than it.
The purpose of the following explicit is to to convince the reader that baryon mass difference
can be indeed understood in terms of quark mass differences. This of course requires that quark
space-time sheet is not the hadronic k = 107 space-time sheet. Otherwise quadratic mass formula
applies.
1. Λ − n mass difference is 176 MeV and (k(s) = 111, k(d) = 114) for λ would
√ predict the mass
2m(d114 )−m(n),
difference m(λ)−m(n)
=
m
(λ)−m
(n),
where
one
has
m
(λ)
=
m(s
)+
q
q
q
111
p
mq (n) =
m(u113 )2 + 2m(d113 )2 ). The prediction equals to 141 MeV. It is possible to
achieve smaller discrepancy but more precise considerations support this identification. Note
that the spin-spin interaction energy is same if u and d quark form the paired quark system
which is in J = 0 or J = 1 state so that the mass difference indeed can be regarded as quark
mass difference.
2. Σ − n mass difference is 257 MeV. If sigma contains s111
√ , u114 and d114 , the mass difference is
predicted to be mq (Σ) − mq (n), mq (Σ) = m(s111 ) + 2m(d114 ) and comes out as 228 MeV.
3. If Ξ contains two s110 quarks and u113 (d113 ), he mass difference comes out as 351 MeV to
be compared with the experimental value 381 MeV.
4. Even single hadron, such as Ω, could contain several scaled up variants of s quark. s108 +
2s111 decomposition would give mass difference 718 MeV to be compared with the real mass
difference 734 MeV.
5. For Λc the mass is 2282 MeV. For k(c) = 105 instead of k(c) = 104 the predicted Λc − n
mass difference is 1341 MeV whereas the experimental difference is 1344 MeV.
6. For Λb the mass is 5425 MeV. For k(b) = 104 instead of k(b) = 103 the predicted Λb − n
mass difference is 4403 MeV. The experimental difference is 4485 MeV.

6.5.5

Color Magnetic Spin-Spin Splitting

Color magnetic hyperfine splitting makes it possible to understand the ρ − π, K ? − K, ∆ − N , etc.
mass differences [B28]. That the order of magnitude for the splittings remains same over the entire
spectrum of hadrons serves as a support for the idea that color fluxes are fed to k = 107 space-time
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Baryon
Λ
Σ
Ξ
Ω
Λc
Λb

s content
s111
s110
s110 + s111
s108 + 2s110
c105 , d112 , u112
b105 , u106 , d106

∆m/M eV
141
228
351
718
1341
4403

∆mexp /M eV
176
257
381
734
1344
4485

Table 6.7: Summary of the model for the quark contribution to the masses of baryons containing
strange quarks deduced from mass differences and neglecting second order contributions to the
mass. ∆m denotes the predicted B − n mass difference m(B) − m(n). The subscript “exp” refer
to experimental value of the quantity in question.

sheet. This would suggest that color coupling strength does not run for the physical states and
runs only for the intermediate states appearing in parton description of the hadron reactions. A
possible manner to see the situation in terms of intermediate states feeding color gauge flux to
space-time sheets with k > 107 so that the additive color Coulombic interaction conformal weights
s(qi , qj ) would depend only on the integers k(qi ), k(qj ). It will be found that the dependence is
roughly of form 1/(k(qi ) + k(qj )), which brings in mind a logarithmic dependence of αs on p-adic
length scales involved.
There are two approaches to the problem of estimating spin-spin splitting: the first one
is based on spin-spin interaction energy and the second one on spin-spin interaction conformal
weight. The latter one turns out to be the only working one.
The model based on spin-spin interaction energy fails
Classical model would apply real number based physics to estimate the splittings and calculate
color magnetic interaction energies. Standard QCD approach predicts that the color magnetic
interaction energy is of form

∆E

=

S

s̄i · s̄j
3 .
mi mj rij
pairs
X

(6.5.4)

The mass differences for hadrons allow to deduce information about the nature of color magnetic
interaction and make some conclusions about the applicability this model.
1. For mesons the spin-spin splitting various from 630 MeV for ρ − π system to 120 MeV
Ψ − ηc excludes the classical model predicting that the splitting should be proportional to
1/m(q1 )m(q2 ) (variation by a factor 2113−106 = 128 instead of 5 would be predicted if the
size of the hadron remains same). Also the predicted ratio of K ∗ − K splitting to ρ − π
splitting would be 1/4 rather than.63. The ratio of η − ω splitting to ρ − π splitting would
be 1/16 rather than.34. The ratio of Φ − η0 splitting to ρ − π splitting would be 1/32 ' .03
instead of .11.
The inspection of the spin-spin interaction energies would suggest that the interaction energy
scales E(i, j) obey roughly the formula
E(i, j) ∼

5
2

×

1
(∆k(q1 )+∆k(q2 ))

=5×

1
X

X = log2 ([L(113)/L(k(q1 ))] × [L(113)/L(k(q2 ))])
∆k(q) = 113 − k(q)
rather than being proportional to 2−k(q1 )−k(q1 ) . The hypothesis that p-adic length scale
L(k) of order CP2 length scale range corresponds to the size of elementary particle horizon
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associated with wormhole contacts feeding gauge fluxes of the CP2 type extremal representing
particle to the larger space-time sheet with p ' 2k might allow to understand this dependence.
2. ∆ − N , Σ∗ − Σ, and Ξ∗ − Ξ mass differences are 291 MeV, 194 MeV, 220 MeV. If strange
quark inside Σ corresponds to k = 110, the ratio of Σ∗ − Σ splitting to ∆ − N splitting is
predicted to be by a factor 1.17 larger than experimental ratio. Ξ∗ − Ξ splitting assuming
k(s) = 109 the ratio would be.19 and quite too small. Assuming that s, u, d quarks have
more or less same mass, the model would predict reasonably well the ratios of the splittings.
Either the idea about scaled up variants of s is wrong or the notion of interaction energy
must be replaced with interaction conformal weight in order to calculate the effects of color
interactions to hadron masses.

The modelling of color magnetic spin-spin interaction in terms of conformal weight
The model based on the notion of interaction conformal weight generalizes the formula for color
magnetic interaction energy to the p-adic context so that color magnetic interaction contributes
directly to the conformal weight rather than rest mass. The effect is so large that it must be
p-adically first order (the maximal contribution in second order to hadron mass would be however
only 224 MeV) and the generalization of the mass splitting formula is rather obvious:

∆s =

X

Sij s̄i · s̄j .

(6.5.5)

pairs

The coefficients Sij depend must be such that integer valued ∆s results and CP2 masses are
avoided: this makes the model highly predictive. Coefficients can depend both on quark pair
and on hadron since the size of hadron need not be constant. In any case, very limited range of
possibilities remains for the coefficients.
This might be understood if the color flux tube carrying color magnetic flux and connecting
quark to k = 107 hadronic space-time sheet is also characterized by a value of k ≥ 113. This
fixes practically completely the model in the case of mesons. If the interaction strengths sc (i, j)
characterizing color Coulombic interaction conformal weight between two quarks depends only on
the flux tube pair connecting the quarks via k = 107 space-time sheet via the integers k(qi ), the
model contains only very few parameters.

The modelling of color magnetic- spin-spin splitting in terms of super-symplectic
boson content
The recent variant for the model of the color magnetic spin-spin splitting replacing energy with
conformal weight is considerably simpler than the earlier one. Still one can argue that a model using
perturbative QCD as a format is not the optimal one in a genuinely non-perturbative situation.
The explicit comparison of the super-symplectic conformal weights associated with spin 0
and spin 1 states on one hand and spin 1/2 and spin 3/2 states on the other hand is carried out
at the end of the chapter. The comparison demonstrates that the difference between these states
could be understood in terms of super-symplectic particle contents of the states by introducing only
single additional negative conformal weight sc describing color Coulomb binding. sc is constant
for baryons(sc = −4) and in the case of mesons non-vanishing only for pions (sc = −5) and kaons
(sc = −12). This leads to an excellent prediction for the masses also in the meson sector since
pseudo-scalar mesons heavier than kaon are not Golstone boson like states in this model.
The correlation of the spin of quark-system with the particle content of the super-symplectic
sector increases dramatically the predictive power of the model since the allowed conformal weights
of super-symplectic bosons are (5, 6, 58). One can even consider the possibility that also exotic
hadrons with different super-symplectic particle content exist: this means a natural generalization
of the notion of Regge trajectories. This description will be summarized at the end of the chapter.
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6.5.6

Color Magnetic Spin-Spin Interaction And Super-Symplectic Contribution To The Mass Of Hadron

Since k = 107 contribution to hadron mass is always non-negative, spin-spin interaction conformal weight and also color Coulombic conformal weight must be subtracted from some additional
contribution both in the case of pseudo-scalars and spin 1/2 baryons.
Baryonic case
In the case of baryons the additional contribution could be identified as a 2-particle state of supersymplectic bosons with mass squared 9m2107 in case of baryons. The net mass is sCS = 18m2107 .
The study of N −∆ system shows that color Coulomb interaction energy for single super-symplectic
structural unit corresponds to ∆sSC = −2 in the case of nucleon system so that one has sSC = 18 →
16. If topological mixing for super-symplectic bosons is same as for U type quarks with conformal
weights (5, 6, 58), the already discussed three-particle state of would give sSC = 5 + 5 + 6 = 16.
The basic requirement is that the sum of spin-spin interaction conformal weight and sCS
reduces to the conformal weight corresponding to the difference of nucleon mass and quark contribution to 774.6 MeV and corresponds to s = 11.
One might hope that the situation could be the same for all baryons but it is safer to introduce an additional color Coulombic conformal weight sc (B) which vanishes for N − ∆ system and
hope that it is small as suggested by the fact that quark contributions explain quite satisfactorily the mass differences of baryons. This conformal weight could be assigned to the interaction of
quarks via super-symplectic gluons and would represent a correction to the simplest model. Strictly
speaking, the term “color Coulombic ” should be taken as a mere convenient letter sequence.
Pseudo scalars
In the case of pseudo-scalars the situation is not so simple. What is clear that quark masses
determine the meson mass in good accuracy.
In this case sCS can be determined uniquely from the requirement that in case of pion it is
cancelled the conformal weight characterizing ρ − π color magnetic spin-spin splitting:

sSC

= |∆s(π, spin − spin)| .

(6.5.6)

This gives sSC = 21/4 ' 5.
The conformal weights assignable to gluons and super-symplectic gluon must compensate
the negative color magnetic spin-spin splitting making pion a tachyon. The following options
represent the extremes
1. A positive color Coulombic conformal weight assignable to ordinary gluons compensates the
negative conformal weight .
2. Conformal weight of the lightest topologically mixed super-symplectic gluon takes care of the
compensation.
The interpretation as a bound state of unmixed super-symplectic g = 1 with n = 9 and
massless g = 0 gluon would require binding conformal weight by 4 units i which looks somewhat
strange. The masslessness of g = 0 gluon does not support the formation of this kind of bound
state. An alternative option is in terms of topological mixing in which case g = 0 boson should
receive 5 units of conformal weight which is near to the.
Explicit calculations demonstrate that for mesons heavier than pion the role of sc is to
compensate sSC . This suggests that the boson of lowest generation is present only inside π − ρ
system and prevents the large and negative color magnetic spin-spin interaction conformal weight to
make pion a tachyon. The special role of pion could be understood in terms of a phase transition to
color confining phase. Note however that the mass of η 0 could be understood by assuming baryonic
super-symplectic boson of conformal weight sSC = 16 and fully mixed k = 118 quarks.

6.5. Hadron Masses

301

Formulas for sc (H) for mesons
There are two options to consider. For option I one has sSC = 5 for all mesons. For option II sCS
vanishes for all mesons except π and ρ. For option I one obtains the formula

sc (M )

=

−sSC − ∆s(M0 , spin − spin) = −5 + |∆s(M0 , spin − spin)| .
(6.5.6)

For option II one has

sc (M )

=

−5 + |∆s(M0 , spin − spin)| , M = π, ρ ,
(6.5.6)

sc (M )

=

|∆s(M0 , spin − spin)| , M 6= π, ρ .

(6.5.7)

M0 refers to the pseudo-scalar.
Formulas for sc (H) for baryons
In the case of spin 1/2 baryons the requirement that the sum of color Coulombic and color magnetic
conformal weights is same as for nucleons fixes the values of sc (B):

sc (B)

=

s0 − sSC − ∆s(B1/2 , spin − spin) = −5 + |∆s(B1/2 , spin − spin)| ,

sSC

=

16 ,

s0

=

mq (n)

=

S(x, 107)

≡

S(m(n) − mq (n), 107) ,
q
2m2d + m2u ,
x 2
[(
) ] .
m107

(6.5.4)

s0 = 11 corresponds to the contribution difference of (say) neutron mass and quark contribution
to the nucleon mass. sCS corresponds to the conformal weight due to super-symplectic bosons. In
the defining formula for S(x, 107) [x] denotes the integer closest to x.
The conformal weights associated with spin-spin splitting
The general formula for the spin-spin splitting allowing to determine the parameters Sij from the
masses of a pair H ? − H of hadrons (say ρ − π or ∆ − N ). The parameters can be deduced from
the observation that the mass difference m(M ∗ ) − m(M ) for mesons corresponds to the difference
of spin-splitting contributions to the mass:
∆s(M ∗ ) − ∆s(M )

= S(m(M ∗ ) − m(M ), 107) .

(6.5.5)

For baryons one has
∆s(B ∗ ) − ∆s(B)

=

X1 − X0 ,

X1

=

S(m(B ∗ ) − mq (B), 107) = ,

X0

=

S(m(B) − mq (B), 107) .

(6.5.4)

Here mq (B) = mq (B ∗ ) denotes the quark contribution to the nucleon mass. The possibility to
understand the mass differences of spin 1/2 baryons in terms of differences formq (B) inspires the
hypothesis that X0 is constant also for baryons (it vanishes for mesons). If so X0 can be determined
from neutron mass as
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X0

=

mq (n)

=

S(m(n) − mq (n), 107) ,
q
2m2d + m2u ) .

(6.5.4)

Here mq (n) is the contribution of quarks to neutron mass.
These formulas are not identical with those used in the earlier calculations and the difference
is due to the fact that k = 107 contributions and quark contributions are calculated separately
unless quarks correspond k = 107. The formula allows to calculate second order contribution to
the mass splitting.
p-Adicization brings in additional constraints. The requirement that the predicted mass of
spin 1 boson and spin 3/2 fermion
is not larger than than the experimental mass can pose strong
p
constraints the scaling factor 5/(5 + Ye ) in the case of non-diagonal hadrons unless one is willing
to modify the model for spin-spin splittings. It was already found that in case of ρ − π system this
implies that top quark mass is at the lower limit of the allowed mass interval. One cannot take
these constraints so seriously as the constraints that quark mass contribution is lower than meson
mass in the case the quarks do not correspond to k = 107.
General mass formula
The general formula for the mass of hadron can be written as a sum of perturbative and nonperturbative contributions as

m(H)

=

mP + mN P

.

(6.5.5)

Preceding considerations lead to a simple formula for the non-perturbative contribution
mN P to the masses of spin 0 and spin 1 doublet of mesons:

mN P (M )

=

p

sN P (M0 )

=

0 ,

sN P (M1 )

= S(m(M ∗ ) − m(M ), 107) .

sN P (M ) × m107 ,
(6.5.4)

For spin 1/2 and 3/2 doublet of baryons one has

p

sN P (B1/2 )

sN P (B) × m107 ,
q
= S(mn − 2m2d + m2u , 107) ,

sN P (B3/2 )

= S(m(B ∗ ) − mq (B), 107) .

mN P (B)

=

(6.5.3)

Perturbative contribution mP contains in the lowest order approximation only the contribution of quark masses. In the case of diagonal mesons also a contribution from the ordinary
color-Coulombic force and color magnetic spin-spin splitting can be present. For heavy mesons
this contribution seems necessary since pure quark contribution is exceeds by few per cent the mass
of meson.
Spin-spin interaction conformal weights for baryons
Consider now the determination of Sij in the case of baryons. The general splitting pattern
for baryons resulting from color Coulombic, and spin-spin interactions is given by the following
equations summarize spin-spin splittings for baryons in a form of a table.
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baryon J
1
N
2
3
∆
2
1
Λ
2
1
Σ
2

J12
0
1
0
0

∆sspin
− 34 Sd,d
3
4 Sd,d
− 34 Sd,d
− 34 Sd,d

Σ∗

1
2

0

Ξ

1
2

0

1
4 Sd,d
+ 12 Sd,s
− 34 Ss,s

Ξ∗

1
2

0

Ω

3
2

1

1
4 Ss,s
+ 12 Sd,s
3
4 Ss,s

(6.5.3)
Spin-spin splittings are deduced from the formulas
∆sspin

= Sq1 ,q) (
+

J12 (J12 + 1) 3
− ) ,
2
4

1
3
(Sq1 ,q3 + Sq2 ,q3 )(J(J + 1) − J12 (J12 + 1) − ) ,
4
4
(6.5.2)

where J12 is the angular momentum eigenvalue of the “first two quarks”, whose value is fixed by
the requirement that magnetic moments are of correct sign.
The masses determine the values of the parameters uniquely if one assumes that color binding
energy is constant as indeed suggested by the very notion of M107 hadron physics. The requirement
is that the mass difference squared for ∆ − N , Σ∗ − Σ, and Ξ∗ − Ξ come out correctly.
Consider now the values of Sij for the models assuming k = 113 light quarks and dynamical
k(s).
1. For N − ∆ system the equation is
Sd113 ,d113 =

1
S(m(∆) − mq (N ), 107) − S(m(N ) − mq (N ), 107) .
3

Here mq (N ) refers to the quark contribution to the baryon mass.
2. For Σ∗ − Σ system the basic equation can be written as
Sd114 ,s110 = 2[S(m(Σ∗ ) − mq (Σ), 107) − S(m(Σ) − mq (Σ), 107) − S(d114 , d114 )] .
One must make some assumption in order to find a unique solution. The simplest assumption
is that Sd114 ,d114 = Sd114 ,s110 . This implies
Sd114 ,d114 =

1
[S(m(Σ∗ ) − mq (Σ), 107) − S(m(Σ) − mq (Σ), 107)] .
3

3. In the case of Ξ∗ − Ξ system the equation is
1
Ss110 ,s110 = − Sd113 ,s110 + [S(m(Ξ∗ ) − mq (Ξ), 107) − S(m(Ξ) − mq (Ξ), 107)] .
2
If one assumes Ss110 ,s110 = Sd113 ,s110 one obtains
Ss110 ,s110 =

1
[S(m(Ξ∗ ) − mq (Ξ), 107) − S(m(Ξ) − mq (Ξ), 107)] .
3
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The resulting values of the parameters characterizing baryonic spin-spin splittings are represented by the following equations.
Sd113 ,d113
7

Sd114 ,d114
6

Sd114 ,s110
6

Ss110 ,s110

Sd113 ,s110

8
3

8
3

(6.5.3)

The mass squared unit used is m20 and k = 107 defines the p-adic length scale used. The elements
of Si,j between different p-adic primes are assumed to be vanishing. The matrix elements are quite
near to each other which raises the hope that the model indeed makes sense.
Color Coulombic binding conformal weights are given by the expression sc = −5+|∆s(B1/2 , spin−
spin)|. The weights are represented by the following equations.
baryon N
1
sc
4

Σ
− 12

Ξ
−3
(6.5.3)

Some remarks are in order.
1. A good sign is that the values of sc are small as compared to the value of sCS = 18 in all
baryons so that only a small correction is in question.
2. The magnitude of sc increases with the mass of baryon which does not conform with the
expectations raised by ordinary QCD evolution. Could this mean that asymptotic freedom
means that the color interaction between quarks occurs increasingly via super-symplectic
gluons? For N − ∆ system the actual value of sc should vanish.
3. One might worry about the fact the color binding conformal weights are not integral valued.
The total conformal weights determining the mass squared are however integers.
Spin-spin interaction conformal weights for mesons
The values of mesonic interaction strengths Si,j can in principle deduced from the observed mass
splittings. The following equations summarize the spin-spin splitting pattern for mesons in a form
of table.
meson
π
ρ
η
ω
K ± , K 0 (CP = 1)
K 0 (CP = −1)
K ∗,± , K ∗,0 (CP = 1)
K ∗,0 (CP = −1)
η0
Φ
ηc
Ψ
D± , D0 (CP = 1)
D0 (CP = −1)
D∗,± , D∗0 (CP = 1)
D∗0 (CP = −1)

∆sspin
− 34 Sd,d
1
4 Sd,d
− 34 Sd,d
1
4 Sd,d
− 34 Sd,s
− 34 Sd,s
1
4 Sd,s
1
4 Sd,s
− 34 Ss,s
1
4 Ss,s
− 34 Sc,c
1
4 Sc,c
− 34 Sd,c
− 34 Sd,c
1
4 Sd,c
1
4 Sd,c
(6.5.3)

Consider the spin-spin interaction for mesons.
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1. For ρ − π system one has
Sd113 ,d113 = s(m(ρ) − mq (π)) .
Using s(ρ) = 14 and s(π) = 0 gives S(d113 , d113 ) = 13.
2. ω − η system one obtains
Sq109 ,q109 = S(m(ω) − mq (η), 107)
3. K ? − K-splitting gives Sd114 ,s109 = S(m(K ∗ ) − mq (K), 107).
4. Φ − η 0 splitting gives Sq107 ,q107 = S(m(Φ) − mq (η 0 ), 107).
5. D∗ − D mass splitting gives Sd113 ,c105 = S(m(D∗ ) − mq (D), 107).
6. Ψ − ηc mass difference gives Sc104 ,c104 = s(m(Ψ) − mq (ηc ), 107).
The results for the spin-spin interaction strengths Sij are summarized in the table below.
q109 refers to u, d, and s quarks.

Sd113 ,d113
7

Sq109 ,q109
1

Sq107 ,q107
0

Sd114 ,s109
3

Sd113 ,c105
2

Sc104 ,c104
0
(6.5.3)

Note that interaction strengths tend to be weaker for mesons than for baryons. For scaled up
quarks the value of interaction strength tends to decrease and is smaller for non-diagonal than
diagonal interactions. Since the values of k(qi ) maximize the quark contribution to hadron masses,
the interaction strength produce a satisfactory mass fit for hadrons with errors of not larger than
about five cent.
The color Coulombic binding conformal weights for meson states are given by the following
equations.

meson
sc (I)
sc (II)

π
+1/4
1/4

K
−4 − 1/4
3/4

η
−6
1

η0
−3 − 1/4
1 + 3/4

D
−4 − 1/2
1/2

ψ
−5
0
(6.5.3)

For option I g = 1 boson is present in all mesons. The magnitude of sc increases with the mass of
the meson and more or less compensates sCS = 5. This forces to consider the possibility that only
pion contains the super-symplectic boson compensating the large and negative spin-spin interaction
conformal weight making the state tachyon otherwise. The alternative possibility is that positive
color Coulomb energy due to sea gluons does this. For option II sc is relatively small and positive
for this option.

6.5.7

Summary About The Predictions For Hadron Masses

The following tables summarize the predictions for baryon masses following from the proposed
model with optimal choices of the integers k(q) characterizing the mass scales of quarks and
requiring that the predicted isospin splittings are of same order than the observed splittings. This
condition is non-trivial: for instance, in case of B meson the smallness of splitting forces the
condition k(b) = k(d) = k(u) = 104 so that mass squared is additive and the large contribution of
b quark minimizes the isospin splitting.
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M eson
π0
π+
ρ0
ρ+
K0
K+
K 0∗
K +∗
η
ω0
η0
Φ
ηc
D0
D+
D∗0
D∗+
F
Υ
B

quarks
d113 , u113
d113 , u113
d113 , u113
d113 , u113
d114 , s109
u114 , s109
d114 , s109
u114 , s109
u109 , d109 , s109
u109 , d109 , s109
u107 , d107 , s107 , c107
u107 , d107 , s107 , c107
c104
c105 , u113
c105 , d113
c105 , u114
c105 , d114
c105 , s(106)
b103
b104 , d104 , u104

mpr (M )/M eV
140.0
140.0
756
756
496
486
896
892
522
817
1144
1144
3098
1642
1655
1971
1985
1954
10814
5909

mexp /M eV
135.0
139.6
772
770
498
494
900
891
549
783
958
1019
2980
1865
1870
2007
2010
2021
9460
5270

Table 6.8: The prediction of meson masses. The model assumes the maximal value of CP2 mass
allowed by η 0 mass and the condition Ye = 0 favored by top quark mass.
Meson masses assuming that all pseudo-scalars are Goldstone bosons
In the case of meson masses the predictions for masses are not so good as for baryons. Errors are
at worst about 5 per cent. For non-diagonal mesons the predicted masses are smaller than actual
masses and in the case of kaons excellent. Also the prediction of pion mass is good but about 5
per cent too large. In the case of diagonal mesons ordinary color interactions could reduce the
predicted masses in case that they are larger than actual ones.
Meson masses assuming that only pion and kaon are Goldstone bosons
The Golstone boson interpretation does not seem completely satisfactory. In order to make progress
one can check whether the masses associated with super-symplectic bosons could serve as basic
units for pseudo-scalar and vector boson masses. A more general fit would be based on the use of
fictive boson B107 with mass m107 as a basic unit in k = 107 contribution to the mass. Table ??
gives very accurate formulas for the meson masses in terms of the scale m107 and quark contribution
to the masses.
Table Table ?? demonstrates following.
1. For mesons heavier than kaons, the masses can be expressed effective sums of masses for
quarks and many-particle state formed by super-symplectic bosons allowed by the topological
mixing of U type quarks. For lighter mesons it is not possible to express the masses in terms
of the conformal weights of quarks and super-symplectic gluons. This suggests that one
must introduce positive color Coulombic conformal weight as the analog of positive Coulomb
energy. The simplest assumption is that this conformal weight compensates for the colormagnetic spin-spin splitting in the case pf pseudo-scalars and to the Goldstone boson option.
This option indeed looks more reasonable.
2. For π − ρ resp. K − K ∗ systems the masses can be expressed using effective 7B107 state
state resp. 3B107 state. Second order contribution to the conformal weight from the super-
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M eson
π0
π+
ρ0
ρ+
K0
K+
K 0∗
K +∗
η
ω0
η0
Φ
ηc
Ψ
D0
D+
D∗0
D∗+
F
Υ
B±
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quarks
d113 , u113
d113 , u113
7B107 + d113 , u113
7B107 + d113 , u113
d114 , s109
u114 , s109
3B107 + d114 , s109
3B107 + u114 , s109
BSC,1 + u118 , d118 , s118
2BSC,1 + u118 , d118 , s118
2BSC,1 + BSC,2 + q118
2BSC,1 + BSC,2 + q118
2BSC,1 + c105
3BSC,1 + c105
2BSC,1 + c106 , u118
2BSC,1 + c106 , d118
3BSC,1 + c106 , u118
3BSC,1 + c106 , d118
3BSC,2 + c105 , s(113)
BSC,3 + b104
3BSC,2 + b105 , d105 , u105

mpr (M )/M eV
140.0
140.0
758
758
496
486
901
891
548
803
959
959
2929
3098
1853
1850
2019
2016
2010
9441
5169

mexp /M eV
135.0
139.6
772
770
498
494
900
891
549
783
958
1019
2980
3100
1865
1870
2007
2010
2021
9460
5270

Table 6.9: Table demonstrates that scalar and vector meson masses can be effectively regarded
as expressible in terms of quark contribution and contribution coming from many particle states of
super-symplectic bosons BSC,k , k = 1, 2, 3, with conformal weights (5, 6, 58) associated also with
U type quarks. B107 denotes effective super-symplectic boson with conformal weight 1 and mass
m107 = 233.6 MeV. Ye = 0 favored by top quark mass is assumed.
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symplectic color interaction can explain the too small mass of ρ and too large mass of π if it
interferes with the corresponding quark mass contribution.
3. For pseudo-scalars heavier than kaon the mass of the super-symplectic meson is not completely compensated by spin-spin splitting for the pseudo-scalar state so that Goldstone boson interpretation does not make sense anymore. In the case of heavy mesons the predicted
masses of pseudo-scalars are slightly below the actual mass.
4. The predicted masses are not larger than actual masses (ω0 is the troublemaker) if one
assumes 2.5 per cent reduction of CP2 mass scale for which top quark mass is at the lower
bound of the allowed mass range.
5. Color magnetic spin-spin splitting parameters can be deduced from the differences of supersymplectic conformal weights for pseudo-scalar and spin one boson. There is however no
absolute need for this perturbative construct.
6. One can consider the possibility that the super-symplectic boson content is actual and correlates with the spin of quark-antiquark system for mesons heavier than kaons. The point
would be that the representability in terms of super-symplectic bosons would make the model
for the color magnetic spin-spin splittings highly predictive. This interpretation makes sense
in the case of π − ρ and K − K ∗ systems only if one introduces negative color Coulombic
conformal weight sc . For heavier mesons only this contribution would be second order in p
which is more or less consistent with the view about color coupling evolution. π − ρ would
correspond to B1 (s = 5) and 2B2 (s = 12) ground states with color Coulombic conformal
weight sc = −12. K − K ∗ would correspond to 2B2 (s = 12) and 3B1 with sc = −12. The
presence of ground state bosons saves π and K from becoming tachyons.
Whatever the correct physical interpretation of the mass formulas represented by Table ??
is, it is clear that m107 defines a fundamental mass scale also for meson systems.
Baryon masses
One can ask whether the representability of spin-spin splitting in terms of super-symplectic conformal boson content is possible also in the case of baryons so that perturbative formulas altogether
would not be necessary. The physical interpretation would be that the total spin of baryonic quarks
correlates with the content of super-symplectic bosons. The existence of this kind of representation
would be one step towards understanding of also spin-spin splitting from first principles.
This is indeed the case if one accepts negative color Coulombic conformal weight sc = −4.
What is disturbing is that the sign of the corresponding parameter is positive for mesons and
compensates color magnetic spin-spin splitting for pseudo-scalars (for Goldstone option). Spin 1/2
ground states would correspond to 3B1 with conformal weight s = 15, one B1 for each valence
quark. Spin 3/2 states would correspond to 5B1 with s = 25 in the case of ∆, to 2B1 + B2 in the
case of Σ∗ with s = 23, and to B1 + 3B2 with s = 24 in case of Ξ∗ .
From Table 6.10 for the predicted baryon masses one finds that the predicted masses are
slightly below the experimental masses for all baryons except for some baryons in N − ∆ multiplet
and for Ω. The reduction of the CP2 mass scale by a factor of order per cent consistent with what
is known about top quark mass cures this problem (also ordinary color interactions could take of
the problem).
In principle the quark contribution to the hadron mass is measurable. Suppose that color
binding conformal weight can be assigned to the color interaction in super-symplectic degrees of
freedom alone. Above the “ionization” energy, which corresponds to the contribution of quarks
to the mass of hadron, valence quark space-time sheet can separate from the hadronic space-time
sheet in the collisions of hadrons. This threshold might be visible in the collision cross sections for
say nucleon-nucleon collisions. For nucleons this energy corresponds to 170 MeV.

6.5.8

Some Critical Comments

The number theoretical model for quark masses and topological mixing matrices and CKM matrix
as well as the simple model for hadron masses give strong support for the belief that the general
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Baryon
p
n
∆++
∆+
∆0
∆−
Λ
Σ+
Σ0
Σ−
Σ∗+
Ξ0
Ξ−
Ξ∗0
Ξ∗−
Ω−
Λc
Λb
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quarks
3B1 + u113 , d113
3B1 + u113 , d113
5B1 + u113
5B1 + u113 , d113
5B1 + u113 , d113
5B1 + d113
3B1 + u114 , d114 , s111
3B1 + u114 , s110
3B1 + u114 , d113 , s110
3B1 + d114 , s110
2B1 + 2B2 + u114 , s110
2B1 + 2B2 + u113 , s110 , s111
3B1 + d113 , s110
B1 + 3B2 + u113 , s110
B1 + 3B2 + d113 , s110
3B1 + s108 , s111
3B1 + d110 , u110 , c106
3B1 + d108 , u108 , b105

mpr (B)/M eV
942.3
949.8
1230
1238
1245
1253
1090
1165
1171
1178
1381
1301
1288
1531
1505
1667
2261
5390

mexp /M eV
938.3
939.6
1231
1235
1237
≤ 1238
1116
1189
1192
1197
1385
1315
1321
1532
1535
1672
2282
5425

Table 6.10: The predictions for baryon masses assuming Ye = 0. One can represent color
magnetic spin-spin splittings by assuming different super-symplectic boson content for spin 1/2
and spin 3/2 states. The number of super-symplectic bosons need not be however different for
them.
vision is correct. One must bear in mind that the scenario need not be final so that the basic
objections deserve an explicit articulation.
Is the canonical identification the only manner to map mass squared values to their
real counterparts
In p-adic thermodynamics p-adic particle mass squared is mapped to its real counterpart by the
canonical identification. If the O(p) contribution corresponds to non-trivial rational number, the
real mass is of order CP2 mass. This allows to eliminate a large number of exotics. In particular, it
implies that the modular contribution to the mass squared must be of form np rather than (r/s)p.
This assumption is absolutely crucial in the model of topological mixing matrices and CKM matrix.
One can however question the use of the standard form of the canonical identification to
map p-adic mass squared to its real counterpart. The requirement that p-adic and real S-matrix
elements (in particular coupling constants) are related in a realistic manner, forces a modification
of the canonical identification. Instead of a direct identification of real and p-adic rationals, the
p-adic rationals in Rp are mapped to real rationals (or vice versa) using a variant
canonical
P of the
P
identification IR→Rp in which the expansion ofPrational P
number q = r/s =
rn pn / sn pn is
replaced with the rational number q1 = r1 /s1 =
rn p−n / sn p−n interpreted as a p-adic number:

q

=

P
P
−n
rn pn
r
I(r)
n rn p
P
= Pn
.
→
q
=
=
1
n
−n
s
s
p
s
p
I(s)
n
n
m
m

(6.5.4)

The nice feature of this variant of the canonical identification is that it respects quantitative
behavior of amplitudes, respects symmetries, and maps unitary matrices to unitary matrices if the
matrix elements correspond to rationals (or generalized rationals in algebraic extension of rationals)
if the p-adic integers involved are smaller than p. At the limit of infinitely large p this is always
satisfied.
Quite generally, the thermodynamical contribution to the particle mass squared is in the
lowest p-adic order of form rp/s, where r is the number of excitations with conformal weight 1
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and s the number of massless excitations with vanishing conformal weight. The real counterpart of
mass squared for the ordinary canonical identification is of order CP2 mass by r/s = R + r1 p + ...
with R < p near to p. Hence the states for which massless state is degenerate become ultra heavy
if r is not divisible by s. For the new variant of canonical identification these states would be light.
Even worse, the new form does not require the modular contribution to the p-adic mass
squared to be of form np. Some other justification for this assumption would be needed. The first
guess is that the conditions on mass squared plus probability conservation might not be consistent
with unitarity unless the modular contribution to the mass squared remains integer valued in the
mixing (note that all integer values are not possible). Direct numerical experimentation however
shows that that this is not the case.
The predicted integer valued contributions to the mass squared are minimal in the case of u
and d quarks and very nearly maximal in the case t and b quarks. This suggests a possible way out
of the difficulty. Perhaps the rational valued p-adic mass squared of u and d quarks are minimal
and those of b and t quarks maximal or nearly maximal. This might also allow to improve the
prediction for the CKM matrix.
The objection against the use of the new variant of canonical identification is that the
predictions of p-adic thermodynamics for mass squared are not rational numbers but infinite power
series. p-Adic thermodynamics itself however defines a unique representation of probabilities as
ratios of generalized Boltzmann weights and partition function and thus the variant of canonical
identification might indeed generalize. If this representation generalizes to the sum of modular
and Virasoro contributions, then the new form of canonical identification becomes very attractive.
Also an elegant model for the masses of intermediate gauge bosons results if O(p) contribution to
mass squared is allowed to be a rational number.
Uncertainties related to the CP2 length scale
The uncertainties related to the CP2 length scale mean that one cannot take the detailed model
for hadron masses too literally unless one takes the recent value of top quark mass at face value
and requiring (Ye = 0, Yt = 1) in rather high accuracy. This constraint allows at most 2.5 per cent
reduction of the fundamental mass scale and baryonic masses suggest a 1 per cent reduction. The
accurate knowledge of top quark mass is therefore of fundamental importance from the point of
view of TGD.

Part II

NEW PHYSICS PREDICTED
BY TGD
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Chapter 7

Higgs or Something Else?
7.1

Introduction

The question whether TGD predicts Higgs or not has been one of the longstanding issues of TGD.
For 10 years ago I would not have hesitated to tell that TGD does not predict Higgs and had good
looking arguments for my claim. During years my views have been alternating between Higgs and
no-Higgs option. In the light of after wisdom the basic mistake has been the conscious attempt
to localize precisely the location of the problem and suggest a minimal modification of standard
theory picture to solve it.
Now the situation is settled experimentally: Higgs is there. It is however somewhat too
light so that Higgs mechanism is not stable against radiative corrections. SUSY cannot take care
of this problem since LHC demonstrated that SUSY mass scale is too high. One has the problem
known as loss of “naturalness”. Hence Higgs is not yet a fully written page in the history of
physics. Furthermore, the experiments demonstrate the existence of Higgs, not the reality of Higgs
mechanism. Higgs mechanism in fermionic sector is indeed an ugly duckling: the dimensionless
couplings of fermions to Higgs vary in huge range: 12 orders of magnitude between neutrinos and
top quark.
This is what motivates to write a separate chapter about Higgs in TGD framework. Originally the idea was to represent various approaches to Higgs in TGD framework. I decided however
to save reader from the sad story and try to tell about the recent situation. I am however unable
to continue before I list my worst sins during last years.
1. I have considered the identification of Higgs candidate as pion (or perhaps sigma) of M89
hadron physics predicted by p-adic length scale hypothesis. There are good reasons to expect
that this pion exists: the strange behavior of what was expected to be quark gluon plasma
both in heavy ion collisions and in collisions of protons with heavy ions supports the existence
of string like hadronic objects in TeV scale. M89 pion cannot be however identified with Higgs.
2. On basis of zero energy ontology (ZEO) I have proposed that there are no Higgs like states
and even their superpartners should be absent. All massless multiplets would generate small
mass and “eat” the generalized Higgs like states with smaller helicities than the defining
helicity. Even photon and graviton would have small mass. This idea does not however
have obvious realization based on gauge invariance: the gauge boson for which charge matrix
commutes with Higgs direction must remain massless unless p-adic thermodynamics provides
a small mass for it.
3. I have considered a hybrid of p-adic thermodynamics and Higgs mechanism in which Higgs
develops a coherent state and gives masses to gauge bosons whereas fermions would get the
dominating contribution to their mass from p-adic thermodynamics. Now this proposal looks
ugly.
To confess all, I have even discussed a proposal for a microscopic description of the tachyonic
term in Higgs potential based on the coupling of pseudo-scalar Higgs to instanton term.
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7.1.1

Can One Do Without Standard Model Higgs?

There are several arguments against standard model Higgs, which by definition provides masses
for both weak gauge bosons and fermions.
1. Essentially one assumption, the separate conservation of quark and lepton numbers realized
in terms of 8-D chiral invariance, excludes Higgs like states in scalar particles in 8-D sense
as also standard N = 1 SUSY: here Higgs likeness means that the couplings to fermions are
proportional to fermion masses.
If Higgs like states exist, they must be Minkowski scalars and vectors in CP2 tangent space or
CP2 spinors. Higgs doublets indeed have this interpretation. One motivation for assuming
absence of Higgs is that CP2 geometry does not allow any covariantly constant vector so
that no acceptable classical correlate for Higgs vacuum expectation exists. I have however
proposed that CP2 part for the trace of the second fundamental form serve as this correlate:
it cannot be however covariantly constant.
The minimal conclusion is that Higgs particle can quite well exist but that its vacuum expectation value as coviantly constant CP” vector cannot.
2. Zero energy ontology led much later to an argument against Higgs: all Higgs like particles
could be “eaten” by gauge bosons and even other particles with spin.
(a) The view about bosons as wormhole throats carrying fermionic quantum numbers are
the opposite light-like wormhole throats of the contact makes it very difficult to assume
that scalar particles would not exist. On the other hand, twistorial considerations force
to assume that the wormhole throats as basic building bricks of particles are massless
and that even virtual particles correspond to composites of on mass shell massless states
with both signs of energy allowed. Massless fermions with unphysical helicity can indeed
appear as virtual particles.
(b) This argument seems to force the conclusion that spin 1 particles are necessary massive.
Higgs like wormhole throats can be however massless since the helicities of massless
fermion and anti-fermion are opposite so that the light-like momenta are parallel.
This inspired the crazy proposal that all Higgs like particles might be eaten by gauge
bosons (also photon would be massive). Even the super-partners of Higgs bosons would
experience the same fate.
(c) The assumption that photon “eats” neutral Higgs is not consistent with the picture
provided by gauge invariance: in unitary gauge weak bosons are massive and photon
remains massless since em charge matrix commutes with the direction of Higgs field
defined by its vacuum expectation value. In fact, in TGD framework CP2 geometry fixes
unique direction of Higgs field and thus unitary gauge so that vacuum expectation value
is not needed for this purpose. p-Adic thermodynamics could take care of massivation
of at least fermions. The massivation of gauge bosons requires something more [K19].
One should not however make too hasty conclusions: photon could get very small mass
from p-adic thermodynamics as also weak bosons: weak bosons get additional mass by
eating three components of Higgs like particle. In the case of photon one should however
understand where the third polarization comes from.
3. There are very general arguments requiring new physics at TeV scale. Also standard model
Higgs has its difficulties with radiative corrections and standard SUSY has been the candidate
for this new physics. The data from LHC however suggest that standard SUSY is not the
choice of Nature. TGD proposal has been new hadron physics obtained as scaled up variant
of standard hadron physics. The pion of this hadron physics could yield decay signatures
suggesting interpretation as Higgs like state. I have considered this option seriously but it is
excluded by experimental facts.

7.1.2

Why Higgs Like Particle Is Needed?

There are also several arguments in favor of Higgs like particle. These arguments do not however
require Higgs vacuum expectation value.

7.1. Introduction
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1. The W/Z mass ratio having group theoretic origin (Higgs should transform as 2 + 2 under
U (2)) and predicted correctly by Higgs mechanism is a strong argument in favor that gauge
boson massivation can be understood in terms of Higgs mechanism. Higgs would provide the
third polarization states of gauge bosons becoming manifest in unitary gauge: this however
requires only gauge invariance and some condition defining the unitary gauge. In standard
model Higgs vacuum expectation defines the unitary gauge. In TGD framework CP2 geometry takes care of this so that Higgs vacuum expectation is not needed unless massivation
requires it.
2. In TGD framework the masses of fermions are predicted with amazing accuracy by p-adic
thermodynamics. It however fails to provide elegant explanation for W/Z mass ratio [K19]:
it seems that the contribution of p-adic thermodynamics to gauge boson masses corresponds
to same p-adic temperature as for photon and is therefore very small due to the lower p-adic
temperature quantized as T = 1/n (for fermions one has T = 1). Therefore one can consider
the possibility that Higgs like state gives weak bosons their masses. This kind of hybrid
model looks ugly.
3. A more elegant option is based on the realization that elementary particles correspond to
pairs of wormhole contacts connected by strings assignable to 2-D string world sheet at
which fermionic modes are localized by the requirement that the modes are eigenstates of em
charge. This suggests that there is an additional stringy contribution to the masses of the
particles and that for weak bosons this contribution dominates over the contribution from
p-adic thermodynamics. The contribution could be present also for fermions but would be
small for leptons. In hadrons the contribution would dominate over quark contributions and
is usually identified as gluonic contribution.
The stringy contribution to gauge boson mass squared could be expressed in terms of formula
involving string tension just as the contribution from p-adic thermodynamics in degrees of
freedom assignable to wormhole contacts. The proper mathematical framework for expressing
this contribution could be Yangian symmetry expanding super-conformal symmetries and
involving two conformal weights instead of one [K19].
The conclusion is that Higgs seems to be needed but that the vacuum expectation of Higgs
is not encouraged by the propoerties of CP2 geometry. Only the neutral Higgs particles having
representation completely analogous to that for gauge bosons and fermions would appear in the
spectrum in unitary gauge. The fermion content of Higgs is determined from the condition that it
forms SU (2)L doublet and SU (2)R singlet.

7.1.3

The Recent Situation

The existence of Higgs like particle is now established. Often this is taken as proof for particle
massivation based on Higgs mechanism. There are however two very disturbing findings. The mass
of Higgs like particle is somewhat too small so that radiative corrections to the mass of the Higgs
instabilize the situation and fine tuning is required to reproduce experimental mass. The original
hope was N = 1 supersymmetry would help by cancelling the radiative corrections at high energies
but on basis of observations made at LHC the mass scale of SUSY particles seems to be too high
to achieve this. Predictivity is lost.
There is also the difficulty than one can only reproduce the fermion masses rather than being
able to really predict them and the mass scales of fermion masses are widely different (consider
only top/neutrino mass ratio of order 1012 !). It seems that one cannot avoid the introduction of
the notion of mass scale depending on particle as a new degree of freedom.
Here TGD could finally add the missing piece of the puzzle. If one wants QFT description
then the only possibility is the description based on Higgs mechanism but this is only an effective
description - the best that one can have if one assumes point like particles. If one gives up
this dogma, p-adic thermodynamics making sense in zero energy ontology provides the natural
description and brings in the hierarchy of p-adic length scales via p-adic length scale hypothesis.
1. Higgs mechanism is replaced by p-adic thermodynamics. The couplings of Higgs to fermions
are by dimensional arguments very naturally gradient couplings with coupling constant, which
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has dimensions of inverse mass. This dimensional coupling is same for all fermions so that
naturalness is achieved.
2. Massivation of gauge bosons combines Higgs components and weak gauge bosons to massive particles in unitary gauge but leaves photon massless apart from small higher order
corrections form p-adic thermodynamics.
3. W/Z mass squared ratio - the source of troubles in p-adic thermodynamics based approach
- is expressible in terms of corresponding gauge coupling strengths gi2 , i = W, Z, if the string
tension of the flux tube connecting the two wormhole contacts assignable to gauge boson is
proportional to gi2 .
4. p-Adic thermodynamics relying on super-conformal invariance can describe only the contributions of wormhole contacts to the particle masses [K19]. The contributions from “long
strings” connecting different wormhole contacts cannot be calculated. To achieve this one
must generalize conformal invariance to Yangian invariance and define p-adic thermodynamics for the representations of Yangian.
The recent construction of WCW geometry [K51] indeed leads to a picture allowing interpretation in terms of Yangian extension of super-conformal invariance. The matrix elements
of WCW metrix are labelled by two conformal weights assignable to the light-like radial coordinate of light-cone boundary and to the coordinate along string defining the boundary of
string world sheet at which fermions are located from the condition that spinor modes have
a well-defined value of em charge.
It has recently become clear that the boundary conditions for the Kähler-Dirac equation lead
to the appearence of analog of classical Higgs field but this seems to prove space-time counterpart
for the stringy mass formula and could also allow to understand why the ground state conformal
weight of super-conformal representations is negative half integer plus something p-adically small
(tachyonicity).
This chapter is an attempt to summarize the recent view of related to the status of Higgs
in TGD. It is certainly not a summary of final results in a concise form and can still contain
contradictory arguments containing delicate errors. Also the recent situation is critical and the
experimental results from LHC will be decisive for future developments.
The appendix of the book gives a summary about basic concepts of TGD with illustrations.
Pdf representation of same files serving as a kind of glossary can be found at http://tgdtheory.
fi/tgdglossary.pdf [L22].

7.2

Background

In the following some general background related to particle massivation and Higgs is summarized.

7.2.1

Gut Paradigm

The leading thread in the story of particle physics is GUT paradigm, which emerged for four
decades ago. It however has its problems besides the fact that not a single thread of evidence has
accumulated to support it.
1. The basic idea of GUTs is to put all fermions and bosons to multiplets of some big gauge
group extending the standard model gauge group. This idea is applied also in the generalization of gauge theories to supersymmetric gauge theories and in superstring models. Scalar
fields developing vacuum expectations define a key element of this approach and give hopes
of obtaining a realistic mass spectrum. This rather simple minded approach would make
unification an easy job. There are however difficulties.
2. One of the basic implications is that baryon and lepton numbers are not conserved separately.
Proton decays would make this non-conservation manifest. These decays have not been
however observed, and one of the challenges of the GUT based models is fine-tuning of
couplings so that proton is long-lived enough. This raises the question whether one could
somehow understand the separate conservation of B and L from basic principles.

7.2. Background
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3. Putting all fermions in the same multiplet would suggest that the mass ratios for fermions
should be simple algebraic numbers not too far from unity. Fermion families have however
widely differing mass scales and the ratio of top quark mass scale to neutrino mass scale is
gigantic. This suggests that fermion generations and even different charge states of fermions
of single generation are characterized by inherent mass scales and do not belong to a multiplet
of a big gauge group. Standard model gauge group would be the fundamental gauge group and
the challenge would be to deduce it from some fundamental principles. In TGD framework
number theoretical vision indeed leads to an explanation for standard model gauge group
[K89].
It is also an empirical fact that fermion generations are identical copies of each other apart
from widely different masses. This suggests some non-group theoretic explanation for family
replication phenomenon. In TGD framework 2-D wormhole throats characterized topological
by their genus in orientable category are the fundamental particle like objects. This provides
a possible explanation for the family replication phenomenon. One must of course explain
why genera higher than g = 2 are heavy or absent from the spectrum, and one can indeed
develop an argument for this based on the fact that g ≤ 2 2-surfaces allow always Z2 as
conformal symmetries unlike g > 2 2-surfaces [K10].
4. Particle massivation is in GUT framework is described by coupling the fermions and gauge
bosons to a scalar field. The vacuum expectation values of the scalar fields define the mass
scales. In the case of standard model one has only single scalar/Higgs field and by choosing
the couplings to Higgs field to be proportional to fermion mass one can reproduce particle
masses. Only a reproduction is in question and theory is certainly not microscopic. Vacuum
expectation value (VEV) paradigm is central also for the inflationary cosmology - in fact
for the entire theoretical particle physics developed during last decades. The no-existence
of Higgs would force to return to the roots to the situation four decades ago. Therefore the
new spinless particle could be a turning point in the history of physics, and it is easy to
understand why the attitudes against or on behalf of Higgs interpretation are so passionate
and why facts tend to be forgotten.

7.2.2

How To Achieve Separate Conservation Of B And L?

A possible manner to understand the separate conservation of both B and L would be via the
identification of spinors as different chiralities of higher-dimensional spinors.
1. This would however require the identification of color quantum numbers as angular momentum like quantum numbers assignable to partial waves in internal space. This is indeed
the identification performed in TGD framework and H = M 4 × CP2 is the unique choice of
imbedding space coding for the standard model quantum numbers. In TGD approach quarks
and leptons correspond to different imbedding space chiralities, and this excludes Higgs as
a genuine imbedding space scalar since it would couple to quark-lepton pairs. To get the
couplings correctly Higgs should correspond to imbedding space vector having components
only the direction of CP2 but it is rather difficult to imagine how gauge bosons could “eat”
components of Higgs in this case. As a matter fact, Higgs components should be characterized by same charge matrices as weak bosons and would be a TGD counterpart for a mixture
of scalar and pseudo-scalar.
2. Chiral invariance is indeed essential for the renormalizability of 4-D gauge theories.The absence of 8-D scalars would allow also a generalization of chiral invariance from 4-D to 8-D
context implying separate conservation of B and L. This is the case even in string model
framework if separate conservation of B and L is assumed. It is worth of mentioning that the
separate conservation of B and L is not consistent with the standard N = 1 SUSY realized
in terms of Majorana spinors. This is not a catastrophe since LHC has already excluded
quite a considerable portion of parameter space for N = 1 SUSY. N = 2 SUSY however is
and is generated in TGD framework by right-handed neutrino and its antiparticle.
There are however quite intricate delicacies involved discussed in detail in [K40]. For instance, the modes of covariantly constant right-handed neutrino spinor of CP2 generates
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4-D generalization of super-conformal symmetry as modes de-localized into entire space-time
surfaces whereas other modes are localized to 2-D surfaces and generate badly broken SUSY
with very large value of N . An open question is whether the νR covariantly constant also in
M 4 degrees of freedom could generate N = 1 SUSY analogous to the standard SUSY. In any
case, TGD seems to be inconsistent with both scalar VEV paradigm and standard N = 1
SUSY.
The recent work with WCW geometry and spinors structure (definition of gamma matrices) suggests strongly that super-conformal symmetries generalizes to their Yangian variants
meaning that one has two conformal weights and multi-locality. Second integer corresponds
to the the integer assignable to strings connecting wormhole contacts.
3. p-Adic physics and p-adic length scale hypothesis allow to understand the widely different
mass scales of fermions and various gauge bosons since p-adic prime and the primary p-adic
length scale defined by it become the characterizers of elementary particle. Also the secondary p-adic length and time scales are important: for electron secondary p-adic time scale
is.1 seconds and quite intriguingly the fundamental time scale of biology. p-Adic thermodynamics provides the microscopic theory of particle massivation leading to highly successful
predictions not only for particle mass scale ratios but also for the particle masses. p-Adic
primes near powers of two - in particular Mersenne primes - pop up naturally and define positive integer characterizing given particle. Number theory becomes the tool of understanding
the mystery number 1038 defined by the ratio of Planck mass and proton mass (this number
is essentially the ratio of CP2 mass to electron mass) [K19].
In TGD framework Higgs like states could provide gauge bosons with longitudinal polarizations. They are not needed for massivation except in the case of gauge bosons. Higgs like states
are certainly possible in TGD framework, and if one does not accept them one must invent a good
explanation for their absence.

7.2.3

Particle Massivation From P-Adic Thermodynamics

p-Adic thermodynamics defines a core element of p-adic mass calculations [K10, K19, K25]. pAdic thermodynamics is thermodynamics for the conformal scaling generator L0 in the tensor
product representation of super-conformal algebra and the masses are fixed one the p-adic prime
characterizing the particle is fixed. p-Adic length scale hypothesis p ' 2k , k integer, implies an
exponential sensitivity of the particle mass scale on k so that a fitting of particle masses is not
possible.
1. The first thing that one can get worried about relates to the extension of conformal sym4
metries. If the conformal symmetries for light-like surfaces and δM±
× CP2 generalize to
D = 4, how can one take seriously the results of p-adic mass calculations based on 2-D
conformal invariance? There is actually no reason to worry. The reduction of the conformal
invariance to 2-D one for the solutions of Kähler-Dirac equation takes care of this problem [K40] This however requires that the fermionic contributions assignable to string world
sheets and/or partonic 2-surfaces - Super- Kac-Moody contributions - dictate the elementary
particle masses. For hadrons also super-symplectic contributions would be present and would
give the dominating contribution to baryon masses.
The modes of right handed neutrino are de-localized to a 4-D region of space-time surface
and characterized by two integers. The absence of all standard model interactions suggests
that no thermalization takes place for them. These modes are de-localized either to a region
of Euclidian signature identifiable as 4-D line of generalized Feynman graph or to a region of
Minkowskian signature. Since Kähler-Dirac gamma matrices vanish identically for CP2 type
vacuum extremals, one can ask whether the 4-D neutrino modes are associated only with
Minkowskian regions. In this case the counterpart of N = 1 SUSY would assign spartner to
a many-particle state rather than to elementary particle. This could explain for why LHC
has not seen the analog of standard SUSY.
2. ZEO suggests that the wormhole throats carrying many-fermion states with parallel momenta are massless: this applies even to virtual wormhole throats. As a consequence, the
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twistor approach would work and the on mass shell kinematical constraints to the vertices
would allow the cancellation of UV divergences. The 2-D Kac-Moody generators assignable
to the boundaries of string world sheets would generate Yangian algebra [K91]. IR divergences would cancel because incoming and outgoing particles would be massive on mass shell
particles as states involving several wormhole throats. The p-adic thermal expectation value
is for the longitudinal M 2 momentum squared rather than for the four-momentum squared
(the definition of CD selects M 1 ⊂ M 2 ⊂ M 4 as also does number theoretic vision). Also
propagator would be determined by M 2 momentum. Lorentz invariance would be achieved
by averaging over the moduli for CD including also Lorentz boosts of CD.
3. In the original approach states with arbitrary large values of Ltot
0 were allowed as physical
states. Usually one would require that the generator Ltot
of
conformal
scaling annihilates the
0
states. In the calculations however mass squared was assumed to be proportional Ltot
0 apart
from vacuum contribution. This is a questionable assumption. ZEO suggests that total mass
squared vanishes and that one can decompose mass squared to a sum of longitudinal and
transversal parts. If one can do the same decomposition for the longitudinal and transverse
parts also for the Super Virasoro algebra, one can calculate longitudinal mass squared as a
p-adic thermal expectation of Ltr
0 in the transversal Super-Virasoro algebra and only states
with Ltot
=
0
would
contribute
and one would have conformal invariance in the standard
0
sense. The decomposition is indeed possible since longitudinal parts correspond to pure gauge
degrees of freedom.
Thermodynamics - or rather, its square root - would become part of quantum theory in ZEO.
M -matrix is indeed product of hermitian square root of density matrix multiplied by unitary
S-matrix and defines the entanglement coefficients between positive and negative energy parts
of zero energy state. Different M -matrices orthogonal to each other with respect to trace
become rows of the unitary U -matrix.
4. The crucial constraint is that the number of super-conformal tensor factors is N = 5: this
suggests that thermodynamics applied in Super-Kac-Moody degrees of freedom assignable
to string world sheets is enough if one is interested in the masses of fermions and gauge
bosons. Super-symplectic degrees of freedom can also contribute and determine the dominant
contribution to baryon masses. Should also this contribution obey p-adic thermodynamics in
the case when it is present? Or does the very fact that this contribution need not be present
mean that it is not thermal? The symplectic contribution should correspond to hadronic
p-adic length scale rather the much longer (!) p-adic length scale assignable to say u quark
(this paradoxical looking result can be understood in terms of uncertainty principle and the
assignment of quarks to the color magnetic body of hadron). Hadronic p-adic mass squared
and partonic p-adic mass squared cannot be summed since primes are different. If one accepts
the basic rules [K25], longitudinal energy and momentum are additive as indeed assumed in
perturbative QCD.
5. Calculations work if the vacuum expectation value of the mass squared is assumed to be
tachyonic. One could argue that the total mass squared has naturally tachyonic ground state
expectation since for massless extremals (MEs, topological light rays [K57] ) longitudinal
momentum is light-like and transversal momentum squared is necessary present and nonvanishing by the localization to topological light ray of finite thickness of order p-adic length
scale. Transversal degrees of freedom would be modeled with a particle in a box.
This is the general picture. One crucially important implication is that gauge conditions
p ·  = 0 in Lorentz gauge must be satisfied.
1. Suppose that gauge bosons can be approximated as composites of fermion and antifermion
characterized by polarization and total momentum. For massless gauge boson the fourmomenta could be taken to be parallel such that second fermion has negative energy. The
gauge conditions are separately satisfied by fermion and antifermion and one obtains two
polarization states. For massive gauge bosons one can go to rest system and finds that three
polarization states are possible since 3-momentum vanishes.
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2. Number theoretical considerations and also parton model have motivated the proposal that
only longitudinal M 2 momentum could appear in the propagators (recall that total mass
squared vanishes and cannot appear in the propagator if virtual particles are massless).
Therefore only M 2 momentum would appear in the gauge conditions: pL ·  = 0 holds true
and implies that also longitudinal polarization is allowed. Massivation is also unavoidable.
The first approximation for gauge boson state is as a wormhole contact containing fermion
and anti-fermion at 3-D light-like wormhole throats. One must have spin 1 but since fermion
and anti-fermion are massless they must have non-parallel 3-momenta in order to have parallel spins. For instance, they could have parallel and massive longitudinal momenta but
non-parallel transverse momenta. The longitudinal mass squared would be in general nonvanishing and hence mass squared as the average over moduli of CD involving also integration
over Lorentz boosts of CD.
Higgs could be identified in terms of spinless fermion antifermion pairs and gauge invariance
would allow to eliminate all but neutral components of Higgs.

7.2.4

The Conservation Of EM Charge In TGD Framework

An important aspect of the standard model Higgs mechanism is that it respects em charge leaving
photons massless. In standard model the conservation of em charge defined as isospin like quantum
number is non-trivial since the presence of classical gauge fields induces transitions between different
charge states of fermions. In second quantization this problem is circumvented by replacing classical
gauge fields with quantized ones. The so called unitary gauge defined by a gauge transformation
depending on Higgs fields allows to express the action in terms of physical (in general massive)
fields and makes charge conservation explicit.
The first thing to notice is that unitary gauge is coded CP2 geometry: the em neutral
direction for electroweak algebra identified as holonomy algebra of CP2 is uniquely fixed unlike in
standard model. This has logically trivial but physically far reaching implication: Higgs vacuum
expectation is not needed to define the electromagnetically neutral direction in electweak gauge
algebra.
This does not yet guarantee the conservation and well-definedness of em charge as a quantum
number characterizing modes of the induced spinor field. How the conservation of em charge is
obtained in TGD?
1. Doesn’t one have the same problem but as a much worse variant since classical long range
electro-weak gauge fields are unavoidable in TGD and there is no path integral but preferred
extremals? Could it make sense to speak about unitary gauge also in TGD framework?
Could one turn around this idea to derive classical Higgs from the possibly existing gauge
transformation to unitary gauge? The answer is negative. There is actually no need for the
unitary gauge.
As a matter fact, the conservation for em charge in spinorial sense leads to the earlier conjecture that the solutions of the Kähler-Dirac equations are localized at 2-D surfaces whose
ends define braid strands at space-like 3-surfaces at the ends of causal diamonds and at the
light-like 3-surfaces connecting them and defining lines for generalized Feynman diagrams.
This picture was earlier derived from the notion of finite measurement resolution implying
discretization at the level of partonic 2-surfaces and also from number theoretical vision suggesting that basic objects correspond to 2-D commutative and co-commutative identifiable
as sub-manifolds of 4-D associative and co-associated surfaces.
2. The point is that the Kähler form of CP2 is covariantly constant and one can identify covariantly constant em charge as a matrix of form Q = aI + bJkl Σkl : the coefficients a and B are
different for quarks and leptons (different chiralities of H-spinors). This matrix is covariantly
constant also with respect to the induced spinor structure and commutes with Dirac operator (be it the TGD counterpart of the ordinary massless Dirac operator or Kähler-Dirac
operator). Therefore one should be able to choose the modes of induced spinor field to have a
well-defined em charge at each point of space-time surface. The covariantly constant Kähler
form of CP2 is an important element in making possible the conservation of em charge and
derives from the supersymmetry generated by covariantly constant right-handed neutrino.
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It also allows to define identified electromagnetic charge as a preferred direction in gauge
algebra. This is just what is needed to define unitary gauge uniquely and in standard model
Higgs vacuum expectation is needed to achieve this. This is however not enough as it became
clear.
3. Rather unexpectedly, the challenge of understanding the charge conservation in the spinorial
sense led to a breakthrough in understanding of the modes of the Kähler-Dirac equation.
The condition for conservation leads to three separate analogs of Dirac equations and the two
additional ones are satisfied if em charged projections of the generalized energy momentum
currents defining components of modified gamma matrices vanish. If these components define
Beltrami fields expressible as products j = Ψ∇Φ the conditions can be satisfied for Ψ = 0.
Since Ψ is complex or hyper-complex, the conditions are satisfied for 2-dimensional surfaces
of space-time surfaces identifiable as string world sheets and partonic 2-surfaces. This picture
was earlier derived from various arguments. Em charge conservation does not there give rise
to a counterpart of unitary gauge but leads to a bridge between Kähler-Dirac equation and
general view about quantum TGD based on generalization of super-conformal invariance.
To sum up, higgsteria and all cold showers accompanying it has had quite powerful positive
impact in TGD framework. Consider only the improved understanding of em charge, solutions
of Kähler Dirac eqution and preferred extremals of Kähler action, of Higgs itself, and p-adic
thermodynamics, its limitations and possible generalization!

7.3

About The Microscopic Description Of Gauge Boson
Massivation

The conjectured QFT limit allows to estimate the quantitative predictions of the theory. This is
not however enough. One should identify the microscopic TGD counterparts for various aspects
of gauge boson massivation. There is also the question about the consistency of the gauge theory
limit with the ZEO inspired view about massivation. The basic challenge are obvious: one should
translate notions like Higgs vacuum expectation, massivation of gauge bosons, and finite range of
weak interactions to the language of wormhole throats, Kähler magnetic flux tubes, and string
world sheets. The proposal is that generalization of super-conformal symmetries to their Yangian
counterparts is needed to meet this challenges in mathematically satisfactory manner.

7.3.1

The Counterpart Of Higgs Vacuum Expectation In TGD

The development of the TGD view about Higgs involves several wrong tracks involving a lot of
useless calculation. All this could have been avoided with more precise definition of basic notions.
The following view has distilled through several failures and might be taken as starting point.
The basic challenge is to translate the QFT description of gauge boson massivation to
microscopic description.
1. One can say that gauge bosons “eat” the components of Higgs. In unitary gauge one gauge
rotates Higgs field to electromagnetically neutral direction defined by the vacuum expectation
value of Higgs. The rotation matrix codes for the degrees of freedom assignable to nonneutral part of Higgs and they are transferred to the longitudinal components of Higgs in
gauge transformation. This gives rise to the third polarization direction for gauge boson.
Photon remains massless because em charge commutes with Higgs.
2. The generation of vacuum expectation value has two functions: to make weak gauge bosons
massive and to define the electromagnetically neutral direction to which Higgs field is rotated
in the transition to the unitary gauge. In TGD framework only the latter function remains for
Higgs if p-adic thermodynamics takes care of massivation. The notion of induced gauge field
together with CP2 geometry uniquely defines the electromagnetically neutral direction so
that vacuum expectation is not needed. Of course, the essential element is gauge invariance
of the Higgs gauge boson couplings. In twistor Grassmann approach gauge invariance is
replaced with Yangian symmetry, which is excellent candidate also for basic symmetry of
TGD.
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3. The massivation of gauge bosons (all particles) involves two contributions. The contribution
from p-adic thermodynamics in CP2 scale (wormhole throat) and the stringy contribution in
weak scale more generally, in hadronic scale. The latter contribution cannot be calculated yet.
The generalization of p-adic thermodynamics to that for Yangian symmetry instead of mere
super-conformal symmetry is probably necessary to achieve this and the construction WCW
geometry and spinor structure strongly supports the interpretation in terms of Yangian.
One can look at the situation also at quantitative level.
1. W/Z mass ratio is extremely sensitive test for any model for massivation. In the recent case
this requires that string tension for weak gauge boson depends on boson and is proportional
to the appropriate gauge coupling strength depending on Weinberg angle. This is natural if
the contribution to mass squared can be regarded as perturbative.
2. Higgs mechanism is characterized by the parameter m20 defining the originally tachyonic mass
of Higgs, the dimensionless coupling constant λ defining quartic self-interaction of Higgs.
Higgs vacuum expectation is given by µ2 = m20 /λ, Higgs mass squared by m20 = µ2 λ, and
weak boson mass squared is proportional g 2 µ2 . In TGD framework λ takes the role of g 2 in
2
2
stringy picture and the string tensions of bosons are proportional to gw
, gZ
, λ respectively.
3. Whether λ in TGD framework actually corresponds to the quartic self-coupling of Higgs
or just to the numerical factor in Higgs string tension, is not clear. The problem of Higgs
mechanism is that the mass of observed Higgs is somewhat too low. This requires fine tuning
of the parameters of the theory and SUSY, which was hoped to come in rescue, did not solve
the problem. TGD approach promises to solve the problem.

7.3.2

Elementary Particles In ZEO

Let us first summarize what kind of picture ZEO suggests about elementary particles.
1. Kähler magnetically charged wormhole throats are the basic building bricks of elementary
particles. The lines of generalized Feynman diagrams are identified as the Euclidian regions
of space-time surface. The weak form of electric magnetic duality forces magnetic monopoles
and gives classical quantization of the Kähler electric charge. Wormhole throat is a carrier
of many-fermion state with parallel momenta and the fermionic oscillator algebra gives rise
to a badly broken large N SUSY [K66].
2. The first guess would be that elementary fermions correspond to wormhole throats with
unit fermion number and bosons to wormhole contacts carrying fermion and anti-fermion
at opposite throats. The magnetic charges of wormhole throats do not however allow this
option. The reason is that the field lines of Kähler magnetic monopole field must close. Both
in the case of fermions and bosons one must have a pair of wormhole contacts (see Fig.
http://tgdtheory.fi/appfigures/wormholecontact.jpg or Fig. ?? in the appendix of
this book) connected by flux tubes. The most general option is that net quantum numbers are
distributed amongst the four wormhole throats. A simpler option is that quantum numbers
are carried by the second wormhole: fermion quantum numbers would be carried by its
second throat and bosonic quantum numbers by fermion and anti-fermion at the opposite
throats. All elementary particles would therefore be accompanied by parallel flux tubes and
string world sheets.
3. A cautious proposal in its original form was that the throats of the other wormhole contact
could carry weak isospin represented in terms of neutrinos and neutralizing the weak isospin
of the fermion at second end. This would imply weak neutrality and weak confinement above
length scales longer than the length of the flux tube. This condition might be un-necessarily
strong.
The realization of the weak neutrality using pair of left handed neutrino and right handed
antineutrino or a conjugate of this state is possible if one allows right-handed neutrino to have
also unphysical helicity. The weak screening of a fermion at wormhole throat is possible if νR
is a constant spinor since in this case Dirac equation trivializes and allows both helicities as
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solutions. The new element from the solution of the Kähler-Dirac equation is that νR would
be interior mode de-localized either to the other wormhole contact or to the Minkowskian
flux tube. The state at the other end of the flux tube is spartner of left-handed neutrino.
It must be emphasized that weak confinement is just a proposal and looks somewhat complex:
Nature is perhaps not so complex at the basic level. To understand this better, one can think
about how M89 mesons having quark and antiquark at the ends of long flux tube returning
back along second space-time sheet could decay to ordinary quark and antiquark.

7.3.3

Virtual And Real Particles And Gauge Conditions In ZEO

ZEO and twistor Grassmann approach force to build a detailed view about real and virtual particles.
ZEO suggests also new approaches to gauge conditions in the attempts to build detailed connection
between QFT picture and that provided by TGD. The following is the most conservative one. Of
course, also this proposal must be taken with extreme cautiousness.
1. In ZEO all wormhole throats - also those associated with virtual particles - can be regarded
as massless. In twistor Grassmann approach [K91] this means that the fermionic propagators can be by residue integration transformed to their inverses which correspond to online
massless states but having an unphysical polarization so that the internal lines do not vanish
identically.
2. This picture inspired by twistorial considerations is consistent with the simplest picture about
√
Kähler-Dirac action. The boundary term for K-D action is g4 ΨΓnK−D Ψd3 x and due to the
localization of spinor modes to 2-D surfaces reduces to a term localized at the boundaries
of string world sheets. The normal component ΓnK−D of the Kähler-Dirac gamma matrices
defined by the canonical momentum currents of Kähler action should define the inverse of
massless fermionic propagator. If the action of this operator on the induced spinor mode at
stringy curves satisfies
√

g4 Γn Ψ = pk γk Ψ ,

this reduction is achieved. One can pose the condition g4 = constant as a coordinate condition on stringy curves at the boundaries of CD and the condition would correlate the spinor
modes at stringy curve with incoming quantum numbers. This is extremely powerful simplification giving hopes about calculable theory. The residue integral for virtual momenta
reduces the situation to integral over on mass shell momenta and only non-physical helicities
contribute in internal lines. This would generalize twistorial formulas to fermionic context.
One however ends up with an unexpected prediction which has bothered me for a long time.
Consider the representation of massless spin 1 gauge bosons as pairs as wormhole throat carrying
fermion and antifermion having net quantum numbers of the boson. Neglect the effects of the
second wormhole throat. The problem is that for on-mass shell massless fermion and antifermion
with physical helicities the boson has spin 0. Helicity 1 state would require that second fermion
has unphysical helicity. What does this mean?
1. Are all on mass shell gauge bosons - including photon - massive? Or is on mass shell massless
propagation impossible? Massivation is achieved if the fermion and antifermion have different
momentum directions: for instance opposite 3-momen but same sign of energy. Higher order
contributions in p-adic thermodynamics could make also photon massive. The 4-D worldlines of fermion and antifermion would not be however parallel, which does not conform with
the geometric optics based prejudices.
2. Or could on mass shell gauge bosons have opposite four-momenta so that the second gauge boson would have negative energy? In this manner one could have massless on mass shell states.
ZEO ontology certainly allows the identification massless gauge bosons as on mass shell states
with opposite directions of four-momenta. This would however require the weakening of the
hypothesis that all incoming (outgoing) fundamental fermions have positive (negative) energies to the assumption that only the incoming (outgoing) particles have positive (negative)
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energies. In the case of massless gauge boson the gauge condition p ·  = 0 would be satisfied
by the momenta of both fermion and antifermion. With opposite 3-momenta (massivation)
but same energy the condition ptot ·  = 0 is satisfied for three polarization since in cm system
ptot has only time component.
3. The problem is present also for internal lines. Since by residue argument only the unphysical fermion helicities contribute in internal lines, both fermion and antifermion must have
unphysical helicity. For the same sign of energy the wormhole throat would behave as scalar
particle. Therefore it seems that the energies must have different sign or momenta cannot
be strictly parallel. This is required also by the possibility of space-like momenta for virtual
bosons.

7.3.4

The Role Of String World Sheets And Magnetic Flux Tubes In
Massivation

What is the role of string world sheets and flux tubes in the massivation? At the fundamental level
one studies correlation functions for particles and finite correlation length means massivation.
1. String world sheets define as essential element in 4-D description. All particles are basically
bi-local objects: pairs of string at parallel space-time sheets extremely near to each other
and connected by wormhole contacts at ends. String world sheets are expected to represent
correlations between wormhole throats.
2. Correlation length for the propagator of the gauge boson characterizes its mass. Correlation
length can be estimated by calculating the correlation function. For bosons this reduces to the
calculation of fermionic correlations functions assignable to string world sheets connecting the
upper and lower boundaries of CD and having four external fermions at the ends of CD. The
perturbation theory reduces to functional integral over space-time sheets and deformation
of the space-time sheet inducing the deformation of the induced spinor field expressible as
convolution of the propagator associated with the Kähler-Dirac operator with vertex factor
defined by the deformation multiplying the spinor field. The external vertices are braid
ends at partonic 2-surfaces and internal vertices are in the interior of string world sheet.
Recall that the conjecture is that the restriction to the wormhole throat orbits implies the
reduction to diagrams involving only propagators connecting braid ends. The challenge is
to understand how the coherent state assigned to the Euclidian pion field induces the finite
correlation length in the case of gauge bosons other than photon.
3. The non-vanishing commutator of the gauge boson charge matrix with the vacuum expectation assigned to the Euclidian pion must play a key role. The study of the Kähler-Dirac
operator suggests that the braid
R strands contain the Abelianized variant of non-integrable
phase factor defined as exp(i Adx). If A is identified as string world sheet Hodge dual of
Kac-Moody charge the opposite edges of string world sheet with geometry of square given
contributions which compensate each other by conservation of Kac-Moody charge if A commutes with the operators building the coherent Higgs state. For photon this would be true.
For weak gauge bosons this would not be the case and this gives hopes about obtaining
destructive interference leading to a finite correlation length.
One can also consider try to build more concrete manners to understand the finite correlation
length.
1. p
Quantum classical correspondence suggests that string with length of order L ∼ ~/E, E =
p2 + m2 serves as a correlate for particle defined by a pair of wormhole contacts. For
massive particle wave length satisfies L ≤ ~/m. Here (p, m) must be replaced with (pL , mL )
if one takes the notion of longitudinal mass seriously. For photon standard option gives L = λ
or L = λL and photon can be a bi-local object connecting arbitrarily distant objects. For
the second option small longitudinal mass of photon gives an upper bound for the range of
the interaction. Also gluon would have longitudinal mass: this makes sense in QCD where
the decomposition M 4 = M 2 × E 2 is basic element of the theory.
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2. The magnetic flux tube associated with the particle carries magnetic energy. Magnetic energy
grows as the length of flux tube increases. If the flux is quantized magnetic field behaves
like 1/S, where S is the area of the cross section of the flux tube, the total magnetic energy
behaves like L/S. The dependence of S on L determines how the magnetic energy depends
on L. If the magnetic energy increases as function of L the probability of long flux tubes is
small and the particle cannot have large size and therefore mediates short range interactions.
For S ∝ Lα ∼ λα , α > √1, the magnetic energy behaves like λ−α+1 and the thickness of
the flux tube scales like λα . In case of photon one might expect this option to be true.
Note that for photon string world sheet one can argue that the natural choice of string is as
light-like string so that its length vanishes.
What kind of string world sheets are possible? One can imagine two options.
1. All strings could connect only the wormhole contacts defining a particle as a bi-local object
so that particle would be literally the geometric correlate for the interaction between two
objects. The notion of free particle would be figment of imagination. This would lead to
a rather stringy picture about gauge interactions. The gauge interaction between systems
S1 and S2 would mean the emission of gauge bosons as flux tubes with charge carrying end
at S1 and neutral end. Absorption of the gauge boson would mean that the neutral end of
boson and neutral end of charge particle fuse together line the lines of Feynman diagram at
3-vertex.
2. Second option allows also string world sheets connecting wormhole contacts of different particles so that there is no flux tube accompanying the string world sheet. In this case particles
would be independent entities interacting via string world sheets. In this case one could consider the possibility that photon corresponds to string world sheet (or actually parallel pair
of them) not accompanied by a magnetic flux tube and that this makes the photon massless
at least in excellent approximation.
The first option represents the ontological minimum.
Super-conformal symmetry involves two conformal weight like integers and these correspond
to the conformal weight assignable to the radial light-like coordinate appearing in the role of complex coordiante in super-symplectic Hamiltonians and to the spinorial conformal weight assignable
to the solutions of Kähler Dirac equation localized to string world sheets. These conformal weights
are independent quantum numbers unless one can use the light-like radial coordinate as string
coordinate, which is certainly not possible always. The latter conformal weight should correspond
to the stringy contribution to the masses of elementary particles and hadron like states. In fact, it
is difficult to distinguish between elementary particles and hadrons at the fundamental level since
both involve the stringy aspect.
The Yangian symmetry variant of conformal symmetry is highly suggestive and brings in
poly-locality with respect to partonic 2-surfaces. This integer would count the number of partonic
2-surfaces to which the generator acts and need not correspond to spinorial conformal weight as
one might think first. In any case, Yangian variant of p-adic termodynamics provides an attractive
approach concerning the mathematical realization of this vision.

7.3.5

Weak Regge Trajectories

The weak form of electric-magnetic duality suggests strongly the existence of weak Regge trajectories.
2
1. The most general mass squared formula with spin-orbit interaction term ML−S
L · S reads as

M2

2
= nM12 + M02 + ML−S
L · S , n = 0, 2, 4 or n = 1, 3, 5, ..., .

(7.3.1)

M12 corresponds to string tension and M02 corresponds to the thermodynamical mass squared
and possible other contributions. For a given trajectory even (odd) values of n have same
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parity and can correspond to excitations of same ground state. From ancient books written
about hadronic string model one vaguely recalls that one can have several trajectories (satellites) and if one has something called exchange degeneracy, the even and odd trajectories
define single line in M 2 − J plane. As already noticed TGD variant of Higgs mechanism
combines together n = 0 states and n = 1 states to form massive gauge bosons so that the
trajectories are not independent.
2. For fermions, possible Higgs, and pseudo-scalar Higgs and their super partners also p-adic
thermodynamical contributions are present. M02 must be non-vanishing also for gauge bosons
and be equal to the mass squared for the n = L = 1 spin singlet. By applying the formula
to h = ±1 states one obtains

M02

= M 2 (boson) .

(7.3.2)

The mass squared for transversal polarizations with (h, n, L) = (±1, n = L = 0, S = 1)
should be same as for the longitudinal polarization with (h = 0, n = L = 1, S = 1, J = 0)
state. This gives

2
M12 + M02 + ML−S
L·S

= M02 .

(7.3.3)

From L · S = [J(J + 1) − L(L + 1) − S(S + 1)] /2 = −2 for J = 0, L = S = 1 one has

2
ML−S

−

=

M12
.
2

(7.3.4)

Only the value of weak string tension M12 remains open.
3. If one applies this formula to arbitrary n = L one obtains total spins J = L + 1 and L − 1
from the tensor product. For J = L − 1 one obtains
M 2 = (2n + 1)M12 + M02 .
For J = L + 1 only M02 contribution remains so that one would have infinite degeneracy of
the lightest states. Therefore stringy mass formula must contain a non-linear term making
Regge trajectory curved. The simplest possible generalization which does not affect n=0 and
n=1 states is of from

M2

= n(n − 1)M22 + (n −

L·S
)M12 + M02 .
2

(7.3.5)

The challenge is to understand the ratio of W and Z0 masses, which is purely group theoretic
and provides a strong support for the massivation by Higgs mechanism.
1. The above formula and empirical facts require

M02 (W )
M02 (Z)

=

M 2 (W )
= cos2 (θW ) .
M 2 (Z)

(7.3.6)

in excellent approximation. Since this parameter measures the interaction energy of the
fermion and anti-fermion decomposing the gauge boson depending on the net quantum numbers of the pair, it would look very natural that one would have
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M02 (W )

=

2
2
2
2
2
gW
MSU
(2) , M0 (Z) = gZ MSU (2) .
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(7.3.7)

2
Here MSU
(2) would be the fundamental mass squared parameter for SU (2) gauge bosons.
p-Adic thermodynamics of course gives additional contribution which is vanishing or very
small for gauge bosons.

2. The required mass ratio would result in an excellent approximation if one assumes that the
mass scales associated with SU (2) and U (1) factors suffer a mixing completely analogous to
the mixing of U (1) gauge boson and neutral SU (2) gauge boson W3 leading to γ and Z0 . Also
Higgs, which consists of SU (2) triplet and singlet in TGD Universe, would very naturally
suffer similar mixing. Hence M0 (B) for gauge boson B would be analogous to the vacuum
expectation of corresponding mixed Higgs component. More precisely, one would have

M0 (W )

=

MSU (2) ,

M0 (Z)

=

cos(θW )MSU (2) + sin(θW )MU (1) ,

M0 (γ)

=

−sin(θW )MSU (2) + cos(θW )MU (1) .

(7.3.6)

The condition that photon mass is very small and corresponds to IR cutoff mass scale gives
M0 (γ) = cos(θW )MSU (2) , where  is very small number, and implies

MU (1)
M (W )
M (γ)
M (W )
M (Z)
M (W )

= tan(θW ) +  ,
=  × cos(θW ) ,
=

1 +  × sin(θW )cos(θW )
.
cos(θW )

(7.3.5)

There is a small deviation from the prediction of the standard model for W/Z mass ratio but
by the smallness of photon mass the deviation is so small that there is no hope of measuring
it. One can of course keep mind open for  = 0. The formulas allow also an interpretation
in terms of Higgs vacuum expectations as it must. The vacuum expectation would most
naturally correspond to interaction energy between the massless fermion and anti-fermion
with opposite 3-momenta at the throats of the wormhole contact and the challenge is to
show that the proposed formulas characterize this interaction energy. Since CP2 geometry
codes for standard model symmetries and their breaking, it woul not be surprising if this
would happen. One cannot exclude the possibility that p-adic thermodynamics contributes
to M02 (boson). For instance,  might characterize the p-adic thermal mass of photon.
If the mixing applies to the entire Regge trajectories, the above formulas would apply also
to weak string tensions, and also photons would belong to Regge trajectories containing high
spin excitations.
3. What one can one say about the value of the weak string tension M12 ? The naı̈ve order of
magnitude estimate is M12 ' m2W ' 104 GeV2 is by a factor 1/25 smaller than the direct
scaling up of the hadronic string tension about 1 GeV2 scaled up by a factor 218 . The above
argument however allows also the identification as the scaled up variant of hadronic string
tension in which case the higher states at weak Regge trajectories would not be easy to
discover since the mass scale defined by string tension would be 512 GeV to be compared
with the recent beam energy 7 TeV. Weak string tension need of course not be equal to the
scaled up hadronic string tension. Weak string tension - unlike its hadronic counterpartcould also depend on the electromagnetic charge and other characteristics of the particle.
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7.3.6

Low Mass Exotic Mesonic Structures As Evidence For Dark Scaled
Down Variants Of Weak Bosons?

During last years reports about low mass exotic mesonic structures have appeared. It is interesting
to combine these bits of data with the recent view about TGD analog of Higgs mechanism and
find whether new predictions become possible. The basic idea is to derive understanding of the
low mass exotic structures from LHC data by scaling and understanding of LHC data from data
about mesonic structures by scaling back.
1. The article Search for low-mass exotic mesonic structures: II. attempts to understand the experimental results by Taticheff and Tomasi-Gustafsson (see http://tinyurl.com/ybq323yy)
[C212] mentions evidence for exotic mesonic structures. The motivation came from the observation of a narrow range of dimuon masses in Σ+ → pP 0 , P 0 → µ− µ+ in the decays
of P 0 with mass of 214.3 ± .5 MeV: muon mass is 105.7 MeV giving 2mµ = 211.4 MeV.
Mesonlike exotic states with masses M = 62, 80, 100, 181, 198, 215, 227.5, and 235 MeV are
reported. This fine structure of states with mass difference 20-40 MeV between nearby states
is reported for also for some baryons.
2. The preprint Observation of the E(38) boson by Kh.U. Abraamyan et al (see http://
tinyurl.com/y7zer8dw) [C45, C46, C120] reports the observation of what they call E(38)
boson decaying to gamma pair observed in d(2.0 GeV/n)+C,d(3.0 GeV/n)+Cu and p(4.6
GeV)+C reactions in experiments carried in JINR Nuclotron.
If these results can be replicated they mean a revolution in nuclear and hadron physics. What
strongly suggests itself is a fine structure for ordinary hadron states in much smaller energy scale
than characterizing hadronic states. Unfortunately the main stream, in particular the theoreticians
interested in beyond standard model physics, regard the physics of strong interactions and weak
interactions as closed chapters of physics, and are not interested on results obtained in nuclear
collisions.
In TGD framework situation is different. The basic characteristic of TGD Universe is fractality. This predicts new physics in all scales although standard model symmetries are fundamental
unlike in GUTs and are reduced to number theory. p-Adic length scale hypothesis characterizes
the fractality.
1. In TGD Universe p-adic length scale hypothesis predicts the possibility of scaled versions
of both strong and weak interactions. The basic objection against new light bosons is that
the decay widths of weak bosons do not allow them. A possible manner to circumvent the
objection is that the new light states correspond to dark matter in the sense that the value
of Planck constant is not the standard one but its integer multiple [K65].
The assumption that only particles with the same value of Planck constant can appear in
the vertex, would explain why weak bosons do not decay directly to light dark particles.
One must however allow the transformation of gauge bosons to their dark counterparts. The
2-particle vertex is characterized by a coupling having dimensions of mass squared in the case
of bosons, and p-adic length scale hypothesis suggests that the primary p-adic mass scale
√
characterizes the parameter (the secondary p-adic mass scale is lower by factor 1/ p and
would give extremely small transformation rate).
2. Ordinary strong interactions correspond to Mersenne prime Mn , n = 2107 − 1, in the sense
that hadronic space-time sheets correspond to this p-adic prime. Light quarks correspond to
space-time sheets identifiable as color magnetic flux tubes, which are much larger than hadron
itself. M89 hadron physics has hadronic mass scale 512 times higher than ordinary hadron
physics and should be observed at LHC. There exist some pieces of evidence for the mesons of
this hadron physics but masked by the Higgsteria. The expectation is that Minkowskian M89
pion has mass around 140 GeV assigned to CDF bump (see http://tinyurl.com/yc98cau6)
[C65].
3. In the leptonic sector there is evidence for lepto-hadron physics for all charged leptons labelled
by Mersenne primes M127 , MG,113 (Gaussian Mersenne), and M107 [K92]. One can ask
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whether the above mentioned resonance P 0 decaying to µ− µ+ pair motivating the work
described in [C212] could correspond to pion of muon-hadron physics consisting of a pair of
color octet excitations of muon. Its production would presumably take place via production
of virtual gluon pair decaying to a pair of color octet muons.
Returning to the observations of [C212]: the reported meson-like exotic states seem to
be arranged along Regge trajectories but with string tension lower than that for the ordinary
Regge trajectories with string tension T = .9 GeV2 . String tension increases slowly with mass of
meson like state and has three values T /GeV 2 ∈ {1/390, 1/149.7, 1/32.5} in the piecewise linear fit
discussed in the article. The TGD inspired proposal is that IR Regge trajectories assignable to the
color magnetic flux tubes accompanying quarks are in question. For instance, in hadrons u and d
quarks - understood as constituent quarks - would have k = 113 quarks and string tension would
be by naı̈ve scaling by a factor 2107−113 = 1/64 lower: as a matter of fact, the largest value of
the string tension is twice this value. For current quark with mass scale around 5 MeV the string
tension would be by a factor of order 2107−121 = 2−16 lower.
Clearly, a lot of new physics is predicted and it begins to look that fractality - one of the key
predictions of TGD - might be realized both in the sense of hierarchy of Planck constants (scaled
variants with same mass) and p-adic length scale hypothesis (scaled variants with varying masses).
Both hierarchies would represent dark matter if one assumes that the values of Planck constant
and p-adic length scale are same in given vertex. The testing of predictions is not however expected
to be easy since one must understand how ordinary matter transforms to dark matter and vice
versa. Consider only the fact, that only recently the exotic meson like states have been observed
and modern nuclear physics regarded often as more or less trivial low energy phenomenology was
born born about 80 years ago when Chadwick discovered neutron.

7.3.7

Cautious Conclusions

The discussion of TGD counterpart of Higgs mechanism gives support for the following general
picture.
1. p-Adic thermodynamics for wormhole contacts contributes to the masses of all particles including photon and gluons: in these cases the contributions are however small. For fermions
they dominate. For weak bosons the contribution from string tension of string connecting
wormhole contacts as the correct group theoretical prediction for the W/Z mass ratio demonstrates. The mere spin 1 character for gauge bosons implies that they are massive in 4-D
sense unless massless fermion and anti-fermion have opposite signs of energy. Higgs provides
the longitudinal components of weak bosons by gauge invariance and CP2 geometry defines
unitary gauge so that Higgs vacuum expectation value is not needed. The non-existence of
covariantly constant CP2 vector field does not mean absence of Higgs like particle as believed
first but only the impossibility of Higgs vacuum expectation value.
The usual space-time SUSY associated with imbedding space in TGD framework is not
needed, and there are strong arguments suggesting that it is not present [?] For space-time
regarded as 4-surfaces one obtains 2-D super-conformal invariance for fermions localized
at 2-surfaces and for right-handed neutrino it extends to 4-D superconformal symmetry
generalizing ordinary SUSY to infinite-D symmetry.
2. The basic predictions to LHC are following. M89 hadron physics, whose pion was first
proposed to be identifiable as Higgs like particle, will be discovered. The findings from RHIC
and LHC concerning collisions of heavy ions and protons and heavy ions already provide
support for the existence of string like objects identifiable as mesons of M89 physics. Fermi
satellite has produced evidence for a particle with mass around 140 GeV and this particle
could correspond to the pion of M89 physics. This particle should be observed also at LHC
and CDF reported already earlier evidence for it. There has been also indications for other
mesons of M89 physics from LHC discussed in [K22].
3. Fermion and boson massivation by Higgs mechanism could emerge unavoidably as a theoretical artefact if one requires the existence of QFT limit leading unavoidably to a description in
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terms of Higgs mechanism. In the real microscopic theory p-adic thermodynamics for wormhole contacts and strings connecting them would describe fermion massivation, and might
describe even boson massivation in terms of long parts of flux tubes. Situation remains open
in this respect. Therefore the observation of decays of Higgs at expected rate to fermion
pairs cannot kill TGD based vision.
The new view about Higgs combined with the stringy vision about twistor Grassmannian
[K91] allows to see several conjectures related to ZEO in new light and also throw away some
conjectures such as the idea about restriction of virtual momenta to plane M 2 ⊂ M 4 .
1. The basic conjecture related to the perturbation theory is that wormhole throats are massless
on mass shell states in imbedding space sense: this would hold true also for virtual particles
and brings in mind what happens in twistor program. The recent progress [K40] in the construction of n-point functions leads to explicit general formulas for them expressing them in
terms of a functional integral over four-surfaces. The deformation of the space-time surface
fixes the deformation of basis for induced spinor fields and one obtains a perturbation theory in which correlation functions for imbedding space coordinates and fermionic propagator
defined by the inverse of the Kähler-Dirac operator appear as building bricks and the electroweak gauge coupling of the Kähler-Dirac operator define the basic vertex. This operator
is indeed 2-D for all other fermions than right-handed neutrino.
2. The functional integral gives some expressions for amplitudes which resemble twistor amplitudes in the sense that the vertices define polygons and external fermions are massless
although gauge bosons as their bound states are massive. This suggests a stringy generalization of twistor Grassmannian approach [K91]. The residue integral would replace 4-D
integrations of virtual fermion momenta to integrals over massless momenta. The outcome
would be non-vanishing for non-physical helicities of virtual fermion. Also the problem due to
the fact that fermionic Super Virasoro generator carries fermion number in TGD framework
disappears.
3. There are two conformal weights involved. The conformal weight associated with the light-like
4
and the spinorial conformal weight associated with the fermionic
radial coordinate of δM±
string connecting wormhole throats and throats of wormhole contact. Are these conformal
weights independent or not? For instance, could one use radial light-like coordinate as string
coordinate in the generic situation so that the conformal weights would not define independent
quantum numbers? This does not look feasible. The Yangian variant of conformal algebra
[A17] [B24, B19, B20] involves two integers. Second integer would naturally be the number
of partonic 2-surfaces acted by the generator characterizing the poly-locality of Yangian
generators, and it is not clear whether it has anything to do with the spinorial conformal
weight. One can of course consider also three integers! This would be in accordance with
the idea that the basic objects are 3-dimensional.
If the conjecture that Yangian invariance realized in terms of Grassmannians makes sense,
it could allow to deduce the outcome of the functional integral over four-surfaces and one
could hope that TGD can be transformed to a calculable theory. Also p-adic mass calculations should be formulated using p-adic thermodynamics assuming Yangian invariance and
enlargened conformal algebra.

7.4

Two Options For Higgs Like States In TGD Framework

HCP2012 (see http://tinyurl.com/btudusw) conference (Hadron Collider Physics Symposium)
at Kyoto will provide new data about Higgs candidate at next Wednesday. Resonaances (see
http://tinyurl.com/ybzdxxcy) has summarized the basic problem related to the interpretation
as standard model Higgs: two high yield of gamma pairs and too low yield of τ τ and and bb pairs.
It is of course possible that higher statistics changes the situation.
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Two Options Concerning The Interpretation Of Higgs Like Particle In TGD Framework

Theoretically the situation quite intricate. The basic starting point is that the original p-adic mass
calculations provided excellent predictions for fermion masses. For the gauge bosons the situation
was different: a natural prediction for the W/Z mass ratio in terms of Weinberg angle is the
fundamental prediction of Higgs mechanism and this prediction did not follow automatically from
the p-adic mass calculation in the original form. Classical Higgs field does not seem to have any
natural counterpart in the geometry of space-time surface (the trace of the second fundamental
form does not work since it vanishes for preferred extremals which are also minimal surfaces). This
raised the question whether there is any Higgs boson in TGD Universe and for some time I took
seriously the interpretation of the Higgs like state observed by LHC as a pion of M89 . To sum
up, the evolution of ideas about TGD counterpart of Higgs mechanism (see http://tinyurl.com/
yb8u9pbp) has been full of twists and turns. This summary is warmly recommended for a seriously
interested reader.
p-Adic mass calculations and the results from LHC leave two options under consideration.
1. Option I: Only fermions get the dominating contribution to their masses from p-adic thermodynamics and in the case of gauge bosons the dominating contribution is due to the standard
Higgs mechanism. p-Adic thermodynamics would contribute also to the boson masses, in
particular photon mass but the contribution would be extremely small and correspond to
p-adic temperature T = 1/n, n > 2. For this option only gauge bosons would have standard
model couplings to Higgs whereas fermionic couplings could be small. Of course, standard
model couplings proportional to fermion mass are also possible. One can criticize this option
because fermions and bosons are in an asymmetric position. The beautiful feature is that
one could get rid of the hierarchy problem due to the couplings of Higgs to heavy fermions.
This option is excluded by the recent data about Higgs candidate demonstrating that it
behaves in the predicted manner.
2. Option II: p-Adic mass calculations explain also the masses of gauge bosons and Higgs like
particle. If Higgs like state develops a coherent state describable in terms of vacuum expectation value as M 4 QFT limit, this expectation value is determined by the mass spectrum
determine by the p-adic mass calculations. The mass spectrum of particles determines Higgs
expectation and the couplings of Higgs rather than vice versa! For this option Weinberg angle
would be defined by the ratio of W and Z boson mass as cos2 (θW ) = m2W /m2Z and these
masses should be given by p-adic mass calculations. The fact that Higgs vacuum expectation
has no space-time counterpart as covariantly constant CP2 vector field supports the absence
of Higgs mechanism but allows Higgs like field providing longitudinal polarizations of weak
bosons.
The recent view about particles as Kähler magnetic loops carrying monopole flux is forced by
the assumption that the corresponding partonic 2-surfaces are Kähler magnetic monopoles
(implied by the weak form of electric-magnetic duality). The loop proceeds from wormhole
throat to another one, then traverses along wormhole contact to another space-time sheet and
returns back and eventually is transferred to the first sheet via wormhole contact. The mass
squared assignable to this flux loop could give the contribution usually assigned to Higgs
vacuum expectation. If this picture is correct, then the reduction of the W/Z mass ratio
to Weinberg angle might be much easier to understand. As a matter fact, I have proposed
that the flux loop gives rise to a stringy spectrum of states with string tension determined
by p-adic length scale associated with M89 .
This option is attractive because fermions and bosons are in an exactly same position. Hierarchy problem is possible problem of this approach: note however that the considerations
in the sequel imply that standard model action is predicted to be an effective action giving
only tree diagrams so that there are no radiative corrections at M 4 QFT limit.
The original interpretation of Higgs like state was oas M89 pion. The recent observations
from Fermi telescope (see http://tinyurl.com/hpeq4q3) suggest the existence of a boson with
mass 135 GeV. It would be a good candidate for M89 pion. One can test the hypothesis by scaling
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the mass of ordinary neutral pion, which corresponds to M107 . The scaling gives mass 69.11 GeV.
p-Adic length scale however allows also octaves of the minimum mass (they appear for lepto-pions)
and scaling by two gives mass equal to 138.22 GeV not too far from 135 GeV.
There is also second encouraging numerical co-incidence. It is probably not an accident
that Higgs vacuum expectation value corresponds to the minimum mass for p = M89 if the p-adic
counterpart of Higgs expectation squared is of order O(p) in other words one has µ2 /m2CP2 = p =
M89 .
My sincere hope is that the results of HCP2012 would allow to distinguish between these
two options.

7.4.2

Microscopic Description Of Gauge Bosons And Higgs Like And
Meson Like States

Under the pressures from LHC it has become gradually clear that the understanding of whether
TGD has M 4 QFT limit or not, and how this limit can be defined, is essential for the understanding
also the role of Higgs. This is basically an exercise in conceptual hygiene: one must make clear
what is QFT and what is TGD. In the following a first attempt to understand this limit is made.
I find it somewhat surprising that I am making this attempt only now but the understanding of
the proper role of the classical gauge potentials has been quite a challenge.
1. By bosonic emergence also gauge bosons correspond at microscopic level to fermion and
anti-fermion at opposite throats of wormhole contacts. Meson like states in turn correspond
to fermion and anti-fermion at the ends of a flux tube connecting throats of two different
wormhole contacts so that both Higgs, gauge bosons, and meson-like states are obtained
using similar construction recipe.
2. The popular statement “gauge bosons eat almost all Higgs components” makes sense at the
M 4 QFT limit and also in TGD proper: by gauge invariance just the transition to the unitary
gauge fixed uniquely by CP2 geometry effectively eliminates all but one of the components
of the Higgs like state and gauge bosons get the third polarization. Massivation could take
place by p-adic thermodynamics extended so that it describes also gauge boson massivation
by taking into account the stringy contributions to the mass. This favors option II.
3. If one believes that M 4 QFT is a good approximation to TGD at low energy limit then the
standard description of Higgs mechanism seems to be the only possibility: this just on purely
mathematical grounds. The interpretation would however be that the masses of the particles
determine Higgs vacuum expectation value and Higgs couplings rather than vice versa. This
would of course be nothing unheard in the history of physics: the emergence of a microscopic
theory - in the recent case p-adic thermodynamics - would force to change the direction of the
causal arrow in “Higgs makes particles massive” to that in “Higgs expectation is determined
by particle masses”. In particular, fermionic couplings would be gradient couplings and
dimensional coupling constant would be same for all fermions: a good news for a friend of
“naturalness”.
4. The existence of M 4 QFT limit is an intricate issue. In TGD Universe baryon and lepton
number correspond to different chiralities of H = M 4 × CP2 spinors, and this means that
Higgs like state cannot be H scalar (it would be lepto-quark in this case). Rather, Higgs
like state must be a vector in CP2 tangent space degrees of freedom. The decomposition of
Higgs like state to fermion antifermion pairs suggests the 2 + 2 decomposition of CP2 tangent
vector representing Higgs under SU (2)L . Complex structure of CP2 would be essential and
stanard CP2 complex coordinates would be analogous to Higgs in group theoretical sense.
Higgs like M 4 scalar carries fermion and anti-fermion at opposite throat of the wormhole
contact. In QFT context is easy to imagine that a coherent state having Higgs expectation
as M 4 QFT correlate is formed. What coherent statesfor wormholeo contacts means is not
at all clear. Most importantly, one cannot however have a covariantly constant vector field
transforming like CP2 coordinates so that Higgs vacuum expectation does not make sense at
the fundamental level. The coherent state could be a formal description for the underlying
stringy contribution to gauge boson masses.
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Trying To Understand The QFT Limit Of TGD

The counterparts of gauge potentials and Higgs field are not needed in the microscopic description
if p-adic thermodynamics gives the masses so that the gauge potentials and Higgs field should
emerge only at M 4 QFT limit. It is not even necessary to speak about Higgs and YM parts of the
action at the microscopic level. The functional integral defined by the vacuum function expressed
as exponent of Kähler action for preferred extremals to which couplings of microscopic expressions
of particles in terms of fermions coupled to the effective fields describing them at QFT limit should
define the effective action at QFT limit.
The basic recipe is simple.
1. Start from the vacuum functional which is exponent of Kähler action for preferred extremals
with Euclidian regions giving real exponent and Minkowskian regions imaginary exponent.
2. Add to this action terms which are bilinear in the microscopic expression for the particle
state and the corresponding effective field appearing in the effective action.
3. Perform the functional integration over WCW (“world of classical worlds” )and take vacuum
expectation value in fermionic degrees of freedom.
4. This gives an effective field theory in M 4 × CP2 . To get M 4 QFT integrate over CP2
degrees of freedom in the action. This dimensional reduction is similar to that occurring in
Kaluza-Klein theories.
The functional integration of WCW induces also integration of induced spinor fields which
apart from right-handed neutrino are restricted to the string world sheets. In principle induced
spinor fields could be non-vanishing also at partonic 2-surfaces but simple physical considerations
suggest that they are restricted to the intersection points of partonic 2-surfaces and string world
sheets defining the ends of braid strands. Therefore the effective spinor fields Ψef f would appear only at braid ends in the integration over WCW and one has good hopes of performing the
functional integral.
1. One can assign to the induced spinor fields Ψ imbedding space spinor fields Ψef f appearing in
the effectiveRaction. The dimensions of Ψ and Ψef f are 1/L3/2 . A dimensionally correct guess
√
is the term d2 x g2 Ψef f (P )D−1 Ψ + h.c, where Γα denotes the induced gamma matrices, P
denotes the end point of a braid strand at the wormhole throat, and D denotes the “ordinary”
massless Dirac operator Γα Dα for the induced gamma matrices. Propagator contributes
dimension L and is well-defined since Ψ is not annihilated by D but by the Kähler-Dirac
operator in which Kähler-Dirac gamma matrices defined by the Kähler-Dirac action appear.
Note that internal consistency does not allow the replacement of Kähler action with fourvolume. Integral over the second wormhole throat contributes dimension L2 . Therefore the
outcome is a dimensionless finite quantity, which reduces to the value of integrand at the
intersection of partonic 2-surface and string world sheet - that is at ends of braid strand
since induced spinors are localized at string world sheets unless right-handed neutrinos are in
question. The fact that induced spinor fields are proportional to a delta function restricting
them to string world sheets does not lead to problems since the Kähler-Dirac action itself
vanishes by modified Dirac equation.
2. Both Higgs and gauge bosons correspond to bi-local objects consisting of fermion and antifermion at opposite throats of wormhole contact and restricted to braid ends. The are
connected by the analog of non-integrable phase factor defined by classical gauge potentials.
These bilinear fermionic objects should correspond to Higgs and gauge potentials at QFT
limit. The two integrations over the partonic 2-surfaces contribute L2 both, whereas the
dimension of the quantity defining the gauge boson or Higgs like state is 1/L3 from the
dimensions of spinor fields and from the dimension of generalized polarization vector compensated by that of gamma matrices. Hence the dimensions of the bi-local quantities are L
for both gauge bosons and Higgs like particles. They must be coupled to their effective QFT
counterparts so that a dimensionless term in action results. Note that delta functions associated with the induced spinor fields reduce them to the end points of braid strand connecting
wormhole throats and finite result is obtained.
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3. How to identify these dimensional bilinear terms defining the QFT limit? The basic problem
is that the microscopic representation of the particle is bi-local and the effective field at
QFT limit should be local. The only possibility is to consider an average of the effective
field over the stringy curve connecting the points at two throats. The resulting quantities
must have dimensions 1/L in accordance with naı̈ve scaling dimensions of gauge bosons and
Higgs to compensate the dimension L of the microscopic
R representation of bosons. For gauge
bosons having zero dimension as 1-forms the average Aµ dxµ /l along a unique stringy curve
of length l connecting wormhole throats defines aR quantity with dimension 1/L. For Higgs
√
components having dimension 1/L the quantities HA g1 dx/l, where g1 corresponds to the
induced metric at the stringy curve, has also dimension 1/L. The presence of the induced
metric depending on CP2 metric guarantees that the effective action contains dimensional
parameters so that the breaking of scale invariance results.
To sum up, for option II the parameters for the counterpart of Higgs action emerging at
QFT limit must be determined by the p-adic mass calculations in TGD framework and the flux
tube structure of particles would in the case of gauge bosons should give the standard contribution
to gauge boson masses. For option I fermionic masses would emerge as mass parameters of the
effective action. The presence of Euclidian regions of space-time having interpretation as lines of
generalized Feynman diagrams is absolutely crucial in making possible Higgs like states. One must
however emphasize that at this stage both option I and II must be considered.

7.4.4

To Deeper Waters

Higgs issue seems to divide theoreticians to two classes: the simple-minded pragmatists and real
thinkers.
For pragmatists the existence of Higgs and Higgs mechanism is something absolute: Higgs
exists of not and one can make a bet about it. Most bloggers and most phenomenologists applying
numerical models belong to this group. In particular, bloggers have had heated discussions and
have made bets proandco, mostly pro.
Thinkers see the situation in a wider perspective. The real issue is the status of quantum
field theory as a description of fundamental forces. Is QFT something fundamental or is it only a
low energy limit of a more fundamental microscopic theory? Could it even happen that QFT limit
fails in some respects and could the description of particle massivation represent such an aspect?
Already string models taught (or at least should have taught) to see quantum field theory as
an effective description of a microscopic theory working at low energy limit. Since string theorists
have not been able cook up any convincing answer to the layman’s innocent question “How would
you describe atom using these tiny strings which are so awe inspiring?”, QFT limits have become
what string models actually are at the phenomenological level. AdS-CFT correspondence actually
equates string theory with a conformal quantum field theory in Minkowski space so that hopes
about genuine microscopic theory are lost. This is disappointing but not surprising since strings
are still too simple: they are either open or closed, there is no interesting internal topology.
In TGD framework string world sheets are replaced with 4-D space-time surfaces. One
ends up with a very concrete vision about matter based on the notion of many-sheeted space-time
and the implications are highly non-trivial in all scales. For instance, blackhole interior is replaced
with a space-time region with Euclidian signature of the induced metric characterizing any physical
system be it elementary particle, condensed matter system, or astrophysical object. Therefore the
key question becomes the following. Does TGD have QFT in M 4 as low energy limit or rather as a limit holding true in a given scale in the infinite length scale hierarchies predicted by theory
(p-adic length scale hierarchy and hierarchy of effective Planck constants and hierarchy of causal
diamonds)?
Deeper question: Does QFT limit of the fundamental theory exist?
Could the QFT limit defined as QFT in M 4 fail to exist? After this question one cannot avoid
questions about the character of Higgs and Higgs mechanism.
1. It is quite possible that in QFT framework Higgs mechanism is the only description of particle
massivation. But this is just a mimicry, not a predictive description. QFT limit can only
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reproduce the spectrum of elementary particles masses or rather - mass ratios. The ratio of
Planck mass (also an ad hoc concept) to proton mass remains a complete mystery.
This failure has been convincingly demonstrated by a huge amount of work in particle phenomenology. First came the GUT theorists. They applied every imaginable gauge group with
elementary particles put in all imaginable group representations to reproduce the known part
of the particle spectrum. They have reproduced standard model gauge symmetries at low energy limit. They have also done the necessary fine-tuning to make proton long-lived enough,
to give large enough masses for the exotics, and to make beta functions sensical.
The same procedures have been repeated in SUSY framework and finally super string phenomenology has produced QFT limits with Higgs mechanism, and are now doing intense fine
tuning to save poor SUSY from the aggressive attacks by LHC. During these 40 years of busy
modelling practically nothing has been achieved but the work goes on since theoreticians have
their methods and they must produce highly technical papers to preserve the illusion of hard
science.
2. Higgs mechanism is also plagued by profound problems. The hierarchy problem means that
the Higgs mechanism with mass of about 125 GeV is just at the border of stability. The
problem is that the sign of mass squared term in Higgs potential can change by radiative
corrections so that the vacuum with a vanishing Higgs expectation value becomes stable.
SUSY was hoped to solve the hierarchy problem but LHC has made SUSY in standard
sense implausible. Even if it exists cannot help in this issue. Another problem is that
the coefficients of the fourth power in the Higgs potential can become negative so that
vacuum becomes unstable: the bottom of a valley becomes top of a hill. The value of
Higgs mass is such that also this seems to happen! (see the posting of Resonaances (see
http://tinyurl.com/ycgmjrbc) ).
Quite generally, fine tuning problems are the characteristic issues of the QFT limit. Proton
must be long-lived enough, baryon and lepton number violating decay rates cannot be too
high, the predicted exotic particles implied by the extension of the standard model gauge
group must be massive enough, and so on... This requires a lot of fine tuning. Theory has
transformed from a healer to a patient: the efforts of theoreticians reduce to attempts to
resuscitate the patient. All this becomes understandable as one realizes that QFT is just a
mimicry, not the fundamental theory.
One could also see these two problems of the Higgs mechanism as the last attempt of the
frustrated Nature to signal to the busy mainstream career builders something very profound
about reality by using paradox as its last means. From TGD vantage point the intended
message of Nature looks quite obvious.
Shut up and calculate
The problem in the recent theoretical physics is that thinking has not been allowed for more
than half century. Thinking is seen as “philosophy” - something very very bad. The fathers of
quantum theory were philosophers: they realized the deep problems of quantum measurement
theory and considered possible conclusions for the world view. For instance, Bohr - whose view
became orthodoxy - concluded that objective reality cannot exist at all and that quantum theory
is just a collection of calculational recipes with Ψ having no real existence. Einstein had totally
different view. He believed that quantum theory is somehow fundamentally wrong.
Neither of them was yet mature to see that the problem involves the conscious observer in a
very intimate manner: in particular, how the subjective time and the geometric time of physicist
- certainly not one and the same thing - relate to each other. Both were also unable to see that
objective reality could be replaced by objective realities identified as “solutions of field equations”
and that quantum jumps would take between them and give rise to conscious experience. This
would resolve both the problem of time and the basic problem of quantum measurement theory.
Later theoreticians followed the advice which has been put to the mouth of Feynman, and
decided to just shut up and calculate. This long silence has lasted more than half a century now. I
belong to those few who refused to follow the advice with the consequence that the decision makers
of Helsinki University gave me officially a label of a madman and besides intensive blackmailing
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did their best to prevent any support for my work motivated by a warning of young readers about
the dangers of reading my blog - sent by presumably finnish physics authority calling himself
Anonymous).
LHC has now demonstrated how catastrophic consequences can be when the profession of
the theoretician reduces to mindless calculation. We have got lost generations of theoreticians who
continue to fill hep-th and hep-ph with preprints with a minimal connection to physical reality
and mostly trying to solve the problems created by the theory itself rather than those provided by
physics. This is however what they are able to do: collective silence has lasted too long. Even string
model gurus have lost their beliefs on The Only Possible Theory of Everything. Some of them
have suffered a regression to surprisingly childish models of gravitation (entropic gravity). Some
have begun to see everything as black-holes without realizing that blackholes as a mathematical
failure of general relativity should have been the starting point rather than the end. Some are
making bets and having learned debates about paradoxes related to blackholes (firewall paradox
is the latest newcomer.
Or could thinking be a rewarding activity after all?
There are also some theoreticians who have followed their own star and have not been able to
resist the temptation to think and imagine. I have used to call my own star TGD. As described in
previous posting, p-adic thermodynamics (see http://tinyurl.com/ybrcyvy4) can be seen as aor even the - microscopic mechanism of massivation in TGD framework. There are two options to
consider. According to Option I p-adic thermodynamics alone explains only fermion masses and
the microscopic counterpart of Higgs mechanism would give the dominant contribution to gauge
boson masses. For Option II p-adic thermodynamics would produce both gauge boson and Higgs
masses and Higgs mechanism could appear at QFT limit as a mere phenomenological description
of the massivation.
Option II is the most conservative option and apparently conforms with the standard model
view. It also treats all particles in the same position. Note that in standard model Higgs itself
like eye which cannot see itself since its tachyonic bare mass is put in by hand. Option II is also
aesthetically more satisfactory if one believes that QFT limit of TGD indeed exists. For Option I
one should invent new QFT mechanism describing fermion massivation in QFT framework or give
up the idea about QFT limit altogether. In fact, experimental findings have selected Option II.
The existence of M 4 QFT limit is not obvious in TGD framework. This is due to a dramatic
simplification in the microscopic description of particles. The only fundamental fields are spinors
of H = M 4 × CP2 having just spin and electroweak quantum numbers and conserved carrying
quark or lepton number depending on H-chirality. Color emerges and corresponds to color partial
waves in H. Also bosons emerge meaning that gauge bosons, Higgs, and graviton have pairs of
fermion and anti-fermion at the opposite throats of wormhole contacts as building bricks. Gauge
fields, Higgs field, gravitational field and also Higgs mechanism can emerge in this approach only
as a phenomenological description at M 4 QFT limit assuming that it exists. Fermionic families
emerge from topology and also bosons are expected the analog of family replication phenomenon
induced from the fermionic one.
Higgs like bosons might also develop coherent states characterized by the vacuum expectation
value of Higgs but already this possibility must be taken critically since coherent states is a QFT
based notion and it is not quite clear whether it generalizes to microscopic level. Covariantly
constant complex CP2 vector field should characterize vacuum expectation value. Tht this kind
of vector fields do not exist is not an encouraging sign. The microscopic description in terms of
string tension seems to be the only natural description of gauge boson massivation.
What is important that Higgs does not make fermions massive. For Option II this is true
also for bosons. Rather, the couplings and vacuum expectation of Higgs are such that Higgs can
pretend of achieving this feat. Higgs mechanism reproduces: p-adic thermodynamics predicts.
Standard model action is only an effective action providing tree diagrams so that the loop
corrections leading to the hierarchy problem are not present unless the counterpart of fatal radiative
corrections appear in the effective action which must depend on p-adic length scale (in TGD the
discrete p-adic length scale evolution replaces the continuous renormalization group evolution of
quantum field theories). Zero energy ontology however dramatically modifies the view about
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Feynman diagrammatics, and can save the situation since standard SUSY generalizes to superconformal invariance.
There are of course lot of critical questions to be answered. I have written an entire book
(see http://tinyurl.com/y86lo57g) motivated by the challenge of understanding why p-adic
thermodynamics should be needed in real number based physics. p-Adic physics for single prime
is definitely not enough: one must fuse p-adic physics for various primes p and real physics to
single coherent whole and this requires a lot of not yet existing mathematics such as generalization
of number concept. The connections of p-adic physics to the description of cognition in quantum
consciousness theory are also obvious and p-adic space-time sheet would correspond to the “mind
stuff” of Descartes. These few examples show how profound and totally unexpected new visions a
more philosophical and imaginative attitude to physics generates.
Another book (see http://tinyurl.com/ybrcyvy4) is devoted to the physical implications
of p-adic physics and of the hierarchy of effective Planck constants, a notion implied by the very
special properties of the basic variational principle dictating the space-time dynamics in TGD
framework.

7.4.5

Criticality Of Higgs: Is Planck Length Dogmatics Physically Feasible?

While studying the materials related to Convergence conference (see http://tinyurl.com/opoa2oh)
running during this week at Perimeter institute I ended up with a problem related to the fact that
the mass Mh = 125.5 ± .24 GeV implies that Higgs as described by standard model (now new
physics at higher energies) is at the border of metastability and stability - one might say near criticality (see and [C147] (see http://tinyurl.com/ybyoshdp) and [C141] (see http://tinyurl.
com/ybtf3py3), and I decided to look from TGD perspective what is really involved.
Absolute stability would mean that the Higgs potential becomes zero at Planck length scale
assumed to be the scale at which QFT description fails: this would require Mh > 129.4 GeV
somewhat larger that the experimentally determined Higgs mass in standard model framework.
Metastability means that a new deep minimum is developed at large energies and the standard
model Higgs vacuum does not anymore correspond to a minimum energy configuration and is near
to a phase transition to the vacuum with lower vacuum energy. Strangely enough, Higgs is indeed
in the metastable region in absence of any new physics.
Since the vacuum expectation of Higgs is large at high energies, the potential is in a reasonable approximation of form V = λh4 , where h is the vacuum expectation in the high energy scale
considered and λ is dimensionless running coupling parameter. Absolute stability would mean
λ = 0 at Planck scale. This condition cannot however hold true as follows from the input provided by top quark mass and Higgs mass to which λ at LHC energies is highly sensitive. Rather,
the value of λ at Planck scale is small and negative: λ(MP l ) = −0.0129 is the estimate [C147]
(http://tinyurl.com/ybyoshdp) to be compared with λ(Mt ) = 0.12577 at top quark mass. This
implies that the potential defining energy density associated with the vacuum expectation value
of Higgs becomes negative at high enough energies.The energy at which λ becomes negative is in
the range 1010 − 1012 GeV, which is considerably lower than Planck mass about 1019 GeV. This
estimate of course assumes that there is no new physics involved.
The plane defined by top and Higgs masses can be decomposed to regions displayed by
figure 5 in http://tinyurl.com/ybyoshdp in which perturbative approach either fails (λ too
large), there is only single minimum of Higgs potential (stability), there is no minimum of Higgs
potential (λ ≤ 0, instability), or a new minimum with a smaller energy is present (metastability).
This metastability can lead to a transition to a lower energy state and could be relevant in early
cosmology and also in future cosmology.
The value of λ turns out to be rather small at Planck mass. λ however vanishes and changes
sign in a much lower energy range 1010 −1012 GeV. Is this a signal that something interesting takes
place considerably below Planck scale? Could Planck length dogmatics is wrong? Is criticality only
an artefact of standard model physics and as such a signal for a new physics?
How could this relate to TGD? Planck length is one of the unchallenged notions of modern
physics but in TGD p-adic mass calculations force to challenge this dogma. Planck length is
replaced with CP2 length scale which is roughly 104 longer than Planck length and determined
by the condition that electron corresponds to the largest Mersenne prime (M127 ), which does not
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define completely super-astrophysical p-adic length scale, and by the condition that electron mass
comes out correctly. Also many other elementary particles correspond to Mersenne primes. In
biological relevant scales there are several (4) Gaussian Mersennes.
In CP2 length scale the QFT approximation to quantum TGD must fail since the replacement of the many-sheeted space-time with GRT space-time with Minkowskian signature of the
metric fails, and space-time regions with Euclidian signature of the induced metric defining the
lines of generalized Feynman diagrams cannot be anymore approximated as lines of ordinary Feynman diagrams or twistor diagrams. From electron mass formula and electron mass of .5 MeV one
deduces that CP2 mass scale is 2.53 × 1015 GeV - roughly three orders of magnitudes above 1012
GeV obtained if there is no new physics emerges above TeV scale.
TGD “almost-predicts” several copies of hadron physics corresponding to Mersenne primes
Mn , n = 89, 61, 31, .. and these copies of hadron physics are expected to affect the evolution of λ
and maybe raise the energy 1012 GeV to about 1015 GeV. For M31 the electronic p-adic mass scale
happens to be 2.2 × 1010 GeV. The decoupling of Higgs by the vanishing of λ could be natural
at CP2 scale since the very notion of Higgs vacuum expectation makes sense only at QFT limit
becoming non-sensical in CP2 scale. In fact, the description of physics in terms of elementary
particles belonging to three generations might fail above this scale. Standard model quantum
numbers make still sense but the notion of family replication becomes questionable since in TGD
framework the families correspond to different boundary topologies of wormhole throats and the
relevant physics is above this mass scale inside the wormhole contacts: there would be only single
fermion generation below CP2 scale.
This raises questions. Could one interpret the strange criticality of the Higgs as a signal
about the fact that CP2 mass scale is the fundamental mass scale and Newton’s constant might be
only a macroscopic parameter. This would add one more nail to the coffin of superstring theory and
of all theories relying on Planck length scale dogmatics. One can also wonder whether the criticality
might somehow relate to the quantum criticality of TGD Universe. My highly non-educated guess
is that it is only an artefact of the standard model description. Note however that below CP2 scale
the transition from the phase dominated by cosmic strings to a phase in which space-time sheets
emerge and leading to the radiation dominated cosmology would take place: this period would be
the TGD counterpart for the inflationary period and also involve a rapid expansion.

7.5

Still about induced spinor fields and TGD counterpart
for Higgs

The understanding of the modified Dirac equation and of the possible classical counterpart of Higgs
field in TGD framework is not completely satisfactory. The emergence of twistor lift of Kähler
action [L29] [L30] inspired a fresh approach to the problem and it turned out that a very nice
understanding of the situation emerges.
More precise formulation of the Dirac equation for the induced spinor fields is the first
challenge. The well-definedness of em charge has turned out to be very powerful guideline in the
understanding of the details of fermionic dynamics. Although induced spinor fields have also a
part assignable space-time interior, the spinor modes at string world sheets determine the fermionic
dynamics in accordance with strong form of holography (SH).
The well-definedness of em charged is guaranteed if induced spinors are associated with 2D string world sheets with vanishing classical W boson fields. It turned out that an alternative
manner to satisfy the condition is to assume that induced spinors at the boundaries of string world
sheets are neutrino-like and that these string world sheets carry only classical W fields. Dirac
action contains 4-D interior term and 2-D term assignable to string world sheets. Strong form
of holography (SH) allows to interpret 4-D spinor modes as continuations of those assignable to
string world sheets so that spinors at 2-D string world sheets determine quantum dynamics.
Twistor lift combined with this picture allows to formulate the Dirac action in more detail.
Well-definedness of em charge implies that charged particles are associated with string world sheets
assignable to the magnetic flux tubes assignable to homologically non-trivial geodesic sphere and
neutrinos with those associated with homologically trivial geodesic sphere. This explains why
neutrinos are so light and why dark energy density corresponds to neutrino mass scale, and provides
also a new insight about color confinement.
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A further important result is that the formalism works only for imbedding space dimension
D = 8. This is due the fact that the number of vector components is the same as the number of
spinor components of fixed chirality for D = 8 and corresponds directly to the octonionic triality.
p-Adic thermodynamics predicts elementary particle masses in excellent accuracy without
Higgs vacuum expectation: the problem is to understand fermionic Higgs couplings. The observation that CP2 part of the modified gamma matrices gives rise to a term mixing M 4 chiralities
contain derivative allows to understand the mass-proportionality of the Higgs-fermion couplings at
QFT limit.

7.5.1

More precise view about modified Dirac equation

Consistency conditions demand that modified Dirac equation with modified gamma matrices Γα
defined as contractions Γα = T αk γk of canonical momentum currents T αk associated with the
bosonic action with imbedding space gamma matrices γk [K40, K51]. The Dirac operator is not
hermitian in the sense that the conjugation for the Dirac equation for Ψ does not give Dirac equation
for Ψ unless the modified gamma matrices have vanishing covariant divergence as vector at spacetime surface. This says that classical field equations are satisfied. This consistency condition holds
true also for spinor modes possibly localized at string world sheets to which one can perhaps assign
area action plus topological action defined by Kähler magnetic flux. The interpretation is in terms
of super-conformal invariance.
The challenge is to formulate this picture more precisely and here I have not achieved a
satisfactory formulation. The question has been whether interior spinor field Ψ are present at all,
whether only Ψ is present and somehow becomes singular at string world sheets, or whether both
stringy spinors Ψs and interior spinors Ψ are present. Both Ψ and Ψs could be present and Ψs
could serve as source for interior spinors with the same H-chirality.
The strong form of holography (SH) suggests that interior spinor modes Ψn are obtained as
continuations of the stringy spinor modes Ψs,n and one has Ψ = Ψs at string world sheets. Dirac
action would thus have a term localized at strong world sheets and bosonic action would contain
similar term by the requirement of super-conformal symmetry. Can one realize this intuition?
1. Suppose that Dirac action has interior and stringy parts. For the twistor lift of TGD [L30]
the interior part with gamma matrices given by the modified gamma matrices associated
with the sum of Kähler action and volume action proportional to cosmological constant Λ.
The variation with respect to the interior spinor field Ψ gives modified Dirac equation in
the interior with source term from the string world sheet. The H-chiralites of Ψ and P sis
would be same. Quark like and leptonic H-chiralities have different couplings to Kähler gauge
potential and mathematical consistency strongly encourages this.
What is important is that the string world sheet part, which is bilinear in interior and string
world sheet spinor fields Ψ and Ψs and otherwise has the same form as Dirac action. The
natural assumption is that the stringy Dirac action corresponds to the modified gamma
matrices assignable to area action.
2. String world sheet must be minimal surface: otherwise hermiticity is lost. This can be
achieved either by adding to the Kähler action string world sheet area term. Whatever the
correct option is, quantum criticality should determine the value of string tension. The first
string model inspired guess is that the string tension is proportional to gravitational constant
1/G = 1/lP2 defining the radius fo M 4 twistor sphere or to 1/R2 , R CP2 radius. This would
however allow only strings not much longer than lP or R. A more natural estimate is that
string tension is proportional to the cosmological constant Λ and depends on p-adic length
scale as 1/p so that the tension becomes small in long length scales. Since Λ coupling contant
type parameter, this estimate looks rather reasonable.
3. The variation of stringy Dirac action with action density

L =

√
[Ψs Ds→ Ψ − Ψs Ds← Ψ] g2 + h.c.

(7.5.1)
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with respect to stringy spinor field Ψs gives for Ψ Dirac equation Ds Ψ = 0 if there are no
Lagrange multiplier terms (see below). The variation in interior gives DΨ = S = Ds Ψs ,
where the source term S is located at string world sheets. Ψ satisfies at string world sheet
the analog of 2-D massless Dirac equation associated with the induced metric. This is just
what stringy picture suggests.
The stringy source term for D equals to Ds Ψs localized at string world sheets: the construction of solutions would require the construction of propagator for D, and this does not
look an attractive idea. For Ds Ψs = 0 the source term vanishes. Holomorphy for Ψs indeed
implies Ds Ψ = 0.
4. Ψs = Ψ would realize SH as a continuation of Ψs from string world sheet to Ψ in the interior.
Could one introduce Lagrange multiplier term
L1 = Λ(Ψ − Ψs ) + h.c.
to realize Ψs = Ψ? Lagrange multiplier spinor field Λ would serve a source in the Dirac
equation for Ψ = Ψs and Ψ should be constructed at string world sheet in terms of stringy
fermionic propagator with Λ as source. The solution for Ψs would require the construction
of 2-D stringy propagator for Ψs but in principle this is not a problem since the modes can
be solved by holomorphy in hypercomplex stringy coordinate. The problem of this option is
that the H-chiralities of Λ and Ψ would be opposite and the coupling of opposite H-chiralities
is not in spirit with H-chirality conservation.
A possible cure is to replace the Lagrange multiplier term with

L1

k

= Λ γk (Ψ − Ψs ) + h.c. .

(7.5.2)

The variation with respect to the spin 3/2 field Λk would give 8 conditions - just the number
of spinor components for given H-chirality - forcing Ψ = Ψs ! D = 8 would be in crucial role!
In other imbedding space dimensions the number of conditions would be too high or too low.
One would however obtain

Ds Ψ

= Ds Ψs = Λk γk .

(7.5.3)

One could of course solve Ψ at string world sheet from Λk γk by constructing the 2-D propagator associated with Ds . Conformal symmetry for the modes however implies Ds Ψ = 0
so that one has actually Λk = 0 and Λk remains mere formal tool to realize the constraint
Ψ = Ψs in mathematically rigorous manner for imbedding space dimension D = 8. This is a
new very powerful argument in favor of TGD.
5. At the string world sheets Ψ would be annihilated both by D and Ds . The simplest possibility
is that the actions of D and Ds are proportional to each other at string world sheets. This
poses conditions on string world sheets, which might force the CP2 projection of string world
sheet to belong to a geodesic sphere or circle of CP2 . The idea that string world sheets and
also 3-D surfaces with special role in TGD could correspond to singular manifolds at which
trigonometric functions representing CP2 coordinates tend to go outside their allowed value
range supports this picture. This will be discussed below.
(a) For the geodesic sphere of type II induced Kähler form vanishes so that the action of
4-D Dirac massless operator would be determined by the volume term (cosmological
constant). Could the action of D reduce to that of Ds at string world sheets? Does this
require a reduction of the metric to an orthogonal direct sum from string world sheet
tangent space and normal space and that also normal part of D annihilates the spinors
at the string world sheet? The modes of Ψ at string world sheets are locally constant
with respect to normal coordinates.
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(b) For the geodesic sphere of type I induced Kähler form is non-vanishing and brings
an additional term to D coming from CP2 degrees of freedom. This might lead to
trouble since the gamma matrix structures of D and Ds would be different. One could
however add to string world sheet bosonic action a topological term as Kähler magnetic
flux. Although its contribution to the field equations is trivial, the contribution to the
modified gamma matrices is non-vanishing and equal to the contraction J αk γk of half
projection of the Kähler form with CP2 gamma matrices. The presence of this term
could allow the reduction of DΨs = 0 and Ds Ψs = 0 to each other also in this case.

7.5.2

A more detailed view about string world sheets

In TGD framework gauge fields are induced and what typically occurs for the space-time surfaces
is that they tend to “go out” from CP2 . Could various lower-D surfaces of space-time surface
correspond to sub-manifolds of space-time surface?
1. To get a concrete idea about the situation it is best to look what happens in the case of
sphere S 2 = CP1 . In the case of sphere S 2 the Kähler form vanishes at South and North
poles. Here the dimension is reduced by 2 since all values of φ correspond to the same point.
sin(Θ) equals to 1 at equator - geodesic circle - and here Kähler form is non-vanishing. Here
dimension is reduced by 1 unit. This picture conforms with the expectations in the case of
CP2 These two situations correspond to 1-D and 2-D geodesic sub-manifolds.
2. CP2 coordinates can be represented as cosines or sines of angles and the modules of cosine
or sine tends to become larger than 1 (see http://tinyurl.com/z3coqau). In EguchiHanson coordinates (r, Θ, Φ, Ψ) the coordinates r and Θ give rise to this kind of trigonometric
coordinates. For the two cyclic angle coordinates (Φ, Ψ) one does not encounter this problem.
3. In the case of CP2 only geodesic sub-manifolds with dimensions D = 0, 1, 2 are possible.
1-D geodesic submanifolds carry vanishing induce spinor curvature. The impossibility of 3-D
geodesic sub-manifolds would suggest that 3-D surfaces are not important. CP2 has two
2
geodesic spheres: SI2 is homologically non-trivial and SII
homologically trivial (see http:
//tinyurl.com/z3coqau).
(a) Let us consider SI2 first. CP2 has 3 poles, which obviously relates to SU(3), and in
Eguchi Hanson coordinates (r, θ, Φ, Ψ) the surface r = ∞ is one of them and corresponds
- not to a 3-sphere - but homologically non-trivial geodesic 2- sphere, which is complex
sub-manifold and orbits of SU (2) × U (1) subgroup. Various values of the coordinate
Ψ correspond to same point as those of Φ at the poles of S 2 . The Kähler form J
and classical Z 0 and γ fields are non-vanishing whereas W gauge fields vanish leaving
only induced γ and Z 0 field as one learns by studying the detailed expressions for the
curvature of spinor curvature and vierbein of CP2 .
String world sheet could have thus projection to SI2 but both γ and Z 0 would be vanishing except perhaps at the boundaries of string world sheet, where Z 0 would naturally
vanish in the picture provided by standard model. One can criticize the presence of
Z 0 field since it would give a parity breaking term to the modified Dirac operator. SH
would suggest that the reduction to electromagnetism at string boundaries might make
sense as counterpart for standard model picture. Note that the original vision was that
besides induced Kähler form and em field also Z 0 field could vanish at string world
sheets.
2
(b) The homologically trivial geodesic sphere SII
is the orbit of SO(3) subgroup and not a
complex manifold. By looking the standard example about SI2 , one finds that the both
J, Z0 , and γ vanish and only the W components of spinor connection are non-vanishing.
2
In this case the notion of em charge would not be well-defined for SII
without additional
conditions. Partonic 2-surfaces, their light-like orbits, and boundaries of string world
sheets could do so since string world sheets have 1-D intersection with with the orbits.
This picture would make sense for the minimal surfaces replacing vacuum extremals in
the case of twistor lift of TGD.
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Since em fields are not present, the presence of classical W fields need not cause problems. The absence of classical em fields however suggests that the modes of induced
spinor fields at boundaries of string worlds sheets must be em neutral and represent
therefore neutrinos. The safest but probably too strong option would be right-handed
neutrino having no coupling spinor connection but coupling to the CP2 gamma matrices transforming it to left handed neutrino. Recall that νR represents a candidate for
super-symmetry.
Neither charged leptons nor quarks would be allowed at string boundaries and classical
W gauge potentials should vanish at the boundaries if also left-handed neutrinos are
allowed: this can be achieved in suitable gauge. Quarks and charged leptons could
reside only at string world sheets assignable to monopole flux tubes. This could relate
to color confinement and also to the widely different mass scales of neutrinos and other
fermions as will be found.
To sum up, the new result is that the distinction between neutrinos and other fermions could
be understood in terms of the condition that em charge is well-defined. What looked originally a
problem of TGD turns out to be a powerful predictive tool.

7.5.3

Classical Higgs field again

A motivation for returning back to Higgs field comes from the twistor lift of Kähler action.
1. The twistor lift of TGD [L29] [L30] brings in cosmological constant as the coefficient of volume
term resulting in dimensional reduction of 6-D Kähler action for twistor space of space-time
surface realized as surface in the product of twistor space of M 4 and CP2 . The radius of the
sphere of M 4 twistor bundle corresponds to Planck length. Volume term is extremely small
but removes the huge vacuum degeneracy of Kähler action. Vacuum extremals are replaced
by 4-D minimal surfaces and modified Dirac equation is just the analog of massless Dirac
equation in complete analogy with string models.
2. The well-definedness and conservation of fermionic em charges and SH demand the localization of fermions to string world sheets. The earlier picture assumed only em fields at string
world sheets. More precise picture allows also W fields.
3. The first guess is that string world sheets are minimal surfaces and this is supported by
the previous considerations demanding also string area term and Kähler magnetic flux tube.
Here gravitational constant assignable to M 4 twistor space would be the first guess for the
string tension.
What one can say about the possible existence of classical Higgs field?
1. TGD predicts both Higgs type particles and gauge bosons as bound states of fermions and
antifermions and they differ only in that their polarization are in M 4 resp. CP2 tangent
space. p-adic thermodynamics [K19] gives excellent predictions for elementary particle masses
in TGD framework. Higgs vacuum expectation is not needed to predict fermion or boson
masses. Standard model gives only a parametrization of these masses by assuming that Higgs
couplings to fermions are proportional to their masses, it does not predict them.
The experimental fact is however that the couplings of Higgs are proportional to fermion
masses and TGD should be able to predict this and there is a general argument for the
proportonality, which however should be deduced from basic TGD. Can one achieve this?
2. Can one imagine any candidate for the classical Higgs field? There is no covariantly constant
vector field in CP2 , whose space-time projection could define a candidate for classical Higgs
field. This led years ago before the model for how bosons emerge from fermions to the wrong
conclusion that TGD does not predict Higgs.
The first guess for the possibly existing classical counterpart of Higgs field would be as CP2
part for the divergence of the space-time vector defined modified gamma matrices expressible
in terms of canonical momentum currents having natural interpretation as a generalization
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of force for point like objects to that for extended objects. Higgs field in this sense would
however vanish by above consistency conditions and would not couple to spinors at all.
Classical Higgs field should have only CP2 part being CP2 vector. What would be also
troublesome that this proposale for classical Higgs field would involve second derivatives of
imbedding space coordinates. Hence it seems that there is no hope about geometrization of
classical Higgs fields.
3. The contribution of the induced Kähler form gives to the modified gamma matrices a term
expressible solely in terms of CP2 gamma matrices. This term appears in modified Dirac
equation and mixes M 4 chiralities - a signal for the massivation. This term is analogous to
Higgs term expect that it contains covariant derivative.
The question that I have not posed hitherto is whether this term could at QFT limit of TGD
give rise to vacuum expectation of Higgs. The crucial observation is that the presence of
derivative, which in quantum theory corresponds roughly to mass proportionality of chirality
mixing coupling at QFT limit. This could explain why the coupling of Higgs field to fermions
is proportional to the mass of the fermion at QFT limit!
2
4. For SII
type string world sheets assignable to neutrinos the contribution to the chirality
mixing coupling should be of order of neutrino mass. The coefficient 1/L4 of the volume term
defining cosmological constant [L30] separates out as over all factor in massless Dirac equation
and the parameter characterizing the mass scale causing the mixing is of order m = ω1 ω2 R.
Here ω1 characterizes the scale of gradient for CP2 coordinates. The simplest minimal surface
is that for which CP2 projection is geodesic line with Φ = ω1 t. ω2 characterizes the scale of
the gradient of spinor mode.

Assuming ω1 = ω2 ≡ ω the scale m is of order neutrino mass mν ' .1 eV from the condition
√
m ∼ ω 2 R ∼ mν . This gives the estimate ω ∼ mCP2 mν ∼ 102 mp from mCP2 ∼ 10−4 mP ,
which is weak mass scale and therefore perfectly sensible. The reduction ∆c/c of the light
velocity from maximal signal velocity due the replacement gtt = 1 − R2 ω 2 is ∆c/c ∼ 10−34
and thus completely negligible. This estimate does not make sense for charged fermions,
which correspond to SI2 type string world sheets.
A possible problem is that if the value of the cosmological constant Λ evolves as 1/p as
function of the length mass scale the mass scale of neutrinos should increase in short scales.
This looks strange unless the mass scale remains below the cosmic temperature so that
neutrinos would be always effectively massless.
5. For SI2 type string world sheets assignable to charged fermions Kähler action dominates
and the mass scales are expected to be higher than for neutrinos. For SI2 type strings the
modified gamma matrices contain also Kähler term and a rough estimate is that the ratio
of two contributions is the ratio of the energy density of Kähler action to vacuum energy
density. As Kähler energy density exceeds the value corresponding to vacuum energy density
1/L4 , L ∼ 40 µm, Kähler action density begins to dominate over dark energy density.
To sum up, this picture suggest that the large difference between the mass scales of neutrinos
and em charged fermions is due to the fact that neutrinos are associated with string world sheet
of type II and em charged fermions with string world sheets of type I. Both strings world sheets
would be accompanied by flux tubes but for charged particles the flux tubes would carry Kähler
magnetic flux. Cosmological constant forced by twistor lift would make neutrinos massive and
allow to understand neutrino mass scale.

Chapter 8

SUSY in TGD Universe
8.1

Introduction

TGD based vision about space-time supersymmetry has developed rather slowly.
1. From the beginning it was clear that super-conformal symmetry is realized in TGD but
differs in many respects from the more standard realizations such as N = ∞ SUSY realized
in MSSM [B9] involving Majorana spinors in an essential manner.
The covariantly constant right-handed neutrino generates the super-symmetry at the level of
CP2 geometry and the idea was that the construction of super-partners would be more or less
equivalent with the addition of covariantly constant right-handed neutrino and antineutrinos.
It was however not clear whether space-time supersymmetry is realized at all since one could
argue that that these states are just gauge degrees of freedom.Much later it became clear
that covariantly constant right handed neutrino indeed represents gauge degree of freedom
at space-time level.
2. A more general general SUSY algebra is generated by the modes of the Kähler-Dirac operator
at partonic 2-surface. This algebra can be associated with ends of the boundaries of string
world sheets and each string defines its own sub-algebra of oscillator operators.
At first it would seem that the value of N can be very large-even infinite. If the conformal
algebra associate with the spinor modes localized at string world sheets annihilates physical
states the algebra becomes however finite-dimensional, and its dimension is the number
of spinor components of the imbedding space spinor possessing physical imbedding space
helicity. Furthermore, SUSY limit corresponds to the dynamics of the massless states in 4-D
rather than 8-D sense so that N is necessarily finite. For full theory with particles which are
massless in 8-D sense N = ∞ indeed holds true.
It is quite possible that conformal symmetry also for this superconformal algebra is broken so
that only the generators for which the conformal weight is proportional to integer n = 1, 2...
annihilate the physical states. This increases the value of N by factor n and a possible
interpretation is in terms of improved measurement resolution.
For this algebra the SUSY in 4-D sense is expected to be broken. First, the notion of masslessness is generalized: fermions associated with the boundaries of string world sheets have
light-like 8-momentum and therefore can be massive in 4-D sense: this allows to generalize
twistor description to massive case [K91]. Secondly, standard SUSY characterizes the QFT
description obtained by replacing many-sheeted space-time time with a slightly curved region
of Minkowski space.
Massless (in 4-D sense) right-handed neutrinos represent the sub-SUSY with minimal breaking induced by the mixing of right- and left handed neutrinos caused by the properties of
the Kähler-Dirac gamma matrices for which mixing between M 4 and CP2 gamma matrices
takes place induced breaking of M 4 chirality serving as a signature for massivation.
3. R-parity conservation leading to strong predictions in the case of MSSM is broken since righthanded neutrino can transform to a left-handed one by a coupling induced by the mixing
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of M 4 and CP2 type gamma matrices in the Kähler-Dirac gamma matrices. Sparticles can
decay to neutrino and particles the life-times of super-partners are finite and there is no
lightest sparticle. The right-handed neutrino generated in the decays of sparticles would
transform to neutrinos and produce missing energy not traceable to stanard sources.
The problem of missing missing energy, which is the basic difficulty of the standard SUSY at
LHC, might therefore be encountered also in TGD framework. One possibly is that sparticles
are dark in TGD sense so that they have non-standard value of Planck constant. In this case
sparticles could have the same p-adic mass scale as particles but characteristic quantal time
scales would be scaled up by hef f /h = n.
It is clear that TGD does not predict standard space-time SUSY (Majorana spinors, etc.).
Now it seems also feasible that TGD predicts a variant of space-time SUSY with Dirac fermions
with conserved B and L and that it is generated by fermionic oscillator operators at the sting
world sheets and has finite N even if the sub-algebra of conformal algebra annihilating physical
statesf is sub-algebra of full algebra isomorphic to it.
TGD based SUSY differs would differ dramatically from the SUSY as it is usually understood
and LHC could allow to decide whether the standard view or TGD view is nearer to truth. TGD
could explain the failure of LHC to find space-time SUSY: for instance, sparticles could be dark in
TGD sense although their mass scales could be same as for particles.
In the following I will describe the evolution of ideas related to SUSY in TGD framework:
I however decided to save the reader from documentation of the worst wrong tracks.
The appendix of the book gives a summary about basic concepts of TGD with illustrations.
There are concept maps about topics related to the contents of the chapter prepared using CMAP
realized as html files. Links to all CMAP files can be found at http://tgdtheory.fi/cmaphtml.
html [L21]. Pdf representation of same files serving as a kind of glossary can be found at http:
//tgdtheory.fi/tgdglossary.pdf [L22].

8.2

Does TGD Allow The Counterpart Of Space-Time Supersymmetry?

The question whether TGD allows space-time super-symmetry or something akin to it has been
a longstanding problem. A considerable progress in the respect became possible with the better
understanding of the Kähler-Dirac equation.

8.2.1

Kähler-Dirac Equation

Before continuing one must briefly summarize the recent view about Kähler-Dirac equation.
1. The localization of the induced spinor fields to 2-D string world sheets is crucial. It is
demanded both by the well-definedness of em charge and by number theoretical constraints.
Induced W boson fields must vanish, and the Frobenius integrability conditions guaranteeing
that the K-D operator involves no covariant derivatives in directions normal to the string
world sheet must be satisfied.
2. The Kähler-Dirac equation (or Kähler Dirac equation) reads as

DK Ψ

=

0 .

(8.2.1)

in the interior of space-time surface. The boundary variation of K-D equation gives the term

Γn Ψ = 0

(8.2.2)

at the light-like orbits of partonic 2-surfaces. Clearly, Kähler-Dirac gamma matrix Γn in
normal direction must be light-like or vanish.
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3. To the boundaries of string world sheets at the orbits of partonic 2-surfaces one assigns 1-D
Dirac action in induced metric line with length as bosonic counterpart. By field equations
both actions vanish, and one obtains light-like geodesic carrying light-like 8-momentum.
Algebraic variant of massless 8-D Dirac equation is satisfied for the 8-momentum parallel to
8-velocity.
The boundaries of the string world sheets are thus pieces of light-like M 8 geodesics and
different fermion lines should have more or less parallel M 4 momenta for the partonic 2surface to preserve its size. This suggests strongly a connection with quantum field theory
and an 8-D generalization of twistor Grassmannian approach encourages also by the very
special twistorial properties of M 4 and CP2 .
One can wonder how this relates to braiding which is one of the key ingredients of TGD.
Is the braiding possible unless it is induced by particle exchanges so that the 8-momentum
changes its direction and partonic 2-surface replicates. In principle it should be possible to
construct the orbits of partonic 2-surfaces in such a manner that braiding occurs. Situation
is the reverse of the usual in which one has fixed 3-manifold in which one constructs braid.
4. One can construct preferred extremals by starting from string world sheets satisfying the
vanishing of normal components of canonical momentum currents as analogs of boundary
conditions. One can also fix 3-D space-like surfaces and partonic orbits and pose the vanishing
of super-symplectic charges for a sub-algebra with conformal weights coming as multiples of
fixed integer n as conditions selecting preferred extremals.
5. The quantum numbers characterizing zero energy states couple directly to space-time geometry via the measurement interaction terms in Kähler action expressing the equality of
classical conserved charges in Cartan algebra with their quantal counterparts for space-time
surfaces in quantum superposition. This makes sense if classical charges parametrize zero
modes. The localization in zero modes in state function reduction would be the WCW counterpart of state function collapse. Thermodynamics would naturally couple to the space-time
geometry via the thermodynamical or quantum averages of the quantum numbers.

8.2.2

Development Of Ideas About Space-Time SUSY

Let us first summarize the recent overall view about space-time super-symmetry for TGD discussed
in detail in chapter “ WCW spinor structure” and also in [K40].
1. Right-handed covariantly constant neutrino spinor νR defines a super-symmetry in CP2 degrees of freedom in the sense that CP2 Dirac equation is satisfied by covariant constancy and
there is no need for the usual ansatz Ψ = DΨ0 giving D2 Ψ = 0. This super-symmetry allows
to construct solutions of Dirac equation in CP2 [A28, A36, A22, A34].
2. In M 4 × CP2 this means the existence of massless modes Ψ = p/Ψ0 , where Ψ0 is the tensor
product of M 4 and CP2 spinors. For these solutions M 4 chiralities are not mixed unlike for
all other modes which are massive and carry color quantum numbers depending on the CP2
chirality and charge. As matter fact, massless right-handed neutrino covariantly constant in
CP2 spinor mode is the only color singlet. The mechanism leading to non-colored states for
fermions is based on super-conformal representations for which the color is neutralized [K19,
K19]. The negative conformal weight of the vacuum also cancels the enormous contribution
to mass squared coming from mass in CP2 degrees of freedom.
3. All spinor modes define conserved fermion super-currents and also the super-symplectic algebra has a fermion representation as Noether currents at string world sheets. WCW metric can be constructed as anti-commutators of super-symplectic Noether currents and one
obtains a generalization of AdS/CFT duality to TGD framework from the possibility to
express Kähler also in terms of Kähler function (and thus Kähler action). The fact that
super-Poincare anti-commutator vanishes for oscillator operators associated with covariantly
constant right-handed neutrino and anti-neutrino implies that it corresponds to a pure gauge
degree of freedom.
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4. The natural conjecture is that the TGD analog space-time SUSY is generated by the Clifford
algebra of the second quantized fermionic oscillator operators at string world sheets. This
algebra in turn generalizes to Yangian. The oscillator operators indeed allow the 8-D analog
of super-Poincare anti-commutation relations at the ends of 1-D light-like geodesics defined
by the boundaries of string world sheets belonging to the orbits of partonic 2-surfaces and
carrying 8-D light-like momentum.
For incoming on mass shell particles one can identify the M 4 part of 8-momentum as gravitational for momentum equal to the inertial four-momentum assignable to imbedding space
spinor harmonic for incoming on mass shell state. The square of E 4 momentum giving mass
squared corresponds to the eigenvalue of CP2 d’Alembertian.
8-D light-like momentum forces an 8-D generalization of the twistor approach and M 4 and
CP2 are indeed unique in that they allow twistor space with Kähler structure [A37]. The
conjecture is that integration over virtual momenta restricts virtual momenta to 8-D light-like
momenta but the polarizations of virtual fermions are non-physical.
5. The 8-D generalization of SUSY describes also massive states and one has N = ∞. Ordinary
4-D SUSY is obtained by restricting the states to the massless sector of the theory. The value
of N is finite in this case and corresponds to the value of massless modes for fundamental
fermions. Quark and lepton type spinor components with physical helicity for fermions and
anti-fermions define the basis of the SUSY algebra as Clifford algebra of oscillator operators
with anti-commutators analogous to those associated with super Poincare algebra. Therefore
the generators of SUSY correspond to the 4 + 4 components of imbedding space spinor modes
(quarks and leptons) with vanishing conformal weight so that analogs of N = 4 SUSY are
obtained in quark and lepton sectors.
The SUSY is broken due to the electro-weak and color interactions between the fundamental
fermions. For right-handed neutrinos these interactions are not present but the mixing with
left handed neutrino due to the mixing of M 4 and CP2 gamma matrices in Kähler-Dirac
gamma matrices at string world sheets implies SUSY breaking also now: also R-parity is
broken.
Basically a small mixing with the states with CP2 mass is responsible for the generation of
mass and breaking of SUSY. p-Adic thermodynamics describes this mixing. SUSY is broken
at QFT limit also due the replacement of the many-sheeted space-time with single slightly
curved region of M 4 .
6. The SUSY in question is not the conventional N = 1 SUSY. Space-time (in the sense of
Minkowski space M 4 ) N = 1 SUSY in the conventional sense of the word is impossible in
TGD framework since it would require require Majorana spinors. In 8-D space-time with
Minkowski signature of metric Majorana spinors are definitely ruled out by the standard
argument leading to super string model. Majorana spinors would also break the separate
conservation of lepton and baryon numbers in TGD framework. What is remarkable is that
in 8-D space-time one obtains naturally SUSY with Dirac spinors.

8.2.3

Summary About TGD Counterpart Of Space-Time SUSY

This picture allows to define more precisely what one means with the approximate super-symmetries
in TGD framework.
1. One can in principle construct many-fermion states containing both fermions and antifermions at fermion lines located at given light-like parton orbit. The four-momenta of
states related by super-symmetry need not be same. Super-symmetry breaking is present
and has as the space-time correlate the deviation of the Kähler-Dirac gamma matrices from
the ordinary M 4 gamma matrices. In particular, the fact that Γ̂α possesses CP2 part in general means that different M 4 chiralities are mixed: a space-time correlate for the massivation
of the elementary particles.
2. For right-handed neutrino super-symmetry breaking is expected to be smallest but also in the
case of the right-handed neutrino mode mixing of M 4 chiralities takes place and breaks the
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TGD counterpart of super-symmetry. Maybe the correct manner to interpret the situation is
to speak about 8-D massless states for which the counterpart of SUSY would not be broken
but mass splittings are possible.
3. The fact that all helicities in the state are physical for a given light-like 3-surface has important implications. For instance, the addition of a right-handed antineutrino to right-handed
(left-handed) electron state gives scalar (spin 1) state. Also states with fermion number two
are obtained from fermions. For instance, for eR one obtains the states {eR , eR νR ν R , eR ν R , eR νR }
with lepton numbers (1, 1, 0, 2) and spins (1/2, 1/2, 0, 1). For eL one obtains the states
{eL , eL νR ν R , eL ν R , eL νR } with lepton numbers (1, 1, 0, 2) and spins (1/2, 1/2, 1, 0). In the
case of gauge boson and Higgs type particles -allowed by TGD but not required by p-adic
mass calculations- gauge boson has 15 super partners with fermion numbers [2, 1, 0, −1, −2].
The cautious conclusion is that the recent view about quantum TGD allows the analog of
super-symmetry, which is necessary broken and for which the multiplets are much more general
than for the ordinary super-symmetry. Right-handed neutrinos might however define something
resembling ordinary super-symmetry to a high extent. The question is how strong prediction one
can deduce using quantum TGD and proposed super-symmetry.
1. For a minimal breaking of super-symmetry only the p-adic length scale characterizing the
super-partner differs from that for partner but the mass of the state is same. This would
allow only a discrete set of masses for various super-partners coming as half octaves of the
mass of the particle in question. A highly predictive model results.
2. The quantum field theoretic description could be based on QFT limit of TGD, which I have
formulated in terms of bosonic emergence. The idea was that his formulation allows to calculate the propagators of the super-partners in terms of fermionic loops. Similar description
of exchanged boson as fermionic loop emerges also in the proposed identification of scattering amplitudes as representations of algebraic computations in Yangian using product
and co-product as fundamental vertices assignable to partonic 2-surfaces at which 3-surfaces
replicate.
3. This TGD variant of space-time super-symmetry resembles ordinary super-symmetry in the
sense that selection rules due to the right-handed neutrino number conservation and analogous to the conservation of R-parity hold true (the mixing of right-handed neutrino with the
left-handed one breaks R-parity). The states inside super-multiplets have identical electroweak and color quantum numbers but their p-adic mass scales can be different. It should
be possible to estimate reaction reaction rates using rules very similar to those of supersymmetric gauge theories.
4. It might be even possible to find some simple generalization of standard super-symmetric
gauge theory to get rough estimates for the reaction rates. There are however problems. The
fact that spins J = 0, 1, 2, 3/2, 2 are possible for super-partners of gauge bosons forces to ask
whether these additional states define an analog of non-stringy strong gravitation. Note that
graviton in TGD framework corresponds to a pair of wormhole throats connected by flux
tube (counterpart of string) and for gravitons one obtains 28 -fold degeneracy.

8.2.4

SUSY Algebra Of Fermionic Oscillator Operators And WCW Local Clifford Algebra Elements As Super-fields

Whether TGD allows space-time supersymmetry has been a long-standing question. Majorana
spinors appear in N = 1 super-symmetric QFTs- in particular minimally super-symmetric standard
model (MSSM). Majorana-Weyl spinors appear in M-theory and super string models. An undesirable consequence is chiral anomaly in the case that the numbers of left and right handed spinors
are not same. For D = 11 and D = 10 these anomalies cancel, which led to the breakthrough
of string models and later to M-theory. The probable reason for considering these dimensions is
that standard model does not predict right-handed neutrino (although neutrino mass suggests that
right handed neutrino exists) so that the numbers of left and right handed Weyl-spinors are not
the same.
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In TGD framework the situation is different. Covariantly constant right-handed neutrino
spinor acts as a super-symmetry in CP2 . One might think that right-handed neutrino in a welldefined sense disappears from the spectrum as a zero mode so that the number of right and left
handed chiralities in M 4 × CP2 would not be same. For light-like 3-surfaces covariantly constant
right-handed neutrino does not however solve the counterpart of Dirac equation for a non-vanishing
four-momentum and color quantum numbers of the physical state. Therefore it does not disappear
from the spectrum anymore and one expects the same number of right and left handed chiralities.
In TGD framework the separate conservation of baryon and lepton numbers excludes Majorana spinors and also the the Minkowski signature of M 4 × CP2 makes them impossible. The
conclusion that TGD does not allow super-symmetry is however wrong. For N = 2N Weyl spinors
are indeed possible and if the number of right and left handed Weyl spinors is same super-symmetry
is possible. In 8-D context right and left-handed fermions correspond to quarks and leptons and
since color in TGD framework corresponds to CP2 partial waves rather than spin like quantum
number, also the numbers of quark and lepton-like spinors are same.
The physical picture suggest a new kind of approach to super-symmetry in the sense that the
anti-commutations of fermionic oscillator operators associated with the modes of the induced spinor
fields define a structure analogous to SUSY algebra in 8-D sense. Massless modes of spinors in 1-1
corresponds with imbedding space spinors with physical helicity are in 1-1 correspondence with the
generators of SUSY at space-time level giving N = 4 + 4. Right handed neutrino modes define a
sub-algebra for which the SUSY is only slightly broken by the absence of weak interactions and one
could also consider a theory containing a large number of N = 2 super-multiplets corresponding
to the addition of right-handed neutrinos and antineutrinos at the wormhole throat.
Masslessness condition is essential if super-symmetric quantum field theories and at the
fundamental level it can be generalized to masslessness in 8-D sense in terms of Kähler-Dirac
gamma matrices using octonionic representation and assuming that they span local quaternionic
sub-algebra at each point of the space-time sheet. SUSY algebra has standard interpretation with
respect to spin and isospin indices only at the partonic 2-surfaces so that the basic algebra should
be formulated at these surfaces: in fact, out that the formulation is needed only at the ends of
fermion lines. Effective 2-dimensionality would require that partonic 2-surfaces can be taken to
be ends of any light-like 3-surface Yl3 in the slicing of the region surrounding a given wormhole
throat.
Super-algebra associated with the Kähler-Dirac action
Anti-commutation relations for fermionic oscillator operators associated with the induced spinor
fields are naturally formulated in terms of the Kähler-Dirac gamma matrices. The canonical anticommutation relations for the fermionic oscillator operators at light-like 3-surfaces or at their ends
can be formulated as anti-commutation relations for SUSY algebra. The algebra creating physical
states is super-symplectic algebra whose generators are expressed as Noether charges assignable to
strings connecting partonic 2-surfaces.
Lepton and quark like spinors are now the counterparts of right and left handed Weyl
spinors. Spinors with dotted and un-dotted indices correspond to conjugate representations of
SO(3, 1) × SU (4)L × SU (2)R . The anti-commutation relations make sense for sigma matrices
identified as 6-dimensional matrices 16 , γ7 , γ1 , ...γ6 .
Consider first induced spinor fields at the boundaries of string world sheets at the orbits of
wormhole throats. Dirac action for induced spinor fields and its bosonic counterpart defined by
line-length are required by the condition that one obtains fermionic propagators massless in 8-D
sense.
1. The localization of induced spinor fields to string world sheets and the addition of 1-D Dirac
action at the boundaries of string world sheets at the orbits of partonic 2-surfaces reduces
the quantization to that at the end of the fermion line at partonic 2-surface located at the
boundary of CD. Therefore the situation reduces to that for point particle.
2. The boundary is by the extremization of line length a geodesic line of imbedding space, which
can be characterized by conserved four-momentum and conserved angular momentum like
charge - call it hypercharge Y . The square of 8-velocity vanishes: v42 − (v φ )2 = 0 and one
can choose v42 = 1. 8-momentum is proportional to 8-velocity expressible as (v k , v φ ).
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3. Dirac equation gives Γt ∂t Ψ = (γk v k +γφ )v φ )∂t Ψ = 0. The non-trivial solution corresponds to
∂t Ψ = iωΨ and the light-likeness condition. The value of parameter ω defines the mass scale
and quantum classical correspondences suggests that ω 2 gives the mass squared identifiable
as the eigenvalue of CP2 Laplacian for spinor modes.
4. Anti-commutation relations must be fixed at either end of fermion line for the oscillator
operators associated with the modes of induced spinor field at string world sheet labelled by
integer value conformal weight and spin and weak isospin for the H-spinor involved. These
anti-commutation relations must be consistent with standard canonical quantization allowing
in turn to assign Noether charges to super-symplectic algebra defined as integrals over string
world sheet. The identification of WCW gamma matrices as these charges allows to calculate
WCW metric as their anti-commutators.
5. The oscillator operators for the modes with different values of conformal weight vanish.
Standard anti-commutation relations in massive case are completely fixed and correspond to
just Kronecker delta for conformal weights, spin, and isospin.
Space-time supersymmetry and the need to generalize 4-D twistors to 8-D ones suggest the
anti-commutation relations obeyed by 8-D analogs of massless Weyl spinors and thus proportional
to pk8 σk , where pk8 is the 8-momentum associated with the end of the fermion line and σk are the
8-D analogs of 2 × 2 sigma matrices.
1. This requires the introduction of octonionic spinor structure with gamma matrices represented in terms of octonionic units and introducing octonionic gamma matrices. The natural
condition is that the octonionic gamma matrices are equivalent with the ordinary one. This
is true if fermions are localied at time-like or light-like geodesic lines of imbedding space since
they represent- not only quaternionic, but even hypercomplex sub-manifolds of imbedding
space. This allows ordinary matrix representations for the gamma matrices at fermion lines.
2. One can avoid the problems with the non-associativity also at string world sheets possible
caused by the Kähler Dirac gamma matrices if the two Kähler Dirac gamma matrices span
commutative subspace of complexified octonions. The sigma matrices appearing in induced
gauge potentials could be second source of non-associativity. By assuming that the solutions
are holomorphic spinors (just as in string models) and that in the gauge chosen only holomorphic or anti-holomorphic components of gauge boson fields are non-vanishing, one avoids
these problems.
3. It must be admitted that the constraints on string world sheets are strong: vanishing W
induced gauge fields, Frobenius integrability conditions, and the condition that K-D gamma
matrices span a commutative sub-space of complexified octonions, and I have not really
proven that they can be satisfied.
The super-generators of space-time SUSY are proportional to fermionic oscillator operators
obeying the canonical anti-commutation relations. It is not quite clear to me whether the proportionality constant can be taken to be equal to one although intuition suggests this strongly.
The anti-commutations can contain only the light-like 8-velocity at the right hand side carrying
information about the direction of the fermion line.
One can wonder in how strong sense the strong form of holography is realized.
1. Is the only information about the presence of strings at the level of scattering amplitudes
the information coded by the anti-commutation relations at their end points? This would
be the case if the fermion super-conformal charges vanish or create zero norm states for
non-vanishing conformal weights. It could however happen that also the super-conformal
generators associated with a sub-algebra of conformal algebra with weights coming as integer
multiples of the entire algebra do this. At least this should be the case for the super-symplectic
algebra.
2. Certainly one must assume that the 8-velocities associated with the ends of the fermionic
string are independent so that strings would imply bi-locality of the dynamics.
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Summing up the anti-commutation relations
In leptonic sector one would have the anti-commutation relations

{a†mα̇ , anβ }
D

n
2δm
Dα̇β ,
X
= (pµ +
Qaµ )σ µ .

=

(8.2.2)

a

In quark sector σ µ is replaced with σ µ obtained by changing the signs of space-like sigma matrices
in leptonic sector. pµ and Qaµ are the projections of momentum and color charges in Cartan algebra
to the space-time surface and their values correspond to those assignable to the fermion line and
related by quantum classical correspondence to those associated with incoming spinor harmonic.
The anti-commutation relations define a generalization of the ordinary equal-time anticommutation relations for fermionic oscillator operators to a manifestly covariant form. Extended
SUSY algebra suggest that the anti-commutators could contain additional central charge term
proportional to δαβ but the 8-D chiral invariance excludes this term.
In the octonionic representation of the sigma matrices matrix indices cannot be present at the
right handed side without additional conditions. Octonionic units however allow a representation as
matrices defined by the structure constants failing only when products of more than two octonions
are considered. For the quaternionic sub-algebra this does not occur. Both spinor modes and and
gamma matrices must belong to the local hyper-quaternionic sub-algebra and do trivially so for
fermion lines and string. Octonionic representation reduces SO(7, 1) so G2 as a tangent space
group. Similar reduction for 7-dimensional compact space takes place also M-theory.
In standard SUSY local super-fields having values in the Grassmann algebra generated by
theta parameters appear. In TGD framework this would mean allowance of many-fermion states at
single space-time point and this is perhaps too heavy an idealization since partonic 2-surfaces are
the fundamental objects. Multi-stringy generators in the extension of super-symplectic algebra to
Yangian is a more natural concept in TGD framework since one expects that partonic 2-surfaces
involve several strings connecting them to other partonic 2-surfaces. Super-symplectic charges
would be Noether charges assignable to these strings and quantum states would be created by these
charges from vacuum. Scattering amplitudes would be defined in terms of Yangian algebra [K91].
Only at QFT limit one can hope that super-field formalism works.

8.3

Understanding Of The Role Of Right-Handed Neutrino
In Supersymmetry

The development of the TGD view about space-time SUSY has been like a sequence of questions
loves -doesn’t love- loves.... From the beginning it was clear that right-handed neutrino could generate super-conformal symmetry of some kind, and the natural question was whether it generates
also space-time SUSY. Later it became clear that all fermion oscillator operators can be interpreted
as super generators for the analog of space-time SUSY. After that the challenge was to understand
whether all spin-isospin states of fermions correspond super generators.
N = 1 SUSY was excluded by separate conservation of B and L but N = 2 variant of
this symmetry could be considered and could be generated by massless right-handed neutrino and
antineutrino mode.
The new element in the picture was the physical realization of the SUSY by adding fermions
- in special case right-handed neutrino - to the state associated with the orbit of partonic 2surface. An important realization was the necessity to localized spinors to string world sheet and
the assignment of fernionic oscillator operator with boundaries of string world sheets at them.
Variational principles implies that the fermions have light-like 8-momenta and that the fermion
lines are light-like geodesics in 8-D sense. This leads to a precise view about the quantization
of induced spinor fields. Fermionic oscillator operator algebra would generate Clifford algebra
replacing the SUSY algebra and one would obtain the analog of super Poincare algebra from
anti-commutation relations.
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8.3.1

Basic Vision

As already explained, the precise meaning of SUSY in TGD framework has been a long-standing
head ache. In TGD framework SUSY is inherited from super-conformal symmetry at the level
of WCW [K11, K60]. The SUSY differs from N = 1 SUSY of the MSSM and from the SUSY
predicted by its generalization and by string models. Allowing only right-handed neutrinos as
SUSY generators, one obtains the analog of the N = 4 SUSY in bosonic sector but there are
profound differences in the physical interpretation. The most general view is that all fermion
modes with vanishing conformal weights define super charges.
1. One could understand SUSY in very general sense as an algebra of fermionic oscillator operators acting on vacuum states at partonic 2-surfaces. Oscillator operators are assignable to
braids ends and generate fermionic many particle states. SUSY in this sense is badly broken and the algebra corresponds to rather large N . The restriction to covariantly constant
right-handed neutrinos (in CP2 degrees of freedom) gives rise to the counterpart of ordinary
SUSY, which is more physically interesting at this moment.
2. Right handed neutrino and antineutrino are not Majorana fermions. This is necessary for
separate conservation of lepton and baryon numbers. For fermions one obtains the analog
N = 2 SUSY.
3. Bosonic emergence means the construction of bosons as bound states of fermions and antifermions at opposite throats of wormhole contact. Later it became clear that all elementary
particles emerge as bound states of fundamental fermions located at the wormhole throats
of a pair of wormhole contacts. Two wormhole contacts are required by the assumption
wormhole contacts carry monopole magnetic flux stabilizing them.
This reduces TGD SUSY to that for fundamental fermions. This difference is fundamental
and means deviation from the N = 4 SUSY, where SUSY acts on gauge boson states. Bosonic
representations are obtained as tensor products of representations assigned to the opposite
throats of wormhole contacts. One can also have several fermion lines at given throat but
these states are expected to be exotic.
Further tensor products with representations associated with the wormhole ends of magnetic
flux tubes are needed to construct physical particles. This represents a crucial difference with
respect to standard approach, where one introduces at the fundamental level both fermions
and bosons or gauge bosons as in N = 4 SUSY. Fermionic N = 2 representations are
analogous to “short” N = 4 representations for which one half of super-generators annihilates
the states.
4. If stringy super-conformal symmetries act as gauge transformations, the analog of N = 4
SUSY is obtained in both quark and lepton sector. This extends to N = 8 SUSY if parton
orbits can carry both quarks and leptons. Lepto-quark is the simplest state of this kind.
5. The introduction of both fermions and gauge bosons as fundamental particles leads in quantum gravity theories and string models to d = 10 condition for the target space, spontaneous
compactification, and eventually to the landscape catastrophe.
For a supersymmetric gauge theory (SYM) in d-dimensional Minkowski space the condition
that the number of transversal polarization for gauge bosons given by d − 2 equals to the
number of fermionic states made of Majorana fermions gives d − 2 = 2k , since the number of
fermionic spinor components is always power of 2.
This allows only d = 3, 4, 6, 10, 16, ... Also the dimensions d + 1 are actually possible since
the number of spinor components for d and d + 1 is same for d even. This is the standard
argument leading to super-string models and M-theory. It it lost - or better to say, one gets
rid of it - if the basic fields include only fermion fields and bosonic states are constructed as
the tensor products of fermionic states. This is indeed the case in TGD, where spontaneous
compactification plays no role and bosons are emergent.
6. Spontaneous compactification leads in string model picture from N = 1 SUSY in say d =
10 to N > 1 SUSY in d = 4 since the fermionic multiplet reduces to a direct sum of
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fermionic multiplets in d = 4. In TGD imbedding space is not dynamical but fixed by
internal consistency requirements, and also by the condition that the theory is consistent
with the standard model symmetries. The identification of space-time as 4-surface makes
the induced spinor field dynamical and the notion of many-sheeted space-time allows to
circumvent the objections related to the fact that only 4 field like degrees of freedom are
present.

8.3.2

What Is The Role Of The Right-Handed Neutrino?

Whether right-handed neutrinos generate a supersymmetry in TGD has been a long standing open
question. N = 1 SUSY is certainly excluded by fermion number conservation but already N = 2
defining a “complexification” of N = 1 SUSY is possible and could generate right-handed neutrino
and its antiparticle. Right-handed neutrinos should however possess a non-vanishing light-like
momentum since the fully covariantly constant right-handed neutrino generates zero norm states.
The general view about the preferred extremals of Kähler action and application of the
conservation of em charge to the Kähler-Dirac equation have led to a rather detailed view about
classical and TGD and allowed to build a bridge between general vision about super-conformal
symmetries in TGD Universe and field equations. This vision is discussed in detail in [K40].
1. Many-sheeted space-time means that single space-time sheet need not be a good approximation for astrophysical systems. The GRT limit of TGD can be interpreted as obtained
by lumping many-sheeted space-time time to Minkowski space with effective metric defined
as sum M 4 metric and sum of deviations from M 4 metric for various space-time sheets
involved [K94]. This effective metric should correspond to that of General Relativity and
Einstein’s equations would reflect the underlying Poincare invariance. Gravitational and
cosmological constants follow as predictions and EP is satisfied.
2. The general structure of super-conformal representations can be understood: super-symplectic
algebra is responsible for the non-perturbative aspects of QCD and determines also the
ground states of elementary particles determining their quantum numbers. The hierarchy
of breakings of conformal symmetry as gauge gauge symmetry would explain dark matter.
The sub-algebra for which super-conformal symmetry remains gauge symmetry would be
isomorphic to the original algebra and generated by generators for which conformal weight
is multiple of integer n = hef f /h. This would would be true for super-symplectic algebra at
least and possible for all other conformal algebras involved.
3. Super-Kac-Moody algebras associated with isometries and holonomies dictate standard model
quantum numbers and lead to a massivation by p-adic thermodynamics: the crucial condition
that the number of tensor factors in Super-Virasoro represention is 5 is satisfied.
4. One can understand how the Super-Kac-Moody currents assignable to stringy world sheets
emerging naturally from the conservation of em charge defined as their string world sheet
Hodge duals gauge potentials for standard model gauge group and also their analogs for
gravitons. Also the conjecture Yangian algebra generated by Super-Kac-Moody charges
emerges naturally.
5. One also finds that right handed neutrino is in a very special role because of its lacking
couplings in electroweak sector and its role as a generator of the least broken SUSY. The
most feasible option is that all modes of the induced spinor field are restricted to 2-D string
world sheets. If covariantly constant right-handed neutrino could be de-localized completely
it cannot generate ordinary kind of gauge super-symmetry. It is not yet completely clear
whether the modes of the induced spinor field are localized at string world sheets also inside
the Euclidian wormhole contacts defining the lines of the generalized Feynman diagrams.
Intermediate gauge boson decay widths require that sparticles are either heavy enough or
dark in the sense of having non-standard value of Planck constant. Darkness would provide an
elegant explanation for their non-observability. It should be emphasized that TGD predicts
that all fermions act as generators of badly broken super-symmetries at partonic 2-surfaces
but these super-symmetries could correspond to much higher mass scale as that associated
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with the de-localized right-handed neutrino. The following piece of text summarizes the
argument.
6. Ordinary SUSY means that apart from kinematical spin factors sparticles and particles behave identically with respect to standard model interactions. These spin factors would allow
to distinguish between particles and sparticles. This requires strong correlations between
fermion and right-handed neutrino: in fact, they should be at rest with respect to each
other. Right-handed neutrinos have vanishing color and electro-weak quantum numbers.
How it is possible to have sparticles as bound states with ordinary particle and right-handed
neutrino?
The localization of induced spinor fields to string world sheets suggests a solution to the
problem.
(a) The localization forces the fermions to move in parallel although they have no interactions. The 8-momenta and 8-velocities of fermion are light-like and they move along
light-like 8-geodesics. Since the size of the partonic 2-surface should not change much.
If all fundamental fermions involved are massive one can assume that they are at rest
and in this manner geometrically stable state.
(b) If one has massive fermion and massless right-handed neutrino, they should be at rest
with respect to each other. What looks paradoxical that one cannot reduce the velocity
to exactly zero in any coordinate system since covariantly constant right-handed neutrino represents a pure gauge degree of freedom. It is of course possible to assume that
the relative velocity is some sufficiently low velocity. One can also argue that sparticles
are unstable and that this is basically due to a geometric instability implied by the
non-parallel 3-momenta of fundamental fermions.
(c) If one assumes that the 4-momentum squared corresponds to that associated with the
imbedding space spinor harmonics, one can to estimate the mass of the sparticle once
the energy of the right-handed neutrino is fixed. This argument applies also to n-fermion
states at associated with the wormhole contact pairs.
(d) p-Adic mass calculations however give to mass squared also other contributions that
coming from the spinor harmonic, in particular negative ground state contribution and
that the mass squared of the fundamental fermion vanishes for lowest states which
would therefore have vanishing CP2 velocity. Why the light-like four-momentum of the
resulting state should not characterize the fermion line? In this picture p-adic thermal
excitations would make the state unstable. One could in fact turn this argument to an
explanation for why the stable physical particles must parallel 4-momenta.
(e) What is still not well-understood is the tachyonic contribution to four-momentum. One
possibility is that wormhole contact gives imaginary contribution to four-momentum.
Second possibility is that the generating super-symplectic conformal weights are the
negatives for the zeros of zeta. For non-trivial zeros the real part of the conformal
would be -1/2.
So called massless extremals (MEs) define massless represent classical field pattern moving
with light velocity and preserving its shape. This suggests that particle represented as a magnetic
flux tube structure carrying monopole flux with two wormhole contacts and sliced between two
MEs could serve as a starting point in attempts to understand the role of right handed neutrinos
and how N = 2 or N = 4 type SYM emerges at the level of space-time geometry.

8.3.3

The Impact From LHC And Evolution Of TGD Itself

The missing energy predicted standard SUSY seems to be absent at LHC. The easy explanation
would be that the mass scale of SUSY is unexpectedly high, of order 1-10 TeV. This would however
destroy the original motivations for SUSY. The arguments developed in the following manner.
1. One must distinguish between imbedding space spinor harmonics and the modes of the induced spinor field. Right-handed neutrino with vanishing color quantum numbers and thus
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covariantly constant in CP2 is massless. All other modes of the induced spinor field are
massive and in according to the p-adic mass calculations negative conformal weight of the
ground state and the presence of Kac-Moody and super-symplectic generators make possible
massless states having thermal excitations giving to the state a thermal mass. Right-handed
neutrino can mix with left-handed neutrino ad can get mass. One can assign to any fermion
a super-multiplet with 4 members.
One cannot assign full super-4-plet also to non-colored right handed neutrino itself: the
multiplet would contain only 3 states. The most natural possibility is that the ground state
is now a color excitation of right-handed neutrino and massless non-colored right-handed
neutrinos give rise to the 4-plet. The colored spinor mode at imbedding space level is however
a mixture or left- and right handed neutrinos.
2. In TGD framework the natural first guess is that right-handed neutrinos carrying fourmomentum can give rise to missing energy. The assumption that fermions correspond to color
partial waves in H implies that color excitations of the right handed neutrino that would
appear in asymptotic states are necessarily colored. It could happen that these excitations
are color neutralized by super-conformal generators. If this is not the case, these neutrinos
would be like quarks and color confinement would explain why they cannot be observed as
asymptotic states in macroscopic scales.
Second possibility is that SUSY itself is generated by color partial waves of right-handed
neutrino, octet most naturally. This option is however not consistent with the above model
for one-fermion states and their super-partners.

8.3.4

Supersymmetry In Crisis

Supersymmetry is very beautiful generalization of the ordinary symmetry concept by generalizing Lie-algebra by allowing grading such that ordinary Lie algebra generators are accompanied by
super-generators transforming in some representation of the Lie algebra for which Lie-algebra commutators are replaced with anti-commutators. In the case of Poincare group the super-generators
would transform like spinors. Clifford algebras are actually super-algebras. Gamma matrices anticommute to metric tensor and transform like vectors under the vielbein group (SO(n) in Euclidian
signature). In supersymmetric gauge theories one introduced super translations anti-commuting
to ordinary translations.
Supersymmetry algebras defined in this manner are characterized by the number of supergenerators and in the simplest situation their number is one: one speaks about N = 1 SUSY and
minimal super-symmetric extension of standard model (MSSM) in this case. These models are
most studied because they are the simplest ones. They have however the strange property that
the spinors generating SUSY are Majorana spinors- real in well-defined sense unlike Dirac spinors.
This implies that fermion number is conserved only modulo two: this has not been observed
experimentally. A second problem is that the proposed mechanisms for the breaking of SUSY do
not look feasible.
LHC results suggest MSSM does not become visible at LHC energies. This does not exclude
more complex scenarios hiding simplest N = 1 to higher energies but the number of real believers
is decreasing. Something is definitely wrong and one must be ready to consider more complex
options or totally new view abot SUSY.
What is the analog of SUSY in TGD framework? I must admit that I am still fighting to
gain understanding of SUSY in TGD framework [K45]. That I can still imagine several scenarios
shows that I have not yet completely understood the problem but I am working hardly to avoid
falling to the sin of sloppying myself.
At the basic level one has super-conformal invariance generated in the fermion sector by the
super-conformal charges assignable to the strings emanating from partonic 2-surfaces and connecting them to each other. For elementary particles one has 2 wormhole contacts and 4 wormhole
throats. If the number of strings is just one, one has symplectic super-conformal symmetry, which
is already huge. Several strings must be allowed and this leads to the Yangian variant of superconformal symmetry, which is multi-local (multi-stringy).
One can also say that fermionic oscillator operators generate infinite-D super-algebra. One
can restrict the consideration to lowest conformal weights if spinorial super-conformal invariance
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acts as gauge symmetry so that one obtains a finite-D algebra with generators labelled by electroweak quantum numbers of quarks and leptons. This super-symmetry is badly broken but contains
the algebra generated by right-handed neutrino and its conjugate as sub-algebra.
The basic question is whether covariantly constant right handed neutrino generators N = ∈
SUSY or whether the SUSY is generated as approximate symmetry by adding massless righthanded neutrino to the state thus changing its four-momentum. The problem with the first option
is that it the standard norm of the state is naturally proportional to four-momentum and vanishes
at the limit of vanishing four-momentum: is it possible to circumvent this problem somehow? In
the following I summarize the situation as it seems just now.
1. In TGD framework N = 1 SUSY is excluded since B and L and conserved separately and
imbedding space spinors are not Majorana spinors. The possible analog of space-time SUSY
should be a remnant of a much larger super-conformal symmetry in which the Clifford algebra
generated by fermionic oscillator operators giving also rise to the Clifford algebra generated
by the gamma matrices of the “world of classical worlds” (WCW) and assignable with string
world sheets. This algebra is indeed part of infinite-D super-conformal algebra behind quantum TGD. One can construct explicitly the conserved super conformal charges accompanying
ordinary charges and one obtains something analogous to N = ∞ super algebra. This SUSY
is however badly broken by electroweak interactions.
2. The localization of induced spinors to string world sheets emerges from the condition that
electromagnetic charge is well-defined for the modes of induced spinor fields. There is however
an exception: covariantly constant right handed neutrino spinor νR : it can be de-localized
along entire space-time surface. Right-handed neutrino has no couplings to electroweak
fields. It couples however to left handed neutrino by induced gamma matrices except when
it is covariantly constant. Note that standard model does not predict νR but its existence is
necessary if neutrinos develop Dirac mass. νR is indeed something which must be considered
carefully in any generalization of standard model.
Could covariantly constant right handed neutrinos generate SUSY?
Could covariantly constant right-handed spinors generate exact N = 2 SUSY? There are two
spin directions for them meaning the analog N = 2 Poincare SUSY. Could these spin directions
correspond to right-handed neutrino and antineutrino. This SUSY would not look like Poincare
SUSY for which anti-commutator of super generators would be proportional to four-momentum.
The problem is that four-momentum vanishes for covariantly constant spinors! Does this mean
that the sparticles generated by covariantly constant νR are zero norm states and represent super
gauge degrees of freedom? This might well be the case although I have considered also alternative
scenarios.
What about non-covariantly constant right-handed neutrinos?
Both imbedding space spinor harmonics and the Kähler-Dirac equation have also right-handed
neutrino spinor modes not constant in M 4 and localized to the partonic orbits. If these are
responsible for SUSY then SUSY is broken.
1. Consider first the situation at space-time level. Both induced gamma matrices and their
generalizations to Kähler-Dirac gamma matrices defined as contractions of imbedding space
gamma matrices with the canonical momentum currents for Kähler action are superpositions
of M 4 and CP2 parts. This gives rise to the mixing of right-handed and left-handed neutrinos.
Note that non-covariantly constant right-handed neutrinos must be localized at string world
sheets.
This in turn leads neutrino massivation and SUSY breaking. Given particle would be accompanied by sparticles containing varying number of right-handed neutrinos and antineutrinos
localized at partonic 2-surfaces.
2. One an consider also the SUSY breaking at imbedding space level. The ground states of the
representations of extended conformal algebras are constructed in terms of spinor harmonics
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of the imbedding space and form the addition of right-handed neutrino with non-vanishing
four-momentum would make sense. But the non-vanishing four-momentum means that the
members of the super-multiplet cannot have same masses. This is one manner to state what
SUSY breaking is.
What one can say about the masses of sparticles?
The simplest form of massivation would be that all members of the super-multiplet obey the same
mass formula but that the p-adic length scales associated with them are different. This could
allow very heavy sparticles. What fixes the p-adic mass scales of sparticles? If this scale is CP2
mass scale SUSY would be experimentally unreachable. The estimate below does not support this
option.
One can consider the possibility that SUSY breaking makes sparticles unstable against phase
transition to their dark variants with hef f = n × h. Sparticles could have same mass but be nonobservable as dark matter not appearing in same vertices as ordinary matter! Geometrically the
addition of right-handed neutrino to the state would induce many-sheeted covering in this case
with right handed neutrino perhaps associated with different space-time sheet of the covering.
This idea need not be so outlandish at it looks first.
1. The generation of many-sheeted covering has interpretation in terms of breaking of conformal
invariance. The sub-algebra for which conformal weights are n-tuples of integers becomes the
algebra of conformal transformations and the remaining conformal generators do note represent gauge degrees of freedom anymore. They could however represent conserved conformal
charges still.
2. This generalization of conformal symmetry breaking gives rise to infinite number of fractal
hierarchies formed by sub-algebras of conformal algebra and is also something new and a
fruit of an attempt to avoid sloppy thinking. The breaking of conformal symmetry is indeed
expected in massivation related to the SUSY breaking.
The following poor man’s estimate supports the idea about dark sfermions and the view
that sfermions cannot be very heavy.
1. Neutrino mixing rate should correspond to the mass scale of neutrinos known to be in eV
range for ordinary value of Planck constant. For hef f /h = n it is reduced by factor 1/n,
when mass kept constant. Hence sfermions could be stabilized by making them dark.
2. A very rough order of magnitude estimate for sfermion mass scale is obtained from Uncertainty Principle: particle mass should be higher than its decay rate. Therefore an estimate
for the decay rate of sfermion could give a lower bound for its mass scale.
3. Assume the transformation νR → νL makes sfermion unstable against the decay to fermion
and ordinary neutrino. If so, the decay rate would be dictated by the mixing rate and
therefore to neutrino mass scale for the ordinary value of Planck constant. Particles and
sparticles would have the same p-adic mass scale. Large hef f could however make sfermion
dark, stable, and non-observable.
A rough model for the neutrino mixing in TGD framework
The mixing of neutrinos would be the basic mechanism in the decays of sfermions. The following
argument tries to capture what is essential in this process.
1. Conformal invariance requires that the string ends at which fermions are localized at wormhole throats are light-like curves. In fact, light-likeness gives rise to Virasosoro conditions.
2. Mixing is described by a vertex residing at partonic surface at which two partonic orbits join.
Localization of fermions to string boundaries reduces the problem to a problem completely
analogous to the coupling of point particle coupled to external gauge field. What is new
that orbit of the particle has edge at partonic 2-surface. Edge breaks conformal invariance
since one cannot say that curve is light-like at the edge. At edge neutrino transforms from
right-handed to left handed one.
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3. In complete analogy with Ψγ t At Ψ vertex for the point-like particle with spin in external field, the amplitude describing nuR − νL transition involves matrix elements of form
ν R Γt (CP2 )Zt νL at the vertex of the CP2 part of the Kähler-Dirac gamma matrix and classical Z 0 field.
How Γt is identified? The Kähler-Dirac gamma matrices associated with the interior need
not be well-defined at the light-like surface and light-like curve. One basis of weak form
of electric magnetic duality the Kähler-Dirac gamma matrix corresponds to the canonical
momentum density associated with the Chern-Simons term for Kähler action. This gamma
matrix contains only the CP2 part.
The following provides as more detailed view.
1. Let us denote by ΓtCP2 (in/out) the CP2 part of the Kähler-Dirac gamma matrix at string
at at partonic 2-surface and by Zt0 the value of Z 0 gauge potential along boundary of string
world sheet. The direction of string line in imbedding space changes at the partonic 2-surface.
The question is what happens to the Kähler-Dirac action at the vertex.
2. For incoming and outgoing lines the equation
D(in/out)Ψ(in/out) = pk (in, out)γk Ψ(in/out) ,
where the Kähler-Dirac operator is D(in/out) = Γt (in/out)Dt , is assumed. νR corresponds
to ”in” and νR to ”out”. It implies that lines corresponds to massless M 4 Dirac propagator
and one obtains something resembling ordinary perturbation theory.
It also implies that the residue integration over fermionic internal momenta gives as a residue
massless fermion lines with non-physical helicities as one can expect in twistor approach. For
physical particles the four-momenta are massless but in complex sense and the imaginary
part comes classical from four-momenta assignable to the lines of generalized Feynman diagram possessing Euclidian signature of induced metric so that the square root of the metric
determinant differs by imaginary unit from that in Minkowskian regions.
3. In the vertex D(in/out) could act in Ψ(out/in) and the natural idea is that νR − νL
mixing is due to this so that it would be described the classical weak current couplings
ν R ΓtCP2 (out)Zt0 (in)νL and ν R ΓtCP2 (out)Zt0 (in)νL .
To get some idea about orders of magnitude assume that the CP2 projection of string
boundary is geodesic circle thus describable as Φ = ωt, where Φ is angle coordinate for the circle
and t is Minkowski time coordinate. The contribution of CP2 to the induced metric gtt is ∆gtt =
−R2 ω 2 .
1. In the first approximation string end is a light-like curve in Minkowski space meaning that
CP2 contribution to the induced metric vanishes. Neutrino mixing vanishes at this limit.
2. For a non-vanishing value of ωR the mixing and the order of magnitude for mixing rate and
neutrino mass is expected to be R ∼ ω and m ∼ ω/h. p-Adic length scale hypothesis and
the experimental value of neutrino mass allows to estimate m to correspond to p-adic mass
to be of order eV so that the corresponding p-adic prime p could be p ' 2167 . Note that
k = 127 defines largest of the four Gaussian Mersennes MG,k = (1 + i)k − 1 appearing in the
length scale range 10 nm -2.5 µm. Hence the decay rate for ordinary Planck constant would
be of order R ∼ 1014 /s but large value of Planck constant could reduced it dramatically. In
living matter reductions by a factor 10−12 can be considered.
To sum up, the space-time SUSY in TGD sense would differ crucially from SUSY in the
standard sense. There would no Majorana spinors and sparticles could correspond to dark phase
of matter with non-standard value of Planck constant. The signatures of the standard SUSY do
not apply to TGD. Of course, a lot of professional work would be needed to derive the signatures
of TGD SUSY.
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8.3.5

Right-Handed Neutrino As Inert Neutrino?

There is a very interesting posting by Jester in Resonaances with title “How many neutrinos in the
sky?” (see http://tinyurl.com/y8scxzqr) [C9]. Jester tells about the recent 9 years WMAP
data [C155] and compares it with earlier 7 years data. In the earlier data the effective number of
neutrino types was Nef f = 4.34 ± 0.87 and in the recent data it is Nef f = 3.26 ± 0.35. WMAP
alone would give Nef f = 3.89 ± 0.67 also in the recent data but also other data are used to pose
constraints on Nef f .
To be precise, Nef f could include instead of fourth neutrino species also some other weakly
interacting particle. The only criterion for contributing to Nef f is that the particle is in thermal
equilibrium with other massless particles and thus contributes to the density of matter considerably
during the radiation dominated epoch.
Jester also refers to the constraints on Nef f from nucleosynthesis (see http://tinyurl.
com/y8fkfn5y) , which show that Nef f ∼ 4 us slightly favored although the entire range [3, 5] is
consistent with data.
It seems that the effective number of neutrinos could be 4 instead of 3 although latest
WMAP data combined with some other measurements favor 3. Later a corrected version e http:
//tinyurl.com/y9er8szf) of the eprint appeared [C155] telling that the original estimate of Nef f
contained a mistake and the correct estimate is Nef f = 3.84 ± 0.40.
An interesting question is what Nef f = 4 could mean in TGD framework?
1. One poses to the modes of the Kähler-Dirac equation the following condition: electric charge
is conserved in the sense that the time evolution by Kähler-Dirac equation does not mix a
mode with a well-defined em charge with those with different em charge. The implication is
that all modes except pure right handed neutrino are restricted at string world sheets. The
first guess is that string world sheets are minimal surfaces of space-time surface (rather than
those of imbedding space). One can also consider minimal surfaces of imbedding space but
with effective metric defined by the anti-commutators of the Kähler-Dirac gamma matrices.
This would give a direct physical meaning for this somewhat mysterious effective metric.
For the neutrino modes localized at string world sheets mixing of left and right handed modes
takes place and they become massive. If only 3 lowest genera for partonic 2-surfaces are light,
one has 3 neutrinos of this kind. The same applies to all other fermion species. The argument
for why this could be the case relies on simple observation [K10]: the genera g=0, 1, 2 have
the property that they allow for all values of conformal moduli Z2 as a conformal symmetry
(hyper-ellipticity). For g > 2 this is not the case. The guess is that this additional conformal
symmetry is the reason for lightness of the three lowest genera.
2. Only purely right-handed neutrino is completely de-localized in 4-volume so that one cannot
assign to it genus of the partonic 2-surfaces as a topological quantum number and it effectively
gives rise to a fourth neutrino very much analogous to what is called sterile neutrino. Delocalized right-handed neutrinos couple only to gravitation and in case of massless extremals
this forces them to have four-momentum parallel to that of ME: only massless modes are
possible. Very probably this holds true for all preferred extremals to which one can assign
massless longitudinal momentum direction which can vary with spatial position.
3. The coupling of νR is to gravitation alone and all electroweak and color couplings are absent.
According to standard wisdom de-localized right-handed neutrinos cannot be in thermal
equilibrium with other particles. This according to standard wisdom. But what about
TGD?
One should be very careful here: de-localized right-handed neutrinos is proposed to give rise
to SUSY (not N = 1 requiring Majorana fermions) and their dynamics is that of passive
spectator who follows the leader. The simplest guess is that the dynamics of right handed
neutrinos at the level of amplitudes is completely trivial and thus trivially supersymmetric.
There are however correlations between four-momenta.
(a) The four-momentum of νR is parallel to the light-like momentum direction assignable
to the massless extremal (or more general preferred extremal). This direct coupling to
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the geometry is a special feature of the Kähler-Dirac operator and thus of sub-manifold
gravity.
(b) On the other hand, the sum of massless four-momenta of two parallel pieces of preferred
extremals is the - in general massive - four-momentum of the elementary particle defined
by the wormhole contact structure connecting the space-time sheets (which are glued
along their boundaries together since this is seems to be the only manner to get rid of
boundary conditions requiring vacuum extremal property near the boundary). Could
this direct coupling of the four-momentum direction of right-handed neutrino to geometry and four-momentum directions of other fermions be enough for the right handed
neutrinos to be counted as a fourth neutrino species in thermal equilibrium? This might
be the case!
One cannot of course exclude the coupling of 2-D neutrino at string world sheets to 4-D purely
right handed neutrinos analogous to the coupling inducing a mixing of sterile neutrino with
ordinary neutrinos. Also this could help to achieve the thermal equilibrium with 2-D neutrino
species.

8.3.6

Experimental Evidence For Sterile Neutrino?

Many physicists are somewhat disappointed to the results from LHC: the expected discovery of
Higgs has been seen as the main achievement of LHC hitherto. Much more was expected. To my
opinion there is no reason for disappointment. The exclusion of the standard SUSY at expected
energy scale is very far reaching negative result. Also the fact that Higgs mass is too small to
be stable without fine tuning is of great theoretical importance. The negative results concerning
heavy dark matter candidates are precious guidelines for theoreticians. The non-QCD like behavior in heavy ion collisions and proton-ion collisions is bypassed my mentioning something about
AdS/CFT correspondence and non-perturbative QCD effects. I tend to see these effects as direct
evidence for M89 hadron physics [K22].
In any case, something interesting has emerged quite recently. Resonaances tells that the
recent analysis (see http://tinyurl.com/ycf4vbkq) [C140] of X-ray spectrum of galactic clusters
claims the presence of monochromatic 3.5 keV photon line. The proposed interpretation is as
a decay product of sterile 7 keV neutrino transforming first to a left-handed neutrino and then
decaying to photon and neutrino via a loop involving W boson and electron. This is of course only
one of the many interpretations. Even the existence of line is highly questionable.
One of the poorly understood aspects of TGD is right-handed neutrino, which is obviously
the TGD counterpart of the inert neutrino.
1. The old idea is that covariantly constant right handed neutrino could generate N = 2 supersymmetry in TGD Universe. In fact, all modes of induced spinor field would generate superconformal symmetries but electroweak interactions would break these symmetries for the
modes carrying non-vanishing electroweak quantum numbers: they vanish for νR . This picture is now well-established at the level of WCW geometry [K51]: super-conformal generators
are labelled angular momentum and color representations plus two conformal weights: the
conformal weight assignable to the light-like radial coordinate of light-cone boundary and the
conformal weight assignable to string coordinate. It seems that these conformal weights are
independent. The third integer labelling the states would label genuinely Yangian generators: it would tell the poly-locality of the generator with locus defined by partonic 2-surface:
generators acting on single partonic 2-surface, 2 partonic 2-surfaces, ...
2. It would seem that even the SUSY generated by νR must be badly broken unless one is able
to invent dramatically different interpretation of SUSY. The scale of SUSY breaking and thus
the value of the mass of right-handed neutrino remains open also in TGD. In lack of better
one could of course argue that the mass scale must be CP2 mass scale because right-handed
neutrino mixes considerably with the left-handed neutrino (and thus becomes massive) only
in this scale. But why this argument does not apply also to left handed neutrino which must
also mix with the right-handed one!
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3. One can of course criticize the proposed notion of SUSY: wonder whether fermion + extremely
weakly interacting νR at same wormhole throat (or interior of 3-surface) can behave as single
coherent entity as far spin is considered [K45] ?
4. The condition that the modes of induced spinor field have a well-defined electromagnetic
charge eigenvalue [K40] requires that they are localized at 2-D string world sheets or partonic 2-surfaces: without this condition classical W boson fields would mix the em charged
and neutral modes with each other. Right-handed neutrino is an exception since it has no
electroweak couplings. Unless right-handed neutrino is covariantly constant, the Kähler-Dirac
gamma matrices can however mix the right-handed neutrino with the left handed one and
this can induce transformation to charged mode. This does not happen if each Kähler-Dirac
gamma matrix can be written as a linear combination of either M 4 or CP2 gamma matrices
and Kähler-Dirac equation is satisfied separately by M 4 and CP2 parts of the Kähler-Dirac
equation.
5. Is the localization of the modes other than covariantly constant neutrino to string world
sheets a consequence of dynamics or should one assume this as a separate condition? If
one wants similar localization in space-time regions of Euclidian signature - for which CP2
type vacuum extremal is a good representative - one must assume it as a separate condition. In number theoretic formulation string world sheets/partonic 2-surfaces would be
commutative/co-commutative sub-manifolds of space-time surfaces which in turn would be
associative or co-associative sub-manifolds of imbedding space possessing (hyper-)octonionic
tangent space structure. For this option also right-handed neutrino would be localized to
string world sheets. Right-handed neutrino would be covariantly constant only in 2-D sense.
One can consider the possibility that νR is de-localized to the entire 4-D space-time sheet.
This would certainly modify the interpretation of SUSY since the number of degrees of
freedom would be reduced for νR .
6. Non-covariantly constant right-handed neutrinos could mix with left-handed neutrinos but
not with charged leptons if the localization to string world sheets is assumed for modes
carrying non-vanishing electroweak quantum numbers. This would make possible the decay
of right-handed to neutrino plus photon, and one cannot exclude the possibility that νR has
mass 7 keV.
Could this imply that particles and their spartners differ by this mass only? Could it be
possible that practically unbroken SUSY could be there and we would not have observed
it? Could one imagine that sfermions have annihilated leaving only states consisting of
fundamental fermions? But shouldn’t the total rate for the annihilation of photons to hadrons
be two times the observed one? This option does not sound plausible.
What if one assumes that given sparticle is charactrized by the same p-adic prime as corresponding particle but is dark in the sense that it corresponds to non-standard value of
Planck constant. In this case sfermions would not appear in the same vertex with fermions
and one could escape the most obvious contradictions with experimental facts. This leads
to the notion of shadron: shadrons would be [K45] obtained by replacing quarks with dark
squarks with nearly identical masses. I have asked whether so called X and Y bosons having
no natural place in standard model of hadron could be this kind of creatures.
The interpretation of 3.5 keV photons as decay products of right-handed neutrinos is of
course totally ad hoc. Another TGD inspired interpretation would be as photons resulting from
the decays of excited nuclei to their ground state.
1. Nuclear string model [L5] predicts that nuclei are string like objects formed from nucleons
connected by color magnetic flux tubes having quark and antiquark at their ends. These
flux tubes are long and define the “magnetic body” of nucleus. Quark and antiquark have
opposite em charges for ordinary nuclei. When they have different charges one obtains exotic
state: this predicts entire spectrum of exotic nuclei for which statistic is different from what
proton and neutron numbers deduced from em charge and atomic weight would suggest.
Exotic nuclei and large values of Planck constant could make also possible cold fusion [K64].
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2. What the mass difference between these states is, is not of course obvious. There is however
an experimental finding [C161] (see Analysis of Gamma Radiation from a Radon Source:
Indications of a Solar Influence at http://tinyurl.com/d9ymwm3) that nuclear decay rates
oscillate with a period of year and the rates correlate with the distance from Sun. A possible
explanation is that the gamma rays from Sun in few keV range excite the exotic nuclear
states with different decay rate so that the average decay rate oscillates [L5]. Note that
nuclear excitation energies in keV range would also make possible interaction of nuclei with
atoms and molecules.
3. This allows to consider the possibility that the decays of exotic nuclei in galactic clusters
generates 3.5 keV photons. The obvious question is why the spectrum would be concentrated
at 3.5 keV in this case (second question is whether the energy is really concentrated at 3.5
keV: a lot of theory is involved with the analysis of the experiments). Do the energies of
excited states depend on the color bond only so that they would be essentially same for
all nuclei? Or does single excitation dominate in the spectrum? Or is this due to the fact
that the thermal radiation leaking from the core of stars excites predominantly single state?
Could E = 3.5 keV correspond to the maximum intensity for thermal radiation in stellar
core? If so, the temperature of the exciting radiation would be about T ' E/3 ' 1.2 × 107
K. This in the temperature around which formation of Helium by nuclear fusion has begun:
the temperature at solar core is around 1.57 × 107 K.

8.3.7

Delicacies of the induced spinor structure and SUSY mystery

The discussion of induced spinor structure leads to a modification of an earlier idea (one of the
many) about how SUSY could be realized in TGD in such a manner that experiments at LHC
energies could not discover it and one should perform experiments at the other end of energy
spectrum at energies which correspond to the thermal energy about .025 eV at room temperature.
I have the feeling that this observation could be of crucial importance for understanding of SUSY.
Induced spinor structure
The notion of induced spinor field deserves a more detailed discussion. Consider first induced
spinor structures.
1. Induced spinor field are spinors of M 4 × CP2 for which modes are characterized by chirality
(quark or lepton like) and em charge and weak isospin.
2. Induced spinor spinor structure involves the projection of gamma matrices defining induced
gamma matrices. This gives rise to superconformal symmetry if the action contains only
volume term.
When Kähler action is present, superconformal symmetry requires that the modified gamma
matrices are contractions of canonical momentum currents with imbedding space gamma
matrices. Modified gammas appear in the modified Dirac equation and action, whose solution
at string world sheets trivializes by super-conformal invariance to same procedure as in the
case of string models.
3. Induced spinor fields correspond to two chiralities carrying quark number and lepton number.
Quark chirality does not carry color as spin-like quantum number but it corresponds to a
color partial wave in CP2 degrees of freedom: color is analogous to angular momentum. This
reduces to spinor harmonics of CP2 describing the ground states of the representations of
super-symplectic algebra.
The harmonics do not satisfy correct correlation between color and electroweak quantum
numbers although the triality t=0 for leptonic waves and t=1 for quark waves. There are
two manners to solve the problem.
(a) Super-symplectic generators applied to the ground state to get vanishing ground states
weight instead of the tachyonic one carry color and would give for the physical states
correct correlation: leptons/quarks correspond to the same triality zero(one partial wave
irrespective of charge state. This option is assumed in p-adic mass calculations [K19].
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(b) Since in TGD elementary particles correspond to pairs of wormhole contacts with weak
isospin vanishing for the entire pair, one must have pair of left and right-handed neutrinos at the second wormhole throat. It is possible that the anomalous color quantum
numbers for the entire state vanish and one obtains the experimental correlation between
color and weak quantum numbers. This option is less plausible since the cancellation
of anomalous color is not local as assume in p-adic mass calculations.
The understanding of the details of the fermionic and actually also geometric dynamics has
taken a long time. Super-conformal symmetry assigning to the geometric action of an object with
given dimension an analog of Dirac action allows however to fix the dynamics uniquely and there
is indeed dimensional hierarchy resembling brane hierarchy.
1. The basic observation was following. The condition that the spinor modes have well-defined
em charge implies that they are localized to 2-D string world sheets with vanishing W boson
gauge fields which would mix different charge states. At string boundaries classical induced
W boson gauge potentials guarantee this. Super-conformal symmetry requires that this 2surface gives rise to 2-D action which is area term plus topological term defined by the flux
of Kähler form.
2. The most plausible assumption is that induced spinor fields have also interior component but
that the contribution from these 2-surfaces gives additional delta function like contribution:
this would be analogous to the situation for branes. Fermionic action would be accompanied
by an area term by supersymmetry fixing modified Dirac action completely once the bosonic
actions for geometric object is known. This is nothing but super-conformal symmetry.
One would actually have the analog of brane-hierarchy consisting of surfaces with dimension
D= 4,3,2,1 carrying induced spinor fields which can be regarded as independent dynamical
variables and characterized by geometric action which is D-dimensional analog of the action
for Kähler charged point particle. This fermionic hierarchy would accompany the hierarchy
of geometric objects with these dimensions and the modified Dirac action would be uniquely
determined by the corresponding geometric action principle (Kähler charged point like particle, string world sheet with area term plus Kähler flux, light-like 3-surface with Chern-Simons
term, 4-D space-time surface with Kähler action).
3. This hierarchy of dynamics is consistent with SH only if the dynamics for higher dimensional
objects is induced from that for lower dimensional objects - string world sheets or maybe even
their boundaries orbits of point like fermions. Number theoretic vision [K96] suggests that
this induction relies algebraic continuation for preferred extremals. Note that quaternion
analyticity [L29] means that quaternion analytic function is determined by its values at 1-D
curves.
4. Quantum-classical correspondences (QCI) requires that the classical Noether charges are
equal to the eigenvalues of the fermionic charges for surfaces of dimension D = 0, 1, 2, 3 at
the ends of the CDs. These charges would not be separately conserved. Charges could flow
between objects of dimension D + 1 and D - from interior to boundary and vice versa. Fourmomenta and also other charges would be complex as in twistor approach: could complex
values relate somehow to the finite life-time of the state?
If quantum theory is square root of thermodynamics as zero energy ontology suggests, the
idea that particle state would carry information also about its life-time or the time scale of CD
to which is associated could make sense. For complex values of αK there would be also flow
of canonical and super-canonical momentum currents between Euclidian and Minkowskian
regions crucial for understand gravitational interaction as momentum exchange at imbedding
space level.
5. What could be the physical interpretation of the bosonic and fermionic charges associated
with objects of given dimension? Condensed matter physicists assign routinely physical states
to objects of various dimensions: is this assignment much more than a practical approximation or could condensed matter physics already be probing many-sheeted physics?
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SUSY and TGD
From this one ends up to the possibility of identifying the counterpart of SUSY in TGD framework
[K45, K66].
1. In TGD the generalization of much larger super-conformal symmetry emerges from the supersymplectic symmetries of WCW. The mathematically questionable notion of super-space is
not needed: only the realization of super-algebra in terms of WCW gamma matrices defining
super-symplectic generators is necessary to construct quantum states. As a matter of fact,
also in QFT approach one could use only the Clifford algebra structure for super-multiplets.
No Majorana condition on fermions is needed as for N = 1 space-time SUSY and one avoids
problems with fermion number non-conservation.
2. In TGD the construction of sparticles means quite concretely adding fermions to the state.
In QFT it corresponds to transformation of states of integer and half-odd integer spin to each
other. This difference comes from the fact that in TGD particles are replaced with point like
particles.
3. The analog of N = 2 space-time SUSY could be generated by covariantly constant right
handed neutrino and antineutrino. Quite generally the mixing of fermionic chiralities implied
by the mixing of M 4 and CP2 gamma matrices implies SUSY breaking at the level of particle
masses (particles are massless in 8-D sense). This breaking is purely geometrical unlike the
analog of Higgs mechanism proposed in standard SUSY.
There are several options to consider.
1. The analog of brane hierarchy is realized also in TGD. Geometric action has parts assignable
to 4-surface, 3-D light like regions between Minkowskian and Euclidian regions, 2-D string
world sheets, and their 1-D boundaries. They are fixed uniquely. Also their fermionic counterparts - analogs of Dirac action - are fixed by super-conformal symmetry. Elementary
particles reduce so composites consisting of point-like fermions at boundaries of wormhole
throats of a pair of wormhole contacts.
This forces to consider 3 kinds of SUSYs! The SUSYs associated with string world sheets and
space-time interiors would certainly be broken since there is a mixing between M 4 chiralities
in the modified Dirac action. The mass scale of the broken SUSY would correspond to the
length scale of these geometric objects and one might argue that the decoupling between
the degrees of freedom considered occurs at high energies and explains why no evidence for
SUSY has been observed at LHC. Also the fact that the addition of massive fermions at
these dimensions can be interpreted differently. 3-D light-like 3-surfaces could be however an
exception.
2. For 3-D light-like surfaces the modified Dirac action associated with the Chern-Simons term
does not mix M 4 chiralities (signature of massivation) at all since modified gamma matrices
have only CP2 part in this case. All fermions can have well-defined chirality. Even more: the
modified gamma matrices have no M 4 part in this case so that these modes carry no fourmomentum - only electroweak quantum numbers and spin. Obviously, the excitation of these
fermionic modes would be an ideal manner to create spartners of ordinary particles consting
of fermion at the fermion lines. SUSY would be present if the spin of these excitations couples
- to various interactions and would be exact.
What would be these excitations? Chern-Simons action and its fermionic counterpart are
non-vanishing only if the CP2 projection is 3-D so that one can use CP2 coordinates. This
strongly suggests that the modified Dirac equation demands that the spinor modes are covariantly constant and correspond to covariantly constant right-handed neutrino providing
only spin.
If the spin of the right-handed neutrino adds to the spin of the particle and the net spin
couples to dynamics, N = 2 SUSY is in question. One would have just action with unbroken
SUSY at QFT limit? But why also right-handed neutrino spin would couple to dynamics
if only CP2 gamma matrices appear in Chern-Simons-Dirac action? It would seem that it
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is independent degree of freedom having no electroweak and color nor even gravitational
couplings by its covariant constancy. I have ended up with just the same SUSY-or-no-SUSY
that I have had earlier.
3. Can the geometric action for light-like 3-surfaces contain Chern-Simons term?
(a) Since the volume term vanishes identically in this case, one could indeed argue that also
the counterpart of Kähler action is excluded. Moreover, for so called massless extremals
of Kähler action reduces to Chern-Simons terms in Minkowskian regions and this could
happen quite generally: TGD with only Kähler action would be almost topological QFT
as I have proposed. Volume term however changes the situation via the cosmological
constant. Kähler-Dirac action in the interior does not reduce to its Chern-Simons analog
at light-like 3-surface.
(b) The problem is that
the two sides of the light-like 3-surface
√ the Chern-Simons term at √
differs by factor −1 coming from the ratio of g4 factors which themselves approach
to zero: oOne would have the analog of dipole layer. This strongly suggests that one
should not include Chern-Simons term at all.
Suppose however that Chern-Simons terms are present at the two sides and αK is real so
that nothing goes through the horizon forming the analog of dipole layer. Both bosonic
and fermionic degrees of freedom for Euclidian and Minkowskian regions would decouple
completely but currents would flow to the analog of dipole layer. This is not physically
attractive.
The canonical momentum current and its super counterpart would give fermionic source
term Γn Ψint,± in the modified Dirac equation defined by Chern-Simons term at given
side ±: ± refers to Minkowskian/Euclidian part of the interior. The source term is
proportional to Γn Ψint,± and Γn is in principle mixture of M 4 and CP2 gamma matrices
and therefore induces mixing of M 4 chiralities and therefore also 3-D SUSY breaking.
It must be however emphasized that Γn is singular and one must be consider the limit
carefully also in the case that one has only continuity conditions. The limit is not
completely understood.
(c) If αK is complex there is coupling between the two regions and the simplest assumption
has been that there is no Chern-Simons term as action and one has just continuity
conditions for canonical momentum current and hits super counterpart.
The cautious conclusion is that 3-D Chern-Simons term and its fermionic counterpart are
absent.
4. What about the addition of fermions at string world sheets and interior of space-time surface
(D = 2 and D = 4). For instance, in the case of hadrons D = 2 excitations could correspond
to addition of quark in the interior of hadronic string implying additional states besides the
states obtained assuming only quarks at string ends. Let us consider the interior (D = 4).
For instance, inn the case of hadrons D = 2 excitations could correspond to addition of
quark in the interior of hadronic string implying additional states besides the states obtained
assuming only quarks at string ends. The smallness of cosmological constant implies that
the contribution to the four-momentum from interior should be rather small so that an
interpretation in terms of broken SUSY might make sense. There would be mass m ∼ .03
eV per volume with size defined by the Compton scale ~/m. Note however that cosmological
constant has spectrum coming as inverse powers of prime so that also higher mass scales are
possible.
This interpretation might allow to understand the failure to find SUSY at LHC. Sparticles
could be obtained by adding interior right-handed neutrinos and antineutrinos to the particle
state. They could be also associated with the magnetic body of the particle. Since they do
not have color and weak interactions, SUSY is not badly broken. If the mass difference
between particle and sparticle is of order m = .03 eV characterizing dark energy density
ρvac , particle and sparticle could not be distinguished in higher energy physics at LHC since
it probes much shorter scales and sees only the particle. I have already earlier proposed a
variant of this mechanism but without SUSY breaking.
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To discover SUSY one should do very low energy physics in the energy range m ∼ .03 eV
having same order of magnitude as thermal energy kT = 2.6 × 10−2 eV at room temperature
25 ◦ C. One should be able to demonstrate experimentally the existence of sparticle with
mass differing by about m ∼ .03 eV from the mass of the particle (one cannot exclude
higher mass scales since Λ is expected to have spectrum). An interesting question is whether
the sfermions associated with standard fermions could give rise to Bose-Einstein condensates
whose existence in the length scale of large neutron is strongly suggested by TGD view about
living matter.

8.3.8

Conclusions

The conclusion that the standard SUSY (N = 1 SUSY with Majorana spinors) is absent in TGD
Universe and also in the real one looks rather feasible in light of various arguments discussed in
this chapter and also conforms with the LHC data. A more general SUSY with baryon and lepton
conservation and Dirac spinors is however possible in TGD framework.
During the attempts to understand SUSY several ideas have emerged and the original discussions are retained as such in this chapter. It is interesting to see that their fate is if standard
SUSY has no TGD counterpart.
1. One of the craziest ideas was that spartners indeed exists and even with the same p-adic mass
scale but might be realized as dark matter. Same mass scale is indeed a natural prediction
if right-handed neutrino and particle have same mass scale. Therefore even the mesons of
ordinary hadron physics would be accompanied by smesons - pairs of squark and anti-squark.
In fact, this is what the most recent form of the theory predicts: unfortunately there is no
manner to experimentally distinguish between fermion and pseudo-sfermion if νR is zero
momentum state lacking even gravitational interactions.
2. There are indications that charmonium as exotic states christened as X and Y mesons and
the question was that they could correspond to mesons built either from colored excitations
of charged quark and antiquark or from squark and anti-squark. The recent view leaves only
the option based on colored excitations alive. The states in question would be analogous
to pairs of color excitations of leptons introduced to explain various anomalies in leptonic
sector [K92]. The question was whether lepto-hadrons could correspond to bound states of
colored sleptons and have same p-adic mass scale as leptons have [K92]. The original form
of lepto-hadron hypothesis remains intact.
3. Evidence that pion and also other hadrons have what could be called infrared Regge trajectories has been reported, and one could ask whether these trajectories could include spion
identified as a bound state of squarks. Also this identification is excluded and the proposed
identification in terms of stringy states assignable to long color magnetic flux tubes accompanying hadron remains under consideration. IR Regge trajectories would serve as a signature
for the non-perturbative aspects of hadron physics.
4. The latest idea along these lines is that spartners are obtained by adding right-handed neutrinos to the interior of space-time surface assignable to the particle. SUSY would not be
detectable at high energies, which would explain the negative findings at LHC. Spartners
could be discovered at low energy physics perhaps assignable to the magnetic bodies of particles: the mass scale could be as low .03 eV determined by cosmological constant in the
scale of cosmology. Note however that cosmological constant has spectrum coming as inverse
powers of prime.

8.4

Experimental Situation

The experimental situation in the case of SUSY is still open but it there are excellent hopes
that the results from LHC will determine the fate of the MSSM SUSY and also constraint more
general scenarios. Unfortunately, the research concentrates to the signatures of MSSM and its
variants quite different from those of TGD SUSY so that it might happen that TGD SUSY will be
discovered accidentally if its there: say by the decays of spartner to partner and neutrino. Already
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from the recent results it is clear that the allowed parameter space for MSSM SUSY is very small
and that superpartners of quarks and also weak gauge bosons must be very heavy if MSSM SUSY
is realized. This leads to difficulties with the only known evidence for SUSY coming from the
g-2 anomaly of muon. TGD based SUSY allows light masses and also SUSY explanation of g-2
anomaly if sneutrino masses are light.
The representation involves a lot of references to blog postings and this might irritate so
called serious scientists. I however feel that since blogs provide my only contact to the particle
physics it is only fair to make clear that this communication tool is absolutely essential for a
scientist working as out-of-law in academic community. Blogs could indeed bring democracy to
science and mean end of the era of secrecy and censorship by the referee system.

8.4.1

Almost Predictions Related To SUSY

Electroweak symmetry breaking
The recent view about electroweak symmetry breaking is less than year old. The basic realization
was that wormhole throats carrying elementary particle quantum numbers possess Kähler magnetic
charge (in homological sense- CP2 has non-trivial second homology). This magnetic charge must
be compensated and this is achieved if the particle wormhole throat is connected to a second
wormhole throat by a magnetic flux tube. The second wormhole would carry a weak charge of
neutrino pair compensating the weak isospin of the particle so that weak interactions would be
screened above the weak length scale. For colored states the compensation could also occur in
longer length scale and corresponds to color confinement.
This does not actually require the length scale of flux tubes associated with all elementary
particles to be the weak length scale as I have thought. Rather, the flux tube length for a particle
at rest could correspond to the Compton length of the particle. For instance, for electron the
maximal flux tube length would be about 10−13 meters. For particles not at rest the length would
get shorter by length contraction. For very light but massive particles such as photon and graviton
the maximum length of flux tube would be very long. The interaction of very low energy photons
and gravitons would be essentially classical and induced by the classical oscillations of induced
gauge fields induced by a long flux tube connecting the interacting systems. For high energy
quanta this interaction would be essentially quantal and realized as absorption of quanta with
flux tube length -essentially wave length of quantum- much shorter than the distance between the
interacting systems. Gravitational waves would interact essentially classically even when absorbed
since absorption would mean that the flux tube would connects two parts of the measurement
apparatus. For large ~ gravitons the length of flux tube could correspond to the distance between
interaction systems.
A fascinating possibility is that electronic Cooper pairs of superconductors with large value
of ~, could correspond to long flux tubes with electron’s quantum numbers at both ends. Maybe
this takes place in high Tc super conductors.
Some details of the SUSY predictions
TGD SUSY differs from the standard SUSY in many respects.
1. All fermionic oscillator operators assignable to the wormhole throats generate supersymmetries. These oscillator operators differ from ordinary ones in that they do not have momentum
label and momentum can be only assigned to the entire state. Therefore the interpretation
of all states assignable to wormhole throats as large SUSY multiplet is possible. This SUSY
is badly broken and there is hierarchy of breakings defined by the interactions inducing the
breaking in turn define by the quantum numbers of SUSY generators. For quark generators
the breaking is largest and the smallest breaking is associated with the oscillator operators
assignable to right-handed neutrinos since they have only gravitational interactions.
2. The symmetry generators are not Majorana spinors and this does not lead to any difficulties as
has been found. Only if one would try stringy quantization trying to define stringy diagrams
in terms of stringy propagators defined by stringy form of super-conformal algebra, one would
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end up with difficulties. Majorana property is also excluded by the separate conservation of
baryon and lepton number.
For single wormhole throat one can see the situation in terms of N=2 SUSY with right handed
neutrino and its antiparticle appearing as SUSY generators carrying conserved fermion number. One can classify the superpartners by their right-handed neutrino number which is +/-1.
For instance, for single wormhole throat one obtains fermion and its partner containing νR
pair, and fermion number 0 and fermion number 2 sfermions. In the case of gauge bosons
and Higgs similar degeneracy is obtained for both wormhole throats.
3. Since induced gamma matrices and Kähler-Dirac gamma matrices are mixtures of M 4 and
CP2 gamma matrices right handed neutrino is mixed with the left handed neutrino meaning
breaking of R-parity. The simplest decays of sparticles are of form P → P +ν and can be said
to be gravitationally induced since the mixing of gamma matrices is indeed a characteristic
phenomenon of induced spinor structure. Also more complex decays with neutrino replaced
with charge lepton are possible. The basic signature is lonely lepton not possible in decays
of weak bosons.
4. The basic outcome of SUSY QFT limit of TGD [K66] is that wormhole throat can carry only
spin 0, 1/2, 1 corresponding to fermion and fermion pair if one wants to obtain standard
propagator: otherwise one obtains 1/pn , n > 2 and this is not an ordinary particle pole. The
reason is that one cannot assign to fermionic oscillator operators independent momenta but
only common momentum so they propagate effectively collinearly.
One can criticize this argument as being inconsistent with the twistorial approach combined
with zero energy ontology implying that wormhole throats are massless even for on mass shell
states. In this approach one in principle avoids completely the use of propagators which would
of course diverge for on shell wormhole throats. Also for twistor diagrams the counterparts
of virtual particles are massless and off shell. The so called region momentum replaces
momentum in Grassmannian twistor approach and has a direct counterpart as eigenvalue of
the Kähler-Dirac operator so that the analog of propagator exists in TGD framework. Since
QFT limit must be a reasonable approximation to the full theory, one might hope that the
QFT based argument makes sense when one replaces momentum with region momentum (or
pseudo momentum as I have called it in TGD framework).
5. Should one allow both νR and its antiparticle as SUSY generators? This would mean more
states as in standard SUSY for which only ν R would be allowed for fermion. This would
assign to a given wormhole throat with fermion number 1 spin 1 and spin 0 super partner
and companion of fermion containing νR − ν R pair. For this state however propagator would
behave like 1/p3 should that again strong SUSY breaking would occur for this extended
SUSY. Only one half of SUSY would be broken weakly by the mixing of M 4 and CP2 gamma
matrices appearing in Kähler-Dirac gamma matrices: the mixing would not involve weak or
color interactions but could be said to be gravitational but not in the sense of abstract for
geometry but induced geometry.
The breaking of symmetries by this mechanism would be a beautiful demonstration that it is
sub-manifold geometry rather than abstract manifold geometry that matters. Again string
theorists managed to miss the point by effectively eliminating induced geometry from the
original string model by inducing the metric of space-time sheet as an independent variable.
The motivation was that it became easy to calculate! The price paid was symmetry breaking
mechanisms involving hundreds of three parameters.
6. Single wormhole contact could carry spin J=2 and give rise to graviton like state. If one
constructs from this gravitino by adding right-handed neutrinos, and if SUSY QFT limit
makes sense, one obtains particle with propagator decreasing faster at either throat so that
gravitino in standard sense would not exist. This would represent strong SUSY breaking
in gravitational sector. These results are of utmost importance since the basic argument
in favor dimension D=10 or D=11 for the target space of superstring models is that higher
dimensions would give fundamental massless particles with higher spin.
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Note that the replacement of wormhole throats by flux tubes having neutrino pair at the
second end of the flux tube complicates the situation since one can add right handed neutrino
also to the neutrino end. The SUSY QFT criterion would however suggest that these states
are not particle like.
Super-symplectic bosons
TGD predicts also exotic bosons which are analogous to fermion in the sense that they correspond
to single wormhole throat associated with CP2 type vacuum extremal whereas ordinary gauge
bosons corresponds to a pair of wormhole contacts assignable to wormhole contact connecting
positive and negative energy space-time sheets. These bosons have super-conformal partners with
quantum numbers of right handed neutrino and thus having no electro-weak couplings. The bosons
are created by the purely bosonic part of super-symplectic algebra [K11, K40], whose generators
belong to the representations of the color group and 3-D rotation group but have vanishing electroweak quantum numbers. Their spin is analogous to orbital angular momentum whereas the spin
of ordinary gauge bosons reduces to fermionic spin. Recall that super-symplectic algebra is crucial
for the construction of WCW Kähler geometry. If one assumes that super-symplectic gluons suffer
topological mixing identical with that suffered by say U type quarks, the conformal weights would
be (5, 6, 58) for the three lowest generations. The application of super-symplectic bosons in TGD
based model of hadron masses is discussed in [K25] and here only a brief summary is given.
As explained in [K25], the assignment of these bosons to hadronic space-time sheet is an
attractive idea.
1. Quarks explain only a small fraction of the baryon mass and that there is an additional
contribution which in a good approximation does not depend on baryon. This contribution
should correspond to the non-perturbative aspects of QCD. A possible identification of this
contribution is in terms of super-symplectic gluons. Baryonic space-time sheet with k = 107
would contain a many-particle state of super-symplectic gluons with net conformal weight
of 16 units. This leads to a model of baryons masses in which masses are predicted with an
accuracy better than 1 per cent.
2. Hadronic string model provides a phenomenological description of non-perturbative aspects
of QCD and a connection with the hadronic string model indeed emerges. Hadronic string
tension is predicted correctly from the additivity of mass squared for J = 2 bound states
of super-symplectic quanta. If the topological mixing for super-symplectic bosons is equal
to that for U type quarks then a 3-particle state formed by 2 super-symplectic quanta from
the first generation and 1 quantum from the second generation would define baryonic ground
state with 16 units of conformal weight. A very precise prediction for hadron masses results
by assuming that the spin of hadron correlates with its super-symplectic particle content.
3. Also the baryonic spin puzzle caused by the fact that quarks give only a small contribution
to the spin of baryons, could find a natural solution since these bosons could give to the spin
of baryon an angular momentum like contribution having nothing to do with the angular
momentum of quarks.
4. Super-symplectic bosons suggest a solution to several other anomalies related to hadron
physics. The events observed for a couple of years ago in RHIC [C134] suggest a creation
of a black-hole like state in the collision of heavy nuclei and inspire the notion of color glass
condensate of gluons, whose natural identification in TGD framework would be in terms of
a fusion of hadronic space-time sheets containing super-symplectic matter materialized also
from the collision energy. In the collision, valence quarks connected together by color bonds
to form separate units would evaporate from their hadronic space-time sheets in the collision,
and would define TGD counterpart of Pomeron, which experienced a reincarnation for few
years ago [C148]. The strange features of the events related to the collisions of high energy
cosmic rays with hadrons of atmosphere (the particles in question are hadron like but the
penetration length is anomalously long and the rate for the production of hadrons increases
as one approaches surface of Earth) could be also understood in terms of the same general
mechanism.

370

8.4.2

Chapter 8. SUSY in TGD Universe

Goodbye Large Extra Dimensions And MSSM

New results giving strong constraints on large extra dimensions and on the parameters of minimally
supersymmetric standard model (MSSM) have come from LHC and one might say that both larger
extra dimensions and MSSM are experimentally excluded.
The problems of MSSM
According to the article “The fine-tuning price of the early LHC” (see http://tinyurl.com/
y9vlajys) by A. Strumia [C26] the results from LHC reduce the parameter space of MSSM dramatically. Recall that the king idea of MSSM is that the presence of super partners tends to cancel
the loop corrections from ordinary particles giving to Higgs mass much larger correction that the
mass itself. Note that the essential assumption is that R-parity is an exact symmetry so that the
lightest superpartner is stable. The signature of SUSY is indeed missing energy resulting in the
decay chain beginning with the decay of gluino to chargino and quark pair followed by the decay
of chargino to W boson and neutralino representing missing energy.
The article “Search for supersymmetry using final states with one lepton, jets, and missing transverse momentum with the ATLAS detector in s1/2 = 7 TeV pp collisions” (see http:
//tinyurl.com/ybqmhr5b) [C23] by ATLAS collaboration at LHC poses strong limits on the parameters of MSSM implying that the mass of gluino is above 700 GeV in the case that gluino mass
is same as that of squark. In Europhysics 1011 meeting the lower bounds for squark and gluino
masses were raised to about 1 TeV. The experimental lower bounds on masses of superpartners
are so high and the upper bound on Higgs mass so low that the superpartners cannot give rise to
large enough compensating corrections to stabilize Higgs. This requires fine-tuning even in MSSM
known as little hierarchy problem (see http://tinyurl.com/y9qj88uj).
In typical models this also means that the bounds on slepton masses are too high to be able to
explain the muonic g-2 anomaly, which was one of the original experimental motivations for MSSM.
Therefore the simplest candidates for supersymmetric unifications are lost. This strengthens the
suspicion that something is badly wrong with the standard view about SUSY forcing among other
things to assume instability of proton due to non-conservation of baryon and lepton numbers
separately.
The difficulties of large extra dimensions
The results from LHC do not leave much about the dream of solving hierarchy problem using
SUSY. One must try something else. One example of this something else are large extra dimensions
implying massive graviton, which could provide a new mechanism for massivation based on the
idea that massive particle in Minkowski space are massless particles in higher dimensional space
(also essential element of TGD). This could perhaps the little hierarchy problem if the mass of
Kaluza-Klein graviton is in TeV range.
The article “LHC bounds on large extra dimensions” (see http://tinyurl.com/ybvtvzn8)
by A. Strumia and collaborators [C13] poses very strong constraints on large extra dimensions
and mass and effective coupling constant parameter of massive graviton. Kaluza-Klein graviton
would appear in exchange diagrams and loop diagrams for 2-jet production and could become
visible in higher energy proton-proton collisions at LHC. KK graviton would be also produced
as invisible KK-graviton energy in proton-proton collisions. The general conclusion from data
gathered hitherto shrinks dramatically the allowed parameter space for the KK-graviton. Does
this mean that we are left with the anthrophic option?
Also M-theorists admit that there are reasons for the skepticism
Michael Dine admits in the article “Supersymmetry From the Top Down” (see http://tinyurl.
com/ydc9uzu7) [C24] that there are strong reasons for skepticism. Dine emphasizes that the
hierarchy problem related to the in-stability of Higgs mass due to the radiative corrections is the
main experimental motivation for SUSY but that little hierarchy problem remains the greatest
challenge of the approach. As noticed, in TGD this problem is absent. The same basic vision
based on zero energy ontology and twistors predicts among other things
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• the cancellation of UV and IR infinities in generalized Feynman (or more like twistor-) diagrammatics,
• predicts that in the electroweak scale the stringy character of particles identifiable as magnetically charged wormhole flux tubes should begin to make itself manifest,
• particles regarded usually as massless eat all Higgs like particles accompanying them (here
“predict” is perhaps too strong a statement),
• also pseudo-scalar counterparts of Higgs-like particles, which avoid the fate of their scalar
variants (there already exist indications for pseudo-scalar gluons (see http://tinyurl.com/
y83nv2f5).
Combined with the powerful predictions of p-adic thermodynamics for particle masses these
qualitative successes make TGD a respectable candidate for the follower of string theory.
Could TGD approach save super-symmetry?
In TGD framework the situation is not at all so desolate. Due to the differences between the
induced spinor structure and ordinary spinors, Higgs corresponds to SU(2) triplet and singlet in
TGD framework rather than complex doublet. The recent view about particles as bound states of
massless wormhole throats forced by twistorial considerations and emergence of physical particles
as bound states of wormhole contacts carrying fermion number and vibrational degrees of freedom
strongly suggests- I do not quite dare to say “implies” - that also photon and gluons become
massive and eat their Higgs partners to get longitudinal polarization they need. No Higgs- no fine
tuning of Higgs mass- no hierarchy problems.
Note that super-symmetry is not given up in TGD but differs in many essential respects from
that of MSSM. In particular, super-symmetry breaking and breaking of R-parity are automatically
present from the beginning and relate very closely to the massivation.
1. If the gamma matrices were induced gamma matrices, the mixing would be large by the lightlikeness of wormhole throats carrying the quantum numbers. Induced gamma matrices are
however excluded by internal consistency requiring Kähler-Dirac gamma matrices obtained
as contractions of canonical momentum densities with imbedding space gamma matrices.
Induced gamma matrices would require the replacement of Kähler action with 4-volume and
this is unphysical option.
2. In the interior Kähler action defines the canonical momentum densities and near wormhole
throats the mixing is large: one should note that the condition that the Kähler-Dirac gamma
matrices multiplied by square root of metric determinant must be finite. One should show
that the weak form of electric-magnetic duality guarantees this: it could even imply the
vanishing of the limiting values of these quantities with the interpretation that the spacetime surfaces becomes the analog of Abelian instanton with Minkowski signature having
vanishing energy momentum tensor near the wormhole throats. If this is the case, Euclidian
and Minkowskian regions of space-time surface could provide dual descriptions of physics in
terms of generalized Feynman diagrams and fields.
3. At wormhole throats Abelian Chern-Simons-Kähler action with the constraint term guaranteeing the weak form of electric-magnetic duality defines the Kähler-Dirac gamma matrices.
Without the constraint term Chern-Simons gammas would involve only CP2 gamma matrices and no mixing of M 4 chiralities would occur. The constraint term transforming TGD
from topological QFT to almost topological QFT by bringing in M 4 part to the Kähler-Dirac
gamma matrices however induces a mixing proportional to Lagrange multiplier. It is difficult
to say anything precise about the strength of the constraint force density but one expect that
the mixing is large since it is also large in the nearby interior.
If the mixing of the Kähler-Dirac gamma matrices is indeed large, the transformation of the
right-handed neutrino to its left handed companion should take place rapidly. If this is the case,
the decay signatures of spartners are dramatically changed as will be found and the bounds on the
masses of squarks and gluinos derived for MSSM do not apply in TGD framework.
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1. Proposal for the mass spectrum of sfermions
In TGD framework p-adic length scale hypothesis (stating that preferred p-adic primes come
as p ' √
2k , k integer) allows to predict the masses of sleptons and squarks modulo scaling by a
powers 2 determined by the p-adic length scale by using information coming from CKM mixing
induced by topological mixing of particle families in TGD framework. Also natural guesses for the
mass scales of ew gauginos and gluinos are obtained.
1. If one assumes that the mass scale of SUSY corresponds to Mersenne prime M89 assigned
with intermediate gauge bosons one obtains unique predictions for the various masses apart
from uncertainties due to the mixing of quarks and neutrinos [K19].
2. In first order the p-adic mass formulas for fermions read as

r
mF

=

nL

=

nF
× 2(127−kF )/2 × me ,
5
(5, 14, 65) , nν = (4, 24, 64) , nU = (5, 6, 58) , nD = (4, 6, 59) .
(8.4.-1)

Here kF is the integer characterizing p-adic mass scale of fermion via p ' 2kF . The values
of kF are not listed here since they are not needed now. Note that electroweak symmetry
breaking distinguish U and D type fermions is very small when one uses p-adic length scale
as unit.
By taking kF = 89 for super-partners as a reference mass scale, one obtains in good approximation (the first calculation contained erratic scaling factor)
mL̃
GeV
mν̃
GeV
mŨ
GeV
mD̃
GeV

= 2(89−kF )/2 (262, 439, 945) ,
= 2(89−kF )/2 (235, 423, 938) ,
= 2(89−kF )/2 (262, 287, 893) ,
= 2(89−kF )/2 (235, 287, 900) .
(8.4.-4)

Charged leptons correspond to subsequent Mersennes or Gaussian Mersennes. The first guess
is that this holds true also for charged sleptons. This would give kF (ẽ) = 89, kF (µ̃) = 79,
and kF (τ̃ ) = 61. For quarks one has kF (q) ≥ 113 (k = 113 corresponds to Gaussian
Mersenne). If one generalizes this to kF (q̃) ≤ 79, all sfermion masses expect those of selectron
and sneutrinos are above 13 TeV. This option might well be consistent with the recent
experimental data require that squark masses are above 1 TeV. The possible problem is
selectron mass 262 GeV.
3. The simplest possibility is that ew gauginos are characterized by k = 89 and have same
masses as W and Z in good approximation. Therefore W̃ could be the lightest supersymmetric particle and could be observed directly if the neutrino mixing is not too fast and
allowing the decay W̃ +ν. Also gluinos could be characterized by M89 and have mass of order
intermediate gauge boson mass. For this option to be discussed below the decay scenario of
MSSM changes considerably.
4. It should be noticed that the single strange event reported 1995 [C202] discussed in [?]ives
for the mass of selectron the estimate 131 GeV, which corresponds to M91 instead of M89
and is thus one half of the selectron mass for Mersenne option. This event allowed also to
estimate the masses of Zino and corresponding Higgsino. The results are summarized by the
following table:
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m(Z̃ 0 ) = 91.2 GeV ,

m(h̃) = 45.6 GeV .

(8.4.-3)

If one takes these results at face value one must conclude either that M89 hypothesis is too
strong or MSU SY corresponds to M91 or that M89 is correct identification but also sfermions
can appear in several p-adic mass scales.
The decay cascades searched for in LHC are initiated by the decay q → q̃ + g̃ and g → q̃ + q̃c .
Consider first R-parity conserving decays. Gluino could decay in R-parity conserving manner via
g̃ → q̃ + q. Squark in turn could decay via q̃ → q1 + W̃ or via q̃ → q + Z̃ 0 . For the proposed first
guess about masses the decay W̃ → νe + ẽ or Z̃ 0 → νe + ν̃e would not be possible on mass shell.
If the mixing of right-handed and left-handed neutrinos is fast enough, R-parity is not
conserved and the decays g̃ → g + ν and q̃ → q + ν could take place by the mixing νR → νL
following by electroweak interaction between νL quark or antiquark appearing as composite of
gluon. The decay signature in this case would be pair of jets (quark and antiquark or gluon
gluon jet both containing a lonely neutrino not accompanied by a charged lepton required by
electroweak decays. Also the decays of electroweak gauginos and sleptons could produce similar
lonely neutrinos.
The lower bound to quark masses from LHC (see http://tinyurl.com/6klqzds) is about
600 GeV and 800 GeV for gluon masses assuming light neutralino is slightly above the proposed
masses of lightest squarks [C133]. In Europhysics 2011 lower bounds were raised to 1 TeV for both
gluino and squark masses. These bounds are consistent with the above speculative picture. These
masses are allowed for R-parity conserving option if the decay rate producing chargino is reduced
by the large mass of chargino the bounds become weaker. If the decay via R-parity breaking is
fast enough no bounds on masses of squarks and gluinos are obtained in TGD framework but jets
with neutrino unbalanced by a charged lepton should be observed.
2. How to relate MSSM picture to TGD picture?
In order to utilize MSSM calculation in TGD framework one must relate MSSM picture to
TGD picture. The basic constraint is that Higgs is absent. This could apply also to Higgsino. This
certainly simplifies the formulas. A further condition is that superpartners obey the same mass
formulas as partners for same pa-dic length scale.
It has been proposed that the loops involving superpartners (see http://tinyurl.com/
ybzmre9z) could explain the anomaly [C110]. In one-loop order one would have the processes
µ → µ̃ + Z̃ 0 and µ → ν̃µ + W̃ 0 . The situation is complicated by the possible mixing of the gauginos
and Higgsinos and in MSSM this mixing is described by the mixing matrices called X and Y .
The general conclusion is however clear: if muonic sneutrino is light, it is possible to have sizeable
contribution to the g-2 anomaly.
1. Magnetic moment operator mixes different M 4 chiralities. For simplest one-loop diagrams
this corresponds in TGD framework to coupling in the Kähler-Dirac equation mixing different
chiralities describable as an effective mass term. The couplings between right and left handed
sfermions also contributes to the magnetic moment and these couplings reduce to those of
sfermions being basically induced by the fermionic chirality mixing which reduces to the fact
that Kähler-Dirac gamma matrices are superpositions of M 4 and CP2 gamma matrices.
2. The basic outcome in the standard SUSY approach is that the mixing is proportional to the
factor m2µ /m2SU SY . One expects that in the recent situation mSU SY = mW is a reasonable
first guess so that the mixing is large and could explain the anomaly. Second guess is as M89
p-adic mass scale.
3. MSSM calculations for anomalous g-2 involve the mixing of both f˜L and f˜R and of gauginos
and Higgsinos. In MSSM the mixing matrices involve the parameter tan(β) where the angle
β characterizes the ratio of mass scales of U and D type fermions fixed by the ratio of Higgs
expectations for the two complex Higgs doublets [C110]. tan(β) also characterizes in MSSM
the ratio of vacuum expectation values of two Higgses assignable to U and D type quarks
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and cannot be fixed from this criterion since in TGD framework one has one scalar Higgs
and pseudo-scalar Higgs decomposing to triplet and singlet under SU(2) and the mass ratio
is fixed by p-adic mass calculations.
The question is what happens if Higgs and Higgsino are absent and what one can conclude
about the value of β in TGD framework where p-adic mass calculations give the dominant contribution to fermion masses and the mass formulas for particles and sparticles should be identical for
a fixed p-adic prime.
2.1 Mixing of charged gauginos and Higgsinos
Consider first the mixing between charged gauginos and Higgsinos. The angle β characterizes
also the mixing of W̃ and charged Higgsino parametrized by the mass matrix

X

=

√

M2 √
MW 2sin(β)
.
MW 2cos(β) µ

(8.4.-2)

The tan(β) gives the ratio of mass scales of U and D type quarks in MSSM. In MSSM tan(β)
reduces to the ratio of Higgs vacuum expectations and it would be better to get rid of the entire
parameter in TGD framework. The maximally symmetric situation corresponds to the
√ same mass
scale for U and D type quarks and this suggests that one has sin(β) = cos(β) = 1/ 2 implying
tan(β) = 1. In MSSM tan(β) > 2 is required and this is due to the large value of the mSU SY .
Whether this parameterization makes sense in TGD framework depends on whether one
allows Higgsino.
1. If also Higgsino is absent the formula does not make sense. A natural condition is that the
value of tan(β) does not appear at all in the limiting formulas for the anomalous g-2. Note
that in p-adic mass calculations do not contain this kind of a priori continuous parameter.
There the simplest TGD based option is that the Higgsino is just absent and the mass matrix
reduces 1×1 matrix M2 giving wino mass. The idea that particle and sparticles have identical
masses for the same p-adic mass scale would give M2 = MW . One must however remember
that in TGD framework mass operator acts like a preferred combination of gamma matrices
in CP2 degrees of freedom mixing M 3 chiralities.
2. If one allows Higgsinos, the simplest guess is that apart from p-adic mass scale same has
M2 = −µ = m: this guarantees identical masses for the mixed states in accordance with
the ideas that different masses√ for particles and sparticles result from the different p-adic
lengthpscale. For cos(β) = 1/ 2 this would give mass matrix with eigen values (M, −M ),
M = m2 + m2W so that mass squared values of of the mixed states would be identical and
above mW mass for p = M89 . Symmetry breaking by an increase
of the p-adic length scale
√
could however reduce the mass of other state by a power of 2.
If also winos and zinos eat the higgsinos, one can argue that the determinant of X must
vanish so that the eigenstate with vanishing eigen value would correspond to an unphysical
state meaning the elimination√of second state from the spectrum. This would require M2 µ −
2
MW
sin(2β) = 0. sin(β) = 1/ 2 and M2 = µ = MW is the simplest solution to the condition.
This looks tricky.
2.2 Mixing of neutral gauginos and Higgsinos
In MSSM 4 × 4 matrix is needed to describe the mixing of neutral gauginos and two kinds
of neutral Higgsinos. In TGD framework second Higgs (if it exists at all) is pseudo-scalar and does
not contribute and the 2 × 2 matrices describe the mixing also now.
 

X=


M1
0

MZ


0
M2

sW cos(β) sW sin(β)
cW cos(β) cW sin(β)



sW cos(β) sW sin(β)
MZ
cW sin(β)
 cW cos(β)

0 1
−µ
1 0

 

 .


(8.4.-1)

8.4. Experimental Situation

375

For sin(β) = cos(β) = 0 the non-diagonal part of the mass matrix is degenerate.
Again there are two options depending on whether Higgsinos are present and if they are
absent the dependence on the angle β vanishes. Indeed, if Higgsinos are absent the matrix reduces
to a diagonal 2×2 mass matrix for U(1) gaugino B̃ and neutral SU(2) gaugino W̃ 3 . If one takes
seriously MSSM, there would be no mixing. On the other hand, TGD suggests that neutral gauginos mix in the same manner as neutral gauge bosons so that Weinberg angle would characterize
the mixing with photino and zino appearing as mass eigen states. Again for same value of p-adic
prime the values of mass squared for gauge bosons and gauginos should be identical.
One can also consider the option with Higgsino.
1. Since Higgs and Higgsino have representation content 3+1 with respect to electroweak SU(2)
in TGD framework, one can speak about h̃B , B = W, Z, γ. An attractive assumption is that
Weinberg angle characterizes also the mixing giving rise to Z̃ and γ̃ on one hand and h̃γ and
h̃Z on the other hand if these belong to the spectrum. This would reduce the mixing matrix
to two 2 × 2 matrices: the first one for γ̃ and h̃γ and the second one for Z̃ and h̃Z .
2. A further attractive assumption is that the mass matrices describing mixing of gauginos and
corresponding Higgsinos are in some sense universal with respect to electroweak interactions.
The form of the mixing matrix would be essentially same for all cases. This would suggest that
MW is replaced in the above formula with the mass of Z 0 and photon in these matrices (recall
that it is assumed that photon gets small mass by eating the neutral Higgs). Note that for
photino and corresponding Higgsino the mixing would be small. The guess is M2 = −µ = mZ .
For photino one can guess that M2 corresponds to M89 mass scale.
These assumptions of course define only the first maximally symmetric guess and the simplest
modification that one can imagine is due to the different p-adic mass scales. If the above discussed
values for zino and neutralino
p masses deduced from the 1995 event [C202] are taken at face value,
the eigenvalues would be ± MZ2 + m2 with m = M2 = −µ for Z̃ − h̃Z -mixing and the other state
would have p-adic length scale k = 91 rather than k = 89. M and µ would have opposite signs as
required by the correct sign for the g − 2 anomaly for muon assuming that smuons correspond to
p = M89 as will be found.
2.3 The relationship between masses of charged sleptons and sneutrinos
In MSSM approach one has also the formula relating the masses of sneutrinos and charged
sleptons [C110]:
1
m2ν̃ = m2L̃ + MZ2 cos(2β) .
2

(8.4.0)

For β = ±π/4 one would have tan(β) = 1 and
m2ν̃ = m2L̃ .
In p-adic mass calculations this kind of formula is highly questionable and could make sense only
if the particles involved correspond to same value of p-adic prime and therefore would not make
sense after symmetry breaking.
3. The anomalous magnetic moment of muon as a constraint on SUSY
The anomalous magnetic moment aµ ≡ (g − 2)/2 of muon has been used as a further
constraint on SUSY. The measured value of aµ is aexp
= 11659208.0(6.3) × 1010 . The theoretical
µ
prediction decomposes to a sum of reliably calculable contributions and hadronic contribution
for which the low energy photon appearing as vertex correction decays to virtual hadrons. This
contribution is not easy to calculate since non-perturbative regime of QCD is involved. The
deviation between prediction and experimental value is ∆aµ (exp − SM ) = 23.9(9.9) × 10−10 giving
∆aµ (exp − SM/)aµ = 2 × 10−6 . The hadronic contribution (see http://tinyurl.com/ybk4twsr)
is estimated to be 692.3 × 10−10 so that the anomaly is 3 per cent from the hadronic contribution
[C110]. One can ask whether the uncertainties due to the non-perturbative effects could explain
the anomaly.
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The following calculation is a poor man’s version of MSSM calculation [C110]. Also now
SUSY requires that the electroweak couplings between particles dictate those between sparticles.
Supersymmetry for massivation suggests that in TGD framework higgsinos do not belong to the
spectrum. Light sfermions appear as single copy with vanishing fermion number so that various
mixing matrices of MSSM reduce to unit matrices. This leads to a rough recipe: take only the one
loop contributions to g-2 and assume trivial mixing matrices and drop off summations. At least a
good order of magnitude estimate should result in this manner.
3.1 A rough MSSM inspired estimate g-2 anomaly
Consider now a rough estimate for the g-2 anomaly by using the formulas 56-58 of [C110].
One obtains for the charged loop the expression

∆a±
µ =−

mµ 2
21g22
×(
) × sign(µM2 ) .
32π 2
mW

(8.4.1)

This however involves a formula relating sneutrino and charged slepton masses. There is no reason
to expect this formula to hold true in TGD framework.
For neutral contribution the expression is more difficult to deduce. As physical intuition
suggests, the expression inversely proportional to 1/m2W since mW corresponds now mSU SY although this is not obvious on the basis of the general formulas suggesting the proportionality toi
1/m2ν̃µ . The p-adic mass scale corresponding to M89 is the natural guess for MSU SY and would
give MSU SY = 104.9 GeV. The fact that the correction has positive sign requires that µ and M2
have opposite signs unlike in MSSM. The sign factor is opposite to that in MSSM because sfermion
mass scales are assumed to be much higher than weak gaugino mass scale.
The ratio of the correction to the lowest QED estimate aµ,0 = α/2π can be written as
∆a+
mµ 2
21
µ
×(
=
) ' 2.73 × 10−5 .
aµ,0
4sin2 (θW )
mSU SY

(8.4.2)

which is roughly 10 times larger than the observed correction. The contribution ∆a0µ could reduce
this contribution. At this moment I am however not yet able to transform the formula for it
to TGD context. Also the scaling up of the mSU SY by a factor of order 23/2 could reduce the
correction.
The parameter values (tan(β) = 1, MSU SY = 100 GeV) corresponds to the boundary of the
region allowed by the LHC data and g − 2 anomaly is marginally consistent with these parameter
values (see figure 16 of [C110] ). The reason is that in the recent case the mass of lightest Higgs
particle does not pose any restrictions (the brown region in the figure). Due to the different mixing
pattern of gauginos and higgsinos in neutral sector TGD prediction need not be identidal with
MSSM prediction.
The contribution from Higgs loop (see http://tinyurl.com/y894edqd) is not present if
Higgs is eaten by photon [C183]. This contribution by a factor of order (mµ /hH )2 smaller than
the estimate for the SUSY contribution so that the dropping of Higgs contribution does not affect
considerably the situation.

∆aH
µ =

2
mµ 4
mH 2
3
) ) × (log((
) )− ) .
(
2.242 mH
mτ
2

(8.4.3)

The proposed estimate is certainly poor man’s estimate since it is not clear how near the
proposed twistorial approach relying on zero energy ontology is to QFT approach. It is however
encouraging that the simplest possible scenario might work and that this is essentially due to the
p-adic length scale hypothesis.
3.2 An improved estimate for g-2 anomaly
An attractive scenario for sfermion masses marginally consistent with the recent data from
LHC generalizes the observation that charged lepton masses correspond to subsequent Mersenne
primes of Gaussian Mersennes. The only sfermions lighter than about 13 TeV are selectron with
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mass 262 GeV (k = 89) and sneutrinos, which can have much smaller masses. W̃ ν̃µ virtual state
would be mostly responsible for the muonic g-2 anomaly since the largest term in the correction
is proportional to m(µ)m(W̃ )/m2 (ν̃µ ) and the anomaly might allow to determine m(ν̃µ ). This
option should be explain the g-2 anomaly.
The following estimate demonstrates that there are hopes about this. Using the formulas
of [C110] one can write the one loop contributions to the anomalous contribution a(µ) as

aχµ

0

Xim

m(µ) X
Xim ,
16π 2 i,m

=

= −


 N
 N
m(µ)  L 2
m(χ0i )
R 2
R
|n
Re nL
|
+
|n
|
F
(x
)
+
im
im
im
1
im nim F2 (xim ) ,
2
2
12m (µ̃m )
3m (µ̃m )
(8.4.2)

and

aχµ

±

=

m(µ) X
Xk ,
16π 2

=

 C
 R C
2m(χ±
m(µ)  L 2
R 2
k)
−
|c
|
+
|c
|
F
(x
)
+
Re cL
k
k
k
1
k ck F2 (xk ) .
12m2 (ν̃µ )
3m2 (ν̃µ )

k

Xk

(8.4.1)
Here i = 1, ..., 4 denotes neutralino indices which should reduce to two if also Higgsinos disappear
from the spectrum. k = 1, 2 denotes the neutral and charginos indices reducing to single index
now. m = 1, 2 denotes smuon index. Note that TGD suggests strongly that the masses of µ̃R and
L
L
R
µ̃L are degenerate. The matrices nL
im , nim and ck and ck relate to the mixing of mass eigenstates
and are given explicitly in MSSM [C110].
The kinematic variables are defined as the mass ratios xim = m2 (χ0i )/m2 (µ̃m ) and xk =
±
2
m (χk )/m2 (ν̃µ ) and the loop functions are given by
F1N (x)

=

F2N (x)

=

F1C (x)

=

F2C (x)

=

2
(1 − x)4
3
(1 − x)3
2
(1 − x)4
3
(1 − x)3



1 − 6x + 3x2 + 2x3 − 6x2 log(x)




1 − x2 + 2xlog(x) ,




2 + 3x − 6x2 + x3 + 6xlog(x) ,



−3 + 4x − x2 − 2log(x)





,

.
(8.4.-2)

If one does not assume any relationship betwen sneutrino and charged slepton masses then for
m(ν̃µ )/m(µ̃) << 1, m(µ)/m(χ± ) << 1, and m(χ0k )/m(µ̃) << 1 the functions F1N and F2N (x)
are in good approximation constant and the corresponding contributions are negligible. One has
F1C (x) ' 1/x and F2C (x) ' 3/x. It rurns out that the terms proportional to F1C (x) and F2C (xk )
are of the same order of magnitude. If Higgsinos do not belong to the spectrum one has Uk2 = 0
giving Vk1 Uk2 = 0 leaving only the F1C contribution.
Consider now the mixing matrices for sfermions.
1. One has
cL
k

=

yµ

=

−g2 Vk1 , cR
k = yµ Uk2 ,
m(µ)
g
e
√ 2
, g2 =
.
m(W ) 2cos(β)
sin(θW )

(8.4.-2)
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Here the index k refers to the mixed states of L and R type sfermions. Since they are formed
from fermion and right-handed neutrino, one expects that at higher energies the mixing is
negligible. Mixing is however present and induced by the mixing of right and left handed
fermion so that the mixing matrices are non-trivial at low energies and give relate closely to
the massivation of sfermions and fermions.
2. One obtains

1
m(µ)
4πα
1
m(µ)
√
Vk1 Uk2 = −
×
×√
Vk1 Uk2 ,
m(W ) 2cos(β)
m(W ) sin2 (θW )
2cos(β)


1
m2 (µ)
2
2
2
|Uk2 |
.
(8.4.-2)
= g2 |Vk1 | + 2
m (W ) 2cos2 (β)

R
cL
k ck

= −g22

2
R 2
|cL
k | + |ck |

Using these results one obtains explicit expressions for the two terms in aµ .
1. The expressions for the term resulting from mixing of right and left handed sfermions is given
by

amix,k
µ

=

m(µ) X
R
Re[cL
k ck ]
8π 2 m(χ±
k) k

=

1
m2 (µ)
4πα
√
Re[Vk1 Uk2 ] .
8π 2 sin2 (θW ) 2cos(β) m(W )m(χ±
k)

(8.4.-2)

2. Second term is diagonal and non-vanishing also when Higgsino is absent from the spectrum.

adiag,k
µ


1 m2 (µ)  L 2
2
|ck | + |cR
.
k|
2
2
±
8π m (χ )

=

(8.4.-1)

L
Note that |cR
k << ck holds true unless cos(β) is very small.

3. The ratio of the contributions is

|

adiag,k
µ
amix,k
µ

|

=

m(W ) √
Vk1
2cos(β) × |
| .
±
m(χ )k
Uk2

(8.4.0)

For cR
k = 0 (no Higgsino) one has

aµ

' adiag,k
=
µ

1 m2 (µ) √
4πα
2cos(β)
|Vk1 |2 .
8π 2 m2 (χ± )
sin2 (θW )

(8.4.1)

The dependence on the mass of muonic sneutrino disappears so that one cannot conclude
anything about its value in this approximation. aµ is determined by the mass scale of W̃ ,
which should be of the same order of magnitude as W boson mass. The sign of the diagonal
term is positive so that this contribution gives to g-2 a contribution which is of correct sign.
This encourages to consider the option for which Higgsinos disappear from the spectrum.
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The experimental value of the anomaly is equal √
to ∆aµ ' 23.9 × 10−10 . The order of
magnitude estimate obtained by assuming (cos(β) = 1/ 2, Vk1 = 1, Uk2 = 0) one obtains aµ =
82.7 × 10−10 × (m(W )/m(χ± )2 , which for m(W )/m(χ± ) = 1 is roughly 3.46 times larger than the
anomaly. The p-adic scaling k(W̃ ) = 89 → k(W̃ ) − 2 = 87 would give a value of aµ near to the
observed one. The mass of W̃ would be 160.8 GeV. Clearly the TGD inspired view about SUSY
leads to a remarkably simple picture explaining the g-2 anomaly.
4. Basic differences between MSSM and TGD
The basic differences between TGD and MSSM (see http://tinyurl.com/p99xrd) [B38]
and related approaches deserve to be noticed (see also the article about the experimental side
(see http://tinyurl.com/yaz7c85r) [C35] ). If Higgses and Higgsinos are absent from the spectrum, SUSY in TGD sense does not introduce flavor non-conserving currents (FNCC problem
plaguing MSSM type approaches). In MSSM approach the mass spectrum of superpartners can
be only guessed using various constraints and in a typical scenario masses of sfermions are assumed to be same in GUT unification scales so that at long length scales the mass spectrum for
sfermions is inverted from that for fermions with stop and stau being the lightest superpartners.
In TGD framework p-adic thermodynamics and the topological explanation of family replication
phenomenon changes the situation completely and the spectrum of sfermions is very naturally
qualitatively similar to that of fermions (genus generation correspondence is the SUSY invariant
answer to the famous question of Rabi “Who ordered them?” !). This is essential for the explanation of g-2 anomaly for instance. Note that the experimental searches concentrating on finding
the production of stop or stau pairs are bound to fail in TGD Universe.
Another key difference is that in TGD the huge number of parameters of MSSM is replaced
with a single parameter- the universal coupling characterizing the decay
sparticle → particle+right handed neutrino,
which by its universality is very “gravitational”. The gravitational character suggests that
it is small so that SUSY would not be badly broken meaning for instance that sparticles are rather
long-lived and R-parity is a rather good symmetry.
One can try to fix the coupling by requiring that the decay rate of sfermion is proportional
to gravitational constant G or equivalently, to the square of CP2 radius
R ' 107+1/2 (

G 1/2
)
.
~0

Sfermion-fermion-neutrino vertex coupling to each other same fermion M 4 chiralities involves the
gradient of the sfermion field. Yukawa coupling - call it L - would have dimension of length. For
massive fermions in M 4 it would reduce to dimensionless coupling g different M 4 chiralities. In
equal mass case g would be proportional to L(m1 + m2 )/~, where mi are the masses of fermions.
1. For the simplest option L is expressible in terms of CP2 geometry alone and corresponds to
L = kR .
k is a numerical constant of order unity. ~0 denotes the standard value of Planck constant,
whose multiple the effective value of Planck constant is in TGD Universe in dark matter
sectors. The decay rate of sfermion would be proportional to
k 2 R2 (

G
M
M 3
) ' k 2 × 107 ×
× ( )3 ,
hbar
~0
~

where M is the mass scale characterizing the phase space volume for the decays of sfermion
and is given by the mass of sfermion multiplied by a dimensionless factor depending on mass
ratios. The decay rate is extremely low so that R-parity conservation would be an excellent
approximate symmetry. In cosmology this could mean that zinos and photinos would decay
by an exchange of sfermions rather than directly and could give rise to dark matter like phase
as in MSSM.
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2. Second option carries also information about Kähler action one would have apart from a
numerical constant of order unity k = αK . The Kähler coupling strength
αK =

2
gK
' 1/137
4π × ~0

is the fundamental dimensionless coupling of TGD analogous to critical temperature.
3. For the option which “knows” nothing about CP2 geometry the length scale would be proportional to the Schwartchild radius
L = kGM .
In this case the decay rate would be proportional to k 2 G2 M 2 (M/~)3 and extremely low.
4. The purely kinematic option which one cannot call “gravitational” “knows” only about
sfermion mass and f Planck constant, and one would have
L=k×

~
.
M

The decay rate would be proportional to the naı̈ve order of magnitude guess k 2 (M/~) and
fast unlike in all “gravitational cases”. R-parity would be badly broken. Againk ∝ αK option
can be considered.
Note that also in mSUGRA gravitatational sector in short length scales determines MSSM
parameters via flavor blind interactions and also breaking of SUSY via breaking of local SUSY in
short scales.
Experimental indication for space-time super-symmetry
There is experimental indication for super-symmetry dating back to 1995 [C202]. The event involves e+ e− γγ plus missing transverse energy E
/ T . The electron-positron pair has transversal
energies ET = (36, 59) GeV and invariant mass Mee = 165 GeV. The two photons have transversal
energies (30, 38) GeV. The missing transverse energy is E
/ T = 53 GeV. The cross sections for these
events in standard model are too small to be observed. Statistical fluctuation could be in question
but one could also consider the event as an indication for super-symmetry.
In [C128] an explanation of the event in terms of minimal super-symmetric standard model
(MSSM) was proposed.
1. The collision of proton and antiproton would induce an annihilation of quark and antiquark
to selectron pair ẽ− ẽ+ via virtual photon or Z 0 boson with the mass of ẽ in the range (80,
130) GeV (the upper bound comes from the total energy of the particles involved.
2. ẽ± would in turn decay to e± and neutralino χ02 and χ02 in turn to the lightest super-symmetric
particle χ01 and photon. The neutralinos are in principle mixtures of the super partners
associated with γ, Z 0 , and neutral higgs h (there are two of them in minimal super-symmetric
generalization of standard model). The highest probability for the chain is obtained if χ02 is
zino and χ01 is higgsino.
3. The kinematics of the event allows to deduce the bounds

80 <

m(ẽ)/GeV < 130 ,



38 ≤ m(χ02 )/GeV ≤ min 1.12m(ẽ)/GeV − 37, 95 + 0.17m(χ01 )/GeV ,


m(χ01 )/GeV ≤ m(χ02 )/GeV ≤ min 1.4m(ẽ)/GeV − 105, 1.6m(χ02 )/GeV − 60 .
(8.4.-1)
Note that the bounds give no lower bound for m(χ01 ) so that it could correspond to neutrino.
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4. Sfermion production rate depends only on masses of the sfermions, so that slepton production
cross section decouples from the analysis of particular scenarios. The cross section is at the
level of σ = 10 fb and consistent with data (one event!). The parameters of MSSM are
super-symmetric soft-breaking parameters, super-potential parameters, and the parameter
tan(β). This allows to derive more stringent limits on the masses and parameters of MSSM.
Consider now the explanation of the event in TGD framework.
1. For the simplest TGD inspired option both Higgs and higgsino would disappear from the
spectrum in the massivation and χ02 would decay to photon and neutrino so that the missing
energy would consist of neutrinos.
2. By the properties of super-partners the production rate for ẽ− ẽ+ is predicted to be same
as in MSSM for ẽ = eR ν R . Same order of magnitude is predicted also for more exotic
super-partners such as eL ν R with spin 1.
3. In TGD framework it is safest to use just the kinematical bounds on the masses and p-adic
length scale hypothesis. If super-symmetry breaking means same mass formula from p-adic
√
thermodynamics but in a different p-adic mass scale, m(ẽ) is related by a power of 2 to
m(e). Using m(ẽ) = 2(127−k(ẽ))/2 m(e) one finds that the mass range [80, 130] GeV allows two
possible masses for selectron corresponding to p ' 2k , k = 91 with m(ẽ) = 131.1 GeV and
k = 92 with m(ẽ) = 92.7 GeV. The bounds on m(Z) leave only the option m(Z̃) = m(Z) =
91.2 GeV and m(ẽ) = 131.1 GeV.
4. In the earlier variant of the TGD inspired model the existence of Higgs was considered as a
realistic option. The indirect determinations of Higgs masses from experimental data seemed
to converge to two different values. The first one seemed to correspond to m(h) = 129 GeV
and k(h) = 94 and second one to m(h) = 91 GeV with k(h) = 95 [K19]. The fact that
already the TGD counterpart for the Gell-Mann-Okubo mass formula in TGD framework
requires quarks to exist at several p-adic mass scales [K25], suggests that Higgs can exist in
both of these mass scales depending on the experimental situation. The mass of Higgsino
would correspond to some half octave of m(h). Note that the model allows to conclude that
Higgs indeed exists also in TGD Universe although it does not seem to play the same role in
particle massivation as in the standard model. The bounds allow only k(h̃) = k(h) + 3 = 97
and m(h̃) = 45.6 GeV for m(h) = 129 GeV. The same same mass is obtained for m(h) = 91
GeV. Therefore the kinematic limits plus super-symmetry breaking at the level of p-adic mass
scale fix completely the masses of the super-particles involved in absence of mixing effects
for sneutralinos.
To sum up, the masses of sparticles involved for the option allowing Higgs are predicted to
be

m(ẽ) = 131 GeV ,

m(Z̃ 0 ) = 91.2 GeV ,

m(h̃) = 45.6 GeV .

(8.4.0)

If Higgs and Higgsino are both eaten in the massivation, the third condition drops off. The
argument to be represented below suggests that also sleptons could correspond to Mersennes
and Gaussian Mersennes: this option predictions k(ẽ) = 89 so that the mass would be 250
GeV: this excludes the proposed interpretation of the strange event.

8.4.3

Do X And Y Mesons Provide Evidence For Color Excited Quarks
Or Squarks?

Now and then come the days when head is completely empty of ideas. One just walks around
and gets more and more frustrated. One can of course make authoritative appearances in blog
groups and express strong opinions but sooner or later one is forced to look for web if one could
find some problem. At this time I had good luck. By some kind of divine guidance I found
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myself immediately in Quantum Diaries and found a blog posting with title Who ordered that?!
An X-traordinary particle? (see http://tinyurl.com/3k9pts5) [L16].
Not too many unified theorists take meson spectroscopy seriously. Although they are now
accepting low energy phenomenology (the physics for the rest of us) as something to be taken
seriously, meson physics is for them a totally uninteresting branch of botany. They could not care
less. As a crackpot I am however not well-informed about what good theoretician should do and
shouldn’t do and got interested. Could this give me a problem that my poor crackpot brain is
crying for?
The posting told me that in the spectroscopy of cc type mesons is understood except for some
troublesome mesons christened imaginatively with letters X and Y plus brackets containing their
mass in MeVs. X(3872) is the firstly discovered troublemaker and what is known about it can be
found in the blog posting and also in Particle Data Tables (see http://tinyurl.com/y7x23br5)
[C20]. The problem is that these mesons should not be there. Their decay widths seem to be
narrow taking into account their mass and their decay characteristics are strange: in particular
the kinematically allow decays to DD dominating the decays of Ψ(3770) with branching ratio
93 per cent has not been observed whereas the decay to DDπ 0 occurs with a branching fraction
> 3.2 × 10−3 . Why the pion is needed? X(3872) should decay to photon and charmonium state
in a predictable way but it does not.
Could these be the good questions?
TGD predicts a lot of exotic physics and I of course started to exclude various alternatives. First
one must however try to invent a good question. Maybe the following questions might satisfy the
criterion of goodness.
1. Why these exotic states appear only for mesons made of heavy quark and antiquark? Why
not for light mesons? Why not for mesons containing one heavy quark and light quark?
Could it be that also bb mesons could have exotic partners not yet detected? Could it be
that also exotic bc type mesons could be there? Why the presence of light quark would
eliminate the exotic partner from the spectrum?
2. Do the decays obey some selection rules? There is indeed this kind of rule: the numbers of
c and c quarks in the final state are equal to one.
(a) If c and c exist in the initial state and the decay involves only strong interactions, the
rule holds true.
(b) If c and c are not present in the initial state the only option that one can imagine is
the exhange of two W bosons transforming d type quarks to c type quarks must be
present. If this were the case the initial state should correspond to dd like state rather
than cc and this looks very strange from the standard physics point of view. Also the
rate for this kind of decays would be very small and it seems that this option cannot
make sense.
Both leptons and quarks have color excitations in TGD Universe
TGD predicts that both leptons and quarks have color excitations [K92]. For leptons they correspond to color octets and there is a lot of experimental evidence for them. Why we do not have
any evidence for color excited quarks? Or do we actually have?! Could these strange X: s and Y :
s provide this evidence?
Ordinary quarks correspond to triality one color triplet partial waves in CP2 . The higher
color partial waves would also correspond to triality one states but in higher color partial waves in
CP2 . The representations of the color group are labelled by two integers (p, q) and the dimension
of the representation is given by
(p + 1)(q + 1)(p + q + 2)
.
2
A given t = ±1 representation is accompanied by its conjugate with the same dimension and
opposite triality t = ∓1. t = 1 representations satisfy p − q = 1 modulo 3 and come as (1, 0), (0,
d=
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2), (3, 0), (2, 1), with dimensions 3, 6, 10, 15, ... The simplest candidate for the color excitations
would correspond to the representation 6. It does not correspond directly the a solution of the
Dirac equation in CP2 since physical states involve also color Kac-Moody generators [K19].
Some remarks are in order:
1. The tensor product of gluon octet with t = 1 with color triplet representation contains
8 × 3 = 24 states and decomposes into t = 1 representations as 3 ⊕ 6 ⊕ 15. The coupling of
gluons by Lie algebra action can couple given representation only with itself. The coupling
between triplet and 6 and 15 is therefore not by Lie algebra action. The coupling constant
between quarks and color excited quarks is assumed to be proportional to color coupling.
2. The existence of this kind of coupling would explain the selection rules elegantly. If this kind
of coupling is not allowed then only the annihilation of exotic quark to gluon decaying to
quark pair can transform exotic mesons to ordinary ones and I have not been able to explain
selection rules using this option.
The basic constraint applying to all variants based on exotic states of quarks comes from
the fact that the decay widths of intermediate gauge bosons do not allow new light particles. This
objection is encountered already in the model of lepto-hadrons [K92]. The solution is that the light
exotic states are possible only if they are dark in TGD sense having therefore non-standard value
of Planck constant and behaving as dark matter. The value of Planck constant is only effective
and has purely geometric interpretation in TGD framework. This implies that a phase transition
transforming quarks and gluons to their dark counterparts is the key element of the model. After
this a phase transition a gluon exchange would transform the quark pair to an exotic quark pair.
Also squarks could explain exotic charmonium states
Supersymmetry provides an alternative mechanism. Right-handed neutrino generates super-symmetries
in TGD Universe and quarks are accompanied by squarks consisting in a well-defined sense of of
quark and right-handed neutrino. Super-symmetry would allow completely standard couplings to
gluons by adding to the spectrum squarks and gluinos.Exactly the same selection rules result if
these new states are mesonlike states from from squark and anti-squark and the exchange of gluino
after the ~ changing phase transition transforms exotic meson to ordinary one and vice versa.
In the sequel it will be shown that the existence of color excited quarks or of their superpartners could indeed allow to understand the origin of X and Y mesons and also the absence of
analogous states accompanying mesons containing light quarks or antiquarks.
This picture would lead to a completely new view about detection of squarks and gluinos.
1. In the standard scenario the basic processes are production of squark and gluino pair. The
creation of squark-antisquark pair is followed by the decay of squark (anti-squark) to quark
(antiquark) and neutralino or chargino. If R-parity is conserved, the decay chain eventually
gives rise to at least two hadron jets and lightest neutralinos identifiable as missing energy.
Gluinos in turn decay to quark and anti-squark (squark and antiquark) and squark (antisquark) in turn to quark (anti-quark) and neutralino or chargino. At least four hadron jets
and missing energy is produced. In TGD framework neutralinos would decay eventually to
zinos or photinos and right-handed neutrino transforming to ordinary neutrino (R-parity is
not conserved). This process might be however slow.
2. In the recent case quite different scenario relying on color confinement and “shadronization”
suggests itself. By definition smesons consist of squarks and antisquark. Sbaryons could
consist of two squarks containing right-handed neutrino and its antineutrino (N = 2 SUSY)
and one quark and thus have same quantum numbers as baryon. Note that the squarks are
dark in TGD sense.
Also now dark squark or gluino pair would be produced at the first step and would require
~ changing phase transition of gluon. These would shadronize to form a dark shadron. One
can indeed argue that the required emisson of winos and zinos and photinos is too slow a
process as compared to shadronization. Shadrons (mostly smesons) would in turn decay to
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hadrons by the exchange of gluinos between squarks. No neutralinos (missing energy) would
be produced. This would explain the failure to detect squarks and gluinos at LHC.
This mechanism does not however apply to sleptons so that it seems that the p-adic mass
scale of sleptons must be much higher for sleptons than that for squarks as I have indeed
proposed.
Could exotic charmonium states consist of color excited c and c or of their spartners?
Could one provide answers to the questions presented in the beginning assuming that exotic charmonium states consists of dark color excited c and c: or more generally, a mixture of ordinary
charmonium and exotic charmonium state? The mixing is expected since ~ changing phase transition followed by a gluon exchange can transform these meson states to each other. Also annihilation
to gluon and back to quark pair can induce this mixing. The mixing is however small for heavy
quarks for which αs ' .1 holds true. Exactly the same arguments apply to the meson like bound
states of squarks and in the following only the first option will be discussed.
1. In the case of charged leptons colored excitations have have same p-adic mass scale: for τ
however several p-adic mass scales appear as the model if the two year old CDF anomaly is
taken seriously [K92]. Assume that p-adic mass scales - but not necessarily masses- are the
same also now. This assumption might be non-sensical since also light mesons would have
exotic counterparts and somehow they should disappear from the spectrum. To simplify the
estimates one could even assume even that the masses are same.
2. In the presence of small mixing the decay amplitude would come solely from the small
contribution of the ordinary cc state present in the state dominated by color excited pair.
The two manners to see the situation should give essentially the same answer.
3. The decays would take place via strong interactions.
The challenge is to understand why the dominating decays to DD with branching fraction
of 93 per cent are not allowed whereas DDπ 0 takes place. Why the pion is needed? The second
challenge is to understand why X does not decay to charmonium and photon.
1. For ordinary charmonium the decay to DD could take place by the emission of gluon from
either c or c which then decays to light quark pair whose members combine with c and c to
form D and D. Now this mechanism does not work. At least two gluons must be emitted
to transform colored excited cc to ordinary cc. If these gluons decay to light quark pairs one
indeed obtains an additional pion in hadronization. The emission of two gluons instead of
only one is expected to reduce the rate roughly by αs2 ' 10−2 factor.
2. Also ordinary decays are predicted to occur but with a slower rate. The first step would be
an exchange of gluon transforming color excited charmed quark pair to an ordinary charmed
quark pair. After the transformation to off mass shell cc pair, the only difference to the
decays of charmonium states would be due to the fact that charmonium would be replaced
with cc pair. The exchange of the gluon preceding this step could reduce the decay rate
with respect to charmonium decay rates by a factor of order αs2 ' 10−2 . Therefore also the
ordinary decay modes should be there but with a considerably reduced rate.
3. Why the direct decays to photon and charmonium state do not occur in the manner predicted
by the model of charmonium? For ordinary charmonium the decay proceeds by an emission
of photon by either quark or antiquark. Same mechanism applies for exotic charmonium
states but leads to final state which consists of exotic charmonium and photon. In the case of
X(3872) there exists no lighter exotic charmonium state so that the decay is forbidden in this
order of perturbation theory. Heavier exotic charmonium states can however decay to photon
plus exotic charmonium state in this order of perturbation theory if discrete symmetries favor
this.
Essentially identical arguments go through if c and c are replaced with their dark spartners
and exchange of gluon by the emission of gluino. The transformation of gluon to its dark variants
is an essential element in the process.
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Why the color excitations/spartners of light quarks would be effectively absent?
Can one understand the effective absence of mesons consisting of color excited light quarks or
squarks if the excitations have same mass scale and even mass as the light quarks? The following
arguments are for color excited quarks but they apply also to squarks.
1. Suppose that the mixing induced by ~ changing phase transition followed by a gluon exchange
and annihilation is described by mass squared matrix containing besides diagonal components
2
2 . The eigenstates of the mass squared
M12 = M22 also non-diagonal component M12
= M21
matrix correspond to the physical states which are mixtures of states consisting of ordinary
quark pair and pair of color excited quarks. The non-diagonal elements of the mass squared
matrix corresponds to gluon exchange and since color interactions get very strong at low
energy scales, one expects that these elements get very large. In the degenerate case M12 =
M22 the mass squared eigen values are given by

2
M±
= M02 ± |M12 |2 .

(8.4.1)

2. Suppose that M02 = 0 holds true in accordance with approximate pseudo Goldstone nature
of pion and more generally all light pseudo-scalar mesons. In fact assume that this is the
case before color magnetic spin-spin splitting has taken place so that in this approximation
pion and ρ would have same mass m2π = m2ρ = M02 . In TGD based model for color magnetic
spin-spin splitting M02 energy is replaced with mass squared [K25] and M02 is obtained in
terms of physical masses of π and ρ from the basic formulas

m2π
M02

3
1
= M02 − ∆ , m2ρ = M02 + ∆ ,
4
4
m2ρ + 3m2π
=
, ∆ = m2ρ − m2π .
2
(8.4.0)

The exotic π and ρ would have masses

m2πex

=

m2ρex

=

1
−M02 − ∆ = m2π − 2M02 ,
4
3
2
−M0 + ∆ = m2rho − 2M02 ∆ .
4

(8.4.0)

For mπ = 140M eV and mρ = 770 MeV the calculation gives mπex = i × 685 MeV so a
tachyon would be in question. For ρ one would have mπex = 323 MeV so that the mass
would not be tachyonic.
One can try to improve the situation by allowing M12 6= M22 giving additional flexibility and
hopes about tachyonicity of the exotic ρ.
1. In this case one obtains the equations

m2π
m2πex
2
M+
2
M−

3
1
2
2
+ ∆
= M+
− ∆ , m2ρ = M+
4
4
1
3
2
2
2
= M− − ∆ , mρex = M− + ∆ ,
4
4
r
m2ρ + 3m2π
M12 + M22
M12 + M22 ) 2
4 =
=
+ (
) + M12
,
2
2
2
r
r
2
2
M12 + M22
M12 + M22 2
4 = M 2 − 2 ( M1 + M2 )2 + M 4 (8.4.-2)
=
−
) + M12
+
12 .
2
2
2

386

Chapter 8. SUSY in TGD Universe

2. The condition that ρex is tachyonic gives

m2ρex

=

3
2
M−
+ ∆<0 ,
4
(8.4.-2)

giving

r

m2ρ

<

2
M+

=

M12 + M22 2
4 ,
) + M12
2
r
m2ρ + 3m2π
M 2 + M22 2
M12 + M22
4 =
+ ( 1
) + M12
,
2
2
2
(

2

(8.4.-2)

2
3. In the parameterization (m21 , m22 , M12
) = (x, y, z)m2ρ one obtains the conditions

p
D ≡ (x + y)2 + z 2 > 1/2 ,
x+y
1 3 m2π
+D = +
.
2
2 2 m2ρ

(8.4.-2)

4. These equations imply the conditions

x+y
.490

< 3
<

m2π
' .099 ,
m2ρ

z < .599 .

(8.4.-2)

p
The first condition implies m21 + m2 < 242.7 MeV. Second condition gives 339 < M12 /M eV <
595.9 so that rather stringent bounds on the parameters are obtained. The simplest solution
to the conditions corresponds to x = y = 0 and z = .599. This solution would mean vanishing masses in the absence of mixing and spin-spin splitting and could be defended by the
Golstone boson property of pions mass degenerate with ρ mesons.
This little calculation encourages to consider the possibility that all exotic counterparts of
light mesons are tachyonic and that this due the very large mixing induced by gluon exchange
(gluino exchange squark option) at low energies. It would be nice if also mesons containing only
single heavy quark were tachyonic and this could be the case if the p-adic length scale defining the
strength of color interactions corresponds to that of the light quark so that the mass matrix has
large enough non-diagonal component. Here one must be however very cautious since experimental
situation is far from clear.
The model suggests that ordinary charmonium states and their exotic partners are in 1-1
correspondence. If so then many new exotic states are waiting to be discovered.
The option based on heavy color excitations/spartners of light quarks
An alternative option is that color excitations/spartners of light quarks have large mass: this mass
should not be however larger than the mass of c quarks if we want to explain X: s and Y : s as pairs
of color excitations of light quarks. Suppose that the
√ p-adic mass scale is same as that for c quarks
or near it (not that the scales come as powers of 2). This raises the question whether exotic cc
mesons really consist of exotic c and c: why not color excitations of u, d, s and their antiquarks?
As a matter fact, we cannot be sure about the quark content of X and Y mesons. Could these
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states be dd and uu states for their color excitations? It however seems that the presence of two
W exchanges makes the decay rate quite too low so that this option seems to be out of question.
One can however consider the option in which the squarks associated with light quarks are
heavy. This option is indeed realized in standard SUSY were the mass scales of particles families
are inverted so that stop and sbottom are the lightest squarks and super-partners of u and d the
heaviest ones. This would would predict that the smesons associated with t and bb are lighter
than X and Y (s)mesons. This option does not look at all natural in TGD but of course deserves
experimential checking.
How to test the dark squark option?
The identification of X and Y as dark smesons looks like a viable option and explains the failure
to find SUSY at LHC if shadronization is a fast process as compared to the selectro-weak decays.
The option certainly deserves an experimental testing. One could learn a lot about SUSY in
TGD sense (or maybe in some other sense!) by just carefully scanning the existing data at lower
energies. For instance, one could try to answer the following questions by analyzing the already
existing experimental data.
1. Are X and Y type mesons indeed in 1-1 correspondence with charmonium states? One could
develop numerical models allowing to predict the precise masses of scharmonium states and
their decay rates to various final states and test the predictions experimentally.
2. Do bb mesons have smesonic counterparts with the same mass scale? What about Bc type
smesons containing two heavy squarks?
3. Do the mesons containing one heavy quark and one light quark have smesonic counterparts?
My light-hearted guess that this is not the case is based on the assumption that the general
mass scale of the mass squared matrix is defined by the p-adic mass scale of the heavy quark
and the non-diagonal elements are proportional to the color coupling strength at p-adic length
scale associated with the light quark and therefore very large: as a consequence the second
mass eigenstate would be tachyonic.
4. What implications the strong mixing of light mesons and smesons would have for CP breaking? CP breaking amplitudes would be superpositions of diagrams representing CP breaking
for mesons resp. smesons. Could the presence of smesonic contributions perhaps shed light
on the poorly understood aspects of CP breaking?
Objection against covariantly constant neutrinos as SUSY generators
TGD SUSY in its simplest form assumes that covariantly constant right-handed neutrino generates
SUSY. The second purely TGD based element is that squarks would correspond to the same p-adic
mass scale as partners.
This looks nice but there are objections.
1. The first objection relates to the tachyonicity needed to get rid of double degeneracy of light
mesons consisting of u, d, and s quarks. Mesons and smesons consisting of squark pair mix
and for large αs the mixing is large and can indeed make second eigenvalue of the mass
squared matrix negative. If so, these states disappears from spectrum. At least to me this
looks however somewhat unaesthetic.
Luckily, the transformation of second pion-like state to tachyon and disappearance from
spectrum is not the only possibility. After a painful search I found experimental work (see
http://tinyurl.com/ybq323yy) [C212] claiming the existence of states analogous to ordinary pion with masses 60, 80, 100, 140, .... MeV. Also nucleons have this kind of satellite
states. Could it be that one of these states is spion predicted by TGD SUSY for ordinary
hadrons? But what about other states? They are not spartners: what are they?
2. The second objection relates to the missing energy. SUSY signatures involving missing energy
have not been observed at LHC. This excludes standard SUSY candidates and could do the
same in the case of TGD. In TGD framework the missing energy would be eventually right
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handed neutrinos resulting from the decays of sfermions to fermion and sneutrino in turn
decaying to neutrino and right handed neutrino. The naı̈ve argument is that shadronization
would be much faster process than the decay of squarks to quarks and spartners of electroweak gauge bosons and missing energy so that these events would not be observed. Shadrons
would in turn decay to hadrons by gluino exchanges. The problem with this argument is
that the weak decays of squarks producing right handed neutrinos as missing energy are still
there!
This objection forces to consider the possibility that covariantly constant right handed neutrino which generates SUSY is replaced with a color octet. Color excitations of leptons of
lepto-hadron hypothesis [K92] would be sleptons which are color octets so that SUSY for
leptons would have been seen already at seventies in the case of electron. The whole picture
would be nicely unified. Sleptons and squark states would contain color octet right handed
neutrino the same wormhole throats as their em charge resides. In the case of squarks the
tensor product 3 ⊗ 8 = 3 + 6 + 15 would give several colored exotics. Triplet squark would
be like ordinary quark with respect to color.
Covariantly constant right-handed neutrino as such would represent pure gauge symmetry,
a super-generator annihilating the physical states. Something very similar can occur in the
reduction of ordinary SUSY algebra to sub-algebra familiar in string model context. By
color confinement missing energy realized as a color octet right handed neutrino could not
be produced and one could overcome the basic objections against SUSY by LHC.
What about the claimed anomalous trilepton events at LHC interpreted in terms of SUSY,
which however breaks either the conservation of lepton or baryon number. I have proposed TGD
based interpretation [K22] is in terms of the decays of W to W̃ and Z̃, which in turn decay and
produce the three lepton signature. Suppose that W̃ and Z̃ are color octets and that sleptons
replace the color octet excitations of leptons responsible for lepto-hadron physics [K92]. One
possible decay chain would involve the decays W̃ + → L̃+ + ν L and Z̃ → L+ + L̃− . Color octet
sleptons pair combine to form lepto-pion which decays to lepton pair. This decay cascade would
produce missing energy as neutrino and this seems to be the case for other options too.e could
overcome the basic objections against SUSY by LHC.
This view about TGD SUSY clearly represents a hybrid of the two alternative views about
X and Y bosons as composites of either color excitations of quarks or of squarks and is just one
possibility. The situation is not completely settled and one must keep mind open.
Does one really obtain pseudo-scalar smesons?
The critical question is whether one obtains pseudo-scalar states as meson-like bound states of
squarks. This depends on what one means with squarks. Also the notion of pseudo-scalar is
not the same for M 4 × CP2 and M 4 . In TGD framework M 4 (pseudo–)scalars constructed from
fermions and anti-fermions are replaced by CP2 (pseudo–)vectors since the chiral symmetry for
M 4 × CP2 implying separate conservation of lepton and baryon numbers implies that genuine
fermionic H-scalars and pseudo-scalars would have quantum numbers of leptoquark.
1. The first question is what one means with ordinary pseudo-scalar mesons in TGD framework.
These mesons should be characterized by a bi-local quantity which behaves like a preferred
CP2 pseudo-vector and therefore like M 4 pseudo-scalar. One should identify a unique direction of CP2 polarization mathematically analogous to Higgs vacuum expectation value and
construct a bilinear in quark wave functions associated with the partonic 2-surfaces assigned
to the quarks. The problem is however that CP2 is not a flat space. Also non-locality is a
problem. Somehow one should be able to construct general coordinate invariant quantities
with well-defined transformation properties under discrete symmetries.
2. The effective 2-dimensionality implying the notions of partonic 2-surfaces and string world
sheets suggests a solution to the non-locality problem. Also the experience with QCD suggests
that bilinear expression contains a non-integrable phase factor U connecting quark and antiquark ad defined by the classical color gauge potentials which are just projections of SU(4)
Killing vector fields to the space-time surface. The curve would be analogous to a string
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connecting the partonic 2-surfaces and fixed uniquely by the strong form of holography in
turn reducing to the strong form of general coordinate invariance. TGD indeed predicts the
existence of string world sheets and thus strings at the 3-D ends of space-time sheets defined
by causal diamond.
3. What about the preferred CP2 vector?
(a) The first candidate is the quantity X = I3 j3Ak Γk + Y jYAk Γk where I3 and Y denote
color isospin and hyper-charge of the quark and jiAk corresponding Killing vectors. The
preferred vector would be due to the choice of quantization axes. This option is natural
for in the case of quark bilinears but fails for a bilinear constructed from covariantly
constant right handed neutrino.
(b) Second candidate would the CP2 part for the trace of the second fundamental form
contracted with CP2 gamma matrices -denote it by X = H k Γk -at the either end of the
string connecting fermion and anti-fermion at partonic 2-surfaces. This option would be
natural for the right-handed neutrino. Bi-local super-generators would vanish when the
partonic 2-surface is minimal surface. This would be analogous to the representations of
SUSY for which 2−k N generators annihilate the physical states and act as pure gauge
symmetries.
4. This would suggest that the basic invariants in the construction is the quantity Ψ1 U XOΨ2 .
Sub-script i = 1, 2 refers to the partonic 2-surface, X can occur at both ends and γ5 guarantees pseudo-scalar property. O is 1 ± γ5 for right- resp. left-handed quarks. The recipe would
apply also to the bilinears formed right-handed neutrinos: now only the projector (1 + γ5 )
to right-handed neutrino appears so that only single state is obtained.
Most of the options that one can imagine give something else that pseudo-scalar smeson.
1. Assuming that N = 2 symmetry is not too badly broken, one can add to the partonic 2surface carrying quark either right-handed neutrino or anti-neutrino or both so that one
obtains a 4-plet containing two quark states, spin zero squark and and spin 1 squark. From
these states one can construct meson like states.
(a) The first implication is degeneracy of quark like states because of the presence of neutrino
pair. TGD however predicts large breaking of SUSY. According to the arguments of
[K66] the state containing right handed neutrino pair has propagator behaving like 1/p3
and does not correspond to ordinary particle. It is not at all clear whether this kind
squarks can give rise to meson like states. Also the R-parity of these squarks would be
+1 and the model requires negative R-parity.
(b) For spin one squarks one obtains pseudo-vector state with spin 1: the smeson state
would transform like the cross product of the vectors characterizing spin 1 squarks.
These states could be also present in the spectrum although they do not correspond to
pseudo-scalars.
This suggests that N = 2 SUSY is badly broken and one must restrict the consideration to
N = 1 option.
2. For N = 1 option both squarks are scalars (quark plus anti-neutrino option).
(a) Forgetting the non-locality and regarding partonic 2-surfaces as basic objects as a whole,
one has bound state of scalar squarks and the possible meson-like state is most naturally
a scalar rather than pseudo-scalar.
(b) Non-locality brought in by strings however changes the situation. One could construct
a pseudo-scalar by starting from pseudo-scalar meson constructed by using the nonlocal recipe. To add neutrino and anti-neutrino at the partonic 2-surfaces one could
use the bilinears ν R,1 H k Γk νR,2 and ν R,2 H k Γk νR,1 to obtain the needed right-handed
CP2 current, which is neither scalar nor pseudo-scalar. The stringy picture (braids
as representation of many fermion states) forced by the strong from of general coordinate invariance (or strong form of holography or effective two-dimensonality) would be
absolutely essential for this picture to work.
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To sum up, it is not completely clear whether the squark option really gives pseudo-scalar
smesons. One cannot exclude additional pseudo-vector states and scalars unless N = 2 SUSY is
badly broken. The option based on color excitations in turn predicts only pseudo-scalar smesons
but also for this option a non-local state construction is needed.
What are the implications for M89 hadron physics?
Lubos Motl (see http://tinyurl.com/yc8xgorx) told about the latest information concerning
Higgs search. It is not clear how much these data reflect actual situation [C5]. Certainly the mass
values must correspond to observed bumps. The statistical significances are expected statistical
significances, not based on real data. Hence a special caution is required. At 4.5/fb of data one
has following bumps together with their expected statistical significance:
• 119 GeV: 3 sigma
• 144 Gev: 6 sigma(!)
• 240 GeV: 4.5 sigma
• 500 GeV: 4 sigma
It is interesting to try to interpret these numbers in TGD framework. The first thing to
observe is that weak boson decay widths do not pose any constraints on the model and one could
assume that M89 squarks are not dark.
1. The interpretation of 144 GeV bump
Consider first the 144 GeV state 6 sigma expected significance, which is usually regarded as
a criterion for discovery. Of course this is only expected statistical significance, which cannot be
taken seriously.
1. 144 GeV is exactly the predicted mass of the pion of M89 hadron physics which was first
observed by CDF and then decided to be a statistical fluctuation. I found myself rather
alone while defending the interpretation as M89 pion in viXra log and trying to warn that
one should not throw baby with the bath water.
2. From an earlier posting of Lubos Motl one learns that 244 GeV state must be CP odd -just
like neutral pion- and should correspond to A0 Higgs of SUSY. Probably this conclusion as
well as the claimed CP even property of 119 GeV state follow both from the assumption that
these states correspond to SUSY Higgses so that one must not take them seriously.
3. The next step before TGD will be accepted is to discover that this state cannot be Higgs of
any kind.
2. Possible identification of the remaining bumps
Could the other bumps correspond to the pseudo-scalar mesons of M89 hadron physics? For
only a week ago I would have answered “Definitely not” ! Could the claimed bumps explained
by assuming that also M89 quarks have either color excitations or super partners with the same
mass scale and the same mechanism is at work for M89 mesons as for ordinary mesons. The same
question can be made for the option based on color excitations of quarks in 6 or 15.
Consider now the possible identification of the remaining Higgs candidates concentrating for
definiteness to the squark option.
1. In the earlier framework there was no identification for meson like states below 144 GeV.
The discovery of this week was however that squarks could have the same p-adic mass scale
as quarks and that one has besides mesons also smesons consisting of squark pair as a
consequence. Every meson would be accompanied by a smeson. Gluino exchange however
mixes mesons and smesons so that mass eigenstates are mixtures of these states. At low
energies however the very large non-diagonal element of mass squared matrix can make
second mass eigenstate tachyonic. This must happen for mesons consisting of light quarks.
This of course for the M107 hadron physics familiar to us.
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2. Does same happen in M89 hadron physics? Or is the non-diagonal element of mass squared
matric so small that both states remain in the spectrum? Could 119 GeV state and 144 GeV
state correspond to the mass eigenstates of supersymmetric M89 hadron physics? If this is
the case one could understand also this state.
3. What about 240 GeV state? The proposal has been that selectron corresponds to M89 . This
would give it the mass 262.14 GeV by direct scaling; m(selectron) = 2(127−89)/2 m(electron).
This is somewhat larger than 240 GeV.
Could this state correspond to spartner of the ρ89 consisting of M89 squarks. There is
already earlier evidence for bumps at 325 GeV interpreted in terms of ρ89 and ω89 . The mass
squared difference should be same for pionic mass eigenstates and ρ89 like mass eigenstates.
This would predict that the mass of the second ρ like eigenstate is 259 GeV, which is not too
far from 240 GeV.
Tommaso Dorigo’s newest posting “The Plot Of The Week - The 327 GeV ZZ Anomaly”
(see http://tinyurl.com/3t3ym3q) [C27] tells about further support about ZZ anomaly at
327 GeV, which in TGD framework could be interpreted in terms of decays of the neutral
member of ρ89 isospin triplet or ω89 , which is isospin singlet. A small splitting in mass found
earlier is expected unless this decay corresponds to ω89 . Also WZ anomaly is predicted.
4. What about the interpretation of 500 GeV state? The η 0 meson of M107 hadron physics has
mass 957.66 MeV. The scaling by 512 gives 490.3 GeV- not too far from 500 GeV!
The alternative option replaces squarks with their color excitations. The arguments are
identical in this case. Many other pseudo-scalar mesons states are predicted if either of these
options is correct. In the case of squark option one could say that also SUSY in TGD sense has
been discovered and has been discovered in ordinary hadron physics for 8 years ago! SUSY would
not reveal itself via the usual signatures since shadronization would be faster process than the
decay of squarks via emission of selectro-weak bosons.
All these looks too good to be true. I do not know how the expected significances are
estimated and how precisely the mass values correspond to experimental data. In any case, if
these states turn out to be pseudo-scalars, one can say that this is a triump for TGD. Combining
this with the neutrino super-luminality which can be explained easily in terms of sub-manifold
gravitation, the prospects for TGD to become the next TOE are brighter than ever.

8.4.4

Strange Trilepton Events At CMS

Lubos Motl reports that CMS sees SUSY-like trilepton excesses (see http://tinyurl.com/y8mr4vm5).
Also Matt Strassler tells about indications that something curious has been detected at the Large
Hadron Collider (see http://tinyurl.com/y9hhd69g) [C189]. Probably a statistical fluctuation
is in questions as so many times earlier. The dream to discover SUSY ieasily leads to misinterpretations. Trilepton events however provide an excellent opportunity to learn about SUSY
in TGD framework.
The recent view about TGD SUSY briefly
Before continuing it is good to say something about what SUSY in TGD Universe might mean and
also about expected masses of squarks and sleptons as well as intermediate gauge bosons in TGD
Universe. The picture is of course preliminary and developing all the time in strong interaction
with experimental input from LHC so that there is no guarantee that I agree with this view for
the rest of my life.
1. Super-partner of the particle is obtained by adding a the partonic 2-surface a parallelly
moving right-handed neutrino or antineutrino so that one has N = 1 SUSY. It must be
emphasized that one has higher SUSYs but they are badly broken. Allowing both righthanded neutrino and antineutrino one obtains N = 2 SUSY and interpreting all fermionic
oscillator operators as generators of SUSY one obtains badly broken SUSY with rather large
N , which is however finite by finite measurement resolution inducing a cutoff on the number
of fermionic oscillator operators.
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2. R-parity is broken in TGD SUSY since sparticle can decay to particle and neutrino. Therefore
all neutral sparticles manifesting themselves as missing energy in TGD framework eventually
decay and produce neutrinos as the eventual missing energy. The decay rates to particles
and neutrinos can however be so slow that photino and sneutrinos leave the reactor volume
before decaying.
3. The basic assumption is that particle and sparticle obey the same mass formula apart from
p-adic mass scale that can be different. For instance, the masses of sleptons are half-octaves
of lepton masses. This breaking of SUSY is extremely elegant and is absolutely essential part
of ordinary particle massivation too explaining the enormous mass scale differences between
neutrinos and top quark in a natural manner.
4. I have proposed that the super-partners of M107 quarks (ordinary quarks) and gluon could
have the same mass scale but be dark in TGD sense, in other words have Planck constant
which is integer multiple of the ordinary Planck constant. This is required by the fact that
intermediate gauge boson decay widths do not allow light exotic particles. This hypothesis
could allow to understand the exotic X and Y mesons and also the absence of smesons
containing light squarks could be understood. Since shadronization is expected to proceed
much faster than selectro-weak decays of squarks, the squarks of M89 hadron physics need
not be dark and M89 shadrons might be there. The fruitless search for squarks would be
based on wrong signatures if this the case and already now we would have direct evidence
for the squarks of M89 hadron physics.
5. Only the decays of electro-weak gauginos and sleptons would produce the standard signatures.
(a) Charged sleptons must have large p-adic scales in TGD Universe. Ordinary leptons
correspond to Mersenne prime (see http://tinyurl.com/p8e7n5c) M127 , Gaussian
Mersenne (see http://tinyurl.com/ydcqo3av) MG,113 , and Mersenne prime M107 . If
also sleptons obey this rule, they would correspond to the Mersenne primes M89 and
Gaussian Mersennes MG,n , n = 79, 73. Assuming that particle and sparticle obey
the same mass formula apart from different p-adic mass scale, the masses of selectron,
smuon, and stau would be about 267 GeV, 13.9 TeV, and 164.6 TeV. Only selectron is
expected to be visible at LHC.
(b) About the mass scales of sneutrinos it is difficult to say anything definite. A natural
guess is that sneutrinos are relatively light so that they would be produced in the
decays of sleptons and electro-weak gauginos. Same applies to photino. These particles
are good candidates to missing energy unless their decay to particle plus neutrino is fast
enough.
(c) There seems to be no strong constraints to the mass scales of W̃ and Z̃. The mass scale
could be even M89 characterizing W and Z. p-Adic length scale hypothesis predicts
that the p-adic mass scale is half octave of intermediate boson mass scale and if the
Weinberg angle is same the masses are half octaves of W/Z masses.
6. The most general option inspired by twistorial considerations (absence of IR divergences)
and zero energy ontology is that both Higgs like states and Higgsinos and their higher spin
generalizations are eaten so that the outcome is spectrum of massive states. This might have
something do with the phenomenon in which some supersymmetry generators annihilate
physical states. In any case the fermions at wormhole throats are always massless- even
the virtual particles identified in terms of wormhole contacts consist of massless wormhole
throats which can have also negative energy.
It is important to notice that trilepton events as signals for SUSY have nothing to do with
squarks and gluinos for which I have proposed a non-standard interpretation in the article [L16].
How to interpret the trilepton events in TGD framework?
Trilepton events (see http://tinyurl.com/y8zhxzpy) [C178] represent the simplest SUSY signal
and would be created in the decays W → W̃ + Z̃. The decays Z → W˜+ + W˜− would give rise to
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dilepton events. Electro-weak gauginos would in turn decay and yield multi-lepton events. Neither
W/Z boson nor the gauginos need to be on mass shell.
In the following I will discuss these decays taking seriously the above listed conjectures about
SUSY a la TGD.
1. Obviously the situation reduces to the study of the decays of W̃ and Z̃.
(a) For W̃ the decay channels are W̃ → W + γ̃ and W̃ → L+ ν˜L . W would decay to charged
lepton-neutrino pair. One charged lepton would result in both cases.
(b) For Z̃ the decay channels are Z̃ → ν + ν˜L , Z̃ → W̃ + + W − , and Z̃ → L̃ + L and charge
conjugates of these. For the second decay mode the decays of W + and W̃ − produce
lepton antilepton pair. For the third decay mode selectron is the most plausible slepton
candidate and is expected to have rather large masses in TGD Universe (about 267 GeV
and thus off mass-shell). L̃ → L + γ̃ is the most natural decay for slepton.
2. The decay cascade beginning with Z → W˜+ + W˜− would produce 2 charged leptons (more
generally even number of charged leptons) plus missing energy. Charged leptons would have
opposite charges. No sleptons would be needed as intermediate states and all lepton families
would be democratically represented as final states.
3. The decay cascade beginning with W → W̃ + Z̃ would produce 2 or 3 charged leptons plus
missing energy.
(a) For Z̃ → W̃ + +W − option 3 charged leptons would result and there would be a complete
family democracy. For this option the rate is expected to be largest.
(b) For the option having slepton as intermediate state, the large masses for smuon and stau
would favor selectron for 3 lepton events. 3-lepton events would have charge signatures
–+ or ++- following from charge conservation alone. The suggested large mass for
selectron would however reduce also the rate of 3 lepton events considerably. Note that
the reported events (see http://tinyurl.com/y9hhd69g) have total transversal energy
larger than 200 GeV.
4. In MSSM also sZ → χ̃01 + Z followed by Z → L+ + L− is possible so that trilepton state
results. Here χ̃01 denotes the lightest neutral sboson and is a mixture of h̃, Z̃, and γ̃. If h̃ is
not in the spectrum, then γ̃ is an excellent candidate for the lightest neutral gaugino. If the
Weinberg angle is SUSY invariant the decay producing three charged leptons in this manner
is not possible.
5. Photinos would decay to photons and neutrinos producing photons and missing energy. It is
not clear whether this decay is fast enough to take place in the reactor volume.
To sum up, the trilepton events are possible and would be produced in the decays Z̃ →
W̃ + W and W̃ → e + γ̃. The trilepton events involving selectron as intermediate state do not look
highly plausible in TGD framework if one takes seriously the guess for the slepton mass scales.
More about strange trilepton events
I already told about indications for strange charged tri-lepton events at CMS. The inspiration came
from a posting “CMS sees SUSY-like tri-lepton excesses” (see http://tinyurl.com/y8mr4vm5) of
Lubos Motl.
Only a few days later both Tommaso Dorigo (see http://tinyurl.com/yc8jqu4k) and
Lubos Motl (see http://tinyurl.com/ybfup7cj) discussed a quite recent paper telling about
charged tri-lepton events observed at CMS (see http://tinyurl.com/ycfa9ctx).
1. From Tommaso Dorigo’s posting one learns that three charged leptons with total mass near
to Z mass have been observed. Charge conservation of course requires fourth charged lepton
if the particles originate in the decay of Z as assumed and Tommaso Dorigo argues that
this lepton has so low energy that it is not detected. This kind of lepton could results in an
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energy asymmetric decay of photon. The assumption that Z is the decaying particle might
be however un-necessarily strong: it could be quite well W with almost the same mass. In
this case charge conservation allows genuine charged tri-lepton event. The above discussion
suggests the decay W → W̃ + Z̃ to be the source of charged tri-lepton events.
2. The authors of the paper (see http://tinyurl.com/ycfa9ctx) propose that the reaction
could be initiated by a decay of squark or gluino and necessarily involving R-parity breaking.
There are two possibile options for R-parity breaking allowed by proton stability depending
on whether it conserves lepton or baryon number. For lepton number violating option intermediate particle is neutralino (lightest sparticle which is stable in R-parity breaking scenarios
) and for baryon number violating scenatior bino or higgsino. The R-parity violating decay of
lightest spartner (neutral) would yield slepton-lepton pair and the R-parity violating decay
of slepton a lepton pair plus neutrino. This would produce instead single observed lepton
charged tri-lepton state. The authors do not give enough details to make possible for a
non-professional to deduce what the detailed model for the process really is.
It is interesting to consider the situation in TGD framework in light of the crucial additional
data (the three charged leptons have mass rather near to that of Z and therefore to that ofW ).
1. The decay of W → W̃ + Z̃ with the decays W̃ and Z̃ proceeding in either of the two manners
discussed above would predict that the total mass of all particles produced is near to W mass
(and therefore Z mass) and also why one obtains genuine charged tri-lepton states. The
problem is that missing energy in the form of neutrinos and neutral sparticles is present and
it is not at all clear why this energy should be small.
2. An option not discussed discussed above is the decay W → ν̃ + L followed by the decay
ν̃ → L + W̃ followed by W̃ → L + ν̃ would not break R-parity and would produce ν̃. Total
energy would correspond to W mass but it is not clear why the missing energy assigned with
ν̃ should be small.
3. R-parity violation predicted by TGD however allows also to consider the direct decay ν̃ →
L+ + L− so that there would be no missing energy. One could say that the decay is the
reversal of a process in which L+ + L− annihilates to a ν̃ identifiable as a pair of neutrino
and right-handed neutrino at microscopic level. All standard model quantum numbers would
be conserved.
In TGD framework R-parity violation is a prediction of the theory and it would not violate
either baryon or lepton number conservation. There is no need to assume undetected charged
lepton since charge conservation allows charged tri-lepton final state as such without any missing
energy. Obviously the TGD based model is by several orders of magnitude simpler than the model
based on standard SUSY.

8.4.5

CMS Observes Large Diphoton Excess

LHC has started to produce data indicating that the new physics required by very general arguments indeed is there. Lubos Motl (http://tinyurl.com/yd3h8dghl) told today about a preprint
by CMS collaboration [C72] showing a very large excess of di-photons in proto-proton collisions.
This excess is so large that only a rough systematic error can threat its status.
What has been observed?
The following two data bits give strong hints about what might be involved.
1. From the figure (see http://tinyurl.com/pfj74yu) in the posting of Lubos Motl (see http:
//tinyurl.com/y7n4vzco) one learns that the distribution for the difference ∆φ for the
difference of the azimutal angles with respect to the beam direction covers rather evenly
the span ∆φ < 2.80 and the production rate is considerably higher than predicted by QCD
calculations except near π where the production rate is smaller than the prediction. From
momentum conservation one would expect ∆φ ∼ π in a good approximation in the cm frame
of photons. Unless the resonance does not move with a very high velocity, the photons
∆φ ' π should hold true quite generally. This gives hints about the production mechanism.
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2. Figure 3 of the CMS preprint (see http://tinyurl.com/3u4vzlk) [C72] gives the differential cross section with respect to diphoton invariant mass mγγ as a function of mγγ . The
distribution has a sharp knee between 45-55 GeV. One might be able to see double peak at
invariant masses about 50 GeV and 75 GeV and even third peak around 175 GeV. The differential cross section is however anomalous already around 20 GeV which serves as transverse
momentum cutoff for photons
The naı̈ve question by a non-professional is whether there could be resonance decaying to two
photons with mass in this range. ∆φ ∼ π would be however required if the resonance does
not move very fast in the cm frame of colliding protons. The cut on transversal momenta is
20 GeV making 40 GeV transversal energy and I am not absolutely sure whether this could
cause the shoulder. The experimenters however speak about shoulder and certainly they
would not do this if it were due to the cufoff. Therefore I will assume that the shoulder is
genuine.
3. If the shoulder located roughly between 45 GeV and 75 GeV is real, it would seem that the
two-photon state must be accompanied by a state with opposite momentum and roughly the
same energy and thus moving in opposite direction. This suggests two states with mass(es)
in the range [90, 150] GeV.
What could it be?
The speculation of Lubos Motl is that the decay of Higgs like state with mass around 119 GeV might
explain the finding but admits that standard model Higgs should not produce any visible effect.
Even worse, the so called little Higgs alternative would predict a reduction of diphoton production
rate. There are also exotic explanations involving large dimensions and exotic gravitons but to my
opininion these alternatives belong to the realm of bad science fiction and can be safely forgotten.
In my naı̈ve mind frame the strong knee around 55 GeV is something which I find very
difficult to not interpret as a bump suggesting the presence of a meson like state. On the other
hand, the distribution for ∆φ; does not fit with this simplistic picture.
What about the TGD inspired interpretation? The first interpretation that comes into mind
relies on the TGD based view about SUSY, which differs considerably from the standard view.
1. As explained in [K22], TGD could allow the realization of SUSY in which quarks and squarks
have same p-adic mass scale- perhaps even masses- before the mixing of hadrons and shadrons
allowed by R-parity conservation. The mechanism explaining the experimental absence of
squarks would be shadronization proceeding faster than the decay of squarks to quark and
electroweak gaugino.
(a) In this framework the mysterious X and Y mesons accompanying charmonium states
would be their super partners in a good approximation since the mixing would be small.
The mixing of mesons and smesons would be however very large near confinement
mass scale and make the other mixed state (identified as eigen state of mass squared
matrix) tachyonic and eliminate it from the spectrum. The companion of pion would be
tachyonic and excluded from spectrum: this would hold true for all smesons containing
light quarks and perhaps also those containing only single light squark if the mass scale
of the mass squared matrix is determined by the heavier quark and αs by the lighter
quark so that mixing is very large.
(b) A crucial assumption is that the squarks are dark in the sense of having a non-standard
value of Planck constant: otherwise the decay widths of electro-weak gauge bosons
would be too large. The phase transition changing the value of ~ and having a purely
geometric (topological) meaning in TGD framework would accompany also the mixing
process being analogous to mass insertions in the lines of Feynman graph.
2. In TGD framework the proposed view about squarks as particles having common p-adic mass
scale with quark is suggested to hold true in both the ordinary M107 - and M89 hadron physics.
There is however no need to assume that M89 squarks are dark. The pion of M89 hadron
physics could identified as the earlier 144 GeV Higgs candidate, forgotten but mentioned
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again by Lubos Motl (http://tinyurl.com/yc8xgorx), would have 119 GeV bump as a
lighter companion. The two states would be mixtures of pion and spion. The mass values
for the bumps assigned to ρ89 and ω89 and to their spartner candidates allow to estimate the
mass of the partner of π89 . The mass would be near to 119 GeV for which there are slight
indications [K22].
How the shoulder around 45-55 GeV could be created from the decays of the partner of
π89 - a (probably strong) mixture of pion and spion (no breaking of R-symmetry). Could the two
mixtures of M89 pion and its spartner with masses (say) 119 GeV and 144 GeV (one should not
take these number too literally) be responsible for the effect as the indications about two peaked
structure suggest? Could the spionic parts of the states produce the events diphoton events.
1. The simplest Feynman diagram for the decay of the pion-like state would describe the turn
around of squark backwards in time via the emission of two photons. This would produce
onlty ∆φ ∼ π events and photons with energies around 60 GeV and 72 GeV for the proposed
masses 119 GeV and 144 GeV.
±
0
Comment: 144 GeV is the estimate for the mass of π89
, one obtains 138 GeV for π89
: I
have earlier neglected electromagnetic mass splitting of pions and approximated pion masses
with charged pion mass 140 MeV. This scales the second mass to 69 GeV.

2. For a more complex Feynman diagram exchanged squark turning around in time would emit
quark and antiquark transforming in this manner to gluino and back to squark. Another
possibility is emission of two gluons. This would give photon pair and something which
could be just two hadron jets if the emitted quarks and gluons transform to ordinary quarks.
3. The objection is that this model need not explain the strong concentration of diphoton invariant mass to the range 45-75 GeV since in principle 4-particle final states are in question
and phase space distribution does not predict anything like this. p-Adic length scale hypothesis however suggests that the resulting quark pairs actually form a p-adically scaled down
variant of the pion like state and have therefore mass, which is half of its mass. This would
give rise to a resonance like behavior and impy a strong concentration of the events to the
invariant masses which are one half of the mass of the mother particle.
The p-adically scaled up quarks appear even in the TGD based model of light hadrons and
produce mass formula replacing Gell-Mann-Nishijina mass formula [K25]. As a matter fact,
the naı̈ve prediction for the mass of M89 pion is just 512 times the mass of the ordinary
neutral pion and gives 69.1 GeV!
4. One must also worry about overall parity conservation required if only strong and electromagnetic interactions are involved with the decay process. Pion is pseudo-scalar and the
decay of pion to two pions with scaled down mass requires parity breaking in the effective
action involving the pion fields only unless the vertex contains derivatives but one cannot
build a Lorentz invariant involving 4-D permutation symbol from three pion fields. Should
one assume that the process breaks parity conservation and involves therefore weak interactions? Or should one assume that second scaled down pion is replaced with two pions with
mass equal 1/4 the mass of the decaying pion to give parity invariant effective interaction
Lagrangian as assumed in the model of CDF anomaly [K92]. This would predict also diphoton pairs with invariant masses scaled down to 22.5-40 GeV. The differential cross section is
anomalous down to the 20 GeV cutoff. One should be able to resolve this issue before one
can take the model seriously.
A connection with Aleph anomaly?
There is an old anomaly known as Aleph anomaly [C34] producing 4-jets states with jet-jet invariant
mass of 55 GeV. According to the reference, the anomaly did not survive improved statistics. Delphi
and L3 also observed 4-jet anomaly with dijet invariant mass about 68 GeV: this not too far from
the mass for p-adically scaled down mass of π89 equal to 69.1 GeV! Remarkably, according to the
above reference L3 observation survived the improvement of the statistics!
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1. For more than decade ago I proposed an explanation of Aleph anomaly in terms of a mesonlike state formed by p-adically scaled up variants of b quark and its antiquark [K25]. The
mass of the resonance was predicted correctly using p-adic length scale hypothesis predicting
that the mass of scaled up b quark is half octave of the mass of b quark.
2. The model could be generalized by replacing b quark with its super-partner if one assumes
that SUSY breaking means only different p-adic mass scale. There is however an aesthetic
problem (I take aesthetic arguments very seriously). The model for X and Y mesons assumed
that the p-adic mass scale is same: now one should give up this assumption for b quark. The
reader has probably already asked whether Aleph anomaly and the recent CMS anomaly
could correspond to the same meson like state. 4-jets could be produced when b̃ and b̃∗ decay
to bb∗ pair by emission of gluinos which then exchange quark to produce quark pair or gluon
pair. In the decays of X and Y mesons the resulting quark pair would form pion or some
other meson. Now two quark or gluon jets by exchanged gluinos would be produced giving
altogether four jets.
3. CMS anomaly suggests a different interpretation. Perhaps the 4-jets with di-jet energies
around 55 GeV and 68 GeV are produced by the decays of the mixtures of M89 pion and
spion (identified as squark pair) with masses around 110 GeV and 144 GeV producing as
intermediate state the 2-adically scaled down pions with half of their original masses.
The same mechanism is assumed also in themodel of CDF anomaly discovered for three
years ago but already forgotten [K92]. Political memory is short! The mechanism would be a
modification of that producing the diphoton excess. Squark and anti-squark would transform
to quark-antiquark pair giving rise to intermediate scaled down pionlike state decaying to
two jets with invariant mass concentrated around the mass of pion-like state. The exchanged
gluino emits quark and antiquark or two gluons. Quark antiquark state could also form a
scaled down M89 pion before the decay to two jets. The outcome would be four jets with
concentration to preferred invariant masses.

8.4.6

No SUSY Dark Matter And Too Small Electron Dipole Moment
For Standard SUSY

LUX group has reported that one leading dark matter candidate has disappeared (see http:
//tinyurl.com/njrmdhb ). [C95] Lubos Motl (see http://tinyurl.com/yc4tkbwb ) tells more
about this. The candidate is light fermion - so called neutralino predicted by SUSY models as a
candidate for dark matter. What makes it a candidate is that it stable against decays if R-parity
is conserved: this implies that neutralino can disappear only via pair annihilation. This is also a
further blow against N = 1 SUSY paradigm in its standard form implying among other things the
non-conservation of baryon and lepton number or both.
The result of course does not mean that there would be no dark matter. It only says that
the main stream of particle physics community has been at completely wrong track concerning the
nature of dark matter. As I have patiently explained year after year in this blog, dark matter is
not some exotic particle this or that. Dark matter is something much deeper and its understanding
requires a generalization of quantum theory to include hierarchy of Planck constants. This requires
also a profound generalization of the notion of space-time time.
In particular, all standard particles can be in dark phase characterized by the value of
Planck constant, and the main applications are TGD inspired quantum biology and consciousness
theory since dark matter with large value of Planck constant can form macroscopic quantum
phases. Also dark energy in TGD sense is something very different from the standard dark energy.
Dark energy in TGD Universe corresponds to Kähler magnetic energy assignable to magnetic flux
tubes carrying monopole flux. These magnetic fields need no currents to generate them, which
explains why cosmos can full of magnetic fields. Superconductors at the verge of breakdown
of superconductivity and even ordinary ferromagnets might carry these Kähler monopole fluxes
although monopoles themselves do not exist.
The result of LUX was expected from TGD point of view and does not exclude particles
dark in TGD sense. Even dark particles at the mass scale of tau lepton and even at mass scale of
7-8 GeV can be considered and the CDF anomaly reported few years ago could have explanation
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in terms of dark variant of tau-pion identifiable as pion like bound state of colored tau leptons:
also for other leptons analogous states have been reported [K92]. The experimental signatures of
this kind of particles are however very different from the dark particles that LUX was searching
for and could explain some reports about evidence for dark matter in ordinary sense.
The lesson to learn is that one can find only what one is searching for in recent day particle
physics. Particle phenomenologists should return to the roots. Challenging the cherished beliefs even the beliefs about what QCD color is - is painful but is the only way to make progress.
A further blow against standard SUSY came few weeks after dark matter results. ACME
collaboration has deduced a new upper boundon the electric dipole moment of electron, which is by
order of magnitude smaller than the previous one (http://tinyurl.com/k7ybs6j ) [C51]. Jester
(see http://tinyurl.com/y8afqeqk ) and Lubos Motl (see http://tinyurl.com/y9ftnva2 )
have more detailed commentaries.
The measurement of the dipole moment relies on a simple idea: electric dipole moment gives
rise to additional precession if one has parallel magnetic and electric fields. The additional electric
field is now that associated with the molecule containing electrons plus strong molecular electric
field in the direction of spin quantization axes. One puts the molecules containing the electrons
into magnetic field and measurex the precession of spins by detecting the photons produced in the
process. The deviation of the precession frequency from its value in magnetic field only should
allow to deduce the upper bound for the dipole moment.
Semiclassically the non-vanishing dipole moment means asymmetric charge distribution with
respect to the spin quantization axis. The electric dipole coupling term for Dirac spinors comes
to effective action from radiative corrections and has the same form as magnetic dipole coupling
involving sigma matrices except that one has an additional γ5 matrix bringing in CP breaking.
The standard model prediction is of order de ' 10−40 e × me : this is by a factor 10−5 smaller than
Planck length!
The new upper bound is de ' .87 × 10−32 e × me and still much larger than standard model
prediction. Standard SUSY predicts typically non-vanishing dipole moment for electron. The
estimate for the electron dipole moment coming from SUSYs and is by dimensional considerations
of form de = c~; e × me /16π 2 M 2 , where c is of order unity and M is the mass scale for the new
physics. The Feynman diagram in question involves the decay of electron to virtual neutrino and
virtual chargino and the coupling of the latter to photon before absoption.
This upper bound provides a strong restriction on “garden variety” SUSY models (involving
no fine tuning to make dipole moment smaller) and the scale at which SUSY could show itself
becomes of order 10 TeV at least so that hopes for detecting SUSY at LHC should be rather
meager. One can of course do fine tuning. “Naturality” idea does not favor fine tunings but is not
in fashion nowadays: the existing theoretical models do not simply allow such luxury. The huge
differences between elementary particle mass scales and quite “too long” proton lifetime represent
basic example about “non-naturality” in the GUT framework. For an outsider like me this strongly
suggests that although Higgs exist, Higgs mechanism provides only a parameterization of particle
masses - maybe the only possible theoretical description in quantum field theory framework treating
particles as point like - and must be eventually replaced with a genuine theory. For instance,
Lubos Motl does not see this fine tuning is not seen as reason for worrying too much. Personally
I however feel worried since my old-fashioned view is that theoretical physicists must be able to
make predictions rather than only run away the nasty data by repeated updating of the models so
that they become more and more complicated.

8.4.7

Leptoquarks As First Piece Of Evidence For TGD Based View
About SUSY?

The basic problem of TGD inspired SUSY has been the lack of experimental information allowing
to guess what might be the p-adic length scale associated with sparticles. The massivation as such
is not a problem in TGD: the same mass formula would be obeyed by particles and sparticles and
SUSY breaking would mean only different p-adic mass scales for stable particle states. One can
even consider the possibility that particles and sparticles have identical masses but sparticles have
non-standard value of hef f behaving therefore like dark matter.
The solution of the problem could emerge from experiments in totally unexpected manner.
Indications for the existence of leptoquarks have been accumulating gradually from LHC. Lepto-
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quarks should have same quantum numbers as pairs of quark and right-handed neutrino and would
thus correspond to squarks in N = 2 SUSY of TGD.
I have written about leptoquarks as an explanation for the breaking of leptonic universality
for which indications have emerged from B meson decays [K22] [L25].
Leptoquarks have received considerable attention in blogs. Both Jester (see http://tinyurl.
com/yd6jksu3) and Lubos (see http://tinyurl.com/ybosxc93) have written about the topic.
Jester lists 3 B-meson potential anomalies, which leptoquarks could resolve:
• A few sigma deviation in differential distribution of B → K ∗ µ+ µ− decays.
• 2.6 sigma violation of lepton flavor universality in B → Dµ+ µ− vs. K → De+ e− decays.
• 3.5 sigma violation of lepton flavor universality, but this time in B → Dτ ν vs. B → Dµν
decays.
There is also a 3 sigma discrepancy of the experimentally measured muon magnetic moment,
one of the victories of QED. And old explanation has been in terms of radiative corrections brought
in by SUSY. In TGD framework one can consider an explanation in terms of N = 2 SUSY
generated by right-handed neutrino. It has been claimed (see http://tinyurl.com/ychg6wjh)
that leptoquark with quantum numbers of DνR , where D denotes D type quark actually s quark,
which in TGD framework corresponds to genus g = 1 for the corresponding partonic 2-surface,
could explain all these anomalies.
An alternative model would explain the breaking of lepton universality in terms of bosonic
analogs of higher fermion generations. The charge matrix of ordinary gauge boson is unit matrix
in the 3-D state space assignable with the three generations representing various fermion families.
Gauge bosons correspond to charge 3 × 3 matrices, which must be orthogonal with respect to the
inner product defined by trace. Hence fermion universality is broken for the 2 higher gauge boson
generations. The first guess is that the mass scale of the second boson generation corresponds to
Gaussian Mersenne MG,79 [K22] [L27].
The model for the breaking of universality in lepton pair production is in terms of MG,79
bosons. In standard model the production of charged lepton pairs would be due to the decay of
virtual W bosons appearing in self-energy loop of penguin diagram. W emits Z 0 or γ decaying
to a charged lepton pair. If a virtual higher generation W79 boson appears in self energy loop, it
0
can transform to W by emitting Z79
or γ79 decaying to lepton pair and inducing a breaking of
lepton universality. Direct decays of W79 to lν L pairs imply a breaking of lepton universality in
lepton-neutrino pair production. TGD as squark.
The breaking of the universality is characterized by charge matrices of weak bosons for
the dynamical SU(3) assignable with family replication. The first generation corresponds to unit
matrix whereas higher generation charge matrices can be expressed as orthogonal combinations of
isospin and hypercharge matrices I3 and Y . I3 distinguishes between tau and lower generations
(third experiment) but not between the lowest two generations. There is however evidence for this
(the first two experiments above). Therefore a mixing the I3 and Y should occur.
Recently additional evidence for the existence of this kind of weak boson has emerged (see
http://tinyurl.com/gqrg9zt). If I understood correctly, the average angle between the decay
products of B meson is not quite what it is predicted to be. This is interpreted as an indication
that Z0 type boson appears as an intermediate state in the decay.
Does the breaking of universality occurs also for color interactions? If so, the predicted
M89 and MG,79 hadron physics would break universality in the sense that the couplings of their
gluons to quark generations would not be universal. This also forces to consider to the possibility
that there are new quark families associated with these hadron physics but only new gluons with
couplings breaking lepton universality. This looks somewhat boring at first.
On the other hand, there exist evidence for bumps at masses of M89 hadron physics predicted
by scaling to be 512 time heavier than the mesons of the ordinary M107 hadron physics. According
to the prevailing wisdom coming from QCD, the meson and hadron masses are however known
to be mostly due to gluonic energy and current quarks give only a minor contribution. In TGD
one would say that color magnetic body gives most of the meson mass. Thus the hypothesis
would make sense. One can also talk about constituent quark masses if one includes the mass
of corresponding portion of color magnetic body to quark mass. These masses are much higher
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than current quark masses and it would make sense to speak about constituent quarks for M89
hadron physics. Constituent quarks of the new hadron physics would be different from those of
the standard hadron physics.
With a lot of good luck both mechanisms are involved and leptoquarks are squarks in TGD
sense. If also M89 and M79 hadron make themselves visible at LCH (there are several pieces of
evidence for this), a breakthrough of TGD would be unavoidable. Or is it too optimistic to hope
that the power of truth could overcome academic stupidity, which is after all the strongest force
of Nature?

8.4.8

SUSY after LHC

As we now know, SUSY was not found at LHC and the basic motivation for SUSY at LHC energies
has disappeared. The popular article “Where Are All the ’Sparticles’ That Could Explain What’s
Wrong with the Universe?” (see http://tinyurl.com/y6n5cjhv) tells about the situation. The
title is however strange. There is nothing wrong with the Universe. Theoreticians stubbornly
sticking to a wrong theory are the problem.
Could it be that the interpretation of SUSY has been wrong? For instance, the minimal
N = 1 SUSY predicts typically Majorana neutrinos and non-conservation of fermion number.
This does not conform with my own physical intuition. Perhaps we should seriously reconsider the
notion of supersymmetry itself and ask what goes wrong with it.
Can TGD framework provide any new insights?
1. TGD can be seen as a generalization of superstring models, which emerged years before superstring models came in fashion. In superstring models supersymmetry is extended to superconformal invariance and could give badly broken SUSY as space-time symmetry. SUSY in
standard QFT framework requires massless particles and this requires generalization of the
Higgs mechanism. The proposals are not beautiful - this is most diplomatic manner to state
it.
In TGD framework super-conformal symmetries generalize dramatically since light-like 3-D
surfaces - in particular light-cone boundary and boundaries of causal diamond (CD) have
one light-like direction and are metrically 2-D albeit topologically 3-D. One outcome is modification of AdS/CFT duality - which turned out to be a disappointment - to a more realistic
duality in which 2-D surfaces of space-time regarded itself as surface in H = M 4 × CP2
are basic objects. The holography in question is very much like strong form of ordinary
holography and is akin to the holography assigned with blackhole horizons.
2. The generators of supersymmetries are fermionic oscillator operators and the Fock states
can be regarded as members of SUSY multiplets but having totally different physical interpretation. At elementary particle level these many fermion states are realized at partonic
2-surfaces carrying point-like fermions assignable to lepton and quark like spinors associated
with single fermion generations. There is infinite number of modes and most of them are
massive.
This gives rise to infinite super-conformal multiplets in TGD sense. Ordinary light elementary
particles could correspond to partonic 2-surfaces carrying only fermion number at most ±1.
3. By looking the situation from the perspective of 8-D imbedding space M 4 × CP2 situation
gets really elegant and simple.
8-D twistorialization [L57] requires massless states in 8-D sense and these can be massive in
4-D sense. Super-conformal invariance for 8-D masslessness is infinite-D variant of SUSY: all
modes of fundamental fermions generate supersymmetries. The counterpart SUSY algebra is
generated by the fermionic oscillator operators for induced spinor fields. All modes independently of their 4-D mass are generators of supersymmetries. M 4 chirality conservation of 4-D
SUSY requiring 4-D masslessness is replaced by 8-D chirality conservation implying a separate conservation of baryon and lepton numbers. Quark-lepton symmetry is possible since
color quantum numbers are not spin-like but realized as color partial waves in cm degrees of
freedom of particle like geometric object.
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No breaking of superconformal symmetry in the sense of ordinary SUSYs is needed. p-Adic
thermodynamics causes massivation of massless (in 4-D sense) states of spectrum via mixing
with very heavy excitations having mass scale determined by CP2 mass.
One could say that the basic mistake of colleagues - who have been receiving prizes for
impressively many breakthroughs during last years - is the failure to realize that 4-D spinors
must be replaced with 8-D ones. This however requires 8-D imbedding space and spacetime surfaces and one ends up to TGD by requiring standard models symmetries or just
the existence of twistor lift of TGD. All attempts to overcome the problems lead to TGD.
Colleagues do not seem like this at all so that they prefer to continue as hitherto. And
certainly this strategy has been an amazing professional success.
What about the counterpart of space-time supersymmetry - SUSY - in TGD framework?
The question whether TGD allows space-time SUSY or not has bothered me for a long time, and I
have considered SUSY from TGD point of view in [K66, K45, K12]. In the following I summarize my
recent views, which reflect the increased understanding of twistor lift and cosmological constant
and of preferred extremals as minimal surfaces having 2-D string world sheets as singularities
analogous to edges [L55, L61, L63] [L57].
1. The analog of SUSY would be generated by massless or light modes of induced spinor fields.
Space-time SUSY would correspond to the lightest slowly varying modes for the induced
spinor fields being in 1-1-correspondence with the components of H-spinors. The number
N associated with SUSY is quite large as the number of components of H-spinors. The
corresponding fermionic oscillator operators generate repsesentations of Clifford algebra and
SUSY multiplets are indeed such.
If space-time surface is canonically imbedded Minkowski space M 4 , no SUSY breaking occurs.
This is however an unrealistic situation. For general preferred extremal right- and left handed
components of spinors mix, which causes in turn massivation and breaking of SUSY in 4-D
sense.
Could right-handed neutrino be an exception. It does not couple to electroweak and color
gauge potentials. Does this mean that νR and its antiparticle generate exact N = 2 SUSY?
No: νR has small coupling to CP2 parts of induced gamma matrices mixing neutrino chiralities and this coupling causes also SUSY breaking. This coupling is completely new and not
present in standard QFTs since they do not introduce induced spinor structure forced by the
notion of sub-manifold gemetry.
Even worse, one can argue that right-handed neutrino is ”eaten” as right- and left-handed
massless neutrinos combine to massive neutrino unless one has canonically imbedded M 4 .
There fate resembles that of charge Higgs components. One could still however say that one
has an analog of broken SUSY generated by massive lepton and quark modes. But it would
be better to talk about 8-D supersymmetry.
2. The situation is now however so simple as this. TGD space-time is many-sheeted and one
has a hierarchy of space-time sheets in various scales labelled by p-adic primes labelling also
particles and by the value of Planck constant hef f = n × h0 .
Furthermore, spinors can be assigned to 4-D space-time interiors, to 2-D string world sheets,
to their light-like 1-D boundaries at 3-D light-like orbits of partonic 2-surfaces, or even with
the partonic orbits. 2-D string world sheets are analogous to edges of 3-D object and action
receives ”stringy” singular contribution from them because of edge property. Same applies to
the boundaries of string world sheets location at the light-like orbits of partonic 2-surfaces.
Think of a cloth, which has folds which move along it as an analog. Space-time interior is a
minimal surface in 4-D sense except at 2-D folds and string world sheets and their boundaries
are also minimal surfaces.
Therefore one has many kinds of fermions: 4-D space-time fermions, 2-D string world sheet
fermions possibly associated with hadrons (there presence might provide new insights to
the spin puzzle of proton), and 1-D boundary fermions for these as point-like particles and
naturally identifiable as basic building bricks of ordinary elementary particles. Perhaps even
3-D fermions associated with light-like partonic orbits can be considered. All these belong to
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the spectrum and the situation is very much like in condensed matter physics, where people
talk fluently about edge states.
3. In TGD framework ordinary elementary particles are assigned with the light-like boundaries
of string world sheets. Right-handed neutrino and antineutrino generate N = 2 SUSY for
massless states assignable as light-like curves at light-like orbits of partonic 2-surfaces. This
implies badly broken SUSY and it seems that one cannot talk about SUSY at all in the
conventional sense. These states are however massless in 8-D sense, not in 4-D sense!
In TGD framework one can however consider an analogy of SUSY for which massless νR
modes in 4-D space-time interior - rather than at orbits of partonic 2-surfaces - generate
supersymmetry. One could say that the many particle state, rather than particle has a
spartner. Think of any system - it can contain larger number of ordinary particles forming a
single quantum coherent entity to which one an assign space-time sheet. One can assign to
this system space-time shet a right-handed neutrino, antineutrino, or both. This gives the
superpartner of the system. The presence of νR is not seen in the same manner in interactions
as in SUSY theories.
This picture [L55, L61, L63] is an outcome of a work lasted for decades, not any ad hoc model.
One can say that classical aspects of TGD (exact part of quantum theory in TGD framework) are
now well understood. To sum up, the simplest realizations of SUSY in TGD sense are following
and the best manner to look at them is from the perspective 8-D masslessness.
1. Massless 4-D supersymmetry generated by νR . Other fermions which are massive because
of their electroweak and color interactions not possessed by νR . Also νR generates small
mass. These spartners are not however visible in elementary particle physics but belong to
condensed matter physics.
2. Massive neutrino and other fermions but no supersymmetry generatig νR anymore since
it is “eaten”. This would be realized as very badly broken SUSY in 4-D sense and the
spartners would be very massive. At the partonic 2-surfaces, this option forced by Uncertainty
Principle.

8.5

SUSY in TGD Universe

What SUSY is in TGD framework is a longstanding question, which found a rather convincing
answer rather recently. In twistor Grassmannian approach to N = 4 SYM [B24, B19, B20, B22,
B40, B25, B13] twistors are replaced with supertwistors and the extreme elegance of the description
of various helicity states using twistor space wave functions suggests that super-twistors are realized
both at the level of M 8 geometry and momentum space.
In TGD framework M 8 − H duality allows to geometrize the notion of super-twistor in
the sense that at the level of M 8 different components of super-field correspond to components
of super-octonion each of which corresponds to a space-time surfaces satisfying minimal surface
equations with string world sheets as singularities - this is geometric counterpart for masslessness.

8.5.1

New view about SUSY

The progress in understanding of M 8 − H duality [L64] throws also light to the problem whether
SUSY is realized in TGD [L69] and what SUSY breaking cold mean. It is now rather clear that
sparticles are predicted and SUSY remains exact but that p-adic thermodynamics causes thermal
massivation: unlike Higgs mechanism, this massivation mechanism is universal and has nothing to
do with dynamics. This is due to the fact that zero energy states are superpositions of states with
different masses. The selection of p-adic prime characterizing the sparticle causes the mass splitting
between members of super-multiplets although the mass formula is same for all of them. Superoctonion components of polynomials have different orders so that also the extension of rational
assignable to them is different and therefore also the ramified primes so that p-adic prime as one
them can be different for the members of SUSY multiplet and mass splitting is obtained.
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The question how to realize super-field formalism at the level of H = M 4 × CP2 led to
a dramatic progress in the identification of elementary particles and SUSY dynamics. The most
surprising outcome was the possibility to interpret leptons and corresponding neutrinos as local
3-quark composites with quantum numbers of anti-proton and anti-neutron. Leptons belong to
the same super-multiplet as quarks and are antiparticles of neutron and proton as far quantum
numbers are consided. One implication is the understanding of matter-antimatter asymmetry.
Also bosons can be interpreted as local composites of quark and anti-quark.
Hadrons and perhaps also hadronic gluons would still correspond to the analog of monopole
phase in QFTs. Homology charge could appear as a space-time correlate for color at space-time
level and explain color confinement. Also color octet variants of weak bosons, Higgs, and Higgs
like particle and the predicted new pseudo-scalar are predicted. They could explain the successes
of conserved vector current hypothesis (CVC) and partially conserved axial current hypothesis
(PCAC).
One ends up with an improved understanding of quantum criticality and the relation between
its descriptions at M 8 level and H-level. Polynomials describing a hierarchy of dark matters
describe also a hierarchy of criticalities and one can identify inclusion hierarchies as sub-hierarchies
formed by functional composition of polynomials: the criticality is criticality for the polynomials
interpreted as p-adic polynomials in O(p) = 0 approximation meaning the presence of multiple
roots in this approximation.

8.5.2

Connection of SUSY and second quantization

The monomials of theta parameters appearing in super-fields are replaced in case of hermitian H
super coordinates consisting of monomials with vanishing quark number. For super-spinors of H
the monomials carry odd quark number. Monomials of theta parameters are replaced by local
monomials of quark oscillator operators labelled besides spin and weak isospin also by points of
cognitive representation with imbedding space coordinates in an extension of rationals defining the
adele. Discretization allows anti-commutators which are Kronecker deltas rather than delta functions. If continuum limit makes sense, normal ordering must be assumed to avoid delta functions
at zero coming from the contractions.
The monomials (not only the coefficients appearing in them) are solved from generalized
classical field equations and are linearly related to the monomials at boundary of CD playing the
role of quantum fields and classical field equations determine the analogs of propagators.
The Wick contractions of quark-antiquark monomials appearing in the expansion of supercoordinate of H could define the analog of radiative corrections in discrete approach. M 8 − H
duality and number theoretic vision require that the number of non-vanishing Wick contractions
is finite. The number of contractions is bounded by the finite number of points in cognitive
representation and increases with the degree of the octonionic polynomial and gives rise to a
discrete coupling constant evolution parameterized by the extensions of rationals. The polynomial
composition hierarchies correspond to inclusion hierarchies for isomorphic sub-algebras of supersymplectic algebra having interpretation in terms of inclusions of hyper-finite factors of type II1 .

8.5.3

Proposal for S-matrix

One also ends up to the first completely concrete proposal for how to construct S-matrix directly
from the solutions of super-Dirac equations and super-field equations for space-time super-surfaces.
The idea inspired by WKB approximation is that the exponent of the super variant of Kähler function including also super-variant of Dirac action defines S-matrix elements as its matrix elements
between the positive and negative energy parts of the zero energy states formed from the corresponding vacua at the two boundaries of CD annihilated by annihilation operators and resp. creation operators. The states would be created by the monomials appearing in the super-coordinates
and super-spinor.
Super-Dirac equation implies that super-Dirac action vanishes on-mass-shell. The proposed
construction allows to get also scattering amplitudes between all possible states using the exponential of super-Kähler action. Super-Dirac equation however makes possible to express derivatives of
the quark oscillator operators (values of quark field at points of cognitive representation) so that
one can use only the points of cognitive representation without introducing lattice discretization.
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Discrete coupling constant evolution follows from the fact that the contractions of oscillator operators occur at the boundary of CD and their number is limited by the finite number of points of
cognitive representation.
S-matrix is trivial unless CD contains the images of 6-D analogs of branes as universal
special solutions of the algebraic equations determining space-time surfaces at the level of M 8 .
4-D space-time surfaces representing particle orbits meet at the partonic 2-surfaces associated
with the 3-D surfaces at t = rn hyper-surfaces of M 4 . The values of t = rn correspond to the
roots of the real polynomial with rational coefficients determining the space-time surface. These
transitions are analogs of weak measurements, and in TGD theory of consciousness they give rise
to the experience flow of time and can be said to represent ”very special moments” in the life of
self [L62].
The creation and annihilation operators at vertices associated with the monomials would be
connected to the points assignable to cognitive representations at opposite boundaries of CD and
also to partonic 2-surfaces in the interior of CD possibly accompanied by sub-CDs. This would
give analogs of twistor Grassmannian diagrams containing finite number of partonic 2-surfaces as
vertices containing in turn ordinary vertices defined by the monomials. Their number would be
finite and they would be basically completely classical objects in accordance with the fact that
quantum TGD is completely classical theory apart from state function reduction.
This view allows a formulation also at the continuum limit since the monomials appearing
in the action density in interior of CD are linear superposition of the monomials at the points of
boundary of CD involving 3-D integral so that contractions of oscillator operators only reduce one
integration without introducing divergence. One can also normal order the monomials at boundary
of CD serving as initial values.

8.5.4

SUSY and TGD

What SUSY is in TGD framework is a longstanding question. In the following the most plausible
picture assuming M 8 − H duality is discussed.
One can imagine two options for SUSY at the fundamental level.
Does TGD allow SUSY at fundamental level?
Generalization of SUSY is strongly suggestive at the level of cognitive representations, where it
makes sense to have fermion fields at same point, and would mean that each point can carry all
possible quark and lepton states. Consider the situation in M 8 picture for which space-time is a
surface in M 8 .
1. The formulation of the theory for cognitive representations effectively replaces X 4 with a set
of points with M 8 coordinates in extension of rationals. This set of points defines also the
WCW coordinates of space-time surface. This set can fix the space-time surface uniquely if
it corresponds to a root of octonionic polynomial.
2. In TGD quarks do not carry color as spin like number so that Fermi statistics allows all
many-fermion-anti-fermion states such that fermions (antifermions) do not have identical electroweak and spin quantum numbers. Fermi statistics allows finite number of many-fermion
and many-anti-fermion states at given point: one has 4 different states corresponding to 2
helicity states and 2 possible electroweak states (U and D type quarks, lepton and corresponding neutrino). These states correspond to the components states of N = 4 super-multiplet
or even N = 8 SUSY (conserved B and L and both fermion and antifermion as generators of
super-symmetries)with conserved B and L. This picture is almost “must” for cognitive representation for which fermions could reside at the points of cognitive representation having
coordinates in extension of rationals defined the adele in adelic physics [L45].
3. For this option SUSY would not be broken: the same mass formula would hold true for all
members of the SUSY multiplet but mass scale could be different in massivation by p-adic
thermodynamics. p-Adic prime characterizing the mass scale of the particle would depend
on its quantum numbers. Mass splitting inside SUSY multiplet would occur and spartners
could be very heavy.
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4. In TGD massless fields correspond to minimal surfaces (apart from string world sheet singularities). The superposition of fields is replaced with the disjoint union of space-time surfaces
carrying the superposed fields: a particle touching unavoidably sheets with common M 4
projection experiences the sum of effects of the fields at different space-time sheets. This
allows to understand how many-sheeted space-time leads to QFT limit. Octonions replace
the space of primary fields and the roots of octonionic polynomial correspond to space-time
sheets. The replacement of octonions with super-octonions assigns to each component of
super-octonion polynomial a space-time surface so that the super field is geometrized.
The geometric description of SUSY would be in terms of super-octonions and components
of SUSY multiplet would correspond to components of a real polynomial of super-octonion
and would in general give rise to minimal space-time surfaces as their roots: one space-time
sheet for each component of the super-polynomial.
What is of crucial importance is that the components would have different degrees so that
the extensions defined by the roots would be different. Therefore also the p-adic primes
characterizing corresponding particles would be different as ramified primes of extension and
in p-adic mass calculations this would mean different p-adic mass scales and breaking of
SUSY although the mass formulas would be same for the members of SUSY multiplet. The
remaining question is how the ramified prime defining the p-adic prime is selected.
5. Particles are proposed to correspond to points of cognitive representation, whose points have
preferred imbedding space coordinates in the extension of rationals defining the particular
adele in adelic physics [L45]. These points would be also belong to partonic 2-surfaces identified as intersections of 6-D universal roots rn of octonionic polynomials in 1-1 correspondence
with the roots of the real polynomial with rational coefficients defining the octonionic polynomial. The projections of these surface to M 4 would be t = rn , 0 ≤ rM ≤ rn balls inside
light-cone. The data at partonic 2-surfaces - the points in extension of rationals - would dictates the space-time surface in accordance with strong form of holography. This generalizes
to polynomials of super-octonions.
6. This option might be free of divergences, and number theoretical vision requires that loops
vanish since they would lead out of extension of rationals essential for adelic physics to make
sense. Coupling constant evolution would reduce to discrete sequence of phase transitions
between phases characterized by different coupling constants determined by quantum criticality.
If SUSY is realized, the vertices could be those of SUSY with conserved B and L and
describe the decay or fusion of states consisting of some number of elementary fermions
and antifermions at same point and describable using N = 4 or maybe even N = 8 SUSY
(generated by quarks, leptons, and their antiparticles).
7. One could also argue that the formation of stable enough many-fermion states with many
fermions at single point is most plausible if there are no gauge interactions between fermions.
Right handed neutrino corresponding to covariantly constant CP2 spinor has no color and
electroweak interactions. This would suggest that N = 2 SUSY generated by neutrinos is
the least broken one.
8. The counterpart of SUSY at the level of H = M 4 × CP2 would be obtained by M 8 − H
duality in relatively straightforward manner.
This option is definitely the most elegant and most general and there would be strong connections with SUSYs and even understanding of SUSY breaking in terms of p-adic thermodynamics
and different extensions of rationals for various members of the SUSY multiplets.
Does TGD allow dynamically generated SUSY at fundamental level?
I have also played with what might be called dynamically generated SUSY. Consider first no-SUSY
option.
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1. A stronger condition would be that only single fermion or antifermion at given point of
space-time surface is possible. At continuum limit one might argue that this kind of states
are too singular and therefore excluded. Particle interaction vertices would involve only rearrangement of fermion and anti-fermion lines and turning of them backwards in time. There
would be no SUSY.
2. For this option one expects that the scattering amplitudes could be obtained as composites
of scattering amplitudes for fundamental fermions. If so, the construction should be very
simple.
One can however imagine a kind of dynamically generated broken SUSY also for this option.
1. Suppose that fermions and antifermions are associated with singularities of space-time surfae
at which sheets intersect each other. For 4-D space-time surface in 8-D space these selfintersections are unavoidable but intersections of more than two branches are expected to be
very rare unless some special conditions are required.
2. If one allows fermion-right-handed neutrino pairs at intersections of two branches, one would
have almost N = 2 SUSY: the states with fermion and pair or right-handed neutrino and
antineutrino would be missing.
3. Space-time surfaces would be mapped by M 8 − H duality to H = M 4 × CP2 . Since the
tangent space of of point is parameterized sa CP2 point, and because tangent spaces of coinciding points at singularity are different, the image would consist of several points of CP2
but same point of M 4 . The points at different sheets would have collinear light-like momenta
so that they could be interpreted as members of SUSY multiplet.
4. In this case number theory would not provide a mechanism of SUSY breaking since the
intersecting roots correspond to the same polynomial and same extension of rationals.
One could argue that for this option the formation of sparticles are than fundamental
sfermions is extremely rare occurrence so that SUSY cannot be realized in this manner.
If SUSY is realized at the level of M 8 , it should have a formulation also at the level of H.
1. M 8 − H duality is non-local and means that the dynamics at the level of H is not strictly
local but dictated by partial differential equations for super-fields having interpretation as
describing purely local many-fermion states made of fundamental fermions with quantum
numbers of leptons and quarks (quarks do not possess color as spin like quantum number)
ad their antiparticles.
2. Classical field equations and modified Dirac equation must result from this picture. Induction
procedure for the spinors of H must generalize so that spinors are replaced by super-spinors
Ψs having multi-spinors as components multiplying monomials of θ. The determinant of
metric and modified gamma matrices depend on imbedding space coordinates h replaced with
super coordinates hs so that monomials of θ appear in two different manners. Hermiticity
requires that sums of monomial and its hermitian conjugate appear in hs . Monomials must
also have vanishing fermion numbers. Otherwise on can obtained fermionic states propagating
like bosons. For Dirac action one must assume tha Ψs involves only odd monomials of θ
possibly multiplied by monomials appearing in hs to get only fermionic states and correct
kind of propagators.
3. One Taylor expands both bosonic action density (Kähler action plus volume term) SuperDirac action with respect to the super-coordinates hs . The coefficients of the monomials of θ:s
are obtained are partial derivatives of the action. Since the number of θ parameters is finite
and corresponds to the number of spin-weak-isopin states of quarks and leptons, the number
of terms is finite if the θ parameters anti-commute to zero. If not, one can get an infinite
number of terms from the Taylor series for the action. Number theoretical considerations do
not favor this and there should exist a cancellation mechanism for the radiative corrections
coming from fermionic Wick contractions.
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4. One can interpret the superspace as the exterior algebra of the spinors of H. This reminds
of the result that the sections of the exterior algebra of Riemann manifold codes for the
Riemann geometry (see http://tinyurl.com/yxrcr8xv). This generalizes the observation
that one can hear the shape of a drum since the sound spectrum is determined by its frequency
spectrum defined by Laplacian.
Super-fields define a Clifford algebra generated by θ parameters as a kind of square root
of exterior algebra which corresponds to the Clifford algebra of gamma matrices. Maybe
this algebra could code also for the spinor structure of imbedding space or even that of
space-time surface so that the super-fields could be seen as carriers of geometric information
about space-time surface as a preferred extremal. In 8-D case there is also SO(1, 8) triality
suggesting that corresponding three Clifford algebras correspond to exterior algebra fermionic
and anti-fermionic algebras.
5. At M 8 level the components of super-octonion correspond to various derivatives of the basic
polynomial P (t) so that space-time geometry correlates with the quantum numbers assignable
to super-octonion components - this is in accordance with QCC (quantum-classical correspondence). This is highly desirable at the level of H too.
6. Could the space-time surface in M 8 be same for super-field components with degree d <
dmax in some special cases? The polynomial associated with super octonion components are
determined by the derivatives of the basic polynomial P (t) with order determined by the
degree of the super-monomial. If they have decomposition P (t) = P1k (t), the monomials
with degree d < k the roots corresponding to the roots P1 (t) co-incide. Besides this there
are additional roots of dr P1 /dtr for super-octonion component with r θ parameters.
A possible interpretation could be as quantum criticality in which there is no SUSY breaking
for components having d < k (masses in p-adic thermodynamics could be the same since
the extension defined by P1 and corresponding ramified primes would be same). This would
conform with the general vision about quantum criticality.
7. Usual super-field formalism involves Grassmann integration over θ parameters to give the
action. M 8 formalism does not involve the θ integral at all. Should this be the case also
at the level of H? This would guarantee that different components of H- coordinates as
super-field would give rise to different spae-time surface and QCC would be realized. θ integration produces SUSY invariants naturally involved with the definition of vertices involving
components of super-fields. Also vertices involving fermionic and bosonic states emerge since
bosonic super-field components appear in super-coordinates in super-Dirac action.

8.5.5

Could super coordinates of H be treated like super-octonion in
M 8?

Could one treat super-fields in H in the same manner as in M 8 ? One would perform the θ
integration to obtain action principle for the dynamics of space-time surface or of induced spinor
fields. The first guess is that the multi-spinors appearing in bosonic action are classical fields. The
super-components of Dirac spinor would be however second quantized. Here one must however
keep mind open.
The coefficient actions would be spinorial quantities multiplied by monomials of θ:s and one
would solve field equations separately for each multi-spinor component This would be in accordance
with the replacement of superposition of fields with disjoint union for space-time surfaces with
induced fields.
It seems that the analog of SYM-Super-Dirac action is the only physical option. Bosonic
action as analog of SYM action would describe bosons and their spartners and Super-Dirac action
fermions and their spartners.
Bosonic action as an analog of SYM action
In bosonic action imbedding space coordinates are supersymmetrized. This option is analogous to
pure SYM action without fermions.
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1. Space-time would be super-surface in super counterpart of H = M 4 × CP2 with coordinates
hk having super components proportional to multi-spinors multiplying the monomials of θ
parameters treated as independent fields. For M 4 this is expected to work but in the case of
CP2 this approach is not so straightforward. The symmetries and projective space property
allowing to use projective coordinates might help to overcome the possible technical problems.
2. The θ parameters associated with θ and θ cannot anti-commute to zero but can be regarded as
fermionic creation operators and annihilation operators. Θ parameters and their conjugates
can be assigned with both leptons and quarks (or with quarks only as it turns out). If θ
parameters and their conjugates anti-commute in standard manner to unity, one can regard
them as fermionic oscillator operators. The vacuum expectation value of the action contains
only monomials with vanishing B an L.
A stronger condition is that hs is hermitian and thus contains only sums of monomials and
their conjugates having vanishing B and L. This guarantees super-symmetrization respecting
bosonic statistics at the level of propagators since all kinetic terms involve two covariant
derivatives - one can indeed transform ordinary derivatives of monomials coming from the
Taylor expansion to covariant derivatives involving also the coupling to Kähler form since
the total Kähler charge of terms vanishes.
The lack of anti-commutativity of θ:s and their conjugates (also representable as θ derivates)
or equivalently of fermionic oscillator operators implies problems.
1. For anti-commuting θ parameters the series would involve a finite number of partial derivatives of action. Wick contractions of oscillator operators would give rise to an infinite series.
As such this need not be a problem if the sum converges to a well-defined algebraic extension defining general coordinate invariant action as a kind of effective action expressible as a
Taylor series of super field components with vanishing net fermion numbers B and L. The
appearance of infinite Taylor series defining the coefficients of super-polynomial is however
troublesome from the point of view of number theoretic vision since there is no guarantee
that the coefficients are rational functions.
One manner to avoid problems is to normal order the terms in the action. One can however
hope that the normal ordered form results automatically due to the vanishing of c-number
terms emerging in the normal ordering process. This condition would be analogous to the
vanishing of fermionic loops and this is indeed the basic vision of TGD. By quantum criticality coupling constant evolution is discrete so that loops vanish. This would imply a huge
simplification of twistor amplitudes [L57] since only the counterparts of tree diagrams would
be obtained.
2. The terms in the action would typically involve n-tuples of partial derivatives
Lk1 α1 ,....αn kn =

∂n L
k1
∂h|α1 ...∂hk|αnn

coming from super-Taylor expansion of action The Taylor expansion must be define recursively by substituting repeatedly the Taylor expansion of Γk in terms of super-coordinates.
This expansion should stop in finite order. This should be due to the vanishing of terms
involving anti-commutators of oscillator operators. In the case of Γα and Γk the expansion
must be carried out recursively and if the contractions coming from anti-commutators of
oscillator operators do not vanish, the recursion process is infinite.
The partial derivatives Lk1 α1 ,....αn kn are contracted with quantities γk1 ..γkn Dα1 O1 ...Dαn On ,
where On are monomials of θ parameters. The resulting terms can be denoted by Γα1 ...αn O1 Dα1 ...Dαn On .
The terms On in the bosonic expectation value representing contributions forQ∆hs involve
Wick contractions of type h|hs hs i. The vacuum expectation values hΓα1 ...αn i Dαi ∆hs,i i
must vanish.
The vanishing of these divergences could be interpreted in terms of conserved Noether currents and therefore symmetries. This condition would be analogous to the vanishing of loops
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and would be guaranteed by preferred extremal property and field equations for hs,i . The
experience with preferred extremals of bosonic action, which is sum of Kähler action and
volume term tells that preferred extremals are minimal surface apart from string world sheet
singularities and the field equations reduce to algebraic conditions. In recent case one might
hope that something similar happens.
The simplest situation would be that the vacuum expectations have vanishing multi-divergences:
Y
Γα1 ...αn h Dαi ∆hs,i i = 0 .
i

n − 1-fold divergence would define a conserved current perhaps assignable to a symmetry
as a Noether current. Also for more general assumption that the monomials involve even
number of θ and their conjugates similar conservation conditions are obtained. An interesting
possibility is that these conditions code for the conjectured Yangian symmetry characterizing
also twistorial amplitudes [L57].
3. One does not obtain free field equations. The reason is that the Taylor expansion of the nonlinear geometric action gives higher powers of super-parts of imbedding space coordinates.
An interesting possibility in line with the speculations of Nima-Arkani Hamed and others
is that space-time as a 4-surface of imbedding space could emerge from anti-commutators of the
θ monomials as radiative corrections so that the bosonic action would vanish when the super-part
of hs vanishes.
Super-Dirac action
Before doing anything one can recall what happens in the case of modified Dirac action.
1. One has separate modified Dirac actions ΨDΨ, D = Γα Dα for quarks and leptons (later
it will be found that modified Dirac action for quarks might be enough) and the covariant
derivatives differ since there is a coupling to n-ple of included Kähler potential. For leptons
one has n = −3 and for quarks n = 1. This guarantees that em charges come out correctly.
This coupling appears in the covariant derivative Dα of fermionic super field.
2. One obtains modified Dirac equations for quarks and leptons by variation with respect to
spinors. The variation with respect to the imbedding space coordinates gives quantized
versions of classical conservation laws with respect to isometries. One also obtains and
infinite number of super-currents as contractions of modes of the modified Dirac operator
with Ψ.
3. Classical field equations for the space-time surface emerge as a consistency condition guaranteeing the modified Dirac operator is hermitian: canonical momentum currents of classical
action must be conserved and define conserved quantum when contracted with Killing vectors
of isometries. Quantum-classical correspondence (QQC) requires than for Cartan algebra of
symmetry algebra the classical Noether charges are same as the fermionic Noether charges.
It turns out that the super-symmetrization of modified Dirac equation gives only fermions and
they fermionic superpartners in this manner if one requires that propagators are consistent
with statistics.
H coordinates are super-symmetrized and induced spinor field becomes a super-spinor Ψ =
ΨN ON (θ, θ) with P siN depending on hs .
1. As in the case of bosonic action the vacuum expectation value gives modified Dirac action
conserving fermion numbers but one could assume that the monomials in the leptonic (quark)
modified Dirac action have either non-vanishing L (B) and vanishing B (L). It seems that
the lepton (baryon -) number of monomials can vary from 1 to maximum value. A more
restrictive condition would be that the value is 1 for all terms.
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2. Super-Dirac spinor is expanded in monomials ON (θ, θ) of θ and its conjugate θ, whose anticommutator is non-trivial. One can equally well talk about quark like oscillator operators.
The sum Ψ = ΨN ON defining super-spinor field. The multi-spinors ΨN are functions of
space-time coordinates, which are ordinary numbers. Quark oscillator operators are same as
appearing in the imbedding space super-coordinates. Only monomials ON having odd quark
number are allowed. Super-spinor field however contains terms involving quark pairs giving
rise to spartners of multiquark states with fixed quark number. The conjugate of super-spinor
is defined in an obvious manner.
3. The metric determinant and modified gamma matrices appearing in the Dirac action are
expanded as Taylor series in hermitian super-coordinate hs + hs with h = hN ON . This as as
in the case of bosonic action.
There are also couplings to gauge potentials defined by the spinor connection of CP2 and the
expansion of them with respect to the imbedding space coordinates gives at the first step rise
covariant derivatives of gauge potentials giving spinor curvature. At next steps one obtains
covariant derivatives of spinor curvature, which however vanish so that the number of terms
coming from the dependence of spinor connection on CP2 coordinates is expected to be finite.
Constant curvature property of CP2 is therefore be essential (not that also M 4 would have
covariantly constant spinor curvature in twistor lift and give rise to CP breaking).
√
The super-coordinate expansion of the metric determinant g and modified gamma matriα
ces Γ and covariant derivatives Dα involving dependence on H coordinates give additional
monomials of θ parameters appear as hermitian monomials. Classical field equations correspond to Dα Γα = 0 guaranteeing the hermiticity of D = Γα Dα .
4. When super-coordinates of H are replaced with ordinary imbedding space coordinates the
N
only Wick contractions are between ON and O in the vacuum expectation of Dirac action,
and the action reduces to super-Dirac action with components satisfying modified Dirac equation. Propagator is Dirac propagator for all terms and the presence of only odd components
in Ψ and even components in hs guarantees that Fermi statistics is not violated at the level
of propagators. The dependence on hs induces coupling between different components of the
super-spinor. The components of super-spinor are interpreted as second quantized objects.
5. The terms in the action would typically involve n-tuples of partial derivatives Lk1 α1 ...kn 1αn
√
defined earlier for L = g coming from super-Taylor expansions. Similar derivatives come
from the modified gamma matrices Γα .
Also now one obtains loops from the self contractions in the terms coming from the expression
of action and gamma matrices. These terms should vanish and as already found this would
requires vanishing of currents perhaps identifiable as Noether currents of symmetries. This
guarantees that the Taylor expansion contains only finite number of terms as required by
number theoretic vision.
The multi-fermion vertices defined by the action would be non-trivial but involve always
contraction of all fermion indices between monomials formed from θ:s in Ψ and their conjugates in
Ψ if the loop contractions sum up to zero. One could interpret these supersymmetric vertices as a
redistribution of fermions of a local many-fermion state between external local many-fermion states
particles represented by the monomials appearing in the vertices. The fermions making the initial
state would be same as in final state and all distributions of fermion number between sfermion
lines would be allowed. The action obtained by contraction would has SUSY as symmetry but the
propagation of different sfermions is fermionic and does not look like that for ordinary spartners.
Feedback to M 8 level
Super-symmetrization of bosonic action identified as sum of Kähler action and volume term plus
super-Dirac action [L57] seem to define an excellent candidate for the description of TGD basic
physics. One could however worry about the asymmetry between M 8 and H. The original speculations related to [L39] super-octonions were too naı̈ve and is not consistent with the picture at
H level.
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1. Should one introduce super-spinors also at the level of M 8 as octonion analytic fields and
defined scattering amplitudes in terms of them just as in the case of H? The fact is that
scattering amplitudes cannot be defined in terms of octonionic surfaces alone.
Also spinor fields are needed and here SO(1, 3) triality is suggestive. Spinor fields and antispinor fields could be octonion analytic functions (polynomials) of octonion coordinate, which
are conjugates of each other. SO(1, 3) triality however suggests that only fermions correspond
to second imbedding space chirality are allowed: the trio would be formed by fermions,
antifermions, and octonionic coordinates. It turns out that one could indeed understand
leptons and neutrinos as local analogs of proton and neutron so that only quark chirality
would be present at fundamental level. This would simplify dramatically the picture about
elementary particles and interactions.
2. This picture forces to consider alternative interpretation for octonion analyticity. Could
the vanishing of the real or imaginary part in quaternionic sense have interpretation as a
condition of super-spinor - kind of super-selection rule.
So: what super-octonions could be?
1. The key idea is that the powers on of octonion appearing are associative. If the coefficients
of P (o) are real or possibly even complex rationals m + in commuting with octonions, associativity is not lost. Octonion o would be multiplied by a super-polynomial ps with (possibly
complex-) rational coefficients to get super-octonion os = ops . The conjugate octonion s
would be treated analogously. The terms in os would be proportional to super-monomials
ON (θ, θ). One would have ons = on pns so that associativity would be preserved.
θ resp. θ would transform like components of 8-D spinor resp. its conjugate and have
interpretation as quark resp. anti-quark like spinors. SO(1, 7) triality allows only leptonic or
quark-like spinors and quark-like spinors are the only physical choice. ON (θ, θ) would behave
like quark multi-spinors.
2. Super-polynomial Ps (o) would be defined by super-analytic continuation as P (os ) by Taylor
expanding it with respect to the super-part of os . The outcome is super-polynomial with
coefficients of monomials ON given by ordinary octonionic polonomials PN . Each PN would
define 4-surface by requiring that the imaginary or real part of PN (in quaternionic sense)
vanishes. The polynomials PN are expressible in terms of P and its derivatives.
3. The geometric description of SUSY would be in terms of super-octonions and their superpolynomials and the components of SUSY multiplet would correspond to components of
a real polynomial of super-octonion and would in general give rise to minimal space-time
surfaces as their roots: one space-time sheet for each component of the super-polynomial.
What is of crucial importance is that the components would have different degrees so that
the extensions defined by the roots would be different. Therefore also the p-adic primes
characterizing corresponding particles would be different as ramified primes of extension and
in p-adic mass calculations this would mean different p-adic mass scales and breaking of
SUSY although the mass formulas would be same for the members of SUSY multiplet. The
remaining question is how the ramified prime defining the p-adic prime is selected.
4. SO(1, 7) triality implies that 8-spinors, their conjugates, and 8-vector form a triplet. Superfield formalism in M 4 × CP2 suggests that there bosonic action defining space-time surface
and super-Dirac action are fundamental. This should have analog at M 8 level. This would
suggest that super-variants of ordinary octonions serve as arguments of octonion valued
super-fields having interpretation as quarks and antiquarks. Θ parameters are same in all
cases.
The bosonic super-monomials in os would be of form ON (θ, θ) with vanishing quark number
and monomial and its conjugate would appear as sum: the interpretation would be in terms
of local bosonic states with vanishing quark number. Quark-like octonionic super-field qs
would be odd polynomial of θ with coefficients polynomials of os . For antiquark-like superfield q s θ would be replaced with its conjugate. The interpretation would be in terms of states
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with odd quark or anti-quark number. Also in this interpretation the vanishing of the real or
imaginary part of the quark- or antiquark-like polynomial would define a space-time surface
in M 8 and one would have bosonic, quark-like, and antiquark-like space-time surfaces.

8.5.6

Could SYM action plus Super-Dirac action for quarks explain elementary particle spectrum?

TGD based SUSY involves super-spinors and super-coordinates. Suppose that one has a cognitive
representation defined by the points of space-time surface with coordinates in an extension of
rationals defining adele and belonging to the partonic 2-surfaces defined by the intersections of
6-D roots of octonionic polynomials with 4-D roots. This representation has H counterpart.
Cognitive representation gives rise to a tensor product of these algebras and the oscillator
operators define a discretized version of fermionic oscillator operator algebra of quantum field
theories. One would have interpretation as many-fermion states but the local many-fermion states
would have particle interpretation. This would replace fermions of the earlier identification of
elementary particles with SUSY multiplets in the proposed sense. This brings in large number
of new particles. One can however ask whether the return to the original picture in which single
partonic 2-surface corresponds to elementary particle could be possible. Certainly it would simplify
the picture dramatically.
Could this picture explain elementary particle spectrum and how it would modify the recent
picture?: these are the questions.
Attempt go gain bird’s eye of view
Rather general arguments suggest that SYM action plus Super-Dirac action could explain elementary particle spectrum. Some general observations help to get a bird’s eye of view about the
situation.
1. The antisymmetric tensor products for fermions and anti-fermions produce states with same
spectrum of electro-weak quantum numbers irrespectively of whether the fermion and antifermion are at same point or at different points. Which option is correct or are these options
correspond analogous to two different phases of lattice gauge theory in which nodes resp.
links determine the states? Only multi-local states containing fermions with identical spin
and weak isospin at different points are not possible as local states.
There is no point in denying the existence of either kind of states. What suggests itself is
the generalization of electric-magnetic duality relating perturbative Coulomb phase in which
ordinary particles dominate and the non-perturbative phase in which magnetic monopoles
dominate. I have considered what I have called weak form of electic-magnetic duality already
earlier [K40] but as a kind of self-duality stating that for homologically charged partonic 2surfaces electric and magnetic fluxes are identical. The new picture would conform with the
view of ordinary QFT about this duality.
2. The basic distinction between TGD and standard model is that color is not spin-like quantum
number but represented as color partial waves basically reducing to the spinor harmonics plus
super-symplectic generators carrying color quantum numbers. Spinor harmonics as such have
non-physical correlation between color and electro-weak quantum numbers [K19] although
quarks and leptons correspond to triality t = 1 and triality t = 0 states.
3. It turns out that one could understand quarks, leptons, and electro-weak gauge bosons and
their spartners as states involving only single partonic 2-surface [K10]: this would give essentially the original topological model for family replication in which partonic 2-surfaces
were identified as boundary components of 3-surface. In principle one can allow also quarks
and gluons with unit charge matrix with color partial waves defining Lie-algebra generator
as bosonic states. Could these states correspond to free partons for which perturbative QCD
applies at high energies?
Also color octet partial waves of electro-weak bosons and Higgs and the predicted additional
pseudo-scalar - something totally new - are possible as both local and bi-local states. There
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would be no mixing of U (1)Y state and neutral SU (2)w states for color octet gluon. In this
sense electro-weak symmetry breaking would be absent.
4. Electro-weak group as holonomy group of CP2 can be mapped to the Cartan group of color
group, and electro-weak and color quantum numbers would relate like spin and angular
momentum to each other. This encourages to think that there are deep connections between
electro-weak physics and color physics, which have remained hidden in standard model.
The conserved vector current hypothesis (CVC) and partially conserved axial current hypothesis (PCAC) of hadron physics suggests a strong connection between color physics and electroweak physics. There is also evidence for so called X bosons with mass 16.7 MeV [C150] [L34]
suggesting in TGD framework that weak physics could have fractally scaled down copy in
hadronic and even nuclear scales.
Could ordinary gluons be responsible for CVC whereas colored variants of weak bosons and
Higgs/pseudo-scalar Higgs would be responsible for PCAC? Usually strong force in hadronic
sense is assigned with pion exchange. This approach does not work perturbatively. Could
one assign strong force with the exchange of pseudo-scalar, and colored variants of gluons,
pseudo-scalar, and Higgs?
5. Hitherto it has been assumed that homology charges (Kähler magnetic charges) characterize
flux tubes connecting the two wormhole throats associated with the monopole flux of elementary particle. Could one understand the bi-local or multi-local objects of this kind as
exotic phase analogous to magnetic monopole dominated phase of gauge theories as dual of
Coulomb phase?
Hadrons would certainly be excellent candidates for monopole dominated phase. Gluons
would be pairs of quarks associated with homologically charged partonic 2-surfaces with
opposite homology charges. Gluons would literally serve as “glue” in the spirit of lattice
QCD. Gluons and hadrons would be multi-local states made from quarks and gluons as
homologically trivial configurations with vanishing total homology charge.
6. Is there a correlation between color hyper-charge and homology charge forcing quarks and
gluons to be always in this phase and forcing leptons to be homologically neutral? This could
provide topological realization of color confinement. The simplest option is that valence
quarks have homology charges 2, −1, −1 summing up to zero. This was one of the first ideas
in TGD about 38 years ago.
One can also imagine that the homological quark charges (3, −2, −1) summing up to zero
define a classical correlate for the color triplet of quarks, a realization of Fermi statistics,
and allow to understand color confinement topologically. The color partial waves in H would
emerge at the imbedding space level and characterize the ground states of super-symplectic
representations. Color triplets of quarks and antiquarks could thus correspond to homology
charges (3, −2, −1) and (−3, 2, 1) and neutral gluons could be superpositions of pairs of form
(q, −q), q = 3, −1, −1. Charged gluons as flux tubes would not be possible in the confined
phase.
7. Is monopole phase possible also for leptons as general QFT wisdom suggests? For instance,
could Cooper pairs could be flux tubes having members of Cooper pair - say electrons - at
its ends and photons in this phase be superposition of fermion and anti-fermion at the ends
of the flux tube and monopole confinement would make the length of flux tube short and
photon massive in superconducting phase.
Comparing the new and older picture about elementary particles
The speculative view held hitherto about elementary particles in TGD Universe correspond to the
TGD analog of the magnetic monopole dominated phase of QFTs. This view is considerably more
complicated than the new view and involves unproven assumptions.
1. Identification of elementary particles
Old picture: Ordinary bosons (and also fermions) are identified as multilocal many-fermion
states. The fermions and anti-fermions would reside at different throats of the 2 wormhole
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contacts associated with a closed monopole flux tube associated with the elementary particle
and going through wormhole contact to second space-time sheet. All elementary particles
are analogous to hadron-like entities involving closed monopole flux tubes.
One can raise objections against this idea. Leptons are known to be very point-like. One must
also assume that the topologies of monopole throats are same for given genus in order that
p-adic mass calculations make sense. The assumption that quarks correspond to monopole
pairs makes things unnecessarily complex: it would would be enough to assume that they
correspond to partonic 2-surfaces with monopole charge at the ”ends” of flux tubes at given
space-time sheet.
One must assume that the genus of the 4 throats is same for known elementary particles: this
assumption looks rather natural but can be criticized. The correlations forced by preferred
extremal property should of course force the genera of wormhole throats to be identical.
New picture: Elementary fermions would be partonic 2-surfaces. Leptons would have
vanishing homology charge. Elementary bosons could be simply pairs of fermion anti-fermion
located at the opposite ends of flux tubes. This would dramatically simplify the topological
description of particle reactions. In the case of quarks however the homological space-time
correlate of color confinement is attractive and would force monopole flux tubes. It turns
out that this picture corresponds to the simplest level in the hef f = nh0 hierarchy. One
could also see leptons and quarks as analogs of perturbative and non-perturbative monopole
dominated phases of gauge theories.
Flux tubes could allow to understand phases like super-conductivity involving massivation
of photons (Meissner effect). For instance, Cooper pairs could correspond closed flux tubes
involving charged fermions at their ”ends”. In high Tc super-conductivity Cooper pairs in
this sense would be formed at higher critical temperature and at lower critical temperature
they would form quantum coherent phase [K30, K31]. Flux tube picture could also allow to
understand strongly interacting phases of electrons.
2. Electroweak massivation
Old picture: Electro-weak massivation has been assumed to involve screening of electroweak isospin by a neutrino pair at the second wormhole contact. The screening is not actually
necessary in p-adic thermodynamics in its recent form since the thermal massivation is due
to the mixing of different mass eigenstates.
New picture: There is no need to add pairs of right- and left-handed neutrino to screen the
weak charges in the scale of flux tube.
3. Identification of vertices
Old picture: In old picture one could do almost without vertices: in the simplest proposal
particle reactions would correspond to re-arrangements of fermions and antifermions so that
fermion and antifermion number would be conserved separately. Therefore one needs an
analog of vertex in which partonic 2-surface turns back in time in order to describe creation
of particle pairs and emission of bosons identified as fermion-antifermion pairs.
New picture: In vertices fermions and antifermions assignable to super spinor component
would be redistributed between different orbits of partonic 2-surfaces meeting along their
ends at the 6-D braney object in M 8 picture or turn backwards in time - the interpretation
for this might be in terms of interaction with classical induce gauge field. What is new are
the new vertices corresponding to the monomials of oscillator operators in the super-spinor.
The original identification of particles (given up later) as single partonic 2-surface predicts
genus-generation correspondence without additional assumptions. Both old and new picture
predict also higher gauge boson genera for which some evidence exists: TGD predictions for
the masses are correct [K22].
Are quarks enough as fundamental fermions?
For the first option - call it Option a) - quarks and leptons would define their own super-spinors.
Whether only quark or lepton-like spinors are enough remains still an open question.
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1. I have also considered the possibility that quarks are actually anti-leptons carrying homology
charge and have anomalous em charge equal to −1/3 units. One might perhaps say that
quarks are kind of anyonic states [K80]. It is however difficult to understand how the coupling
to Kähler form could be dynamical and have values n = −3 and n = 1 for homologically
neutral and charged states respectively. This would mean that only lepton like θ parameters
appear in super-coordinates and only leptonic Dirac action is needed.
2. For this option proton would be bound state of homologically charged leptons. This in
principle allows decays of type p → e+ ... and p → e+ + e+ + ν requiring that the 3 partonic 2surfaces fused with non-trivial homology charges fuse to single homologically trivial 2-surface.
This form of proton instability would be different from that of GUTs. The topology changing
process is expected to be slow. Is the introduction of two super-octonionic θ parameters
natural assignable to B and L or is single parameter enough?
3. The coupling to Kähler form is not explicitly visible on the bosonic action but is visible
in modified Dirac action. Could leptonic modified Dirac action transform to quark type
modified Dirac action? This does not seem plausible.
The super-Dirac action for quarks however suggests another option, call it Option b). Leptons could be local 3-quark states.
1. Could one identify leptons as local 3 quark composites - essentially anti-baryons as far as
quantum numbers are considered - but with different p-adic scale and emerging from the
super-Dirac action for quarks as purely local states with super-degree d = 3? Could one
imagine totally new approach to the matter antimatter asymmetry?
Leptons would be purely local 3-quark composites and baryons non-local 3-quark composites
so that charge neutrality alone would would guarantee matter-antimatter symmetry at fundamental level. Anti-quark matter would prefer to be purely local and quark matter 3-local.
The small CP violation due to the M 4 part of Kähler action forced by twistor lift should
explain this asymmetry.
2. The local baryons would have much simpler spectrum and would correspond for given genus
g (lepton generation) to the baryons formed from u and d quarks having however no color.
There would be no counterparts for higher quarks. This would suggests that (L, νL ) could
be local analog of (p, n).
For ordinary baryons statistics is a problem and this led to the introduction of quark color
absent for local states. The isospin structure of the local analogs of p and n is not a problem.
In uud (udd) type states allowed by statistics the spins of the u (d) quarks must have opposite
spin. The analogs of ∆ resonances are not possible so that one would obtain only the analogs
of p and n!
3. The widely different mass scales for leptons and quarks would be due to locality making
possible different ramified primes for the extension of rationals. The widely differing p-adic
length scales of leptons and neutrinos could be undersood if the ramified prime for given
extension can be different for the particles super-multiplets with same degree of octonionic
polynomial. This could be caused by electroweak symmetry breaking. The vanishing electroweak quantum numbers of right-handed neutrino implies a dynamics in sharp contrast
with that of neutron, whose dynamics would be dictated by non-locality.
Also local pions are possible. The lepto-pions of lepto-hadron hypothesis [K92] could correspond to either local pions or to pion-like bound states of lepton and anti-leptons. There is
evidence also for the muon- and tau-pions.
4. This idea might provide a mathematically extremely attractive solution to the matter antimatter asymmetry: matter and antimatter would be staring us directly into eyes. The
alternative TGD inspired solution would be that small CP breaking would induce opposite matter-antimatter asymmetries inside long cosmic strings and in their exteriors so that
annihilation period would lead to the observed asymmetry.
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The life-time for the decay modes predicted by GUTs is extremely long - longer than 1.67 ×
1034 years (see http://tinyurl.com/nqco2j7). This fact provides a killer test for the proposal.
One should estimate the life-time of proton in number theoretic approach. The corresponding SUSY vertex corresponds to a Wick contraction involving 4 terms in super-Dirac action: the
trilinear term for quarks and 3 linear terms.
1. The vertex would associated with a partonic 2-surface at which 3 incoming quark space-time
sheets and outgoing electron space-time sheet meet. At quark level the vertex means an
emanation of 3 quark lines from single 3-quark line at a point of partonic 2-surface in the
intersection of the ends of 4 space-time surfaces with 6-sphere t = rn defining a universal
root of octononic polynomial P (o). t is M 4 time coordinate [L64]. The vertex itself does not
seem to be small.
2. A fusion of 3 homologically non-trivial partonic 2-surfaces to single partonic 2-surface with
trivial homology charge cannot occur since partonic 2-surfaces with different homology charge
cannot co-incide.
The reaction p → e+ + .. can occur only if the quark-like partonic 2-surface fuse first to
single homologically trivial partonic 2-surface: this would correspond to de-confinement phase
transition for quarks. After that the 3 quark lines would fuse to single e+ line.
(a) To gain some intuition consider two oppositely oriented circles around a puncture of
a plane with opposite homology charges. The circles can reconnect to homologically
trivial circle. Instead of circles one would now have 3 homologically trivial quark-like
2-surfaces at three light-like boundaries between Minkowskian and Euclidian regions of
the space-time surface representing proton. First 2 quark-like 2-surfaces would touch
and develop a wormhole contact connecting them. After that the resulting di-quark
2-surface and third quark 2-surface would fuse. The 3 quarks would be now analogous
to de-confined quarks.
(b) At the next step the 3 separate quark lines would fuse to single one. This process
must occur in single step since di-quark cannot correspond to single point because the
Dirac super-polynomial is odd in θ parameters. The fusion point would correspond to
3 degenerate roots of the octonionic polynomial associated with the partonic 2-surface.
This partonic 2-surface would be associated with t = rn hyperplane of M 4 and it would
become leptonic 3-surface.
(c) 3 4-D sheets defined by the roots of the octonionic polynomial should meet at the
vertex assignable to t = rn hyper-plane. This gives 2 additional conditions besides
the conditions defining space-time sheets. This for both the protonic and positronic
space-time sheets. One would have double quantum criticality. The tip of a cusp
catastrophe serves as an analog. Since the coefficients of the octonionic polynomial are
rational numbers, it might be possible to estimate the probability for this to occur:
the probability could be proportional to the ratio N2 /N0 of the number N2 of doubly
critical points to the number N0 of all points with coordinates in the extension. This
could make the process very rare.
What bosons the super counterpart of bosonic action predicts?
It has been already noticed that the spectra of fermion-antifermion states are identical for
local and bi-local states if one assumes that the wave function in the relative coordinate of
fermion and anti-fermion is symmetric. This does not yet imply that the particle spectrum
is realistic in the case of the bosonic action.
The situation is simplified considerably by the facts that color is not spin-like quantum
number but analogous to momentum and can therefore be forgotten, family replication can
be explained topologically, and depending B and L are separately conserved for Option a)
but for Option b) L reduces to B since leptons would be local 3-quark composites. Let us
restrict first the considered to Option b).
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(a) What kind of spectrum would be predicted? Consider first quark Clifford algebra formed
by θ parameters defining the spartners of quark. Forgetting color, one has 8 states
coming from left and right handed weak doublet and their anti-doublets. The numbers
of elements
P in Clifford algebra with given lepton number N (q)−N (q) is given by N (q)−
N (q) = 0 ≤ k ≤ 4P
− qB(4, q+k)×B(4, k) in terms of binomial coefficients. For B = 0
one obtains N (0) =
0 ≤ k ≤ 4B(4, k)2 = 70 states. The states corresponding to the
same degree of octonion polynomial and therefore having fixed q + q = B + B have
same masses. For q − q = 0 bosonic state having q = q = 0 with fixed k one has
q + q = 4 + k so that one has N (k) = B(4, k)2 (N (k) states with same mass even after
p-adic massivation). The numbers N (k) are (1, 42 = 16, 62 = 36, 42 = 16, 1).
(b) The number of qq type states is 16. If one considers super-symmetrization of the bosonic
action, these states would correspond to bosons. Could these states allow an interpretation in terms of the known gauge bosons and Higgs? Weak bosons correspond to 4
helicity doublets giving 8 states. Higgs doublet corresponds to doublet and its conjugate.
There is also a pseudo-scalar doublet and its conjugate.
Gluon cannot belong to this set of states, which actually conforms with the fact that
gluon corresponds to CP2 isometries rather than holonomies and gluon corresponds to
CP2 partial wave since color is not spin-like quantum number. Known particle would
give 8+2+2=12 states and pseudo-scalar doublets the remaining 4. This kind of pseudoscalar states are predicted both as local and the bi-local states. As already explained,
one can however also understand gluons in this picture as octet color partial waves. Also
color octet variants of SU (2)w weak bosons are predicted.
(c) There are actually some indications for a Higgs like state with mass 96 GeV (see http:
//tinyurl.com/yxnmy8c7) . Could this be the pseudo-scalar state. Higgs mass 125
GeV is very nearly the minimal mass for k = 89. The minimal mass for k = 90 would
be 88 GeV so that the interpretation as pseudo-scalar with k = 90 might make sense.
The proposal that gluons could have also weak counterparts suggests that also the
pseudo-scalar could have this kind of counterpart. The scaling of the mass of the Higgs
like state with k = 90 to k = 112 (k = 113 corresponds to nuclear p-adic scale) would
give mass m(107) = 37.5 MeV. Kh.U. Abraamyan et al have found evidence for pion
like boson with mass 38 MeV [C45, C46, C120] (see http://tinyurl.com/y7zer8dw).
Option b) involving only quarks as fundamental fermions does not predict unobserved gauge
bosons whereas Option a) involving both leptons and quarks as fundamental fermions does
so.
(a) For Option a) taking into account quarks and restricting to electro-weak bosonic states
to those with (B = L = 0) leads to a doubling of bosonic states at k = 2 level.
The couplings of gauge bosons require that the states are superpositions of quark and
lepton pairs with coefficients proportional to the coupling parameters. There are two
orthogonal superpositions of quark and lepton pairs having orthogonal charge matrices
with inner product defined by trace for the product. Ordinary gauge bosons correspond
to the first combination.
The orthogonality of charge matrices gives a condition on them. The charged matrices
having vanishing trace can be chosen that they have opposite signs for opposite Hchiralities. For charge matrices involving unit matrix one must have charge matrices
proportional to (-3,1) for (L,q) one must have (1,3) for second state. For gluons there
is no condition if one treats color octet as Lie algebra generator with vanishing trace.
The problem is that there is no experimental evidence for these bosons.
(b) For Option b) leptons would be local 3-quark states and spartners of quarks. There
would be no doubling gauge bosons since only one H-chirality would be present. The
observed bosons would be basically superpositions of quark-anti-quark pairs - either
local or non-local.
There would be two phases of matter corresponding to local and bi-local states (baryons
would be 3-local states).
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(a) For both phases electro-weak bosons and also gluons with electro-weak charge matrix
1 to bosonic super action as states involving only single partonic 2-surface. As already
mentioned, also color counterparts of SU (2)w bosons are possible. Also graviton could
correspond to spartner for bosonic super-action. This would give essentially the original
model for family replication. 2-surfaces would be homologically trivial in this phase
analogous to Coulomb phase.
(b) In the dual phase the bi-local states would correspond to non-vanishing homology
charges for quarks at least. In this phase one should assign also to leptons 2 wormhole contacts. In super-conducting phase it could the second electron of Cooper pair.
Massive photons in this phase would consist of homologically charged fermion pairs.
Lepton could also involve screening lepton-neutrino pair at second wormhole contact.
The universality of gauge boson couplings provides a test for the model.
(a) In bi-local model gauge bosons would correspond to representations of a dynamical
symmetry group SU (3)g associated with the 3 genera [K10]. Bosons would correspond
to octet and singlet representations and one expects that the 3 color neutral states are
light. This would give 3 gauge boson generations. Only the couplings of the singlet
representation of SU (3)g would be universal and higher generations would break universality both for both gluons and electro-weak bosons. There is evidence the breaking
of universality as also for second and third generation of some weak bosons and the
mass scales assigned with Mersenne primes above M 89 are correct [K22].
(b) If also fermions correspond to closed flux tubes with 2 wormhole contacts, the fermion
boson couplings would correspond to the gluing of two closed flux tube strings along their
both “ends” defined by wormhole contacts. A pair of 3-vertices for Feynman diagrams
would be in question. If fermions are associated with single wormhole contact, its is not
so easy to imagine how the closed bosonic flux tube could transform to single wormhole
contact in the process. The wormhole contacts that meet and have opposite fermion
numbers should disappear. This is allowed in the scenario involving 6-branes if the
magnetic flux is trivial as it must be. For quarks and gluons the homology charges must
be opposite if wormhole contact is to disappear.
(c) If gauge bosons correspond to local fermion pairs, the most natural boson states have
fixed value of g apart from topological mixing giving rise to CKM mixing just like
fermions and universality is not natural. One can of course assume topological mixing
guaranteeing it. Ordinary gauge bosons should be totally de-localized in the space of 3
lowest genera [K10] (analogous to constant plane waves) in order to have universality.
The vertices could be understood as a fusion of partonic 2-surfaces. One should however
understand why the mixing is so different for fermions and bosons. SUSY would suggest
identical mixings.
The simplest model corresponds to quarks as fundamental fermions. Leptons and various bosons would be local composites in perturbative phase. In monopole dominate phase
hadronic quarks would have homology charges and gluons would be pairs of quark and antiquark at opposite throats of closed monopoleflux tube. Basically particle reaction vertices
would correspond to gluing of 3-surfaces along partonic 2-surfaces at 3-spheres defining t = rn
hyperplanes of M 4 .
What is the role of super-symplectic algebra?
This picture is not the whole story yet. Super-symplectic approach predicts that the supersymplectic algebra (SSA) generated essentially by the Hamiltonians of S 2 ×CP2 assignable to
the representations of SO(3) × SU (3) localized with the respect to the light-like radial coordinate of light-cone boundary characterize the states besides electro-weak quantum numbers.
Color quantum numbers would correspond to Hamiltonians in octet representation. This
would predict huge number of additional states.
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There are however gauge conditions stating that sub-algebra of SSA having radial conformal
weights coming as n-ples of SSA and isomorphic to SSA and its commutator with SSA
annihilate physical states. This reduces the degrees of freedom considerably but the number
of symplectic Hamiltonians is still infinite: measurement resolution very probably makes this
number to finite.

8.5.7 Finiteness for the number of non-vanishing Wick contractions,
quantum criticality, and coupling constant evolution
The consistency with number theoretic vision requires that the number of terms in the superTaylor expansion of action is finite - otherwise one is led out from the extension: this applies
both to the action determining space-time surfaces and to the corresponding modified Dirac
action. There are several options that one can consider.
(a) Normal ordering of the fermionic oscillator operators would be a straightforward manner
to handle the situation. One would obtain finite number of terms since the number of
quark oscillator operators is d = 4+4 = 8. The maximal degree mmax of multiple partial
derivative of action with respect to gradient of H-coordinate h would be mmax = d = 8
and correspond to monomial with 4+4 quark oscillator operators. Note that the normal
ordering of this term gives rise to c-number.
It however seems that the natural solution of the problem must involve cancellation
of the Wick contractions when the degree m of the multiple partial derivative satisfies
m > mmax . Some cancellation mechanism for m ≥ mmax should guarantee that Wickcontractions give in this case a vanishing contribution to each of the d = 8 monomials
in the super-action.
(b) The strongest condition would be that all Wick contraction terms coming from the
normal ordering vanish. The contraction terms are expressible as divergences of currents and the interpretation would be in terms of Noether current associated with some
symmetry. Super-symplectic symmetry is the best candidate in this respect. Note
that besides these currents also the Noether currents coming from the super-symplectic
variations should have a vanishing divergence.
One can argue that if continuum variant of this picture exists, all contractions must
vanish since one would obtain powers of delta functions.
(c) One can consider also a weaker condition. Wick contractions vanish for m > mmax such
that mmax > 8 is possible. This would give rise to the analog of radiative corrections,
and if mmax can vary, one obtains the analog coupling constant evolution and discrete
coupling constant evolution corresponds to the variation of mmax .
How the value of mmax could be determined?
(a) M 8 − H duality requires that M 8 - and H-pictures are structurally similar. Octonionic
polynomials are characterized by their order n and also the super-extremals should
be characterized by n and even the individual terms of super-polynomial should have
counterparts at H-level.
One can define super-octonionic polynomials at M 8 -level and also for these normal
ordering terms appear. Ordinary derivatives of P (o) with respect to o replace those
of the action with respect to the gradients of H coordinates, and one obtains only
finite number of Wick contractions. There is no need to require their vanishing now,
and the hierarchy of degrees n = hef f /h0 for P defines a discrete coupling constant
evolution with each level corresponding to its own values of coupling constants differing
by the number of Wick contractions. This gives a connection with the ordinary coupling
constant evolution with Wick contractions taking the role of loops.
This picture should have direct image at H-side. In particular, one should have mmax =
n.
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(b) The cancellation of Wick contractions for the action containing both Kähler term and
cosmological term probably happens only for critical values of cosmological constant
determined dynamically from the mechanism of dimensional reduction reducing 6-D
surface in the product of twistor spaces T (M 4 ) = M 4 ×S 2 and T (CP2 ) = SU (3)/U (1)×
U (1) to S 2 bundle over space-time surface representing induced twistor structure. The
cancellation condition for the higher terms could fix the value of cosmological constant
emerging from the mechanism.
(c) The picture could be interpreted in terms of quantum criticality. The polynomials P (o)
characterize quantum critical phases. Also Taylor series can be considered but they
would not be critical and infinite amount of information would be required to specify
them whereas the specification of critical dynamics requires by its universality only a
finite number of parameters coded by the rational coefficients of polynomial.
Criticality corresponds to the vanishing of not only function but also some of its derivatives at critical point. The criticality would be now infinite in the sense that all derivatives of P (o) higher than n would vanish. This is indeed the view about quantum
criticality that I ended up to long time ago. This implies that the parameter space for
the functions describing criticality is finite-dimensional.
In Thom’s catastrophe theory which essentially describes a hierarchy of criticalities
concretely, the finite-dimension of the space of control parameters is essential. For cusp
catastrophe this space is 2-dimensional and catastrophe graph is defined by a fourth
order polynomial so that all higher order derivatives vanish identically also now.
(d) At the level of H criticality would mean that m-fold partial derivatives of action only
up to m = mmax = n-fold partial derivatives contribute to the radiative corrections.
The action would be polynomial of finite order in the multi-spinor components of supercoordinates and discrete coupling constant evolution would be realized. The ordinary
variations of the action would be of course non-vanishing to arbitrary high order.
Coupling constant evolution would reduce to the hierarchy of extensions of rationals
since the degree n of P determines the dimension of extension. Evolution in terms
of the hierarchy of extensions of rationals would dictate also coupling constant evolution. This evolution would also dictate the preferred p-adic length scales if preferred
p-adic primes are identifiable as ramified primes. Ramified primes at the lowest level of
hierarchy are ramified primes at higher levels if P (0) = 0 condition is true for them. Evolutionary hierarchies correspond to functional composition hierarchies for polynomials
with degrees ni such that ni+1 is divisible with ni that is ni+1 /ni = ki .
Remark: Functional composition occurs also in the construction of fractals like Mandelbrot fractal and as a special case one iterates single polynomial to get a hierarchy
in powers of integers n1 . This interpretation would conform with the interpretation of
the symmetries guaranteeing the cancellation of Wick terms as super-symplectic symmetries.
(e) A connection with the inclusion hierarchies for super-symplectic algebra is highly suggestive. The fractal hierarchy of super-symplectic sub-algebras (fractality and conformal
symmetry - now in generalized sense - are essential for quantum criticality) with levels
labelled by n would naturally give rise to counterparts of the functional composition
hierarchies.
Inclusion hierarchies would correspond to sub-hierarchies of super-symplectic algebras
formed by sequences of sub-algebras with weights divisible by integer ni such that ni
divides ni+1 . ni would correspond to a degree of polynomial in the hierarchy formed by
their compositions in accordance with functional composition of polynomials.
(f) The inclusion hierarchies of super-symplectic algebras would have interpretation in terms
of inclusions of hyper-finite factors of type II1 . The ratios ni+1 /ni = ki appearing in
the composition hierarchies would correspond to the integers labelling the inclusions of
HFFs and defining quantum phases U = exp(iπ/ki ) characterizing quantum algebras
and quantum spaces as analogs of state spaces modulo finite measurement resolution
[K97, K68].
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The interpretation of finite measurement resolution as an ability to detect only spacetime sheets characterized by polynomials of order n below some fixed integer is natural.
n would characterize the measurement resolution.
To sum up, this picture rather neatly fuses together several speculative visions about quantum
TGD. The reduction of dynamics to polynomial dynamics at the level of M 8 has interpretation in terms of quantum criticality with finite-D space of control parameters implying
universal dynamics involving very few coupling parameters, which are fixed points of coupling constant evolution for given value of n. M 8 − H duality maps M 8 dynamics to the level
of H, where it is realized in terms of a hierarchy of sub-algebras of super-symplectic algebra
and sub-hierarchies correspond to sequences of integers ni dividing ni+1 . A connection with
the inclusions of HFFs and finite measurement resolution emerges. The notion of discrete
coupling constant evolution finds a precise formulation, and the notion of radiation correction
is realized in terms of Wick contractions.
How the earlier vision about coupling constant evolution would be modified?
In [L61, L55] I have considered a vision about coupling constant evolution assuming twistor
space T (M 4 ) = M 4 × S 2 . In this model the interference of the Kähler form made possible by
the same signature of S 2 (M 4 ) and S 2 (CP2 ) gives rise to a length scale dependent cosmological
constant appearing defining the running mass squared scale of coupling constant evolution.
For T (M 4 ) identified as CP3 (3, h) the signatures of twistor spheres are opposite and Kähler
forms differ by factor i (imaginary unit commuting with octonion units) so that the induced
Kähler forms do not interfere anymore. The evolution of cosmological constant must come
from the evolution of the ratio of the radii of twistor spaces (twistor spheres). This forces to
modify the earlier picture.
(a) M 8 − H duality has two alternative forms with H = CP2,h × CP2 or H = M 4 × CP2
depending on whether one projects the twistor spheres of CP3,h to CP2,h or M 4 . Let
us denote the twistor space SU (3)/U (1) × U (1) of CP2 by F .
(b) The key idea is that the p-adic length scale hierarchy for the size of 8-D CDs and
their 4-D counterparts is mapped to a corresponding hierarchy for the sizes of twistor
spaces CP3,h assignable to M 4 by M 8 − H-duality. By scaling invariance broken only
by discrete size scales of CDs one can take the size scale of CP2 as a unit so that
r = R2 (S 2 (CP3,h )/R(S 2 (F )) becomes an evolution parameter.
Coupling constant evolution must correspond to a variation for the ratio of r = R2 (S 2 (CP3,h )/R(S 2 (F ))
and a reduction to p-adic length scale evolution is expected. A simple argument shows
that Λ is inversely
proportional to constant magnetic energy assignable to S 2 (X 4 ) dip
2
vided by 1/ g2 (S ) in dimensional reduction needed to induce twistor structure. Thus
one has Λ ∝ 1/r2 ∝ 1/L2p . Preferred p-adic primes would be identified as ramified
primes of extension of rationals defining the adele so that coupling constant evolution
would reduce to number theory.
(c) The induced metric would vanish for R(S 2 (CP3,h ) = R(S 2 (F )). Λ would be infinite at
this limit so that one must have R(S 2 (CP3,h ) 6= R(S 2 (F )). The most natural assumption is that one R(S 2 (CP3,h ) > R(S 2 (F )) but one cannot exclude the alternative option.
Λ behaves like 1/L2p . Inversions of CDs with respect to the values of the cosmological
time parameter a = Lp would produce hierarchies of length scales, in particular p-adic
√
length scales coming as powers of p. CP2 scale and the scale assignable to cosmological constant could be seen as inversions of each other with respect to a scale which is
of order 10−4 meters defined by the density of dark energy in the recent Universe and
thus biological length scale.
(d) The original model for the length scale evolution of coupling parameters [L61] would
reduce to that along paths at S 2 (CP2 ) and would depend on the ends points of the
path only. This picture survives as such. Also in the modified picture the zeros of
Riemann zeta could naturally correspond to the quantum critical points as fixed points
of evolution defining the coupling constants for a given extension of rationals.
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Space-time surfaces the level of M 8 would be determined by octonionic polynomials
determined by real polynomials with rational coefficients. The non-critical values of
couplings might correspond to the values of the couplings for space-time surfaces associated with octonion analytic functions determined by real analytic functions with
rational Taylor coefficients.

8.5.8

S-matrix and SUSY

The construction of S-matrix has been one of the eternity projects of TGD. There are many
proposals such as the construction based on the quaternionic generalization of twistor Grassmannian approach for cognitive representations involving huge simplification due to the vanishing of loop diagrams [L57, L71, L70] but also this approach is indirect. SUSY in TGD
sense finally suggests a quite concrete fundamental approach.
(a) The construction would be based on the explicit solution of the super-symmetrized field
equations. In principle everything reduces formally to classical partial differential equations for super-space-time surface and super-spinors. One solves preferred extremal as
its super-variants which means solving the space-time evolution of multi-spinors defining super-coordinates and in this background one solves super-Dirac equation. This is
highly non-trivial but in principle a well-defined procedure. If one gives initial values of
various multi-spinor mods at the first light-like boundary of causal diamond (CD), one
can deduce super-spinor field at opposite boundary of CD and express it as a superposition of its basic modes with well-defined quark number and other quantum numbers.
This gives S-matrix.
(b) Situation simplifies dramatically for discrete cognitive representation replacing spacetime surface with the set of points having imbedding space coordinates in extension of
rationals defining the adele. Since finite set of points defining the preferred time scales
t = rn as roots of a real polynomial determines the octonionic polynomia, M 8 − H
duality raises the hope that the discretization provided by cognitive representation is
exact and improvement in UV/IR resolution means addition of new space-time sheets
with smaller/bigger size.
(c) Partonic 2-surfaces define topological vertices. They are identified as intersections of incoming particle like 4-surfaces as roots of octonionic polynomials with 6-sphere defining
analogs of branes in M 8 as universal roots of octonionic polynomials and having M 4
time t = rn hyperplanes of M 4 as their intersections.
Multi-quark-antiquark vertices at partonic 2-surfaces are points of cognitive representation having H-coordinates in an extension of rationals (or at least their pre-images in
M 8 have this property). Lines defining local multi-quark states fuse and split again into
new states in quark number conserving manner. Vertices are super-symmetric in TGD
sense and determined as vacuum expectations of the bosonic action and super-Dirac
action and analogous to those defined by θ integration in SUSY.
(d) The counterparts of radiative corrections of QFTs are Wick contraction terms for the
fermionic oscillator operators. M 8 − H duality requires that their contribution from
partial multi-derivatives of order higher than the order n of the octonionic polynomial
are vanishing. This leads to the conditions having interpretation as conservation of
Noether currents of symmetries. As n increases, the number of Wick contractions
increases and this gives rise to discrete coupling constant evolution as function of the
dimension of extension of rationals defined by the octonionic polynomial.
(e) No further quantization is needed since super-symmetrization corresponds to second
quantization. This is part of the realization of the dream about geometrizing also
quantum theory. This should have been realized long time ago also by colleagues since
SUSY algebra is Clifford algebra like also oscillator operator algebra.

8.5.9

M 8 − H duality and SUSY

M 8 − H duality and hef f /h0 = n hypothesis pose strong constraints on SUSY in TGD sense.
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(a) hef f /h0 = n interpreted as dimension of extension of rationals gives constraints. Galois
extensions are defined by irreducible monic polynomials P (t) extended to octonionic
polynomials, whose roots correspond to 4-D space-surfaces and in special case 6-spheres
at 7-D light-cones of M 8 taking the role of branes.
The condition that the roots of extension defined by Q are preserved for larger extension
P ◦ Q is satisfied if P has zero as root:
P (0) = 0 .
This simple observation is of crucial importance, and suggests an evolutionary hierarchy
P ◦ Q with simplest possible polynomials Q at the bottom of the hierarchy are very
naturally assignable to elementary particles. These polynomials have degree two and
are of form Q = x2 ± n. Discriminant equals to D = 2n and has the prime factors of n
as divisors defining ramified primes identified as p-adic primes assignable to particles.
Remark: Also polynomials P (t) = t − c are in principle possible. The corresponding
space-time surfaces at the level of H would be M 4 and CP2 and they are extremals of
Kähler action but do not have particle interpretation.
(b) Octonionic super-polynomials decompose to a sum of octonionic polynomials with θ
monomials having varying degree d. One can assign octonionic super-coordinates to
both leptons and quarks for Option a). Option b) identifying leptons as local 3-quark
local composites and thus spartners of quarks would mean that quarks (anti-quark)
appear in the octonionic polynomial (its conjugate). This would realize SO(1, 7) triality.
(c) This has important implications for SUSY in TGD sense. The degree d for the monomial
of super-octonion polynomial in M 8 would corresponds to the degree d = F + F for the
super-field in H. The number of fermions and anti-fermions giving rise to spartner is d.
If the degree n of the octonionic polynomial is smaller than the number N = 16 of
maximal degree of θ polynomial, only a fraction of spartners are possible. SUSY is
realized only partially and one can say that part of spartners are absent at the lowest
levels of evolutionary hierarchy. At the lowest level of hierarchy corresponding to n = 2
only fermions (quarks) would be present as local states and would form non-local states
such as baryons and mesons. Gauge bosons and Higgs like state would be bi-local states
and graviton 4-local state.
Remark: Gauge bosons and Higgs like states as local fermion-anti-fermion composites
at level n = 2 × 2. For the option involving only quarks (color is not spin like quantum
number). Note that the value of n0 = 3 × 2 = 6 in h = n0 × h0 suggested by the findings
of Randel Mills [L31, L52] would allow the known elementary particles.

8.5.10

How is the p-adic mass scale determined?

p-Adic prime identified as a ramified prime of extension of rationals is assumed to determine
the p-adic mass scale. There are however several ramified primes and somehow the quantum
numbers of particle should dictate with ramified prime is chosen. There are two options
to consider depending on whether both the extension and ramified prime are same for all
spartners Option 1) or whether spartners can have different ramified primes (Option 2)).
There also options depending on whether both leptons and quarks appear in their own
super-Dirac actions (Option a) or whether only quarks appear in super-Dirac action (Option
b). Call the 4 composite options Option 1a), 2a), 1b), 2b) respectively.
(a) Consider first Options 1a) and 1b). The ramified prime is same for all states corresponding to the same degree of θ monomial and thus same value of F + F . At the
lowest k = 2 level containing only fermions as local states the p-adic thermal masses
of quarks and leptons are same for Option 1a) at least for single generation and for all
generations if Q2 does not depend on the genus g of the partonic 2-surface. For Option
1b) the masses would not be same for leptons and quarks since they would correspond to
different degrees of super-octonionic polymials. For both options would have n = n(g).
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(b) For Option 2 ramified prime depends on the state of the SUSY multiplet. This would
require that for fermions with k = 2 the integer n in Q2 (x) = x2 ± n has the p-adic
primes assignable to leptons and quarks as factors.
There are 6 different quarks and 6 different leptons with different p-adic mass scales.
For Option 2a) n should have 12 prime factors which are near to power of 2. For leptons
the factors correspond to Mersenne primes Mk , k ∈ {107, 127} and Gaussian Mersenne
k = 113. Gaussian Mersenne is complex integer. TGD requires complexification of
octonions with imaginary unit i commuting with octonionic units so that also Gaussian
primes are possible. This would resolve the question whether P (t) can have complex
coefficients m + in.
For option 2b) quarks and leptons as local proton and neutron would have different
extensions since the polynomials would be different. The p-adic primes for 6 quark
states quarks would depend on genus. The value of n need not depend on genus g since
the ramified primes p depends on g: p = p(g).
Since the polynomials describing higher levels of the dark hierarchy would be composites
P ◦ Q2 with P (0) = 0, Q2 would be a really fundamental polynomial in TGD Universe.
For Option 2b) it would be associated with quarks and would code for the elementary
particles physics. The higher levels such as leptons would represent dark matter levels.
(c) The crucial test is whether the mass scales of gauge bosons can be understood. If one
assumes additivity of p-adic mass squares so that the masses for 2-local bosons would
be p-adically sums of mass squared at the “ends” of the flux tube. If the discriminant
D = 2n of Q2 contains high enough number of factors this is possible. The value of the
factor p for photon would be rather larger from the limits on photon mass. For graviton
the value p would be even larger.
To sum up, the vision about dark phases suggests that the monopole phase is possible already
for the minimal value n = 2 involving only fundamental quarks for Option 2b), which is the
simplest one and could solve the probelm of matter antimatter asymmetry. Bosons and
leptons as purely local composites of quarks are possible for n = 6. Rather remarkably, also
empirical constraints [L31, L52] led to the conclusion h = 6h0 . The condition is actually
weaker: h/h0 mod 6 = 0.

Chapter 9

The Recent View about SUSY
in TGD Universe
What SUSY is in TGD framework is a longstanding question, which found a rather convincing
answer rather recently. In twistor Grassmannian approach to N = 4 SYM [B24, B19, B20,
B22, B40, B25, B13] twistors are replaced with supertwistors and the extreme elegance of
the description of various helicity states using twistor space wave functions suggests that
super-twistors are realized both at the level of M 8 geometry and momentum space.
In TGD framework M 8 − H duality allows to geometrize the notion of super-twistor in the
sense that at the level of M 8 different components of super-field correspond to components
of super-octonion each of which corresponds to a space-time surfaces satisfying minimal
surface equations with string world sheets as singularities - this is geometric counterpart for
masslessness.

9.0.1

New view about SUSY

The progress in understanding of M 8 − H duality [L64] throws also light to the problem
whether SUSY is realized in TGD [L69] and what SUSY breaking cold mean. It is now rather
clear that sparticles are predicted and SUSY remains exact but that p-adic thermodynamics
causes thermal massivation: unlike Higgs mechanism, this massivation mechanism is universal
and has nothing to do with dynamics. This is due to the fact that zero energy states are
superpositions of states with different masses. The selection of p-adic prime characterizing the
sparticle causes the mass splitting between members of super-multiplets although the mass
formula is same for all of them. Super-octonion components of polynomials have different
orders so that also the extension of rational assignable to them is different and therefore also
the ramified primes so that p-adic prime as one them can be different for the members of
SUSY multiplet and mass splitting is obtained.
The question how to realize super-field formalism at the level of H = M 4 × CP2 led to a
dramatic progress in the identification of elementary particles and SUSY dynamics. The
most surprising outcome was the possibility to interpret leptons and corresponding neutrinos
as local 3-quark composites with quantum numbers of anti-proton and anti-neutron. Leptons
belong to the same super-multiplet as quarks and are antiparticles of neutron and proton
as far quantum numbers are consided. One implication is the understanding of matterantimatter asymmetry. Also bosons can be interpreted as local composites of quark and
anti-quark.
Hadrons and perhaps also hadronic gluons would still correspond to the analog of monopole
phase in QFTs. Homology charge could appear as a space-time correlate for color at spacetime level and explain color confinement. Also color octet variants of weak bosons, Higgs, and
Higgs like particle and the predicted new pseudo-scalar are predicted. They could explain the
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successes of conserved vector current hypothesis (CVC) and partially conserved axial current
hypothesis (PCAC).
One ends up with an improved understanding of quantum criticality and the relation between
its descriptions at M 8 level and H-level. Polynomials describing a hierarchy of dark matters
describe also a hierarchy of criticalities and one can identify inclusion hierarchies as subhierarchies formed by functional composition of polynomials: the criticality is criticality for
the polynomials interpreted as p-adic polynomials in O(p) = 0 approximation meaning the
presence of multiple roots in this approximation.

9.0.2

Connection of SUSY and second quantization

The linear combinations monomials of theta parameters appearing in super-fields are replaced
in case of hermitian H super coordinates consisting of combinations of monomials with
vanishing quark number. For super-spinors of H the monomials carry odd quark number
with quark number 1. Monomials of theta parameters are replaced by local monomials of
quark oscillator operators labelled besides spin and weak isospin also by points of cognitive
representation with imbedding space coordinates in an extension of rationals defining the
adele. Discretization allows anti-commutators which are Kronecker deltas rather than delta
functions. If continuum limit makes sense, normal ordering must be assumed to avoid delta
functions at zero coming from the contractions. The monomials (not only the coefficients
appearing in them) are solved from generalized classical field equations and are linearly
related to the monomials at boundary of CD playing the role of quantum fields and classical
field equations determine the analogs of propagators.
The Wick contractions of quark-antiquark monomials appearing in the expansion of supercoordinate of H could define the analog of radiative corrections in discrete approach. M 8 −H
duality and number theoretic vision require that the number of non-vanishing Wick contractions is finite. The number of contractions is bounded by the finite number of points in
cognitive representation and increases with the degree of the octonionic polynomial and gives
rise to a discrete coupling constant evolution parameterized by the extensions of rationals.
The polynomial composition hierarchies correspond to inclusion hierarchies for isomorphic
sub-algebras of super-symplectic algebra having interpretation in terms of inclusions of hyperfinite factors of type II1 .
Quark oscillator operators in cognitive representation correspond to quark field q. Only
terms with quark number 1 appear in q and leptons emerge in Kähler action as local 3-quark
composites. Internal consistency requires that q must be the super-spinor field satisfying
super Dirac equation. This leads to a self-referential condition qs = q identifying q and its
super-counterpart qs . Also super-coordinate hs must satisfy analogous condition (hs )s = hs ,
where hs → (hs )s means replacement of h in the argument of hs with hs .
The conditions have an interpretation in terms of a fixed point of iteration and expression of
quantum criticality. The coefficients of various terms in qs and hs are analogous to coupling
constants can be fixed from this condition so that one obtains discrete number theoretical
coupling constant evolution. The basic equations are quantum criticality condition hs =
(hs )s , q = qs , Dα,s Γα
s = 0 coming from Kähler action, and the super-Dirac equation Ds q = 0.

9.0.3

Proposal for S-matrix

One also ends up to the first completely concrete proposal for how to construct S-matrix
directly from the solutions of super-Dirac equations and super-field equations for space-time
super-surfaces.
(a) The idea inspired by WKB approximation is that the exponent of the super variant of
Kähler function including also super-variant of Dirac action defines S-matrix elements
as its matrix elements between the positive and negative energy parts of the zero energy
states formed from the corresponding vacua at the two boundaries of CD annihilated
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by annihilation operators and resp. creation operators. The states would be created by
the monomials appearing in the super-coordinates and super-spinor.
(b) Super-Dirac equation implies that super-Dirac action vanishes on-mass-shell. The proposed construction however allows to get also scattering amplitudes between all possible states using the exponential of super-Kähler action. Super-Dirac equation however
makes possible to express derivatives of the quark oscillator operators (values of quark
field at points of cognitive representation) so that one can use only the points of cognitive representation without introducing lattice discretization. Discrete coupling constant
evolution follows from the fact that the contractions of oscillator operators occur at the
boundary of CD and their number is limited by the finite number of points of cognitive
representation.
(c) S-matrix is trivial unless CD contains the images of 6-D analogs of branes as universal
special solutions of the algebraic equations determining space-time surfaces at the level of
M 8 . 4-D space-time surfaces representing particle orbits meet at the partonic 2-surfaces
associated with the 3-D surfaces at t = rn hyper-surfaces of M 4 . The values of t = rn
correspond to the roots of the real polynomial with rational coefficients determining the
space-time surface. These transitions are analogs of weak measurements, and in TGD
theory of consciousness they give rise to the experience flow of time and can be said to
represent ”very special moments” in the life of self [L62].
(d) The creation and annihilation operators at vertices associated with the monomials would
be connected to the points assignable to cognitive representations at opposite boundaries
of CD and also to partonic 2-surfaces in the interior of CD possibly accompanied by
sub-CDs. This would give analogs of twistor Grassmannian diagrams containing finite
number of partonic 2-surfaces as topological vertices containing in turn finite number
ordinary vertices defined by the monomials. The diagrams would be completely classical
objects in accordance with the fact that quantum TGD is completely classical theory
apart from state function reduction.
(e) This view allows also a formulation of continuum theory since the monomials appearing
in the action density in the interior of CD are linear superposition of the monomials at
the points of boundary of CD involving 3-D integral so that contractions of oscillator
operators only reduce one integration without introducing divergence. One can also
normal order the monomials at boundary of CD serving as initial values. If preferred
extremals are analogs of Bohr orbits, one can express extremals using either boundary
as the seat of initial data.

9.1

How to formulate SUSY at the level of H = M 4 ×CP2 ?

In the following I will represent the recent trial for constructing SUSY at the level of H =
M 4 × CP2 . The first trial replaced theta parameters of SUSY with quark oscillator operators
labelled by spin and isospin and had rather obvious shortcomings: in particular, one did not
obtain many-quark states with large quark numbers. The second trial allows quark oscillator
operators to have as labels also the points of space-time surface in cognitive representation
and thus having coordinates of H belonging to an extension of rationals defining the adele [?]

9.1.1

First trial

If SUSY is realized at the level of M 8 , it should have a formulation also at the level of H. The
basic elements of the first trial form part of also second trial. The basic modification made in
the second trial is that finite number of theta parameters replaced with the fermionic oscillator
operators labelled by the points of cognitive representations so that they are analogous to
fermion fields in lattice, and only local composites of the oscillator operators appear in the
super coordinates and super-spinors. This means that SUSY is essential element of the second
quantization of fermions in TGD.
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(a) M 8 − H duality is non-local and means that the dynamics at the level of H is not
strictly local but dictated by partial differential equations for super-fields having interpretation as describing purely local many-fermion states made of fundamental fermions
with quantum numbers of leptons and quarks (quarks do not possess color as spin like
quantum number) ad their antiparticles.
(b) Classical field equations and modified Dirac equation must result from this picture.
Induction procedure for the spinors of H must generalize so that spinors are replaced by
super-spinors Ψs having multi-spinors as components multiplying monomials of theta
parameters θ. The determinant of metric and modified gamma matrices depend on
imbedding space coordinates h replaced with super coordinates hs so that monomials
of θ appear in two different manners. Hermiticity requires that sums of monomial and
its hermitian conjugate appear in hs . Monomials must also have vanishing fermion
numbers. Otherwise one can obtain fermionic states propagating like bosons. For Dirac
action one must assume that Ψs involves only odd monomials of θ with quark number 1
involving monomials appearing in hs to get only states with quark number 1 and correct
kind of propagators.
(c) One Taylor expands both bosonic action density (6-D Kähler action dimensionally reducing to 4-D Kähler action plus volume term) and Super-Dirac action with respect to
the super-coordinates hs . In Super-Dirac action one has also the expansion of superspinor in odd monomials with total quark number 1. The coefficients of the monomials
of θ:s are obtained are partial derivatives of the action. Since the number of θ parameters is finite and corresponds to the number of spin-weak-isopin states of quarks and
leptons, the number of terms is finite if the θ parameters anti-commute to zero. If not,
one can get an infinite number of terms from the Taylor series for the action to the
coefficient given monomial. Number theoretical considerations do not favor this and
there should exist a cancellation mechanism for the radiative corrections coming from
fermionic Wick contractions if thetas correspond to fermionic oscillator operators as it
seems to be.
(d) One can interpret the superspace as the exterior algebra of the spinors of H. This
reminds of the result that the sections of the exterior algebra of Riemann manifold
codes for the Riemann geometry (see http://tinyurl.com/yxrcr8xv). This generalizes the observation that one can hear the shape of a drum since the sound spectrum is
determined by its frequency spectrum defined by Laplacian.
Super-fields define a Clifford algebra generated by θ parameters as a kind of square
root of exterior algebra which corresponds to the Clifford algebra of gamma matrices.
Maybe this algebra could code also for the spinor structure of imbedding space or even
that of space-time surface so that the super-fields could be seen as carriers of geometric
information about space-time surface as a preferred extremal. In 8-D case there is also
SO(1, 8) triality suggesting that corresponding three Clifford algebras correspond to
exterior algebra fermionic and anti-fermionic algebras.
What about the situation at the level of M 8 ?
(a) At M 8 level the components of super-octonion correspond to various derivatives of
the basic polynomial P (t) so that space-time geometry correlates with the quantum
numbers assignable to super-octonion components - this is in accordance with QCC
(quantum-classical correspondence). This is highly desirable at the level of H too.
Could the space-time surface in M 8 be same for super-field components with degree d <
dmax in some special cases? The polynomial associated with super octonion components
are determined by the derivatives of the basic polynomial P (t) with order determined
by the degree of the super-monomial. If they have decomposition P (t) = P1k (t), the
monomials with degree d < k the roots corresponding to the roots P1 (t) co-incide.
Besides this there are additional roots of dr P1 /dtr for super-octonion component with
r θ parameters.
A possible interpretation could be as quantum criticality in which there is no SUSY
breaking for components having d < k (masses in p-adic thermodynamics could be the
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same since the extension defined by P1 and corresponding ramified primes would be
same). This would conform with the general vision about quantum criticality.
(b) Usual super-field formalism involves Grassmann integration over θ parameters to give
the action. M 8 formalism does not involve the θ integral at all. Should this be the case
also at the level of H? This would guarantee that different components of H- coordinates
as super-field would give rise to different space-time surface and QCC would be realized.
θ integration produces SUSY invariants naturally involved with the definition of vertices
involving components of super-fields. Also vertices involving fermionic and bosonic
states emerge since bosonic super-field components appear in super-coordinates in superDirac action.
This approach does not say anything about second quantization. There is a strong temptation
to replace the theta parameters with fermionic oscillator operators. One cannot however
obtain second quantization of fermions in this manner since the maximal quark number
(and lepton number if leptons are present as fundamental fermions) of the states is 4. To
achieve second quantization, one must replace the theta parameters with fermionic oscillator
operators labelled besides spin and weak isospin by the coordinates of points of 3-surface,
most naturally the points belonging to a cognitive representation characterizing space-time
surface for given extension of rationals.

9.1.2

Second trial

I have already earlier considered a proposal for how SUSY could be realized in TGD framework. As it often happens, the original proposal was not quite correct. The following
discussion gives a formulation solving the problems of the first proposal and suggests a concrete formulas for the scattering amplitudes in ZEO based on super-counterparts of preferred
extremals. In the sequel I will talk about super Kähler function as functional of 3-surfaces
and - super Kähler function action. By holography allowing to identify 3-surfaces with corresponding space-time surfaces as analogs of Bohr orbits, these notions have the same meaning.
Could the exponent of super-Kähler function as vacuum functional define Smatrix as its matrix elements
Consider first the key ideas - some of them new - formulated as questions.
(a) Could one see SUSY in TGD sense as a counterpart for the quantization in the sense of
QFT so that oscillator operators replace theta parameters and would become fermionic
oscillator operators labelled by spin and electroweak spin - as proposed originally - and
by selected points of 3-surface of light-cone boundary with imbedding space coordinates
in extension of rationals? One would have analog of fermion field in lattice identified as
a number theoretic cognitive representation for given extension of rationals. The new
thing would be allowance of local composites of oscillator operators having interpretation
in terms of analogs for the components of super-field.
SUSY in TGD sense would be realized by allowing local composites of oscillator operators containing 4+4 quark oscillator operators at most. At continuum limit normal
ordering would produce delta functions at origin unless one assumes normal ordering
from beginning. For cognitive representations one would have only Kronecker deltas
and one can consider the possibility that normal ordering is not present. The vanishing
of normal ordering terms above some number of them suggested to be the dimension
for the extension of rationals would give rise to a discrete coupling constant evolution
due to the contractions of fermionic oscillator operators.
(b) What is dynamical in the superpositions of oscillator operator monomials? Are the
coefficients dynamical? Or are the oscillator operators themselves dynamical - this
would mean a QFT type reduction to single particle level? The latter option seems to
be correct. Oscillator operators are labelled by points of cognitive representation and
in continuum case define an analog of quantum spinor field, call it q. This suggests
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that this field satisfies the super counter part of modified Dirac equation and must
involve also super part formed from the monomials of q and q. This however requires
the replacement of q with qs in super-Dirac operator and super-coordinates hs and one
ends up with an iteration q → qs → ...
The only solution to the paradoxical situation is that one has self-referential equation q =
qs having interpretation in terms of quantum criticality fixing the coefficients of terms
in q = qs . Analogous condition hs = (hs )s must be satisfied by hs under substitution
hs → (hs )s . These conditions fix coefficients of terms in H super-coordinate hs and
qs interpreted as coupling constants so that quantum criticality implying a discrete
coupling constant evolution as function of extension of rationals follows. Also superDirac equation Ds qs = 0 and field equations Ds,α Γα,s = 0 for Kähler action guaranteeing
hermiticity are satisfied.
(c) Could one interpret the time reversal operation taking creation- and annihilation operators to each other as time reflection permuting the points at the opposite boundaries of
CD? The positive resp. negative energy parts of zero energy states would be created by
creation resp. annihilation operators from respective vacuums assigned to the opposite
boundaries of CD.
(d) Could one regard preferred extremal regarded as 4-surface in super imbedding space parameterized by the hermitian imbedding coordinates plus the coefficients of the monomials of quarks and antiquarks with vanishing quark number, whose time evolution
follows from dimensionally reduced 6-D super-Kähler action? Could one assume similar
interpretation for super spinors consisting of monomials with total quark number equal
to 1 and appearing in super-Dirac action?
(e) In WKB approximation the exponent of action defines wave function. In QFTs path
integral is defined by an exponent of action and scattering operator can be formally
defined as action exponential. Could the matrix elements for the exponent of the super counterpart of Kähler function plus super Dirac action between states at opposite
boundaries of CD between positive and negative energy parts of zero energy states define
S-matrix? Could the positive and negative energy parts of zero energy states be identified as many particles states formed from the monomials associated with imbedding
space super-coordinates and super-spinors?
(f) Could the construction of S-matrix elements as matrix elements of super-action exponential reduce to classical theory? Super-field monomials in the interior of CD would be
linear superpositions of super-field monomials at boundary of CD. Note that oscillator
operator monomials rather than their coefficients would be the basic entities and the
dynamics would reduce to that for oscillator operators as in QFTs. The analogs of
propagators would relate the monomials to those at boundary ly to the monomials at
the boundary of CD, and would be determined by classical field equations so that in
this sense everything would be classical. Note however that the fixed point condition
q = qs and super counterpart of modified Dirac equation are non-linear.
Vertices would be defined by monomials appearing in super-coordinate and super-spinor
field appearing in terms of those at boundary of CD. If two vertices at interior points x
and y of CD are connected there is line leading from x to a point z at boundary of CD
and back to y and one would have sum over points z in cognitive representation. This
applies also to self energy corrections with x = y. At the possibly existing continuum
limit integral would smoothen the delta function singularities and in presence of normal
ordering at continuum would eliminate them.
In the expressions for the elements of S-matrix annihilation operators appearing in the
monomials would be connected to the passive boundary P of CD and creation operators
to the active boundary. If no partonic 2-surfaces appear as topological vertices in the
interior of CD, this would give trivial S-matrix!
M 8 − H duality however predicts the existence of brane like entities as universal 6-D
surfaces as solutions of equations determining space-time surfaces. Their M 4 projection
is t = rn hyperplane, where rn corresponds to a root of a real polynomial with algebraic
coefficients giving rise to octonion polynomial, and is mapped to similar surface in H. 4-
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D space-time surfaces representing incoming and outgoing lines would meet along their
ends at these partonic 2-surfaces.
Partonic 2-surfaces at these hyper-surfaces would contain ordinary vertices as points in
cognitive representation. Given vertex would have at most 4+4 incoming and outgoing
lines assignable to the monomial defining the vertex. This picture resembles strongly
the picture suggested by twistor Grassmannian approach. In particular the number of
vertices is finite and their seems to be no superposition over different diagrams. In
this proposal, the lines connecting vertices would correspond to 1-D singularities of
the space-time surfaces as minimal surfaces in H. Also stringy singularities can be
considered but also these should be discretized.
By fixing the set of monomials possibly defining orthonormal state basis at both boundaries one would obtain given S-matrix element. S-matrix elements would be matrix
elements of the super-action exponential between states formed by monomials of quark
oscillator operators. Also entanglement between the monomials defining initial and
finals states can be allowed. Note that this in principle allows also initial and final
states not expressible using monomials but that monomials are natural building bricks
as analogs of field operators in QFTs.
(g) The monomials associated with imbedding space coordinates are imbedding space vectors constructible from Dirac currents (left- or right-handed) with oscillator operators
replacing the induced spinor field and its conjugate. The proposed rules for constructing
S-matrix would give also scattering amplitudes with odd quark number at boundaries
of CD. Could the super counterpart of the bosonic action (super Kähler function) be
all that is needed to construct the S-matrix?
In fact, classically Dirac action vanishes on mass shell: if this is true also for superDirac action then the addition of Dirac action would not be needed. The super-Taylor
expansion of super- Kähler action gives rise to the analogs of perturbation theoretic
interaction terms so that one has perturbation theory without perturbation theory as
Wheeler might state it. The detailed study of the structure of the monomials appearing
in the super-Kähler action shows that they have interpretation as currents assignable
to gauge bosons and scalar and pseudo-scalar Higgs.
Super Dirac action is however needed. Super-Dirac equation for q and Dα,s Γα
s = 0
allow to reduce ordinary divergences ∂α j α of fermionic currents appearing in superKähler action to commutators [Aα,s j α ]. Therefore no information about q at nearby
points is needed and one avoids lattice discretization: cognitive representation is enough.
(h) Topological vertices represent discontinuities of the space-time surface bringing strongly
in mind the non-determinism of quantum measurement, and one can ask whether the
3-branes and associated partonic 2-surfaces. Could the state function reductions analogous to weak measurements correspond to these discontinuities? Ordinary state function
reductions would change the arrow of time and the roles of active and passive boundaries of CD [L59]. In TGD inspired theory of consciousness these time values would
correspond to ”very special moments” in the life of self [L62].
(i) The unitarity of S-matrix can be understood from the structure of the exponent of
Kähler action. The exponent decomposes to a sum of real and purely imaginary parts.
The exponent of the hermitian imaginary part is a unitary operator for a given spacetime surface. Real exponent containing also radiative corrections from the normal ordering gives exponent of Kähler function as vacuum functional in WCW (sum in the
case of cognitive representations) and by choosing the normalization factor of the state
appropriately one obtains unitary S-matrix.

9.1.3

More explicit picture

The following sketch tries to make the picture of the second trial more explicit.
(a) The construction of S-matrix should reduce to super-geometry coded by super Kähler
function determined by the 6-D Kähler action for twistor lift by dimensional reduction.
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This might be possible since zero energy states have vanishing total conserved charges
and exponent of super-Kähler function has matrix elements only between states at
opposite boundaries of CD having same total charges.
(b) Construction should reduce to preferred extremals and their super-deformations determined by variational principle with boundary conditions. The boundary values of
super-deformations at either boundary could be also interpreted as initial values for preferred extremals analogous to Bohr orbits. The expectations for the super action with
fixed initial values between positive and negative energy parts would give the scattering
amplitudes assignable to a given space-time surface. There would be functional integral over space-time surfaces using exponent of Kähler function as weight. In number
theoretic vision this would reduce to sum over preferred extremals labelled by cognitive
representations serving as WCW coordinates.
(c) Number theoretic vision suggests a discretization in terms of cognitive representation
consisting of points with coordinates in extension of rationals defining the adele. This
representation could be associated with the boundaries of CD and possibly with M 4
time=constant hyperplanes assignable with the universal special solutions in M 8 . At
the partonic 2-surfaces associated with these hyper-planes 4-D extremals would meet
along their ends: topological particle vertices would be in question. Is string world
sheets and partonic 2-surfaces correspond to singularities, the boundaries of strings
world sheets as intersections of the string world sheets and orbits of partonic 2-surfaces
should represent fermion lines.
(d) Creation operators would be assigned with the passive boundary of CD - call it P and annihilation operators as their conjugates would act as creation operators at the
opposite boundary, active boundary - call it A. Time reversal symmetry of CD suggests
that annihilation operator as conjugate of creation operator labelled by the a point
of boundary of CD corresponds to the same point in common coordinates for lightcone boundary. This would conform also with the basic character of the half-algebras
associated with super-symplectic symmetries.
The original proposal was that oscillator operators have only spin and electroweak spin
as indices but the standard view about spin and statistics requires that also the points
of the 3-surface must label them. Also the fact that the total quark number can be
larger than 4 of course requires this too. Algebraically the only difference with respect
to this proposal is that one allows also the points of 3-surface at the boundary of CD
as labels.
(e) Number theoretical vision requires that only points of 3-surface having imbedding space
coordinates in the extension of rationals defining the adelic physics are allowed. In the
generic case the number of points in the cognitive representation would be finite and
would increase with the dimension of extension so that at the limit of algebraic numbers
they form a dense set of 3-surface.
Since action has infinite expansion in powers of super coordinates the contractions of
oscillator operators would give rise to a renormalization of the coefficients of the monomials and of classical action. For cognitive representations one would avoid normal
ordering problems sine the number of contractions is limited by the number of points
in cognitive representation. This would give rise to discrete coupling constant evolution
as function of the extension of rationals.
(f) In continuum theory all points of 3-D boundary would label quark oscillator operators
and one must normal order the oscillator operators in given local monomial. Also now
the idea about connecting creation and annihilation operators to opposite boundaries
of CD would allow to get rid of infinities due to contractions.
The action exponential would lead to a rather concrete proposal for the coefficients of the
monomials appearing in super-fields.
(a) The deformations of imbedding space coordinates would be expressible as WCW-local
superpositions of isometry generators or as WCW-global superpositions of Hamiltonian currents contracted with the coordinate deformations. The latter would conform
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with super-symplectic symmetries of WCW. CP2 Hamiltonian currents would give color
quantum numbers. S 2 Hamiltonian currents would be also present. One could see spacetime local Kac-Moody symmetries assignable to light-like partonic orbits and string
world sheets as a dual representations at space-time level of symplectic symmetries at
imbedding space level.
(b) Spinor modes would be expressible as superpositions of imbedding space spinor modes
having expansion as super-Taylor series at the boundaries of CD. This would give spin
and electroweak quantum numbers.
Does one really obtain description of gauge bosons and gravitons by using the exponent?
(a) Could the coefficients of super-monomials at boundary of CD allow interpretation in
terms of gauge bosons? These entities could have well-defined quantum numbers so
that this might be possible. Quark spin and isospin would represent additional spin
degrees of freedom. The Hamiltonians of H of CP2 expressible for given 3-surface
as local superpositions of SU(3) Killing vector fields would represent color degrees of
freedom.
For string world sheets one would naturally have transversal M 4 super-coordinates and
CP2 super-coordinates as analogs of fields. Could this allow to get gauge bosons as
excitations of strings as in string theories.
(b) Gauge bosons could be also bi-local composites of fermion and anti-fermion at opposite
boundaries of wormhole contact or at opposite wormhole contacts of wormhole flux
tube. Gravitons could be 4-local composites. Baryons and mesons could be this kind of
non-local composites. One can consider also the analog of monopole phase of QFTs in
which particles would be multilocal composites.
(c) The bosonic action is for induced metric and induced Kähler form. QFT wisdom would
suggest that their super-analogs could correspond to external particles. One could indeed take the induced gauge potentials or -fields at boundary and form their contractions
with Killing vectors of isometries to obtain general coordinate invariant quantities and
form their super-analogs as normal ordered local composites. One can consider the same
idea for induced gravitational field or its deviation from Minkowski metric.
Formally this would correspond to an addition to the action exponential of perturbative
terms of type jA appearing in QFTs representing coupling to external currents and take
the limit j → 0. In QFT picture this works since various gauge fields are functionally
independent but in TGD framework this is not the case. Second problem is to to
construct a complete orthonormalized set of states in this manner. Therefore it seems
this description can make sense only at QFT limit of TGD.

Dimensionally reduced 6-D Kähler action as an analog of SYM action
The 6-D dimensionally reduced Kähler action reduces to a sum of 4-D Kähler action and
volume term and will be simply referred to as Kähler action. The super variant of this
action is obtained by replacing imbedding space coordinates with their super counterparts.
Super-Kähler action is analogous to pure SYM action.
(a) Space-time would be super-surface in super counterpart of H = M 4 × CP2 with coordinates hk having super components proportional to multi-spinors multiplying the
monomials of oscillator operators. The ocillator operator monomials rather than only
the multi-spinor coefficients of the oscillator monomials transforming like vectors of H
are regarded as analogs of quantum fields expressible by classical field equations as linear superpositions of their values at the boundary of CD for preferred extremals. The
dynamics of monomials would reduce to that for oscillator operators labelled by points
of cognitive representation and having interpretation as restriction of quantized quark
field satisfying super-Dirac equation and the quantum criticality condition q = qs .
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(b) Fermionic creation operators and annihilation operators labelled not only by spin and
weak isospin as in the original proposal but also by the finite number of points of the
cognitive representation. Therefore oscillator operators are analogous to the values of
fermion field in discretization obeying super variant of modified Dirac equation. Both
leptonic and quark like oscillator operators corresponding to two different H-chiralities
and having different couplings to Kähler gauge potential could be present but octonionic triality allows only quarks. The vacuum expectation value of the action action
exponentials contains only monomials with vanishing B (and L if leptons are present as
fundamental fields). The matrix elements between positive and negative energy parts
of zero energy states gives S-matrix.
Real super-coordinates can be assumed to be hermitian and thus contain only sums
of monomials and their conjugates having vanishing fermion numbers. This guarantees super-symmetrization respecting bosonic statistics at the level of propagators since
all kinetic terms involve two covariant derivatives - one can indeed transform ordinary
derivatives of monomials coming from the Taylor expansion to covariant derivatives involving also the coupling to Kähler form since the total Kähler charge of terms vanishes.
The lack of anti-commutativity of fermionic oscillator operators implies the presence of terms
resulting in contractions.
(a) The super-Taylors series would involve a finite number of partial derivatives of action.
Wick contractions of oscillator operators would give rise to an infinite number of terms
in continuum case. The appearance of infinite Taylor series defining the coefficients of
super-polynomial is however troublesome from the point of view of number theoretic
vision since there is no guarantee that the coefficients are rational functions. The finite
number of points in the cognitive representation implying finite number of oscillator
operators however allows only finite number of terms in the super-Taylor expansion.
The monomials appearing in action in the interior of CD can be expressed as linear
superpositions of those at boundary also in continuum case. Therefore each monomial
is 3-D integral over the monomials at the boundary of CD. As a consequence, the
contractions giving delta functions only eliminate one integration but do not give rise
to infinities. A general solution to the divergence problems emerges.
This is actually nothing new: one of the key ideas behind the notion of WCW is that
path integral over space-time surfaces is replaced by a functional integral over 3-surfaces
in WCW holographically equivalent with preferred extremals as analogs of Bohr orbits.
The non-locality of the theory due to the replacement of point-like particles with 3surfaces would solve the divergence problems.
An interesting possibility in line with the speculations of Nima-Arkani Hamed and others is
that the action defining space-time as a 4-surface of imbedding space could emerge from the
anti-commutators of the oscillator operator monomials as radiative corrections so that the
bosonic action would vanish when the super-part of hs vanishes.
Super-Dirac action
Before doing anything one can recall what happens in the case of modified Dirac action.
(a) One has separate modified Dirac actions ΨDΨ, D = Γα Dα for quarks and leptons
(later it will be found that modified Dirac action for quarks might be enough) and the
covariant derivatives differ since there is a coupling to n-ple of included Kähler potential.
For leptons one has n = −3 and for quarks n = 1. This guarantees that em charges
come out correctly. This coupling appears in the covariant derivative Dα of fermionic
super field.
(b) One obtains modified Dirac equations for quarks and leptons by variation with respect to
spinors. The variation with respect to the imbedding space coordinates gives quantized
versions of classical conservation laws with respect to isometries. One also obtains
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and infinite number of super-currents as contractions of modes of the modified Dirac
operator with Ψ.
(c) Classical field equations for the space-time surface emerge as a consistency condition
guaranteeing that the modified Dirac operator is hermitian: canonical momentum currents of classical action must be conserved and define conserved quantum when contracted with Killing vectors of isometries. Quantum-classical correspondence (QQC)
requires than for Cartan algebra of symmetry algebra the classical Noether charges are
same as the fermionic Noether charges.
It turns out that the super-symmetrization of modified Dirac equation gives only fermions
and they fermionic superpartners in this manner if one requires that propagators are
consistent with statistics.
Consider first the situation without the quantum criticality condition q = qs = Ψs . H
coordinates are super-symmetrized and induced spinor field becomes a super-spinor Ψs =
ΨN ON (q, q) with ΨN depending on hs (summation over N is understood).
(a) As in the case of bosonic action the vacuum expectation value gives modified Dirac
action conserving fermion numbers but one could assume that the monomials in the
leptonic (quark) modified Dirac action have either non-vanishing L (B) and vanishing
B (L). It seems that the lepton (baryon -) number of monomials can vary from 1 to
maximum value. A more restrictive condition would be that the value is 1 for all terms.
(b) Super-Dirac spinor is expanded in monomials ON (q, q) of q and its conjugate q, whose
anti-commutator is non-trivial. One can equally well talk about quark like oscillator
operators. The sum Ψ = ΨN ON defining super-spinor field. The multi-spinors ΨN
are functions of space-time coordinates, which are ordinary numbers. Quark oscillator
operators are same as appearing in the imbedding space super-coordinates. Only monomials ON having total quark number equal to 1 are allowed. Super-spinor field however
contains terms involving quark pairs giving rise to spartners of multiquark states with
fixed quark number. The conjugate of super-spinor is defined in an obvious manner.
(c) The metric determinant and modified gamma matrices appearing in the Dirac action
are expanded as Taylor series in hermitian super-coordinate hs + hs with h = hN ON .
This as as in the case of bosonic action.
There are also couplings to gauge potentials defined by the spinor connection of CP2
and the expansion of them with respect to the imbedding space coordinates gives at
the first step rise covariant derivatives of gauge potentials giving spinor curvature. At
next steps one obtains covariant derivatives of spinor curvature, which however vanish
so that the number of terms coming from the dependence of spinor connection on CP2
coordinates is expected to be finite. Constant curvature property of CP2 is therefore be
essential (not that also M 4 would have covariantly constant spinor curvature in twistor
lift and give rise to CP breaking).
√
The super-coordinate expansion of the metric determinant g and modified gamma
α
matrices Γ and covariant derivatives Dα involving dependence on H coordinates give
additional monomials of q parameters appear as hermitian monomials. Classical field
equations correspond to Dα Γα = 0 guaranteeing the hermiticity of D = Γα Dα .
(d) When super-coordinates of H are replaced with ordinary imbedding space coordinates
N
the only Wick contractions are between ON and O in the vacuum expectation of
Dirac action, and the action reduces to super-Dirac action with components satisfying
modified Dirac equation. Propagator is Dirac propagator for all terms and the presence
of only odd components in Ψ with quark number 1 and even components in hs guarantees
that Fermi statistics is not violated at the level of propagators. The dependence on hs
induces coupling between different components of the super-spinor. The components of
super-spinor are interpreted as second quantized objects.
(e) The terms in the action would typically involve n-tuples of partial derivatives Lk1 α1 ...kn 1αn
√
defined earlier for L = g coming from super-Taylor expansions. Similar derivatives
come from the modified gamma matrices Γα .
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Also now one obtains loops from the self contractions in the terms coming from the
expression of action and gamma matrices. These terms should vanish and as already
found this would requires vanishing of currents perhaps identifiable as Noether currents
of symmetries. This guarantees that the Taylor expansion contains only finite number
of terms as required by number theoretic vision.
The multi-fermion vertices defined by the action would be non-trivial but involve always
contraction of all fermion indices between monomials formed from oscillator operators in Ψ
and their conjugates in Ψ if the loop contractions sum up to zero. One could interpret these
supersymmetric vertices as a redistribution of fermions of a local many-fermion state between
external local many-fermion states particles represented by the monomials appearing in the
vertices. The fermions making the initial state would be same as in final state and all distributions of fermion number between sfermion lines would be allowed. The action obtained
by contraction would has SUSY as symmetry but the propagation of different sfermions is
fermionic and does not look like that for ordinary spartners.
The quantum criticality condition q = qs makes the situation non-linear and should fix the
coefficients of various terms in super-Taylor expansions as fixed point values of coupling
constants.
Could super-Kähler action alone give fermionic scattering amplitudes?
The concrete study of the super-counterpart of Kähler action led to a realization of an astonishing possibility: super-Kähler action alone could give also fermionic scattering amplitudes.
(a) In principle this is possible if in S-marix one has contractions of quark creation operator and annihilation operator appearing in quark-antiquark bilinear with different
partonic 2-surfaces. This would give fermionic line connecting the points of the cognitive representation at the boundary of CD with points at partonic 2-surfaces in t = rn
hyper-planes in the interior of CD or at the opposite boundary of CD.
As a matter of fact, this must be the case if the exponent for the sum of super-Kähler
and super-Dirac action gives the scattering amplitudes as its matrix elements! The
reason is that super-Dirac action vanishes or its solutions.
The super-Dirac equation must be however present and corresponding variational principle must be satisfied. The hermiticity of the modified Dirac operator requires the
vanishing of the covariant derivatives of the modified gamma matrices meaning that
bosonic field equations are satisfied. This must be true also for the super variants of
the modified gamma matrices.
If super-Dirac equation is satisfied, the action of modified Dirac operator without connection (ordinary rather than covariant derivative) terms on the discretized quark fields
can be expressed in terms of spinor connection as Γα − s∂α Ψ = Γα
s Aα,s Ψ and there is
no need for explicit information about the behavior of quark field in the nearby points
so that cognitive representation is enough. Otherwise one must have the usual lattice
type discretization.
(b) The super expansion of super-Kähler action contains only ordinary derivatives of 4currents defined by quark bi-linears. If the quark field operators with continuous arguments are behind those with discretized arguments and satisfy modified Dirac equation,
one can transform the action on quark and antiquark fields to a multiplication with
induced gauge potential. This gives nothing but the coupling terms to the gauge potentials in the standard perturbation theory, where one assumes free solutions of Dirac
action as approximate solutions. One therefore obtains on mass shell variant of the perturbation theory! Perturbation theory without perturbation theory, might Wheeler say.
Or more concretely: the fact that one can treat super-coordinates only perturbatively.
(c) The natural guess is that all terms in the expansion of super-Kähler can be transformed
to interaction terms and super-Kähler action gives the analog of perturbation theory as
a discretized version. The leptonic terms associated with (3, 3) term in super-Kähler
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action should transfrom to the analog of interaction terms for leptonic Dirac action.
Whether Kähler gauge potential and spinor connection are developed in super-Taylor
series in ordinary manner or remains an open questions.

9.1.4 What super-Dirac equation could mean and does one need
super-Dirac action at all?
What does super-Dirac equation actually mean? Super Dirac action vanishes on mass shell
and super-Kähler action would give all scattering amplitudes. Are super-Dirac action and
super-spinor field needed at all? Should one interpret the oscillator operators defining analog
of quark field q as the super-Dirac field Ψs as conceptual economy suggests. But doesn’t this
imply q = qs ?
One can consider 3 options as an attempt to answer these questions. Options I and II are
not promising. Option III leads to very nice concrete realization of quantum criticality.
Option I: No super-Dirac action and constant oscillator operators
(a) If oscillator operators can be regarded as constant, the super Taylor expansion for super
Kähler action would give ordinary divergences of the fermionic currents and the action
of derivative would be on modified gamma matrices and charge matrix A commutator
of [Aα , Γα Q] and the outcome would be non-vanishing so that one would obtain the
coupling terms also now. Could the commutator [Aα , Γα ] be interpreted in terms of
gravitational interaction and the commutator [Aα , Q] as electro-weak interaction? In
any case, there would be no need for super-Dirac action!
(b) There is however an objection. Quark oscillator operators are labelled by the points
of cognitive representation and in continuum case they are analogous to the values of
quantized spinor field. Should one identify this spinor field with super-spinor field and
solve it using a generalization of modified Dirac equation to super-Dirac equation? Can
one argue that oscillator operators labelled by points represent superpositions of constant oscillator operators involving integration over 3-D surface at light-cone boundary
and are indeed constant?
This option does not look promising.
Option II: q satisfies ordinary Dirac equation
(a) Could one assume that the solution q0 of ordinary Dirac equation defines the solution
to be used as q in the super-Kähler action. The coupling terms of super-Kähler action
obtained using D0 q0 = 0 would be proportional to the classical spinor connection.
Classical Kähler action does not involve gauge potentials so that internal consistency
would not be lost at this level. The super-variant of Kähler action however involves
derivatives of the analogs of fermion currents and there transformation to purely local
objects requires the introduction of electroweak gauge potentials so that the symmetry
between super-Kähler and super-Dirac would be lost.
(b) This would save from developing gauge potentials Ak to super Taylor series - as found
this would give only 2 terms by the covariant constancy of spinor curvature. The
divergence would reduce to a term involving only a commutator [Aalpha , Q], where Aα
is purely classical. If Q is Kähler charge, this commutator would vanish, which looks
strange since electroweak hyper-charge is proportional to QK . This could be seen as
a failure. If Kähler gauge potential is replaced with its super-variant Aα + Jαl δhls the
commutator is non-vanishing as it should be.
(c) Leptons would not appear in q = q0 but since the exponent of super-Kähler action would
define the scattering amplitudes by the vanishing of (super-)Dirac action, one could say
that leptons emerge as 3-quark composites. SUSY would be dynamical after all!
Mathematically this option looks awkward and must be dropped from consideration.
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Option III: q is a solution of super-Dirac equation
It is best to start from an objection.
(a) Assume that q is given Super-Dirac equation
Ds (q)q = 0 .
This non-linear equation involves powers of q and its conjugate. The problem is that
super-Dirac equation is non-linear in q and there are actually 7 separate equations for
the part of q with quark number one. 7 equations is too much. The only manner to solve
the problem is to replace q with qs to get Ds qs = 0. But this would require replacing q
with qs in Ds (q) and it would seem that one has an infinite recursion.
(b) Could q be self-referential in the sense that one has

qs = q .

(9.1.1)

q would be invariant under iteration q → qs . This would give excellent hopes of fixing
q uniquely. This allows also physical interpretation. The fixed points of iteration give
typically fractals and quantum criticality means indeed fractality. This condition could
therefore realize quantum criticality, and would give hopes about unique solution for
q = qs for given extension of rationals.
Also hs should satisfy similar self-referentiality condition expressing quantum criticality:

hs = (hs )s .

(9.1.2)

The general ansatz for hs involves analogs of electroweak vector currents formed from
quark field and lepton field as its local composites. qs has analogous structure. The
currents contracted with the Hamiltonian vector fields of symplectic transformations of
light-cone boundary appear in the Minkowski salars and have some coefficients having
an interpretation as coupling constants. q = qs condition defining quantum criticality
would fix the values of these coupling parameters for given extension of rationals and
would realize discrete coupling constant evolution.
The general ansatz for hks involves analogs of electroweak vector currents formed from
quark field and lepton field as its local composites. qs has analogous structure. The
currents contracted with the Hamiltonian vector fields of symplectic transformations of
light-cone boundary appear in the Minkowski salars and have some coefficients having
an interpretation as coupling constants. q = qs condition defining quantum criticality
would fix the values of these coupling parameters for given extension of rationals and
would realize discrete coupling constant evolution.
(c) Many consciousness theorists love the idea of self-referentiality described by Douglas
Hofstadter in fascinating manner in his book ”Gödel, Escher, Bach”. They might get
enthusiastic about the naı̈ve identification of qs and hs with field of consciousness. In
TGD inspired theory of consciousness the self-referentiality of consciousness is understood in different manner but q = qs and hs = (hs )s as quantum correlated for the
self-referentiality is certainly a fascinating possibility.
Consider now a more detailed picture.
(a) What does one really mean with qs ? qs could contain parts with quark number 1 and 3
but a very natural requirement is that it has well-defined fermion number and thus has
only a part with quark number 1. The part with quark number 3 is not needed since
super-Kähler action would contain it: leptons would emerge as local 3-quark composites
from super-Kähler action.
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(b) Super-Dirac equation would be given by

Ds (q)q

=

0 ,

Ds (q)

=

Γα,s (q)Dα,s (q) .

(9.1.2)

Ds (q) is super-Dirac operator and
αk
Γα
s = Ts γk

(9.1.3)

are super counterparts of the modified gamma matrices Γα = T αk γk defined by the
contractions of canonical momentum currents of Kähler action with the gamma matrices
γk of H:

Tkα =

∂LK
.
∂(∂α hk )

(9.1.4)

One would have γk,s = γk by covariant constancy. LK denotes Kähler action density,
which is sum of 4-D Kähler action and volume term. The field equations of super Kähler
action give
Dα,s Γα
s =0

(9.1.5)

guaranteeing the hermiticity of the super Dirac operator.
(c) The basic equations would thus reduce to

q = qs ,
Dα,s Γα
s =0 ,
Ds (q)q = 0 .

(9.1.4)

In the continuum case one could think of solving the field equations iteratively.
(a) One would first by solve q = q0 for classical modified Dirac operator D(h0 ) defined by
the ordinary coordinates h0 of H. Next one would solve q1 = q0 + ∆q1 for the super
version D1 = D(q0 ). This would allow to solve next iterate h1 = h0 + ∆h1 using D(q1 ).
One could continue this process in the hope that the iteration converges. At each step
one have group of equations Dn qn = 0 for qn and for hn+1 .
(b) An objection is that the iteration could lead outside the extension of rationals if it
involves infinite number of iterates. This could occur for space-time surface itself if
the normal ordering terms affect the classical action and force to modify the preferred
extremal and also cognitive representation at each step. Remaining inside the extension
of rationals could also mean that the coefficients of the monomials at points of cognitive
representation belong to the extension.
It is not of course completely clear whether these equations make sense in the interior
of CD or can be solved unlike the lowest equation. It however seems that for each
independent monomial mn the equation would be of form D0 mn = ... so that other
terms would define kind of sources term and the equation super-Dirac equation could
be written as non-linear equation D0 q = −∆D(q)q.
(c) Each order of bosonic monomials would give its own group of equations making sense
also for the cognitive representations and the same would be true for quark monomials
and monomials of different orders would be coupled but different quark numbers in q
(quarks and leptons) would decouple. These equations are analogous to those appearing
in QFT in a gauge theory involving gauge fields and fermion fields.
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For cognitive representations the situation is much simpler.
(a) All that is needed is the transformation of the ordinary divergences of fermionic currents
to a form in which derivative ∂α is replaced with the linear action of super-gauge potential Aα,s . Therefore there is no need to solve the non-linear modified Dirac equation in
this case and it would become necessary only at the continuum limit. The full solution
of non-linear super-Dirac equation would be necessary only in the continuum theory.
(b) Could one think that q has vanishing derivatives at the points of cognitive representation:
∂α q = 0 implying Γα Aα q = 0 If the condition holds true then q would be effectively
constant for cognitive representations and the situation would effectively reduce to that
for option I. This condition is is diffeo-invariant but not gauge invariant. If the points of
cognitive representation correspond to singularities of the space-time surface at which
several roots of the octonionic polynomial co-incide, the tangent space at the level of
M 8 parameterized by a point of CP2 is not unique and the singular point is mapped to
several points in H, and the conditions ∂α q = 0 would make sense at the level of M 8 at
least.
(c) If one assumes that the quarks correspond to singular points defined by intersections of
roots also in the continuum case, one obtains discretization also in this case irrespective
of whether one assumes ∂α q = 0 at singularities. Allowing analytic functions with rational Taylor coefficients one obtains also now roots which can be however transcendental
and one can identify intersections of roots in the similar manner.
To sum up, there are many uncertainties involved but to my opinion the most satisfactory
option is Option III. If one assumes that condition at continuum case, one would obtain also
now the discretization.
What information is needed to solve the scattering amplitudes?
One can look the situation also from a more practical point of view. Are there any hopes of
actually calculating something? Is it possible to have the information needed?
(a) The condition that super-Dirac equation is satisfied would remove the need to have a
lattice and cognitive representation would be enough. If the condition ∂α q = 0 holds
true, the situation simplifies even more but this condition is not essential. The condition
that the points of the cognitive representation assignable to quark oscillator operators
correspond to singularities of space-time surface at which several space-time sheets intersect, would make the identification of these points of cognitive representation easier.
Note that the notion of singular point makes sense also at the continuum limit giving
cognitive representation even in this case in terms of possibly transcendental roots of
octonion analytic functions.
If the singular points correspond to solution to 4 polynomial conditions on octonionic
polynomials besides the 4 conditions giving rise to the space-time surfaces. The intersections for two branches representing two roots of polynomial equation for space-time
surface indeed involve 4 additional polynomial conditions so that the points would have
coordinates in an extension of rationals, which is however larger than for the roots
t = rn . One could of course consider an additional condition requiring that the points
belong to the extension defined by rn but this seems un-necessary.
The octonionic coordinates used at M 8 -side are unique apart from a translation of real
coordinate and value of the radial light-like coordinate t = rn corresponds to a root of
the polynomial defining the octonionic polynomial as its algebraic continuation. At this
plane the space-time surfaces corresponding to polynomials defining external particles as
space-time surfaces would intersect at partonic 2-surfaces containing the shared singular
points defined as intersections.
(b) The identification of cognitive representations goes beyond the recent knowhow in algebraic geometry. I have considered this problem in [L65] in light of some recent number
theoretic ideas. If the preferred extremals are images of octonionic polynomial surfaces
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and M 8 − H duality the situation improves, and one might hope of having explicit representation of the images surfaces in H-side as minimal surfaces defined by polynomials.

9.1.5 About super-Taylor expansion of super-Kähler and super-Dirac
actions
The study of the details of of the general vision reveals several new rather elegant features
and clarifies the connections with QFT picture.
About the structure of bosonic and fermionic monomials
The super part of the imbedding space coordinates is H-vector and this allows to pose strong
conditions on the form of the monomials.
(a) One can construct the simplest monomials as bilinears of quarks and anti-quarks. Since
oscillator operators are analogs of quark fields, one can construct analogs of left- and
right-handed electroweak currents q(1 ± γ5 )γ k Qq involving charge matrix Q naturally
assignable to electroweak interactions. The charge matrices Q should reflect the structure of CP2 spinor connection so that analogs of electroweak currents would be in
question. One can multiply the objects Hamiltonians HAA of the isometries and even
symplectic transformations at the boundary of CD.
(b) One can obtain higher monomials of q and q by multiplying these vectorial currents by
bi-linears, which are scalars and pseudo-scalars obtained by contracting some symmetry
k
k
of H with gamma matrices of H to give q(1 ± γ5 )jA
Qγk q giving
related vector field jA
rise to analogs of scalar and pseudoscalar Higgs. The Killing vector fields of isometries
of H and symplectic vector fields assignable to the Hamiltonians of δCD × CP2 are a
k
.
natural choice for jA
One can construct also scalar currents for which gamma matrices contract with gradient
of Hamiltonian to give q(1 ± γ5 )γ k ∂k HA Qγk q as kind of duals of symplectic currents.
These do not define symplectic transformations.
These vector fields make sense at the boundaries of CD and this is enough (they could
make sense also at shifted boundaries) since the field equations would allow to express
monomials as linear superpositions of the monomials at boundary of CD. Oscillator
would always be assigned with the boundaries of CD.
(c) If the spin of graviton is assigned with spinor indices, the vector nature of the monomials
excludes the analog of graviton. One can however consider also the possibility that the
second spin index of graviton like state corresponds to the Hamilton of a symplectic
isometry of S 2 : for small enough size scales of CD this angular momentum would look
like spin. In CP2 degrees this would give rise to an analog of gluon. Also gluon with
spin zero would be obtained.
An alternative option is to assume that graviton corresponds to a non-local state with
vectorial excitations at opposite throats of wormhole contact or at different wormhole
contacts of closed flux tube. All these states are in principle possible and the question
is which of them correspond to ordinary gravitons.
The super counterpart of Dirac spinor consists of odd monomials of quark spinor. Welldefined fermion number allows only monomials with quark number 1 and with definite Hchirality. Quark spinors allow leptons like stats as local 3-quark composites appearing in the
super-Kähler action determining the scattering amplitudes since super-Dirac action vanishes
at mass shell.
(a) In the bosonic case one has vectorial entities and now it is natural to require that one has
an object transforming like spinor of H. This poses strong conditions on the monomials
since one should have spin 1/2-isospin 1/2 representation.
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(b) The lowest monomial correponds to quark-antiquark current. What about leptonic
analog. The number of oscillator operators at given point is 4+4=8. Leptonic part of
super-Kähler action must have 3+3 indices. Therefore also leptonic bilinear seems to
be possible and pairs of quarks and lepton like states are possible.
Intuitively it is clear that leptonic term exists and corresponds to an entity completely
antisymmetric in spin-isospin index pairs (s3 , i3 ) of quark spinors. The construction of
baryons without color symmetry indeed gives proton and neutron. In order to obtain
∆ resonance from u and d quarks, one must have color degrees of freedom and perform
anti-symmetrization in these.
The general condition is that the tensor product of 3 8-D spin representation of SO(1, 7)
contains 8-D representation in its decomposition. The existence of lepton representation
is clear from the fact that the completely antisymmetric representation formed from
4 quarks is SO(1, 7) singlet and is product of lepton representation with 3 fold tensor
product which must therefore contain spin-isospin 4-plet . The coupling to Kähler gauge
potential would correspond to leptonic coupling, which is 3 times the quark coupling.
(c) Quarks and lepton monomials have also satellites obtained by adding scalars and pseudoscalars constructible as quark-anti-quark bi-linears in the manner already discussed. The
interpretation as analogs of Higgs fields might make sense.
Normal ordering terms from contractions of oscillator operators
Normal ordering terms from contractions of oscillator operators is a potential problem. In
the discretization based on cognitive representations this problem disappears.
(a) Contraction terms could induce discrete coupling constant evolution by renormalizing
the local monomials. Infinite number these terms would spoil number theoretical vision
since a sum over infinite number of terms in general leads outside the extension of
rationals involved. If the number of contractions is finite, there are no problems. This
is the case in the number theoretical vision since contraction involves always a pair of
points. If the rule for construction of S-matrix holds true these points are at opposite
boundaries of CD. In the general case they can be at the same boundary. The number of
contracted points cannot be larger than the number of points in cognitive representation,
which is finite in the generic situation.
This would give discrete coupling constant evolution as function of extension of rationals since the contractions renormalize the coefficients of the 4+4 terms in the local
composites of oscillator operators. The original proposal that additional symmetries
are needed to obtain discrete coupling constant evolution is not needed.
(b) One could argue that algebraic numbers as a limit for extension is enough to get the
continuum limit since the points of cognitive representation would be dense subset of
3-surface. For continuum theory 3-D delta functions would replace Kronecker deltas in
anti-commutators implying in ordinary QFT divergences coming as powers of 3-D delta
function at zero.
In the proposed vision one can allow contractions even in the continuum case. The
monomials in the interior are linear multilocal composites of those at either boundary
of CD involving 3-D integration over boundary points. Contractions associated with two
monomials in the interior means an appearance of delta function cancelling the second
integration so that there is no divergence.
About the super-Taylor expansions of spinor connection and -curvature
There are also questions related to the details of the expansion of of spinor connection and
-curvature in powers of monomials of quark oscillator operators.
(a) The rule is that one develops Kähler function as Taylor series with argument shifted
by super-part of the super-coordinate. This involves expansion in powers of coordinate
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gradients and also the expansion of Kähler gauge potential. In the case of modified
Dirac action one must expand also the spinor connection of CP2 .
A potential problem is that the Taylor expansions of Kähler gauge potential and spinor
connection have infinite number of terms. Since the monomials in the interior can be
expressed linearly in terms of those at boundary of CD by classical field equations,
number theoretic discretization based on cognitive representation implies that only a
finite number of terms are obtained by using normal ordering and the fact that the
number of oscillator operators at same point is 4+4=8. Normal ordering terms would
represent radiative corrections giving rise to renormalization depending on the extension
of rationals.
(b) Is this enough or should one modify the Taylor expansion of Kähler gauge potential
A? The idea that Ak dhk is the basic entity suggests that one must form super Taylor
series for both Ak and dhk . This would give Ak dhk → Ak ∂k δhk + Al ∂( δhl ))dhk . By
performing an infinitesimal super gauge transformation Al → Al +∂l (Al δhk ) one obtains
Ak → Ak + Jkl ∆hks , where ∆hks denotes super part of super-coordinate. The next term
would vanish by covariant constancy of Jkl .
The same trick could be applied to spinor connection and since also spinor curvature
is covariantly constant, one would obtain only 2 terms in the expansion also in the
continuum case. This provides an additional reason for why S (= CP2 ) must be constant
curvature space.
This applies also to M 4 : in fact, twistor approach strongly suggests that also M 4 has
the analog of covariantly constant Kähler form. This conforms with the breakdown
of Poincare symmetry at M 8 level forced by the selection of the octonion structure.
Poincare invariance is gained by integrating over the moduli space of octonion structures
in the construction of scattering amplitudes. What is remarkable that one could use the
irreps of Lorentz group at boundaries of CD, which for obvious reasons are much more
natural than than those of Poincare group.
(c) In the case of imbedding metric the same trick would give only the c-number term and
only the gradients of imbedding space coordinates would contribute to the super counterpart of the induced metric. In this case general gauge super-coordinate transformation
would allow to treat the components of metric as constants.
What is the role of super-symplectic algebra?
This picture is not the whole story yet. Super-symplectic approach predicts that the supersymplectic algebra (SSA) generated essentially by the Hamiltonians of S 2 ×CP2 assignable to
the representations of SO(3) × SU (3) localized with the respect to the light-like radial coordinate of light-cone boundary characterize the states besides electro-weak quantum numbers.
Color quantum numbers would correspond to Hamiltonians in octet representation. This
would predict huge number of additional states.
There are however gauge conditions stating that sub-algebra of SSA having radial conformal
weights coming as n-ples of SSA and isomorphic to SSA and its commutator with SSA
annihilate physical states. This reduces the degrees of freedom considerably but the number
of symplectic Hamiltonians is still infinite: measurement resolution very probably makes this
number to finite.

9.2

Other aspects of SUSY according to TGD

In this section other aspects of SUSY according to the present proposal are discussed.

9.2.1

M 8 − H duality and SUSY

M 8 − H duality and hef f /h0 = n hypothesis pose strong constraints on SUSY in TGD sense.
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(a) hef f /h0 = n interpreted as dimension of extension of rationals gives constraints. Galois
extensions are defined by irreducible monic polynomials P (t) extended to octonionic
polynomials, whose roots correspond to 4-D space-surfaces and in special case 6-spheres
at 7-D light-cones of M 8 taking the role of branes.
The condition that the roots of extension defined by Q are preserved for larger extension
P ◦ Q is satisfied if P has zero as root:
P (0) = 0 .
This simple observation is of crucial importance, and suggests an evolutionary hierarchy
P ◦ Q with simplest possible polynomials Q at the bottom of the hierarchy are very
naturally assignable to elementary particles. These polynomials have degree two and
are of form Q = x2 ± n. Discriminant equals to D = 2n and has the prime factors of n
as divisors defining ramified primes identified as p-adic primes assignable to particles.
Remark: Also polynomials P (t) = t − c are in principle possible. The corresponding
space-time surfaces at the level of H would be M 4 and CP2 and they are extremals of
Kähler action but do not have particle interpretation.
It turns out the normal ordering of oscillator operators renormalizes the coefficients of
P . In particular P can be shifted by a constant term and this deforms the roots of
the real polynomial. Also the action principle to be discussed allows RE(P ) = c and
IM (P ) = c surfaces as solutions.
(b) The key idea is that the powers on of octonion are associative. If the coefficients of
P (o) are real or possibly even complex rationals m + in commuting with octonions,
associativity is not lost. Octonion o would be replaced by super-octions os with (possibly
complex-) rational coefficients. os is octonion shifted by oscillator operator polynomial
analogous to a real number. The conjugate octonion o would be treated analogously.
Associativity would be preserved.
(c) One could assign oscillator operators to both leptons and quarks but the option identifying leptons as local 3-quark local composites and in this sense spartners of quarks
allows only baryon number zero composites of quarks and anti-quarks to appear in
the octonionic polynomial, which is also hermitian. This would conform with SO(1, 7)
triality.
Remark: Anti-leptons are spartners of quarks in the sense of being their local composites but not in the sense that they would appear as local composites in qs . Leptonic
currents can appear in super-Kähler action so that anti-leptons are spartners of quarks
in this sense.
Oscillator operators would transform like components of 8-D spinor resp. its conjugate and have interpretation as quark resp. anti-quark like spinors. SO(1, 7) triality
allows only leptonic or quark-like spinors and quark-like spinors are the only physical
choice. Also the super-quark qs which must satisfy self-referential condition qs = q must
have components behaving like 8 − D spinors with quark number 1. os should satisfy
analogous condition os = (os )s .
(d) Super-polynomial Ps (o) would be defined by super-analytic continuation as P (os ) by
Taylor expanding it with respect to the super-part of os . The outcome is superpolynomial with coefficients of oscillator operator monomials containing k quark-antiquark
pairs given by ordinary octonionic polynomials Pn−k (o). Each Pn−k (o) obtained by algebraically continuing the k:th derivative of the real polynomial P (t) would define 4-surface
by requiring that the imaginary or real part of Pn−k (o) (in quaternionic sense) vanishes
or is constant. Normal ordering of oscillator operators renormalizes the coefficients of
Pn−k . The interpretation would be as radiative corrections.
Octonionic super-polynomials obtained from octonionic polynomials of degree n as
super-Taylor series decompose to a sum of products of octonionic polynomials Pk (o)
with degree k = n−d with oscillator operator monomials consisting of d quark-antiquark
pairs. If the degree n of the octonionic polynomial is smaller than the maximal number
N = 4 of oscillator operator pairs in super-polynomial, only a fraction of spartners are
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possible. SUSY is realized only partially and one can say that part of spartners are
absent at the lowest levels of evolutionary hierarchy. At the lowest level of hierarchy
corresponding to n = 2 only fermions (quarks) would be present as local states and
would form non-local states such as baryons and mesons. Gauge bosons and Higgs like
state would be bi-local states and graviton 4-local state.
Remark: Gauge bosons and Higgs like states as local fermion-anti-fermion composites
at level n = 2 × 2. For the option involving only quarks (color is not spin like quantum
number). Note that the value of n0 = 3 × 2 = 6 in h = n0 × h0 suggested by the findings
of Randel Mills [L31, L52] would allow the known elementary particles.
(e) The geometric description of SUSY would be in terms of super-octonions and polynomials and the components of SUSY multiplet would correspond to components of a
real polynomial continued to that of super-octonion and would in general give rise to
minimal space-time surfaces as their roots: one space-time sheet for each component of
the super-polynomial.
The components would have different degrees so that the minimal extensions defined
by the roots would be different. Therefore also the p-adic primes characterizing corresponding particles could be different as ramified primes of extension and in p-adic
mass calculations this would mean different p-adic mass scales and breaking of SUSY
although the mass formulas would be same for the members of SUSY multiplet. The
remaining question is how the ramified prime defining the p-adic prime is selected. The
components of super-polynomial would have different degrees so that the extensions
defined by the roots would be different. Therefore also the p-adic primes characterizing
corresponding particles would be different as ramified primes of extension and in p-adic
mass calculations this would mean different p-adic mass scales and breaking of SUSY
although the mass formulas would be same for the members of SUSY multiplet. The
remaining question is how the ramified prime defining the p-adic prime is selected.

9.2.2 Can one construct S-matrix at the level of M 8 using exponent
of super-action?
The construction of S-matrix in H picture in terms of exponential of action defining Kähler
function of WCW forces to ask whether M 8 really is an alternative picture as the term
“duality” would suggest or is it only part of a description necessitating both M 8 and H. If
the duality holds true in strict sense the proposed construction of S-matrix at the level of H
should make sense also at the level of M 8 . Is this possible at all or could it be that S-matrix
emerges the level of H and that M 8 level provides only a tool to describe preferred extremals
in H by using what I have called M 8 duality? In the sequel I will look what one obtains if
the duality holds true in strict sense.
(a) The original idea was to identify space-time-surfaces in M 8 as roots of polynomial
equations generalizing ordinary polynomial conditions. Could this makes sense also
when octonions are replaced by super-octonions and what super-octonions and quark
oscillator operators could mean?
(b) The oscillator operators are interpreted as a discretized version of second quantized
quark field q allowing local composites of q defining analogs of SUSY multiplets. One
can indeed define second quantization for cognitive representations also now. Quark
oscillator operators
would be analogs of complex coefficients commuting with octonionic
√
units (i = −1 commute with them). The gamma matrices appearing in the quarkantiquark bi-linears would be ordinary gamma matrices of M 8 .
Remark: I have also considered the possibility that M 8 spinors correspond to octonionic spinors with octonionic units defining sigma matrices.
(c) One could define simplest contribution the octonionic super-coordinate os as sum of M 8
octonion and super-part defined as contraction of 8-component quark current qγ k q with
contracted with octonionic units ek to give ∆os = qγ k Qqek . Charge matrices Q are
linear combinations of sigma matrices of M 8 in the currents. Gamma matrices should
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be ordinary gamma matrices and q would transform like ordinary M 8 spinor. The entity
os = o + ∆os would replace octonionic coordinate o in polynomial equations expressing
the vanishing of the real or imaginary part (in quaternionic sense) for P (0s ).
The contractions of Killing vector fields of translations with gamma matrices would give
scalars j k γk giving in turn scalars S = qj k γk Qq and these could be used to build higher
monomials. Octonion analyticity in the proposed sense does not allow to use Killing
vector fields of rotations and symplectic currents. On the other hand, for cognitive representations these vector fields are restricted to single point of cognitive representation:
could this mean that one can allow also the more general scalars.
Leptons should emerge from os . This is the case if one allows also higher monomials
in os . Also leptonic tri-linears and their conjugate could be built and these would give
leptonic bi-linears Lγ k QL. Therefore all (covariantly) constant contributions to superoctonion are possible. The coefficients of various monomials in os would be derivatives
of polynomial P since they are obtained as super-Taylor series and the coefficients of
these polynomials would have interpretation as coupling constants.
(d) At the level of H one can construct much larger number of monomials of quark oscillator operators transforming like vector in H. The scalars and pseudo-scalars constructed from the Killing vector fields and symplectic currents can be used to build
higher monomials. At the level of H the super-symplectic Hamiltonian currents except
those associated with isometries could however annihilate physical states.
The quark currents defined by symplectic isometries are however not constant so that
there seems to be a slight inconsistency. Could one assume that also color isometries at
the level of H annihilate states quite generally as also S 2 isometries associated with the
4
“heavenly” sphere S 2 in the decomposition δM+
= S 2 × R+ ? Or can one argue that
the restriction to translations is enough because one considers only points of cognitive
representation?
(e) What about quantum super-spinors qs (analog of quantized quark field). q would be
ordinary rather than octonionic spinor. qs would be constructed using q and the scalars
already discussed. These monomials would carry information about couplings constants.
If they are identifiable as the spinors appearing in os , one must have q = qs realizing
quantum criticality in quark sector. This would pose strong conditions on the coefficients
of the monomials appearing in q interpreted as coupling constants. The conditions would
depend on the extension of rationals defined by the polynomia P (o).
The discretization by cognitive representations at the level of H is made possible by
super-Dirac equation. At M 8 level there is no need to get rid of partial derivatives
acting on currents and super-Dirac equation is not needed.
(f) The polynomial equations are purely local algebraic equations and the notions of propagation and boundary value problem do not make sense at the level of M 8 . M 8 − H
correspondence should lead to the emergence of these notions by mapping surfaces to
minimal surfaces natural by quantum criticality. Octonion analyticity and associativity
of tangent or normal space inducing dynamics should induce M 8 analog of propagation.
Could one imagine a counterpart for the action exponential and a construction of S-matrix
similar to that in the case of H?
(a) The action principle should be purely local involving no derivatives of the super-octonionic
polynomial P (os ). It should produce RE(P ) = 0 and IM (P ) = 0 as solutions. One
might allow also solution RE(P ) = c, where c is rational number. This would shift
of the real polynomial continued algebraically to octonionic polynomial modifying the
roots. One should obtain also 6-spheres as universal solutions and identifiable as subsets
of 7-D light cones. Now one would have IM (P ) = 0, RE(P ) = c modifying the roots
t = rn defining hyper-surfaces in M 4 .
(b) Action should be sum over contributions over the points of cognitive representation,
perhaps identifiable as the set of singular points at which two roots co-incide.
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i. Could one minimize the action with respect to the components of RE(P ) or IM (P )?
If this were the case one obtains one would have either RE(P ) = 0 or IM (P ) = 0.
Surfaces with associative tangent and normal space should have different action and
this does not look nice.
ii. Could one require stationarity of the action with respect to the small deformations of
the points of cognitive representation so that they would represent local extrema of
action density? These points indeed change, when the polynomial is modified. Since
only the deformations of these points are the visible trace of variation for cognitive
representations, one could require that the value of action is stationary against these
variations rather than variations of the values of RE(P ) and or IM (P ). This would
give rise a condition involving derivatives of RE(P ) and IM (P ) at singular points
with respect to space-time components of octonion. This option will be considered
in the sequel.
(c) The action density should be finite, and allow both solution types. One can imagine
two options.
Option I: If one requires that the action density is dimensionless, the simplest guess
for the “action density” L is
L=

(RE, IM )
,
[(RE, RE) + (IM, IM )]

where one has RE ≡ RE(P (o)) and IM ≡ IM (P (o)) and the inner product is quaternionic inner product. The problem is that denominator gives infinite series giving rise
to infinite number of normal ordering terms which may lead out of extension. For
exceptional solutions RE = 0, IM = 0 the denominator also diverges.
Option II: The alternative avoiding these problems is analogous to the action density
of completely local free field theory given by

L = K(RE, IM ) .

(9.2.1)

K is constant with dimensions of inverse length squared and should relate to the CP2
length squared. This is not dimensionless but can remain bounded if the quantity
(RE, IM ) remains bounded for large values of (RE, RE) + (IM, IM ).
(d) For Option I L is a generalization of conformally invariant action from 2-D complex
case, in which L reduces to L = w1 w2 /(w12 + w22 ) = sin(φ)cos(φ), w1 = Re(w(z)),w2 =
Im(w(z)). (φ) is the conformally invariant direction angle associated with w.
The variation of 2-D action with respect to position of the point of cognitive representation gives
[(∂u w1 w2 + w1 ∂u w2 )(w12 + w22 ) + w1 w2 (w1 ∂u w1 + w2 ∂u w2 )]
, u ∈ {x, y} .
(w12 + w22 )2
The general solutions are wi = ci 6= 0, where ci are constant rational numbers.
The criticality of the action density (maybe it could be seen as a manifestation of
quantum criticality) is essential and means that the graph of L as function of w1 and
w2 is analogous to saddle w1 w2 /((w12 +w22 ). The condition that L is well-defined requires
c1 6= 0. c1 could in principle depend on point of cognitive representation. Option II
gives the same equations in complex case.
(e) For Option II one obtains 8 equations in the octonionic case and the outcome is that
the derivatives of RE or IM or both with respect to components of o vanish. One can
have RE(P (o)) = c1 6= 0 or IM (P (o)) = c2 6= 0, where ci is rational. Both conditions
are true for the special 6-D solution at 7-D light-cone boundary. Also now both options
give the same equations.
What about the super variant of the variational principle?
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(a) Super-Taylor expansion must be carried out and normal ordering reduces the action
to 5 independent terms according to the number k ∈ {0, ..., 4} of quark pairs involved.
It seems that only Option II is free of number theoretical problems due to normal
ordering. Also in this case one has renormalization corrections to various terms in RE
and IM . Inner product does not however give rise to additional terms. The degree of
the polynomial Pn−k (os ) is equal to n−k and decreases as the degree h of the monomial
increases and normal ordering terms are present.
P
(b) One can decompose action action density as L =
Lk corresponding to different numbers k of quark pairs. The stationarity conditions hold true for the polynomial coefficient
Pn−k (o) of each oscillator operator monomial appearing in RE and IM . One has both
RE(Pn−k ) = ck 6= and IM (Pn−k ) = ck 6= 0 options. Both conditions are true for the
special solutions. Without further conditions the option can depend on k and on the
point of cognitive representation. ck 6= 0 for some values of k guarantees that L to be
non-vanishing so that the exponential of S can define a non-trivial S-matrix.
Since an approximation of continuous case should be in question, the options should
be same all points of the cognitive representation. In the lowest order approximation
one obtains k = 0 solution obtained without super-symmetry. Normal ordering terms
however modify the coefficients of P (o) so that this solution is not exact.
(c) Each monomial Pn−k (o) defines its own space-time surface and conditions should hold
true independently for each super-component Lk . Second option would be to consider
vacuum expectation value of the action in which case one would have only single surface.
(d) One would have purely local free field theory and the construction of S-matrix would
be extremely simple. One could introduce CDs and the identification of hermitian
conjugates of fermionic oscillator operators labelled by points at given boundary of
CD as creation operators at time reflected points at opposite boundary. If one can
talk about sub-CDs assignable to partonic 2-surfaces in M 8 picture one obtains similar
identification for them. Also leptons would emerge from S-matrix.
To sum up, the second trial has a generalization although octonionic picture allows only the
Killing vectors of translations of E 8 in the construction of os and qs . The action principle
replaces the earlier ansatz with solution in which one has roots of polynomials of RE(P ) and
IM (P ) shifted by rational number. Also a renormalization of P takes place.

9.2.3 How the earlier vision about coupling constant evolution would
be modified?
In [L61, L55] I have considered a vision about coupling constant evolution assuming twistor
space T (M 4 ) = M 4 × S 2 . In this model the interference of the Kähler form made possible by
the same signature of S 2 (M 4 ) and S 2 (CP2 ) gives rise to a length scale dependent cosmological
constant appearing defining the running mass squared scale of coupling constant evolution.
For T (M 4 ) identified as CP3 (3, h) the signatures of twistor spheres are opposite and Kähler
forms differ by factor i (imaginary unit commuting with octonion units) so that the induced
Kähler forms do not interfere anymore. The evolution of cosmological constant must come
from the evolution of the ratio of the radii of twistor spaces (twistor spheres). This forces to
modify the earlier picture.
(a) M 8 − H duality has two alternative forms with H = CP2,h × CP2 or H = M 4 × CP2
depending on whether one projects the twistor spheres of CP3,h to CP2,h or M 4 . Let
us denote the twistor space SU (3)/U (1) × U (1) of CP2 by F .
(b) The key idea is that the p-adic length scale hierarchy for the size of 8-D CDs and
their 4-D counterparts is mapped to a corresponding hierarchy for the sizes of twistor
spaces CP3,h assignable to M 4 by M 8 − H-duality. By scaling invariance broken only
by discrete size scales of CDs one can take the size scale of CP2 as a unit so that
r = R2 (S 2 (CP3,h )/R(S 2 (F )) becomes an evolution parameter.
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Coupling constant evolution must correspond to a variation for the ratio of r = R2 (S 2 (CP3,h )/R(S 2 (F ))
and a reduction to p-adic length scale evolution is expected. A simple argument shows
that Λ is inversely
proportional to constant magnetic energy assignable to S 2 (X 4 ) dip
2
vided by 1/ g2 (S ) in dimensional reduction needed to induce twistor structure. Thus
one has Λ ∝ 1/r2 ∝ 1/L2p . Preferred p-adic primes would be identified as ramified
primes of extension of rationals defining the adele so that coupling constant evolution
would reduce to number theory.
(c) The induced metric would vanish for R(S 2 (CP3,h ) = R(S 2 (F )). Λ would be infinite at
this limit so that one must have R(S 2 (CP3,h ) 6= R(S 2 (F )). The most natural assumption is that one R(S 2 (CP3,h ) > R(S 2 (F )) but one cannot exclude the alternative option.
Λ behaves like 1/L2p . Inversions of CDs with respect to the values of the cosmological
time parameter a = Lp would produce hierarchies of length scales, in particular p-adic
√
length scales coming as powers of p. CP2 scale and the scale assignable to cosmological constant could be seen as inversions of each other with respect to a scale which is
of order 10−4 meters defined by the density of dark energy in the recent Universe and
thus biological length scale.
(d) The original model for the length scale evolution of coupling parameters [L61] would
reduce to that along paths at S 2 (CP2 ) and would depend on the ends points of the
path only. This picture survives as such. Also in the modified picture the zeros of
Riemann zeta could naturally correspond to the quantum critical points as fixed points
of evolution defining the coupling constants for a given extension of rationals.
Space-time surfaces the level of M 8 would be determined by octonionic polynomials
determined by real polynomials with rational coefficients. The non-critical values of
couplings might correspond to the values of the couplings for space-time surfaces associated with octonion analytic functions determined by real analytic functions with
rational Taylor coefficients.

9.2.4

How is the p-adic mass scale determined?

p-Adic prime identified as a ramified prime of extension of rationals is assumed to determine
the p-adic mass scale. There are however several ramified primes and somehow the quantum
numbers of particle should dictate with ramified prime is chosen. There are two options
to consider depending on whether both the extension and ramified prime are same for all
spartners Option 1) or whether spartners can have different ramified primes (Option 2)).
There also options depending on whether both leptons and quarks appear in their own
super-Dirac actions (Option a) or whether only quarks appear in super-Dirac action (Option
b implied by quark number conservation) . Call the 4 composite options Option 1a), 2a),
1b), 2b) respectively.
(a) Consider first Options 1a) and 1b). The ramified prime is same for all states corresponding to the same degree of θ monomial and thus same value of F + F . At the
lowest k = 2 level containing only fermions as local states the p-adic thermal masses
of quarks and leptons are same for Option 1a) at least for single generation and for all
generations if Q2 does not depend on the genus g of the partonic 2-surface. For Option
1b) the masses would not be same for leptons and quarks since they would correspond to
different degrees of super-octonionic polymials. For both options would have n = n(g).
(b) For Option 2 ramified prime depends on the state of the SUSY multiplet. This would
require that for fermions with k = 2 the integer n in Q2 (x) = x2 ± n has the p-adic
primes assignable to leptons and quarks as factors.
There are 6 different quarks and 6 different leptons with different p-adic mass scales.
For Option 2a) n should have 12 prime factors which are near to power of 2. For leptons
the factors correspond to Mersenne primes Mk , k ∈ {107, 127} and Gaussian Mersenne
k = 113. Gaussian Mersenne is complex integer. TGD requires complexification of
octonions with imaginary unit i commuting with octonionic units so that also Gaussian
primes are possible. This would resolve the question whether P (t) can have complex
coefficients m + in.
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For option 2b) quarks and leptons as local proton and neutron would have different
extensions since the polynomials would be different. The p-adic primes for 6 quark
states quarks would depend on genus. The value of n need not depend on genus g since
the ramified primes p depends on g: p = p(g).
Since the polynomials describing higher levels of the dark hierarchy would be composites
P ◦ Q2 with P (0) = 0, Q2 would be a really fundamental polynomial in TGD Universe.
For Option 2b) it would be associated with quarks and would code for the elementary
particles physics. The higher levels such as leptons would represent dark matter levels.
(c) The crucial test is whether the mass scales of gauge bosons can be understood. If one
assumes additivity of p-adic mass squares so that the masses for 2-local bosons would
be p-adically sums of mass squared at the “ends” of the flux tube. If the discriminant
D = 2n of Q2 contains high enough number of factors this is possible. The value of the
factor p for photon would be rather larger from the limits on photon mass. For graviton
the value p would be even larger.
To sum up, the vision about dark phases suggests that the monopole phase is possible already
for the minimal value n = 2 involving only fundamental quarks for Option 2b), which is the
simplest one and could solve the probelm of matter antimatter asymmetry. Bosons and
leptons as purely local composites of quarks are possible for n = 6. Rather remarkably, also
empirical constraints [L31, L52] led to the conclusion h = 6h0 . The condition is actually
weaker: h/h0 mod 6 = 0.

9.2.5

Super counterpart for the twistor lift of TGD

Twistor lift of TGD is now relatively well understood. I have made somewhat adhoc attempts
to construct TGD analog of the Grassmannian approach so super-twistors. The proposed
formalism for constructing scattering amplitudes seems to generalize as such to the twistor
lift of TGD.
Could twistor Grassmannian approach make sense in TGD?
By M 8 − H duality [L39] there are two levels involved: M 8 and H. These levels are encountered both at the space-time level and momentum space level. Do super-octonions and
super-twistors make sense at M 8 level?
(a) At the level of M 8 the high uniqueness and linearity of octonion coordinates makes
the notion of super-octonion natural. By SO(8) triality octonionic coordinates (bosonic
octet 80 ), octonionic spinors (fermionic octet 81 ), and their conjugates (anti-fermionic
octet 8−1 ) would for triplet related by triality. A possible problem is caused by the
presence of separately conserved B and L. Together with fermion number conservation
this would require N = 4 or even N = 4 SUSY, which is indeed the simplest and most
beautiful SUSY.
(b) At the level of the 8-D momentum space octonionic twistors would be pairs of two
quaternionic spinors as a generalization of ordinary twistors. Super octo-twistors would
be obtained as generalization of these.
Also Grassmannian is replaced with super-Grassmannian and super-coordinates as matrix
elements of super matrices are introduced.
(a) The integrand of the Grassmannian integral defining the amplitude can be expanded in
Taylor series with respect to θ parameters associated with the super coordinates C as
rows of super G(k, n) matrix.
(b) The delta function δ(C, Z) factorizing into a product of delta functions is also expanded
in Taylor series to get derivatives of delta function in which only coordinates appear. By
partial integration the derivatives acting on delta function are transformed to derivatives
acting on integrand already expanded in Taylor series in θ parameters. The integration
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over the θ parameters using the standard rules gives the amplitudes associated with
different powers of θ parameters associated with Z and from this expression one can
pick up the scattering amplitudes for various helicities of external particles.
The super-Grassmannian formalism is extremely beautiful but one must remember that one
is dealing with quantum field theory. It is not at all clear whether this kind of formalism
generalizes to TGD framework, where particle are 3-surfaces [L39]. The notion of cognitive
representation effectively reducing 3-surfaces to a set of point-like particles strongly suggests
that the generalization exists.
The progress in understanding of M 8 − H duality throws also light to the problem whether
SUSY is realized in TGD and what SUSY breaking does mean. It seems now clear that sparticles are predicted and SUSY remains in the simplest scenario exact but that p-adic thermodynamics causes thermal massivation: unlike Higgs mechanism, this massivation mechanism
is universal and has nothing to do with dynamics. This is due to the fact that zero energy states are superpositions of states with different masses. The selection of p-adic prime
characterizing the sparticle causes the mass splitting between members of super-multiplets
although the mass formula is same for all of them.
The increased undestanding of what twistorialization leads to an improved understanding of
what twistor space in TGD could be. It turns out that the hyperbolic variant CP3,h of the
standard twistor space CP3 is a more natural identification than the earlier M 4 × S 2 also in
TGD framework but with a scale corresponding to the scale of CD at the level of M 8 so that
one obtains a scale hierarchy of twistor spaces [L71]. Twistor space has besides the projection
to M 4 also a bundle projection to the hyperbolic variant CP2,h of CP2 so that a remarkable
analogy between M 4 and CP2 emerges. One can formulate super-twistor approach to TGD
using the same formalism as will be discussed in this article for the formulation at the level
of H. This requires introducing besides 6-D Kähler action and its super-variant also spinors
and their super-variants in super-twistor space. The two formulations are equivalent apart
from the hierarchy of scales for the twistor space. Also M 8 allows analog of twistor space as
quaternionic Grassmannian HP3 with signature (6,6). What about super- variant of twistor
lift of TGD? consider first the situation before the twistorialization.
(a) The parallel progress in the understanding SUSY in TGD framework [L69] leads to
the identification of the super-counterparts of M 8 , H and of twistor spaces modifying
dramatically the physical interpretation of SUSY. Super-spinors in twistor space would
provide the description of quantum states. Super-Grassmannians would be involved with
the construction of scattering amplitudes. Quaternionic super Grassmannians would be
involved with M 8 description.
(b) In fermionic sector only quarks are allowed by SO(1, 7) triality and that anti-leptons are
local 3-quark composites of quarks. Gauge bosons, Higgs and graviton would be also
spartners and assignable to super-coordinates of imbedding space expressible as superpolynomials of quark oscillator operators. Super-symmetrization means also quantization of fermions allowing local many-quark states.
(c) SUSY breaking would be caused by the same universal mechanism as ordinary massivation of massless states. The mass formulas would be supersymmetric but the choice
of p-adic prime identifiable as ramified prime of extension of rationals would depend
on the state of super-multiplet. ZEO would make possible symmetry breaking without
symmetry breaking as Wheeler might put it.
Super-counterpart of twistor lift using the proposed formalism
The construction of super-coordinates and super-spinors suggests a straightforward twistorialization. One would only replace the super-imbedding space and super-spinors with supertwistor space and corresponding super-spinors. Dimensional reduction should give essentially
the 4-D theory apart from the variation of the radius of the twistor space predicting variation of cosmological constant. The size scale of CD would correspond to the size scale of the
twistor space for M 4 and for CP2 the size scale would serve as unit and would not vary.
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(a) Replace the coordinates of twistor space with superspinors expressed in terms of quark
and anti-quark spinors lifted to the corresponding spinors of twistor space. Express 6-D
Kähler action in terms of super-coordinates.
(b) Replace H-spinors with the spinors of 12-D twistor space and assume only quark chirality. By the bundle property of the twistor space one can express the spinors as tensor
products of spinors of the twistor spaces T (M 4 ) and T (CP2 ). One can express the
spinors of T (M 4 ) tensor products of spinors of M 4 - and S 2 spinors locally and spinors
of T (CP2 ) as tensor products of CP2 - and S 2 spinors locally. Chirality conditions
should reduce the number of 2 spin components for both T (M 4 ) and T (CP2 ) to one so
that there are no additional spin degrees of freedom.
The dimensional reduction can be generalized by identifying the two S 2 fibers for the
preferred extremals so that one obtains induced twistor structure. In spinorial sector
the dimensional reduction must identify spinorial degrees of freedom of the two S 2 s
by the proposed chirality conditions also make them non-dynamical. The S 2 spinors
covariantly constant in S 2 degrees of freedom.
Define the twistor counterpart of the analog of modified Dirac action using same general
formulas as in case of H.
(c) Identify super spinors as sum of odd monomials of theta parameters with quark number
1 identified as oscillator operators. Identify super-Dirac action for twistor space by
replacing T (H) coordinates with their super variants and Dirac spinors with their super
variants.

9.3 Are quarks enough to explain elementary particle
spectrum?
TGD based SUSY involves super-spinors and super-coordinates. Suppose that one has a
cognitive representation defined by the points of space-time surface with coordinates in an
extension of rationals defining adele and belonging to the partonic 2-surfaces defined by the
intersections of 6-D roots of octonionic polynomials with 4-D roots. This representation has
H counterpart.
Cognitive representation gives rise to a tensor product of these algebras and the oscillator
operators define a discretized version of fermionic oscillator operator algebra of quantum
field theories. One would have interpretation as many-fermion states but the local manyfermion states would have particle interpretation. This would replace fermions of the earlier
identification of elementary particles with SUSY multiplets in the proposed sense. This
brings in large number of new particles. One can however ask whether the return to the
original picture in which single partonic 2-surface corresponds to elementary particle could
be possible. Certainly it would simplify the picture dramatically.
Could this picture explain elementary particle spectrum and how it would modify the recent
picture?: these are the questions.

9.3.1

Attempt to gain bird’s eye of view

Rather general arguments suggest that SYM action plus Super-Dirac action could explain
elementary particle spectrum. Some general observations help to get a bird’s eye of view
about the situation.
(a) The antisymmetric tensor products for fermions and anti-fermions produce states with
same spectrum of electro-weak quantum numbers irrespectively of whether the fermion
and anti-fermion are at same point or at different points. Which option is correct or
are these options correspond analogous to two different phases of lattice gauge theory
in which nodes resp. links determine the states? Only multi-local states containing
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fermions with identical spin and weak isospin at different points are not possible as
local states.
There is no point in denying the existence of either kind of states. What suggests itself
is the generalization of electric-magnetic duality relating perturbative Coulomb phase
in which ordinary particles dominate and the non-perturbative phase in which magnetic
monopoles dominate. I have considered what I have called weak form of electic-magnetic
duality already earlier [K40] but as a kind of self-duality stating that for homologically
charged partonic 2-surfaces electric and magnetic fluxes are identical. The new picture
would conform with the view of ordinary QFT about this duality.
(b) The basic distinction between TGD and standard model is that color is not spin-like
quantum number but represented as color partial waves basically reducing to the spinor
harmonics plus super-symplectic generators carrying color quantum numbers. Spinor
harmonics as such have non-physical correlation between color and electro-weak quantum numbers [K19] although quarks and leptons correspond to triality t = 1 and triality
t = 0 states.
(c) It turns out that one could understand quarks, leptons, and electro-weak gauge bosons
and their spartners as states involving only single partonic 2-surface [K10]: this would
give essentially the original topological model for family replication in which partonic
2-surfaces were identified as boundary components of 3-surface. In principle one can
allow also quarks and gluons with unit charge matrix with color partial waves defining
Lie-algebra generator as bosonic states. Could these states correspond to free partons
for which perturbative QCD applies at high energies?
Also color octet partial waves of electro-weak bosons and Higgs and the predicted additional pseudo-scalar - something totally new - are possible as both local and bi-local
states. There would be no mixing of U (1)Y state and neutral SU (2)w states for color
octet gluon. In this sense electro-weak symmetry breaking would be absent.
(d) Electro-weak group as holonomy group of CP2 can be mapped to the Cartan group
of color group, and electro-weak and color quantum numbers would relate like spin
and angular momentum to each other. This encourages to think that there are deep
connections between electro-weak physics and color physics, which have remained hidden
in standard model.
The conserved vector current hypothesis (CVC) and partially conserved axial current
hypothesis (PCAC) of hadron physics suggests a strong connection between color physics
and electro-weak physics. There is also evidence for so called X bosons with mass 16.7
MeV [C150] [L34] suggesting in TGD framework that weak physics could have fractally
scaled down copy in hadronic and even nuclear scales.
Could ordinary gluons be responsible for CVC whereas colored variants of weak bosons
and Higgs/pseudo-scalar Higgs would be responsible for PCAC? Usually strong force in
hadronic sense is assigned with pion exchange. This approach does not work perturbatively. Could one assign strong force with the exchange of pseudo-scalar, and colored
variants of gluons, pseudo-scalar, and Higgs?
(e) Hitherto it has been assumed that homology charges (Kähler magnetic charges) characterize flux tubes connecting the two wormhole throats associated with the monopole
flux of elementary particle. Could one understand the bi-local or multi-local objects of
this kind as exotic phase analogous to magnetic monopole dominated phase of gauge
theories as dual of Coulomb phase?
Hadrons would certainly be excellent candidates for monopole dominated phase. Gluons
would be pairs of quarks associated with homologically charged partonic 2-surfaces with
opposite homology charges. Gluons would literally serve as “glue” in the spirit of lattice
QCD. Gluons and hadrons would be multi-local states made from quarks and gluons as
homologically trivial configurations with vanishing total homology charge.
(f) Is there a correlation between color hyper-charge and homology charge forcing quarks
and gluons to be always in this phase and forcing leptons to be homologically neutral?
This could provide topological realization of color confinement. The simplest option is
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that valence quarks have homology charges 2, −1, −1 summing up to zero. This was
one of the first ideas in TGD about 38 years ago.
One can also imagine that the homological quark charges (3, −2, −1) summing up to
zero define a classical correlate for the color triplet of quarks, a realization of Fermi
statistics, and allow to understand color confinement topologically. The color partial
waves in H would emerge at the imbedding space level and characterize the ground states
of super-symplectic representations. Color triplets of quarks and antiquarks could thus
correspond to homology charges (3, −2, −1) and (−3, 2, 1) and neutral gluons could be
superpositions of pairs of form (q, −q), q = 3, −1, −1. Charged gluons as flux tubes
would not be possible in the confined phase.
(g) Is monopole phase possible also for leptons as general QFT wisdom suggests? For
instance, could Cooper pairs could be flux tubes having members of Cooper pair - say
electrons - at its ends and photons in this phase be superposition of fermion and antifermion at the ends of the flux tube and monopole confinement would make the length
of flux tube short and photon massive in superconducting phase.

9.3.2 Comparing the new and older picture about elementary particles
The speculative view held hitherto about elementary particles in TGD Universe correspond
to the TGD analog of the magnetic monopole dominated phase of QFTs. This view is
considerably more complicated than the new view and involves unproven assumptions.
(a) Identification of elementary particles
Old picture: Ordinary bosons (and also fermions) are identified as multilocal manyfermion states. The fermions and anti-fermions would reside at different throats of the
2 wormhole contacts associated with a closed monopole flux tube associated with the
elementary particle and going through wormhole contact to second space-time sheet.
All elementary particles are analogous to hadron-like entities involving closed monopole
flux tubes.
One can raise objections against this idea. Leptons are known to be very point-like. One
must also assume that the topologies of monopole throats are same for given genus in
order that p-adic mass calculations make sense. The assumption that quarks correspond
to monopole pairs makes things unnecessarily complex: it would would be enough to
assume that they correspond to partonic 2-surfaces with monopole charge at the ”ends”
of flux tubes at given space-time sheet.
One must assume that the genus of the 4 throats is same for known elementary particles:
this assumption looks rather natural but can be criticized. The correlations forced by
preferred extremal property should of course force the genera of wormhole throats to be
identical.
New picture: Elementary fermions would be partonic 2-surfaces. Leptons would have
vanishing homology charge. Elementary bosons could be simply pairs of fermion antifermion located at the opposite ends of flux tubes. This would dramatically simplify the
topological description of particle reactions. In the case of quarks however the homological space-time correlate of color confinement is attractive and would force monopole flux
tubes. It turns out that this picture corresponds to the simplest level in the hef f = nh0
hierarchy. One could also see leptons and quarks as analogs of perturbative and nonperturbative monopole dominated phases of gauge theories.
Flux tubes could allow to understand phases like super-conductivity involving massivation of photons (Meissner effect). For instance, Cooper pairs could correspond closed
flux tubes involving charged fermions at their ”ends”. In high Tc super-conductivity
Cooper pairs in this sense would be formed at higher critical temperature and at lower
critical temperature they would form quantum coherent phase [K30, K31]. Flux tube
picture could also allow to understand strongly interacting phases of electrons.
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(b) Electroweak massivation
Old picture: Electro-weak massivation has been assumed to involve screening of
electro-weak isospin by a neutrino pair at the second wormhole contact. The screening
is not actually necessary in p-adic thermodynamics in its recent form since the thermal
massivation is due to the mixing of different mass eigenstates.
New picture: There is no need to add pairs of right- and left-handed neutrino to screen
the weak charges in the scale of flux tube.
(c) Identification of vertices
Old picture: In old picture one could do almost without vertices: in the simplest
proposal particle reactions would correspond to re-arrangements of fermions and antifermions so that fermion and antifermion number would be conserved separately.
Therefore one needs an analog of vertex in which partonic 2-surface turns back in
time in order to describe creation of particle pairs and emission of bosons identified
as fermion-antifermion pairs.
New picture: In vertices fermions and antifermions assignable to super spinor component would be redistributed between different orbits of partonic 2-surfaces meeting
along their ends at the 6-D braney object in M 8 picture or turn backwards in time the interpretation for this might be in terms of interaction with classical induce gauge
field. What is new are the new vertices corresponding to the monomials of oscillator
operators in the super-spinor. The original identification of particles (given up later) as
single partonic 2-surface predicts genus-generation correspondence without additional
assumptions. Both old and new picture predict also higher gauge boson genera for which
some evidence exists: TGD predictions for the masses are correct [K22].

9.3.3

Are quarks enough as fundamental fermions?

For the first option - call it Option a) - quarks and leptons would define their own superspinors. Whether only quark or lepton-like spinors are enough remains still an open question.
(a) I have also considered the possibility that quarks are actually anti-leptons carrying homology charge and have anomalous em charge equal to −1/3 units. One might perhaps
say that quarks are kind of anyonic states [K80]. It is however difficult to understand
how the coupling to Kähler form could be dynamical and have values n = −3 and n = 1
for homologically neutral and charged states respectively. This would mean that only
lepton like θ parameters appear in super-coordinates and only leptonic Dirac action is
needed.
(b) For this option proton would be bound state of homologically charged leptons. This
in principle allows decays of type p → e+ ... and p → e+ + e+ + ν requiring that the 3
partonic 2-surfaces fused with non-trivial homology charges fuse to single homologically
trivial 2-surface. This form of proton instability would be different from that of GUTs.
The topology changing process is expected to be slow. Is the introduction of two superoctonionic θ parameters natural assignable to B and L or is single parameter enough?
(c) The coupling to Kähler form is not explicitly visible on the bosonic action but is visible
in modified Dirac action. Could leptonic modified Dirac action transform to quark type
modified Dirac action? This does not seem plausible.
The super-Dirac action for quarks however suggests another option, call it Option b). Leptons
could be local 3-quark states.
(a) Could one identify leptons as local 3 quark composites - essentially anti-baryons as far
as quantum numbers are considered - but with different p-adic scale and emerging from
the super-Dirac action for quarks as purely local states with super-degree d = 3? Could
one imagine totally new approach to the matter antimatter asymmetry?
Leptons would be purely local 3-quark composites and baryons non-local 3-quark composites so that charge neutrality alone would would guarantee matter-antimatter symmetry at fundamental level. Anti-quark matter would slightly prefer to be purely local
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and quark matter 3-local. The small CP violation due to the M 4 part of Kähler action
forced by twistor lift should explain this asymmetry.
Leptons and anti-leptons would drop from thermal equilibrium with quarks at some
stage in very early cosmology. The reason would be the slowness of the reactions producing local 3-quark composites from quarks. This slowness is required also by the
stability of proton. Opposite matter anti-matter asymmetries at the level of both leptons and quarks would have been generated at this stage by CP violation and would
have become visible after annihilation.
(b) The local baryons would have much simpler spectrum and would correspond for given
genus g (lepton generation) to the baryons formed from u and d quarks having however
no color. There would be no counterparts for higher quarks. This would suggests that
(L, νL ) could be local analog of (p, n).
For ordinary baryons statistics is a problem and this led to the introduction of quark
color absent for local states. The isospin structure of the local analogs of p and n is
not a problem. In uud (udd) type states allowed by statistics the spins of the u (d)
quarks must have opposite spin. The analogs of ∆ resonances are not possible so that
one would obtain only the analogs of p and n!
(c) The widely different mass scales for leptons and quarks would be due to locality making
possible different ramified primes for the extension of rationals. The widely differing
p-adic length scales of leptons and neutrinos could be undersood if the ramified prime
for given extension can be different for the particles super-multiplets with same degree
of octonionic polynomial. This could be caused by electroweak symmetry breaking. The
vanishing electroweak quantum numbers of right-handed neutrino implies a dynamics in
sharp contrast with that of neutron, whose dynamics would be dictated by non-locality.
Also local pions are possible. The lepto-pions of lepto-hadron hypothesis [K92] could
correspond to either local pions or to pion-like bound states of lepton and anti-leptons.
There is evidence also for the muon- and tau-pions.
(d) This idea might provide a mathematically extremely attractive solution to the matter
anti-matter asymmetry: matter and antimatter would be staring us directly into eyes.
The alternative TGD inspired solution would be that small CP breaking would induce
opposite matter-antimatter asymmetries inside long cosmic strings and in their exteriors
so that annihilation period would lead to the observed asymmetry.
The decay p → e+ + X could in principle take place and also the reverse decay e+ → p + X
can be considered in higher energy collisions of electron. The life-time for the decay modes
predicted by GUTs is extremely long - longer than 1.67 × 1034 years (see http://tinyurl.
com/nqco2j7). This fact provides a killer test for the proposal.
One should estimate the life-time of proton in number theoretic approach. The corresponding
SUSY vertex corresponds to a Wick contraction involving 4 terms in super-Dirac action: the
trilinear term for quarks and 3 linear terms.
(a) The vertex would associated with a partonic 2-surface at which 3 incoming quark spacetime sheets and outgoing electron space-time sheet meet. At quark level the vertex
means an emanation of 3 quark lines from single 3-quark line at a point of partonic
2-surface in the intersection of the ends of 4 space-time surfaces with 6-sphere t = rn
defining a universal root of octononic polynomial P (o). t is M 4 time coordinate [L64].
The vertex itself does not seem to be small.
(b) A fusion of 3 homologically non-trivial partonic 2-surfaces to single partonic 2-surface
with trivial homology charge cannot occur since partonic 2-surfaces with different homology charge cannot co-incide.
The reaction p → e+ + .. can occur only if the quark-like partonic 2-surface fuse first to
single homologically trivial partonic 2-surface: this would correspond to de-confinement
phase transition for quarks. After that the 3 quark lines would fuse to single e+ line.
i. To gain some intuition consider two oppositely oriented circles around a puncture of
a plane with opposite homology charges. The circles can reconnect to homologically
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trivial circle. Instead of circles one would now have 3 homologically trivial quarklike 2-surfaces at three light-like boundaries between Minkowskian and Euclidian
regions of the space-time surface representing proton. First 2 quark-like 2-surfaces
would touch and develop a wormhole contact connecting them. After that the
resulting di-quark 2-surface and third quark 2-surface would fuse. The 3 quarks
would be now analogous to de-confined quarks.
ii. At the next step the 3 separate quark lines would fuse to single one. This process
must occur in single step since di-quark cannot correspond to single point because
the Dirac super-polynomial is odd in oscillator operators and has quark number 1.
The fusion point would correspond to 3 degenerate roots of the octonionic polynomial associated with the partonic 2-surface. This partonic 2-surface would be
associated with t = rn hyperplane of M 4 and it would become leptonic 3-surface.
iii. 3 4-D sheets defined by the roots of the octonionic polynomial should meet at the
vertex assignable to t = rn hyper-plane. This gives 2 additional conditions besides
the conditions defining space-time sheets. This for both the protonic and positronic
space-time sheets. One would have double quantum criticality. The tip of a cusp
catastrophe serves as an analog. Since the coefficients of the octonionic polynomial
are rational numbers, it might be possible to estimate the probability for this to
occur: the probability could be proportional to the ratio N2 /N0 of the number N2
of doubly critical points to the number N0 of all points with coordinates in the
extension. This could make the process very rare.
It must be however emphasized that also the option in which also leptons are fundamental
fermions cannot be excluded.

9.3.4 What bosons the super counterpart of bosonic action predicts?
It has been already noticed that the spectra of fermion-antifermion states are identical for
local and bi-local states if one assumes that the wave function in the relative coordinate of
fermion and anti-fermion is symmetric. This does not yet imply that the particle spectrum
is realistic in the case of the bosonic action.
The situation is simplified considerably by the facts that color is not spin-like quantum
number but analogous to momentum and can therefore be forgotten, family replication can
be explained topologically, and depending B and L are separately conserved for Option a)
but for Option b) L reduces to B since leptons would be local 3-quark composites. Let us
restrict first the considered to Option b).
(a) What kind of spectrum would be predicted? Consider first quark Clifford algebra formed
by the oscillator operators defining the spartners of quark without any conditions on
total quark number of the monomial Forgetting color, one has 8 states coming from
left and right handed weak doublet and their anti-doublets. The numbers of elements
N (k) in P
Clifford algebra with given quark number B = k = N (q) − N (q) is given by
N (k) = 0 ≤ q ≤ 4 − kB(4, q + k) × B(4, q) in terms of binomial coefficients.
P
For B = 0 one obtains N (0) = 0 ≤ q ≤ 4B(4, q)2 = 70 states. The states corresponding to the same degree of oscillator operator polynomial and therefore having fixed
q + q = B + B have same masses. For q − q = 0 bosonic state having q = q = 0 with
fixed k one has q+q = 4+k so that one has N (k) = B(4, k)2 (N (k) states with same mass
even after p-adic massivation). The numbers N (k) are (1, 42 = 16, 62 = 36, 42 = 16, 1).
(b) The number of qq type states in super-Kähler action is 16. If one considers supersymmetrization of the bosonic action, these states would correspond to bosons. Could
these states allow an interpretation in terms of the known gauge bosons and Higgs?
Weak bosons correspond to 4 helicity doublets giving 8 states. Higgs doublet corresponds
to doublet and its conjugate. There is also a pseudo-scalar doublet and its conjugate.
Gluon cannot belong to this set of states, which actually conforms with the fact that
gluon corresponds to CP2 isometries rather than holonomies and gluon corresponds to
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CP2 partial wave since color is not spin-like quantum number. Known particle would
give 8+2+2=12 states and pseudo-scalar doublets the remaining 4. This kind of pseudoscalar states are predicted both as local and the bi-local states. As already explained,
one can however also understand gluons in this picture as octet color partial waves. Also
color octet variants of SU (2)w weak bosons are predicted.
(c) There are actually some indications for a Higgs like state with mass 96 GeV (see http:
//tinyurl.com/yxnmy8c7) . Could this be the pseudo-scalar state. Higgs mass 125
GeV is very nearly the minimal mass for k = 89. The minimal mass for k = 90 would
be 88 GeV so that the interpretation as pseudo-scalar with k = 90 might make sense.
The proposal that gluons could have also weak counterparts suggests that also the
pseudo-scalar could have this kind of counterpart. The scaling of the mass of the Higgs
like state with k = 90 to k = 112 (k = 113 corresponds to nuclear p-adic scale) would
give mass m(107) = 37.5 MeV. Kh.U. Abraamyan et al have found evidence for pion
like boson with mass 38 MeV [C45, C46, C120] (see http://tinyurl.com/y7zer8dw).
(d) For Option b) only monomials with N (q) − N (q) = k = 1 are allowed in qs and leptons
would be local 3-quark states and currents formed
P from them would appear in superKähler action. One would obtain N (k = 1) =
0 ≤ q ≤ 3B(4, q + 1) × B(4, q) = 56
statesi quark multiplet. There would be no doubling gauge bosons since only one Hchirality would be present. The observed bosons would be basically superpositions of
quark-anti-quark pairs - either local or non-local.
Option b) involving only quarks as fundamental fermions does not predict unobserved gauge
bosons whereas Option a) involving both leptons and quarks as fundamental fermions does
so.
(a) For Option a) taking into account quarks and restricting to electro-weak bosonic states
to those with (B = L = 0) leads to a doubling of bosonic states at k = 2 level.
The couplings of gauge bosons require that the states are superpositions of quark and
lepton pairs with coefficients proportional to the coupling parameters. There are two
orthogonal superpositions of quark and lepton pairs having orthogonal charge matrices
with inner product defined by trace for the product. Ordinary gauge bosons correspond
to the first combination.
The orthogonality of charge matrices gives a condition on them. The charged matrices
having vanishing trace can be chosen that they have opposite signs for opposite Hchiralities. For charge matrices involving unit matrix one must have charge matrices
proportional to (-3,1) for (L,q) one must have (1,3) for second state. For gluons there
is no condition if one treats color octet as Lie algebra generator with vanishing trace.
The problem is that there is no experimental evidence for these bosons.
(b) For Option b) leptons would be local 3-quark states and spartners of quarks. There
would be no doubling gauge bosons since only one H-chirality would be present. The
observed bosons would be basically superpositions of quark-anti-quark pairs - either
local or non-local.
(c) Option b) predicts that given quark with given isospin and M 4 helicity L or R), say
uL , has 5 spartners with same quantum numbers given by uL uR uL , uL dR dL , uL dL dR ;
uR dL dL ; and dL dR uL . These 6 states cannot correspond to quark families and SUSY
breaking due to the possibility of having different p-adic scale (ramified prime) making
the mass scale of the spartners large is suggestive.
There would be two phases of matter corresponding to local and bi-local states (baryons
would be 3-local states).
(a) For both phases electro-weak bosons and also gluons with electro-weak charge matrix
1 to bosonic super action as states involving only single partonic 2-surface. As already
mentioned, also color counterparts of SU (2)w bosons are possible. Also graviton could
correspond to spartner for bosonic super-action. This would give essentially the original
model for family replication. 2-surfaces would be homologically trivial in this phase
analogous to Coulomb phase.
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(b) In the dual phase the bi-local states would correspond to non-vanishing homology
charges for quarks at least. In this phase one should assign also to leptons 2 wormhole contacts. In super-conducting phase it could the second electron of Cooper pair.
Massive photons in this phase would consist of homologically charged fermion pairs.
Lepton could also involve screening lepton-neutrino pair at second wormhole contact.
The universality of gauge boson couplings provides a test for the model.
(a) In bi-local model gauge bosons would correspond to representations of a dynamical
symmetry group SU (3)g associated with the 3 genera [K10]. Bosons would correspond
to octet and singlet representations and one expects that the 3 color neutral states are
light. This would give 3 gauge boson generations. Only the couplings of the singlet
representation of SU (3)g would be universal and higher generations would break universality both for both gluons and electro-weak bosons. There is evidence the breaking
of universality as also for second and third generation of some weak bosons and the
mass scales assigned with Mersenne primes above M 89 are correct [K22].
(b) If also fermions correspond to closed flux tubes with 2 wormhole contacts, the fermion
boson couplings would correspond to the gluing of two closed flux tube strings along their
both “ends” defined by wormhole contacts. A pair of 3-vertices for Feynman diagrams
would be in question. If fermions are associated with single wormhole contact, its is not
so easy to imagine how the closed bosonic flux tube could transform to single wormhole
contact in the process. The wormhole contacts that meet and have opposite fermion
numbers should disappear. This is allowed in the scenario involving 6-branes if the
magnetic flux is trivial as it must be. For quarks and gluons the homology charges must
be opposite if wormhole contact is to disappear.
(c) If gauge bosons correspond to local fermion pairs, the most natural boson states have
fixed value of g apart from topological mixing giving rise to CKM mixing just like
fermions and universality is not natural. One can of course assume topological mixing
guaranteeing it. Ordinary gauge bosons should be totally de-localized in the space of 3
lowest genera [K10] (analogous to constant plane waves) in order to have universality.
The vertices could be understood as a fusion of partonic 2-surfaces. One should however
understand why the mixing is so different for fermions and bosons. SUSY would suggest
identical mixings.
The simplest model corresponds to quarks as fundamental fermions. Leptons and various bosons would be local composites in perturbative phase. In monopole dominate phase
hadronic quarks would have homology charges and gluons would be pairs of quark and antiquark at opposite throats of closed monopole flux tube. Basically particle reaction vertices
would correspond to gluing of 3-surfaces along partonic 2-surfaces at 3-spheres defining t = rn
hyperplanes of M 4 .

9.4 Is it possible to have leptons as (effectively) local
3-quark composites?
The idea about leptons as composites of 3 quarks is strongly suggested by the mathematical
structure of TGD. In [L69] a proposal that leptons are local composites of quarks. In
[L78, L73, L74] a more general idea that leptons look like local composites of quarks in scale
longer than CP2 scale defining the scale of partonic 2-surface assignable to the particle.
A strong mathematical motivation for the proposal is that quark oscillator operators are
enough to construct the gamma matrices of the ”world of classical worlds” (WCW) and
leptonic oscillator operators corresponding to opposite chirality for H = M 4 × CP2 spinors
are somehow superfluous.
The proposal has profound consequences. One might say that SUSY in the TGD sense
has been below our nose for more than a century. The proposal could also solve matterantimatter asymmetry since the twistor-lift of TGD predicts the analog of Kähler structure
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for Minkowski space and a small CP breaking, which could make possible a cosmological
evolution in which quarks prefer to form baryons and antiquarks to form leptons.
The objection against the proposal is that the leptonic analog of ∆ might emerge. One must
explain why this state is at least experimentally absent. In [L69] I did not develop a detailed
argument for the intuition that one indeed avoids the leptonic analog of ∆. In this article
the construction of leptons as effectively local 3 quark states allowing effective description in
terms of the modes of leptonic spinor field in H = M 4 × CP2 having H-chirality opposite
to quark spinors is discussed in detail.

9.4.1

Some background

Some background is necessary.
(a) In TGD color is not spin-like quantum number but corresponds to color partial waves
in CP2 for H-spinors describing fundamental fermions distinguished from fermions as
elementary particles.
Different chiralities of H-spinors were identified in the original model as leptons and
quarks. If quarks couple to n = 1 Kähler gauge potential of CP2 and leptons to its
n = 3 multiple, ew quantum numbers of quarks and leptons come out correctly and
lepton and quark numbers are separately conserved.
(b) Few years ago emerged the idea that fundamental leptons to be distinguished from
physical leptons are bound states of 3-quarks. They could be either local composites
or look like local composites in scales larger than CP2 size scale assignable to partonic
2-surface associated with the lepton.
(c) The spin, ew quantum numbers associated with SU (2)L × U (1)R are additive and these
quantum numbers should come out correctly for states with leptonic spin and ew numbers.
Fundamental leptons/quarks are not color singlets/triplets although have vanishing triality. The color quantum numbers also correlate with ew quantum numbers and M 4
helicity/handedness. Only the right-handed neutrino νR is a color singlet. The mass
squared values of the resulting states deducible from the massless Dirac equation in H
are non-vanishing since CP2 partial waves carry mass of order CP2 mass.
The application of color octet generators of super-symplectic algebra (SSA) of superKac-Moody algebra (SKMA) with non-vanishing conformal weight contributing to mass
squared can guarantee that color quantum numbers are those of physical leptons and
quarks. In p-adic mass calculations one must assume negative half-integer valued ground
state conformal weight hvac < 0.
There are two challenges.
(a) One must construct leptons as local of the effectively local 3-quark composites. The
challenge is to prove that the resulting states with spin and ew quantum numbers
possess the color quantum numbers of fundamental leptons.
(b) A priori one cannot exclude leptonic analog of ∆ resonance obtained in the quark
model of baryons as states for which the wave functions in spin and ew spin degrees of
freedom are completely symmetric. The color wave function would be indeed completely
antisymmetric also for the leptonic ∆. The challenge is to explain why they do not exist
or are not observed.

9.4.2 Color representations and masses for quarks and leptons as
modes of M 4 × CP2 spinor field
It would be also highly desirable to obtain for the masses of 3-quark states the same expressions as imbedding space Dirac operator predicts for leptonic masses. The masses depend
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on ew spin but are same for right and left-handed modes except in the case of right-handed
neutrino. This could fixes the value of hvac for leptons if it is assumed to be representable
as 3-quark state. Empirical data are consistent with its absence from the spectrum.
The color representations associated with quark and lepton modes of M 4 × CP2 spinor fields
were originally discussed by Hawking and Pope [A36] and are considered from TGD point of
view in [K19].
Consider first quarks. For UR the representations (p + 1, p) with triality 1 are obtained and
p = 0 corresponds to color triplet 3. For DR the representations (p, p + 2) are obtained and
color triplet is missing from the spectrum (p = 0corresponds to 6̄). The representations and
masses are the same for the left handed representations in both cases since the left handed
modes are obtained by applying CP2 Dirac operator to the right-handed modes.
The CP2 contributions to the quark masses are given by the formula

m21
3
2
m
1
m2 (D, p) =
3
m21 ≡ 2Λ
m2 (U, p)

=

 2

p + 3p + 2 , p ≥ 0 ,
 2
 m2
p + 4p + 4 = 1 (p + 2)2 , p ≥ 0 ,
3
.

(9.4.-1)

Here Λ is cosmoloigal constant characterizing the CP2 metric. The mass squared splitting
between U and D type states is given by

∆m2 (D, U ) = m2 (D, p) − m2 (U, p) =

m21
(p + 2) .
3

(9.4.0)

Consider next leptons. Right handed neutrino νR corresponds to (p, p) states with p ≥ 0
with mass spectrum

m2 (ν)

=


m21  2
p + 2p , p ≥ 0 .
3
(9.4.0)

Charged handed charged leptons L correspond to (p, p + 3) states with mass spectrum

m2 (L)

=


m21  2
p + 5p + 6 , p ≥ 0 .
3

(9.4.1)

(p, p + 3) instead of (p, p) reflects the fact that leptons couple to 3-multiple of Kähler gauge
potential. Right-handed neutrino has however vanishing total coupling.
Left handed solutions are obtained by operating with CP2 Dirac operator on right handed
solutions with one exception: the action of the Dirac operator on the covariantly constant
right handed neutrino ((p, p) = (0, 0) state) annihilates it.
The mass splitting between charged leptons and neutrinos is given by

∆m2 (L, ν) = m2 (L, p) − m2 (ν, p) = m21 (p + 2) = 3∆m2 (D, U ) ,

(9.4.2)

and is 3 times larger than the corresponding mass splitting. The mass splitting for leptons
as states of type UUD and UDD is however different. If mass squared is additive as assumed
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in p-adic mass calculations one has ∆m2 (U DD, U U D) = ∆m2 (D, U ). The condition that
the mass splitting for lepton states is the same as predicted by the identification as 3-quark
states requires that the scale factor m21 for 3 quarks states is 3 times larger than for quarks:

m21 (L) = 3m21 (q) .

(9.4.3)

9.4.3 Additivity of mass squared for quarks does not give masses of
lepton modes
It would be natural that the same values for the leptons as 3-quark composites are same as
for leptons as fundamental fermions. It is interesting to see whether the additivity of the
mass squared values conforms with this hypothesis.
The sums of mass squared values for UUD (charged lepton) and UDD (neutrino) type states
are given by

m2 (U U D) = 2m(U )2 + m(D)2 = 3p2 + 10p + 8 ,
m2 (U DD) = 2m(D)2 + m(U )2 = 3p2 + 11p + 10 .
(9.4.1)
These mass squared values are not consistent with the values proportional to the mass squared
values proportional to p2 + 5p + 6 for L and to p(p + 2) for neutrinos. Covariantly constant
right handed neutrino is not possible as a 3-quark state and this conforms with empirical
facts.
The working hypothesis that mass squared is additive can be of course given up and a more
general condition could be formulated in terms of four-momenta:

p1 (U ) + p2 (U ) + p(D))2
= 2m(U )2 + m(D)2 + 2

P
[p1 (U ) · p2 (U ) + (p1 (U ) + p2 (U )) · p(D)] = km(L)2 ,

(p(U ) + p1 (D) + p2 (D))2
= m(U )2 + 2m(D)2 + 2

P
[p1 (D) · p2 (D) + (p1 (D) + p2 (D)) · p(U )] = km(ν)2 .
(9.4.-1)

k is proportionality constant. These condition give single constraint in the 9-dimensional
3-fold Cartesian power of 3-D mass shells. The constraint is rather mild.

9.4.4

Can one obtain observed leptons and avoid leptonic ∆?

The antisymmetry of the wave function under exchange of quark states gives a strong constraint and fixes the allowed states. Does one obtain states with the quantum numbers of
observed leptons as color singlets, and can one avoid the leptonic analogue of ∆?
(a) For ordinary leptons complete color antisymmetry would require a complete symmetry
under permutations of spin-ew quantum numbers: there are four states altogether.
Antisymmetrization would be completely analogous to that occurring for baryons as
3-quark states and would require that fundamental leptons are antisymmetric color
singlets.

9.4. Is it possible to have leptons as (effectively) local 3-quark composites?

463

(b) The standard quark model picture natural for strong isospin does not conform with
spin-ew symmetries and the resulting states need not allow an interpretation as effective
modes of fundamental leptonic spinors. For SU (2)L × U (1)R the situation changes since
right-handed helicities are SU (2)L singlets. The states of form UL DR UR (LR ) and
DL DR UR (νR ) could correspond to right-handed leptons and states of form UL DR UR
(LL ) and DL DR UR (νL ) to left-handed leptons.
(c) The manipulation of Yang Tableaux (https://cutt.ly/Ik9SGuU) allow to see when a
color singlet is contained in all 3-fold tensor products - that is 3 ⊗ 3 × 3, 3 × 3 × 6 ,
3 × 6 × 6, and 6 × 6 × 6 - formed from the representations 3 and 6.
One has 3 ⊗ 3 = 3 + 6 and 6 ⊗ 6 = 6 + 151 + 152 . Both 3 ⊗ 3 = 12 × 810 and 6 ⊗ 6 = 1827
contain singlet and octet.
Therefore both 3 ⊗ 3 × 3 (UUU) and 6 × 6 × 6 (DDD) contain 1 and 8. 3 ⊗ 3 ⊗ 6 (UUD
corresponding to charged lepton) contains 6 ⊗ 6 and therefore both 1 and 8. However,
3 ⊗ 6 ⊗ 6 (neutrino as UDD) contains neither singlet nor octet.
(d) The singlet contained in 6 ⊗ 6 should be also antisymmetric under the permutations of
the color partial waves of quarks in 6. The singlet state has representation of the form
r s
BKLM AK AL AM , where AK = AK
rs q q is the representation of 6 in terms of color triplet
i
q.
The tensor GKLM should be antisymmetric. Since the singlet comes from Yang
diagram as a vertical column, which corresponds to an anti-symmetric representation
of S3 t, it seems that it is indeed antisymmetric.
If this is the case, UUU and DDD singlets are indeed antisymmetric with respect
to the exchange of quarks, and the state in spin-ew degrees of freedom can be totally
symmetric.
(e) As found, 6⊗3×3) (charged lepton as UUD) contains both 1 and 8 and 1 is antisymmetric
as a full vertical column in the Yang diagram. If charged lepton corresponds to 1 it is
analogous to proton in these degrees of freedom.
6 ⊗ 6 × 3) (neutrino as DDU) contains neither 1 nor 8. In both cases an entanglement
between color and spin-ew degrees of freedom is implied.
Remark: Baryonic quarks reside at distinct partonic 2-surfaces and allow separate color
neutralization by SSA or SKMA generators and are color triplets so that the standard
picture about color confinement prevails in the baryonic sector.
(f) If the 3-quark state is not a color octet, the operators needed to cancel the negative
conformal weight must consist of at least two SSA or SKMA operators, which are color
octets. UUD contains 8 and 1 but UDD does not. For neutrinos which cannot be color
octets or singlets, at least 2 color octet generators are required to neutralize the color.
For color singlet charged lepton this is not needed since p-adic thermodynamics allows
a massless ground state. The difference charged leptons and neutrinos might relate to
the fact that the long p-adic length scales for neutrinos are so long as compared to those
for charged leptons.
As has become clear, the neutral ∆ type state UDD is not possible since color singlet
and octet are not allowed and the neutralization of the negative conformal weight using
at least two color generators as in the case of neutrino. Also for other components of
∆ color singlet-ness requires at least two generators whereas octet requires only one
generator. For color octets a complete symmetry in spin-ew degrees of freedom is not
possible.

The conclusion is that charged lepton and charged components of ∆ allow for color singlet
completely symmetric wave function in spin-ew degrees of freedom unentangled from color.
Neutrino and neutral ∆ require entanglement between color and spin-ew degrees of freedom.
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9.5 Appendix: Still about the topology of elementary
particles and hadrons
In its recent form TGD allows several options for the model of elementary particles [L69].
I wrote this piece of text because I got worried about details of the definition of wormhole
contact appearing as basic building brick of elementary particle.
(a) Wormhole contacts in 4-D sense (having Euclidian signature of induced metric) modellable
as deformed pieces of CP2 type extremals connecting Minkowskian space-time sheets
(representable as graphs of a map M 4 → CP2 ) are identified basic building bricks of
elementary particles. 3-D light-like orbits of 2-D wormhole throats- partonic 2-surfaces
- at which the signature of induced metric changes from Euclidian to Minkowskian partonic orbits - are assumed to be carriers of elementary particle quantum numbers
localized at points representing intersections of fermionics string world sheets with the
partonic 2-surfaces.
(b) One can identify simplest wormhole contact as topological sum: two surfaces touch each
other. Remove 3-D regions from both space-time sheets and connecting the topologically
identical boundaries with a cylinder X 2 ×D1 , where X 2 has the topology of the boundary
characterized by genus. The assumption that X 2 is boundary requires that its projection
to CP2 is homologically trivial.
This is not consistent with the assumption that the flux tube carries monopole flux.
These wormhole contacts are unstable and must be distinguished from wormhole contacts mediating monopole flux. I have not however defined the notion precisely enough.
(c) One can consider two situations in which homologically non-trivial wormhole contact
appears.
Option I: Assume that the 3-D time=constant sections of two Minkowskian spacetime sheets are glued together along their boundaries to form a closed 2-sheeted surface
and the throats of wormhole contact - partonic 2-surfaces - serve as magnetic charges
creating opposite fluxes. One can say that the two throats have opposite homology
charges and therefore form a homologically trivial 2-surface to which one can glue the
wormhole contact along its boundaries. The flux at sheet B could be seen as return flux
from sheet A and the throat could be seen as very short monopole flux tube.
Option II: Assume no gluing along boundaries for the 3-D time=constant sections of
two Minkowskian space-time sheets. In this case one must assume at least two wormhole
contacts to get vanishing homology charges at both sheets. At both space-time sheets
the throats of the contacts with opposite homology charges would be connected by
monopole fluxes flowing through the wormhole contacts identifiable as a very short
monopole flux tube. This makes sese also for the Option I and might be required since
is not clear whether space-time having boundaries carrying monopole flux can be glued
together.
Remark: One can also consider the light-like orbit of partonic 2-surface connecting
its ends (the minimal distance between partonic 2-surfaces vanishes). The homology
charges of ends are opposite in ZEO.
The proper identification of the model of elementary particles remains still open [L69] [K22].
What relevance do these two options this picture have to the model of elementary particles?
(a) For Option I leptons and gauge bosons could be identified as single wormhole contact
carrying non-trivial homology flux. The size scale of the closed space-time sheet would
correspond to the Compton wavelength of the particle. This model is the simplest one
at the level of scattering diagrams and was re-considered in [L69].
Even Euclidian regions of single space-time sheet with vanishing homology charge can
be considered as a model for leptons and gauge bosons. In this case it is however not
clear how to understand how the size scale of the particle as Compton length could be
understood at space-time level. This model was one of the first models. I have also
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considered the identification of the particle as boundary component of Minkowskian
space-time surface.
(b) Option II was assumed in the model following the original model for leptons and gauge
bosons. It was also proposed that electroweak confinement as dual description of massivation takes place in the sense that the weak charges associated with the two wormhole
contacts cancel each other. The size scale of flux tube at given sheet would correspond
to the Compton length assignable to the particle. In this case scattering amplitudes are
more complex topologically.
What about baryons?
(a) The simplest model assumes that quarks do not differ from leptons and gauge bosons in
any manner. The contribution of the quarks to masses of hadrons is very small fraction
of total mass, which suggests that color flux tubes carrying also homology charge are
present and give the dominating contribution.
One can also consider a structure formed by color magnetic monopole flux tubes carrying
most of the hadron mass with Minkowskian signature carrying flux of 2 units branching
to two flux tubes carrying 1 unit each. The flux tubes would have length given by
hadronic p-adic length scale. The ends of flux tubes would be wormhole throats connected by wormhole contacts to the mirror image of this structure. One can say that
homology charges 2,-1,-1 assignable to the throats of single space-time sheet sum up to
zero. This brings in mind color hypercharge. Could color confinement have vanishing
of homology charge as classical space-time correlate?
(b) In this article I have considered two alternative identification of leptons. Leptons and
quarks could correspond to the different chiralities of M 4 × CP2 spinors and lepton
and baryon numbers would be separately conserved. For second option leptons would
b local 3-quark composites and therefore analogous to spartners of quarks: this option
is possible only in TGD framework and the reason is that color is not spin-like quantum number in TGD framework. Baryon and lepton numbers would not be separately
conserved.
One can ask what could be the simplest mechanism inducing the decay of baryon as 3quark composite involving only 3 wormhole contacts and giving lepton as a local 3-quark
composite plus something. Wormhole throats of 3 quarks carrying the quark quantum
numbers should fuse together to form a leptonic wormhole throat, and the 3 quark lines
representing boundaries of string world sheets should fuse to single line. If the sum of
quark homology charges is vanishing, lepton must have a vanishing homology charge
unless the reaction involves also a step taking care of the conservation of homology
charge as a decay of the resulting wormhole contact with vanishing monopole flux to
two wormhole contacts with opposite monopole fluxes. Already the first step of the
decay process is quite complex, and one can hope that the rate for the reaction is slow
enough.

Chapter 10

New Physics Predicted by TGD:
Part I
10.1

Introduction

TGD predicts a lot of new physics and it is quite possible that this new physics becomes visible
at LHC. Although calculational formalism is still lacking, p-adic length scale hypothesis allows
to make precise quantitative predictions for particle masses by using simple scaling arguments.
Actually there is already now evidence for effects providing further support for TGD based
view about QCD and first rumors about super-symmetric particles have appeared.
Before detailed discussion it is good to summarize what elements of quantum TGD are
responsible for new physics.
(a) The new view about particles relies on their identification as partonic 2-surfaces (plus
4-D tangent space data to be precise). This effective metric 2-dimensionality implies
generalization of the notion of Feynman diagram and holography in strong sense. One
implication is the notion of field identity or field body making sense also for elementary
particles and the Lamb shift anomaly of muonic hydrogen could be explained in terms
of field bodies of quarks.
(b) The topological explanation for family replication phenomenon implies genus generation
correspondence and predicts in principle infinite number of fermion families. One can
however develop a rather general argument based on the notion of conformal symmetry
known as hyper-ellipticity stating that only the genera g = 0, 1, 2 are light [?] What
“light” means is however an open question. If light means something below CP2 mass
there is no hope of observing new fermion families at LHC. If it means weak mass scale
situation changes.
For bosons the implications of family replication phenomenon can be understood from
the fact that they can be regarded as pairs of fermion and anti-fermion assignable to
the opposite wormhole throats of wormhole throat. This means that bosons formally
belong to octet and singlet representations of dynamical SU(3) for which 3 fermion
families define 3-D representation. Singlet would correspond to ordinary gauge bosons.
Also interacting fermions suffer topological condensation and correspond to wormhole
contact. One can either assume that the resulting wormhole throat has the topology of
sphere or that the genus is same for both throats.
(c) The view about space-time supersymmetry differs from the standard view in many
respects. First of all, the super symmetries are not associated with Majorana spinors.
Super generators correspond to the fermionic oscillator operators assignable to leptonic
and quark-like induced spinors and there is in principle infinite number of them so that
formally one would have N = ∞ SUSY. I have discussed the required modification of the
formalism of SUSY theories in [?]nd it turns out that effectively one obtains just N = 1
466

10.1. Introduction

467

SUSY required by experimental constraints. The reason is that the fermion states with
higher fermion number define only short range interactions analogous to van der Waals
forces. Right handed neutrino generates this super-symmetry broken by the mixing of
the M 4 chiralities implied by the mixing of M 4 and CP2 gamma matrices for induced
gamma matrices. The simplest assumption is that particles and their superpartners
obey the same mass formula but that the p-adic length scale can be different for them.
(d) The new view about particle massivation based on p-adic thermodynamics raises the
question about the role of Higgs field. The vacuum expectation value (VEV) of Higgs is
not feasible in TGD since CP2 does not allow covariantly constant holomorphic vector
fields. The original too strong conclusion from this was that TGD does not allow
Higgs. Higgs VEV is not needed for the selection of preferred electromagnetic direction
in electro-weak gauge algebra (unitary gauge) since CP2 geometry does that. p-Adic
thermodynamics explains fermion masses bout the masses of weak bosons cannot be
understood on basis of p-adic thermodynamics alone giving extremely small second
order contribution only and failing to explain W/Z mass ratio. Weak boson mass can
be associated to the string tension of the strings connecting the throats of two wormhole
contacts associated with elementary particle (two of them are needed since the monopole
magnetic flux must have closed field lines).
At M 4 QFT limit Higgs VEV is the only possible description of massivation. Dimensional gradient coupling to Higgs field developing VEV explains fermion masses at this
limit. The dimensional coupling is same for all fermions so that one avoids the loss of
“naturalness” due to the huge variation of Higgs-fermion couplings in the usual description.
The stringy contribution to elementary particle mass cannot be calculated from the first
principles. A generalization of p-adic thermodynamics based on the generalization of
super-conformal algebra is highly suggestive. There would be two conformal weights
corresponding the the conformal weight assignable to the radial light-like coordinate of
light-cone boundary and to the stringy coordinate and third integer characterizing the
poly-locality of the generator of Yangian associated with this algebra (n-local generator
acts on n partonic 2-surfaces simultaneously).
(e) One of the basic distinctions between TGD and standard model is the new view about
color.
i. The first implication is separate conservation of quark and lepton quantum numbers
implying the stability of proton against the decay via the channels predicted by
GUTs. This does not mean that proton would be absolutely stable. p-Adic and
dark length scale hierarchies indeed predict the existence of scale variants of quarks
and leptons and proton could decay to hadons of some zoomed up copy of hadrons
physics. These decays should be slow and presumably they would involve phase
transition changing the value of Planck constant characterizing proton. It might be
that the simultaneous increase of Planck constant for all quarks occurs with very
low rate.
ii. Also color excitations of leptons and quarks are in principle possible. Detailed
calculations would be required to see whether their mass scale is given by CP2 mass
scale. The so called lepto-hadron physics proposed to explain certain anomalies
associated with both electron, muon, and τ lepton could be understood in terms of
color octet excitations of leptons [?]
(f) Fractal hierarchies of weak and hadronic physics labelled by p-adic primes and by the levels of dark matter hierarchy are highly suggestive. Ordinary hadron physics corresponds
to M107 = 2107 − 1 One especially interesting candidate would be scaled up hadronic
physics which would correspond to M89 = 289 − 1 defining the p-adic prime of weak
bosons. The corresponding string tension is about 512 GeV and it might be possible
to see the first signatures of this physics at LHC. Nuclear string model in turn predicts
that nuclei correspond to nuclear strings of nucleons connected by colored flux tubes
having light quarks at their ends. The interpretation might be in terms of M127 hadron
physics. In biologically most interesting length scale range 10 nm-2.5 µm contains four
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√
electron Compton lengths Le (k) = 5L)k) associated with Gaussian Mersennes and
the conjecture is that these and other Gaussian Mersennes are associated with zoomed
up variants of hadron physics relevant for living matter. Cosmic rays might also reveal
copies of hadron physics corresponding to M61 and M31
The well-definedness of em charge for the modes of induced spinor fields localizes them
at 2-D surfaces with vanishing W fields and also Z 0 field above weak scale. This allows
to avoid undesirable parity breaking effects.
(g) Weak form of electric magnetic duality implies that the fermions and anti-fermions
associated with both leptons and bosons are Kähler magnetic monopoles accompanied
by monopoles of opposite magnetic charge and with opposite weak isospin. For quarks
Kähler magnetic charge need not cancel and cancellation might occur only in hadronic
length scale. The magnetic flux tubes behave like string like objects and if the string
tension is determined by weak length scale, these string aspects should become visible
at LHC. If the string tension is 512 GeV the situation becomes less promising.
In this chapter the predicted new elementary particle physics and possible indications for it
are discussed. Second chapter is devoted to new hadron physics and scaled up variants of
hardon physics in both quark and lepton sector.
The appendix of the book gives a summary about basic concepts of TGD with illustrations. Pdf representation of same files serving as a kind of glossary can be found at http:
//tgdtheory.fi/tgdglossary.pdf [L22].

10.2

Family Replication Phenomenon

10.2.1

Higher Gauge Boson Families

TGD predicts that also gauge bosons, with gravitons included, should be characterized by
family replication phenomenon but not quite in the expected manner. The first expectation
was that these gauge bosons would have at least 3 light generations just like quarks and
leptons.
Only within last two years it has become clear that there is a deep difference between fermions
and gauge bosons. Elementary fermions and particles super-conformally related to elementary fermions correspond to single throat of a wormhole contact assignable to a topologically
condensed CP2 type vacuum extremal whereas gauge bosons would correspond to a wormhole throat pair assignable to wormhole contact connecting two space-time sheets. Wormhole
throats correspond to light-like partonic 3-surfaces at which the signature of the induced metric changes.
In the case of 3 generations gauge bosons can be arranged to octet and singlet representations
of a dynamical SU(3) and octet bosons for which wormhole throats have different genus could
be massive and effectively absent from the spectrum.
Exotic gauge boson octet would induce particle reactions in which conserved handle number
would be exchanged between incoming particles such that total handle number of boson
would be difference of the handle numbers of positive and negative energy throat. These
gauge bosons would induce flavor changing but genus conserving neutral current. There is
no evidence for this kind of currents at low energies which suggests that octet mesons are
heavy. Typical reaction would be µ + e → e + µ scattering by exchange of ∆g = 1 exotic
photon.
New view about interaction vertices and bosons
There are two options for the identification of particle vertices as topological vertices.
1. Option a)
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The original assumption was that one can assign also to bosons a partonic 2-surface X 2
with more or less well defined genus g. The hypothesis is consistent with the view that
particle reactions are described by smooth 4-surfaces with vertices being singular 3-surfaces
intermediate between two three-topologies. The basic objection against this option is that
it can induce too high rates for flavor changing currents. In particular g > 0 gluons could
induce these currents. Second counter argument is that stable n > 4-particle vertices are not
possible.
2. Option b)
According to the new vision (option 2)), particle decays correspond to branchings of the
partonic 2-surfaces in the same sense as the vertices of the ordinary Feynman diagrams
do correspond to branchings of lines. The basic mathematical justification for this vision
is the enormous simplification caused by the fact that vertices correspond to non-singular
2-manifolds. This option allows also n > 3-vertices as stable vertices.
A consistency with the experimental facts is achieved if the observed gauge bosons have each
value of g(X 2 ) with the same probability. Hence the general boson state would correspond
to a phase exp(in2πg/3), n = 0, 1, 2, in the discrete space of 3 lowest topologies g = 0, 1, 2.
The observed bosons would correspond to n = 0 state and exotic higher states to n = 1, 2.
The nice feature of this option is that no flavor changing neutral electro-weak or color currents
are predicted. This conforms with the fact that CKM mixing can be understood as electroweak phenomenon described most naturally by causal determinants Xl3 (appearing as lines
of generalized Feynman diagram) connecting fermionic 2-surfaces of different genus.
Consider now objections against this scenario.
(a) Since the modular contribution does not depend on the gradient of the elementary
particle vacuum functional but only on its logarithm, all three boson states should have
mass squared which is the average of the mass squared values M 2 (g) associated with
three generations. The fact that modular contribution to the mass squared is due to
the super-symplectic thermodynamics allows to circumvent this objection. If the supersymplectic p-adic temperature is small, say Tp = 1/2, then the modular contribution to
the mass squared is completely negligible also for g > 0 and photon, graviton, and gluons
could remain massless. The wiggling of the elementary particle vacuum functionals
at the boundaries of the moduli spaces Mg corresponding to 2-surfaces intermediate
between different 2-topologies (say pinched torus and self-touching sphere) caused by
the change of overall phase might relate to the higher p-adic temperature Tp for exotic
bosons.
(b) If photon states had a 3-fold degeneracy, the energy density of black body radiation
would be three times higher than it is. This problem is avoided if the super-symplectic
temperature for n = 1, 2 states is higher than for n = 0 states, and same as for fermions,
say Tp = 1. In this case two mass degenerate bosons would be predicted with mass
squared being the average over the three genera. In this kind of situation the factor 1/3
could make the real mass squared very large, or order CP2 mass squared, unless the sum
2
of the modular contributions to the mass squared values Mmod
(g) ∝ n(g) is divisible
by 3. This would make also photon, graviton, and gluons massive. Fortunately, n(g) is
divisible by 3 as is clear form n(0) = 0, n(1) = 9, n(2) = 60.
Masses of genus-octet bosons
For option 1) ordinary bosons are accompanied by g > 0 massive partners. For option
2) both ordinary gauge bosons and their exotic partners have suffered maximal topological
mixing in the case that they are singlets with respect to the dynamical SU(3). There are
good reasons to expect that Higgs mechanism for ordinary gauge bosons generalizes as such
and that 1/Tp > 1 means that the contribution of p-adic thermodynamics to the mass is
negligible. The scale of Higgs boson expectation would be given by p-adic length scale and
mass degeneracy of octet is expected. A good guess is obtained by scaling the masses of
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electro-weak bosons by the factor 2(k−89)/2 . Also the masses of genus-octet of gluons and
photon should be non-vanishing and induced by a vacuum expectation of Higgs particle which
is electro-weak singlet but genus-octet.
Indications for genus-generation correspondence for gauge bosons
Tommaso Dorigo is a highly inspiring blogger since he writes from the point of view of
experimental physicist without the burden of theoretical dogmas. I share with him also the
symptoms of splitting of personality to fluctuation-enthusiast and die-hard skeptic. This
makes life interesting but not easy. This time Tommaso Dorigo told about the evidence for
new neutral gauge boson states in pp collisions. The title of the posting was “A New Z 0
Boson at 240 GeV? No, Wait, at 720!?” [C2].
1. The findings
The title tells that the tentative interpretation of these states are as excited states of Z 0 boson
and that the masses of the states are around 240 GeV and 720 GeV. The evidence for the
new states comes from electron-positron pairs in relatively narrow energy interval produced
by the decays of the might-be-there gauge boson. This kind of decay is an especially clean
signature since strong interaction effects are not present and it appears at sharp energy.
240 GeV bump was reported by CDF last year [C62] CDF last year in pp collisions at
√
s = 1.96 TeV. The probability that it is a fluctuation is.6 per cent. What is encouraging
that also D0 found the same bump. If the particle in question is analogous to Z 0 , it should
decay also to muons. CDF checked this and found a negative result. This made Tommaso
Dorigo rather skeptic.
Also indications for 720 GeV resonance (720 GeV is just a nominal value, the mass could be
somewhere between 700-800 GeV) was reported by D0 collaboration: the report is titled as
“Search for high-mass narrow resonances in the di-electron channel at D0” [C81]. There are
just 2 events above 700 GeV but background is small: just three events above 600 GeV. It
is easy to guess what skeptic would say.
Before continuing I want to make clear that I refuse to be blind believer or die-hard skeptic
and that I am unable to say anything serious about the experimental side. I am just interested
to see whether these events might be interpreted in TGD framework. TGD indeed predicts
-or should I say strongly suggests- a lot of new physics above intermediate boson length scale.
2. Are exotic Z 0 bosons p-adically scaled up variants of ordinary Z 0 boson?
p-Adic length scale hypothesis allows the p-adic length scale characterized by prime p ' 2k
vary since k can have several integer values. The TGD counterpart of Gell-Mann-Okubo
mass formula involves varying value of k for quark masses. Several anomalies reported by
Tommaso Dorigo during years could be resolved if k can have several values. Last anomaly
was the discovery that Ωb baryon containing two strange quarks and bottom quark seems
to appear with two masses differing by about 100 MeV. TGD explains the mass difference
correctly by assuming that strange quark can have besides ordinary mass scale mass differing
by factor of 2. The prediction is 105 MeV.
One can look whether p-adic length scale hypothesis could explains the masses of exotic Z 0
candidates as multiples of half octaves of Z 0 mass which is 91 GeV. k=3 would give 257
GeV, not too far from 240 GeV. k=6 would give 728 GeV consistent with the nominal value
of the mass. Also other masses are predicted and this could serve as a test for the theory.
This option does not however explain why muon pairs are not produced in the case of 240
GeV resonance.
3. Support for topological explanation of family replication phenomenon?
The improved explanation is based on TGD based view about family replication phenomenon
[K10].
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(a) In TGD the explanation of family replication is in terms of genus of 2-dimensional
partonic surface representing fermion. Fermions correspond to SU(3) triplet of a dynamical symmetry assignable to the three lowest genera (sphere, torus, sphere with two
handles). Bosons as wormhole contacts have two wormhole throats carrying fermion
numbers and correspond to SU(3) singlet and octet. Sooner or later the members of the
octet - presumably heavier than singlet- should be observed (maybe this has been done
now).
(b) The exchange of these particles predicts also charged flavor changing currents respecting
conservation of corresponding “isospin” and “hypercharge”. For instance, lepton quark
scattering e + s → µ + d would be possible. The most dramatic signature of these states
is production of muon-positron pairs (for instance) via decays.
(c) Since the Z 0 or photon like boson in question has vanishing “isospin” and “hypercharge”,
it must be orthogonal to the ordinary Z 0 which couples identically to all families. There
are two states of this kind and they correspond to superpositions of fermion pairs of
different generations in TGD framework. The two bosons - very optimistically identified
as 240 GeV and 720 GeV Z 0 , must be orthogonal to the ordinary Z 0 . This requires
that the phase factors in superposition of pairs adjust themselves properly. Also mixing
effects breaking color symmetry are possible and expected to occur since the SU(3) in
question is not an exact symmetry. Hence the exotic Z 0 bosons could couple preferentially to some fermion generation. This kind of mixing might be used to explain the
absence of muon pair signal in the case of 240 GeV resonance.
(d) The prediction for the masses is same as for the first option if the octet and singlet
bosons have identical masses for same p-adic mass scale so that mass splitting between
different representations would take place via the choice of the mass scale alone.
4. Could scaled up copy of hadron physics involved?
One can also ask whether these particles could come from the decays of hadrons of a scaled
up copy of hadron physics strongly suggested by p-adic length scale hypothesis.
(a) Various hadron physics would correspond to Mersenne primes: standard hadron physics
to M107 and new hadron physics to Mersenne prime M89 = 289 − 1. The first guess
for the mass scale of “light” M 89 hadrons would be 2(107−89)/2 = 512 times that for
ordinary hadrons. The electron pairs might result in a decay of scaled up variant of
pseudo-scalar mesons π, η, or of η 0 or spin one ρ and ω mesons with nearly the same
mass. Only scaled up ρ and ω mesons remains under consideration if one assumes spin
1.
(b) The scaling of pion mass about 140 MeV gives 72 GeV. This is three times smaller
than 240 GeV but this is extremely rough estimate. Actually it is the p-adic mass
scale of quarks involved which matters rather than that of hadronic space-time sheet
characterized by M89 . The naı̈ve scaling of the mass of η meson with mass 548 MeV
would give about 281 GeV. η 0 would give 490 GeV. ρ meson with mass would give
396 GeV. The estimates are just order of magnitude estimates since the mass splitting
between pseudo-scalar and corresponding vector meson is sensitive to quark mass scale.
(c) This option does not provide any explanation for the lack of muon pairs in decays of
240 GeV resonance.
To conclude, family replication phenomenon for gauge bosons is consistent with the claimed
masses and also absence of muon pairs might be understood and it remains to be seen whether
only statistical fluctuations are in question.
First indications for the breaking of lepton universality due to the higher weak
boson generations
Lepton and quark universality of weak interactions is a basic tenet of the standard model.
Now the first indications for the breaking of this symmetry have been found.
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(a) Lubos (http://tinyurl.com/nymddtq) tells that LHCb has released a preprint with
title “Measurement of the ratio of branching ratios (B0 → D∗ + τ ν)/(B0 → D∗ + µν)”
[C93]. The news is that the measured branching ratio is is about 33 per cent instead of
25 percent determined by mass ratios if standard model is correct. The outcome differs
by 2.1 standard deviations from the prediction so that it might be a statistical fluke.
(b) There are also indications for second B 0 anomaly discovered at LHCb (http://tinyurl.
com/n6525qs). B mesons have to long and short-lived variants oscillating to their antiparticles and back - this relates to CP breaking. The surprise is that the second B
meson - I could not figure out was it short- or long-lived - prefers to decay to eν instead
of µν.
(c) There are also indications for the breaking of universality [C92] (http://tinyurl.com/
n7nbgrk) from B + → K + e+ e− and B + → K + µ+ µ;− decays.
In TGD framework my first - and wrong - guess for an explanation was CKM mixing for
leptons [K10]. TGD predicts that also leptons should suffer CKM mixing induced by the
different mixings of topologies of the partonic 2-surfaces assignable to charged and neutral
leptons. The experimental result would give valuable information about the values of leptonic
CKM matrix. What new this brings is that the decays of W bosons to lepton pairs involve the
mixing matrix and CKM matrix whose deviation from unit matrix brings effects anomalous
in standard model framework.
The origin of the mixing would be topological - usually it is postulated in completely ad hoc
manner for fermion fields. Particles correspond to partonic 2-surfaces- actually several of
them but in the case of fermions the standard model quantum numbers can be assigned to
one of the partonic surfaces so that its topology becomes especially relevant. The topology of
this partonic 2- surface at the end of causal diamond (CD) is characterized by its genus - the
number of handles attached to sphere - and by its conformal equivalence class characterized
by conformal moduli.
Electron and its muon correspond to spherical topology before mixing, muon and its neutrino
to torus before mixing etc. Leptons are modelled assuming conformal invariance meaning
that the leptons have wave functions - elementary particle vacuum functionals - in the moduli
space of conformal equivalence classes known as Teichmueller space.
Contrary to the naı̈ve expectation mixing alone does not explain the experimental finding.
Taking into account mass corrections, the rates should be same to different charged leptons
since neutrinos are not identified. That mixing does not have any implications follows from
the unitary of the CKM matrix.
The next trial is inspired by a recent very special di-electron event and involves higher
generations of weak bosons predicted by TGD leading to a breaking of lepton universality.
Both Tommaso Dorigo (http://tinyurl.com/pfw7qqm) and Lubos Motl (http://tinyurl.
com/hqzat92) tell about a spectacular 2.9 TeV di-electron event not observed in previous
LHC runs. Single event of this kind is of course most probably just a fluctuation but human
mind is such that it tries to see something deeper in it - even if practically all trials of this
kind are chasing of mirages.
Since the decay is leptonic, the typical question is whether the dreamed for state could be
an exotic Z boson. This is also the reaction in TGD framework. The first question to ask
is whether weak bosons assignable to Mersenne prime M89 have scaled up copies assignable
to Gaussian Mersenne M79 . The scaling factor for mass would be 2(89−89)/2 = 32. When
applied to Z mass equal to about .09 TeV one obtains 2.88 TeV, not far from 2.9 TeV.
Eureka!? Looks like a direct scaled up version of Z!? W should have similar variant around
2.6 TeV.
TGD indeed predicts exotic weak bosons and also gluons.
(a) TGD based explanation of family replication phenomenon in terms of genus-generation
correspondence forces to ask whether gauge bosons identifiable as pairs of fermion and
antifermion at opposite throats of wormhole contact could have bosonic counterpart
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for family replication. Dynamical SU(3) assignable to three lowest fermion generations/genera labelled by the genus of partonic 2-surface (wormhole throat) means that
fermions are combinatorially SU(3) triplets. Could 2.9 TeV state - if it exists - correspond to this kind of state in the tensor product of triplet and antitriplet? The mass of
the state should depend besides p-adic mass scale also on the structure of SU(3) state
so that the mass would be different. This difference should be very small.
(b) Dynamical SU(3) could be broken so that wormhole contacts with different genera for
the throats would be more massive than those with the same genera. This would give
SU(3) singlet and two neutral states, which are analogs of η0 and η and π 0 in GellMann’s quark model. The masses of the analogs of η and π 0 and the analog of η0, which
I have identified as standard weak boson would have different masses. But how large is
the mass difference?
(c) These 3 states are expected top have identical mass for the same p-adic mass scale, if the
mass comes mostly from the analog of hadronic string tension assignable to magnetic
flux tube. connecting the two wormhole contacts associates with any elementary particle
in TGD framework (this is forced by the condition that the flux tube carrying monopole
flux is closed and makes a very flattened square shaped structure with the long sides
of the square at different space-time sheets). p-Adic thermodynamics would give a
very small contribution genus dependent contribution to mass if p-adic temperature is
T = 1/2 as one must assume for gauge bosons (T = 1 for fermions). Hence 2.95 TeV
state could indeed correspond to this kind of state.
(d) Can one imagine any pattern for the Mersennes and Gaussian Mersennes involved?
Charged leptons correspond to electron (M127 ), muon (MG,113 ) and tau (M107 ): MersenneGaussian Mersenne-Mersenne. Does one have similar pattern for gauge bosons too: M89
- MG,79 - M61 ?
The orthogonality of the 3 weak bosons implies that their charge matrices are orthogonal.
As a consequence, the higher generations of weak bosons do not have universal couplings to
leptons and quarks. The breaking of universality implies a small breaking of universality in
weak decays of hadrons due to the presence of virtual MG,79 boson decaying to lepton pair.
These anomalies should be seen both in the weak decays of hadrons producing Lν pairs via
the decay of virtual W or its partner WG,79 and via the decay of virtual Z of its partner
ZG,79 to L+ L− . Also γG,79 could be involved.
This could explain the three anomalies associated with the neutral B mesons, which are
analogs of neutral K mesons having long- and short-lived variants.
(a) The two anomalies involving W bosons could be understood if some fraction of decays
takes place via the decay b → c + WG,79 followed by WG,79 → Lν. The charge matrix of
WG,79 is not universal and CP breaking is involved. Hence one could have interference
effects, which increase the branching fraction to τ ν or eν relative to µν depending on
whether the state is long- or short-lived B meson.
(b) The anomaly in decays producing charged lepton pairs in decays of B + does not involve
CP breaking and would be due to the non-universality of ZG,79 charge matrix.
One expects that higher generation weak bosons are accompanied by a higher generation
Higgses, which differ from SUSY Higgses in the sense that they all have only neutral component. The naı̈ve scaling of the Higgs mass by 2(−89−79)/2 gives mass of 4 TeV. There are
indications for a scalar with this mass!
Year or two after writing the first version of this text, I realized that also the puzzle of proton
charge radius due to the observation that the proton radius determined from hydrogen and
muonium atom are slightly different could be understood in terms of a second generation
of Z boson breaking lepton universality [L38]. This article also explains in more detail the
notion of family-SU(3) for gauge bosons. Also the anomaly of anomalous magnetic moment
of muon might be understood in this manner.
I also learned (April 2017) about new data concerning B meson anomalies (see http://
tinyurl.com/m7gahup). The analysis of data is explained at http://tinyurl.com/ml335qf.
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It is interesting to look at these results in more detail from TGD point of view using the data
of the first link.
(a) There is about 4.0 σ deviation from τ /l universality (l = µ, e) in b → c transitions. In
terms of branching ratios ones has:
R(D∗ ) =
R(D) =

Br(B→D τ ντ )
Br(B→D ∗ lνl )

Br(B→Dτ ντ )
Br(B→lνl )

= 0.316 ± 0.016 ± 0.010 ,

= 0.397 ± 0.040 ± 0.028 ,

The corresponding SM values are R(D∗ )|SM = 0.252±0.003 and R(D)|SM = .300±.008.
My understanding is that the normalization factor in the ratio involves total rate to
D∗ lνl , l = µ, e involving only single neutrino in final state whereas the τ ν decays involve
3 neutrinos due to the neutrino pair from τ implying broad distribution for the missing
mass.
The decays to τ ντ are clearly preferred as if there were an exotic W boson preferring
to decay τ ν over lν , l = e, µ. In TGD it could be second generation W boson. Note
that CKM mizing of neutrinos could also affect the branching ratios.
(b) Since these decays are mediated at tree level in the SM, relatively large new physics
contributions are necessary to explain these deviations. Observation of 2.6 σ deviation
of µ/e universality in the dilepton invariant mass bin 1 GeV2 ≤ q 2 ≤ 6 GeV2 in b → s
transitions:
R(K) =

Br(B → Kµ+ µ− )
= 0.745+0.090
−0.074 ± 0.038
Br(B → Ke+ e− )

deviate from the SM prediction R(K)|SM = 1.0003 ± 0.0001.
This suggests the existence of the analog of Z boson preferring to decay to e+ e− rather
than µ+ µ− pairs.
If the charge matrices acting on dynamical family-SU(3) fermion triplet do not depend
on electroweak bosons and neutrino CKM mixing is neglected for the decays of second
generation W , the data for branching ratios of D bosons implies that the decays to
e+ e− and τ + τ − should be favored over the decays to µ+ µ−. Orthogonality of the
charge matrices plus the above data could allow to fix them rather precisely from data.
It might be that one must take into account the CKM mixing.
(c) CMS recently also searched for the decay h → τ µ and found a non-zero result of Br(h →
τ µ) = 0.84+0.39
−0.37 , which disagrees by about 2.4σ from 0, the SM value. I have proposed
an explanation for this finding in terms of CKM mixing for leptons [L26]. h would decay
to W + W − pair, which would exchange neutrino transforming to τ µ pair by neutrino
CKM mixing.
(d) According to the reference, for Z 0 the lower bound for the mass is 2.9 TeV, just the
TGD prediction if it corresponds to MG,79 so that the mass would be 32 times the mass
of ordinary Z boson!
TGD allows also to consider leptoquarks as pairs of leptons and quarks and there is some
evidence for them too! I wrote about this an article [L25] (http://tinyurl.com/m9sn8fm).
Also indications for M89 and MG,79 hadron physics with scaled up mass scales is accumulating
[L27] (http://tinyurl.com/lkdov99). It seems that TGD is really there and nothing can
prevent it showing up, and QCD is shifting to the verge of revolution [L1] (http://tinyurl.
com/lcpp5zl). I predict that next decades in physics will be a New Golden Age as colleagues
finally wake up.
The latest piece in the story
The latest piece in the story emerged as I found in FB a link to a highly interesting popular
article ”Dark matter exists? Chinese satellite detects mysterious signals while measuring
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cosmic rays” (see http://tinyurl.com/ycoyr6bm). There is an article in Nature with title “Direct detection of a break in the teraelectronvolt cosmic-ray spectrum of electrons and
positrons” (see http://tinyurl.com/y8sm5v36) by DAMPE collaboration [C87].
A Chinese satellite – Dark Matter Particle Explorer (DAMPE), also called Wukong or ”Monkey King”, is reported to have made a discovery. The energy spectrum of cosmic ray electrons
and positrons is measured. The surprise was that there is a break at about .9 TeV and a
strange spike at around 1.4 TeV. The conclusion is that the spike indicates a particle with
a mass of about 1.4 TeV on the spectrum. To me a more natural conclusion would be that
there is a particle with mass 2.8 TeV decaying to electron positron pair. Unfortunately, the
popular article does not allow to conclude what is the precise finding.
In any case, TGD predicts scaled up variant of electroweak physics and there are several
pieces of evidence for its existence coming from the violation of lepton and quark universality
[L41, L27, L38]. The mass scale for this physics would correspond to Gaussian Mersenne
prime MG,79 = (1 + i)79 − 1 and is obtained by scaling the mass scale of electroweak physics
by a factor 32. This predicts the mass of Z boson of this physics to be 2.9 TeV. It would decay
to electron positron pairs with members having energy 1.45 TeV in cm system. Also gluons
could have scaled up variants and there is some evidence for this too from the breaking of
the quark universality (see
Cosmic ray electron and positron spectra are found to have peak at 1.4 TeV. Could they
result in the decays of the second generation Z boson with mass 2.9 TeV? In TGD framework
this boson would not however solve dark matter puzzle. In TGD Universe dark matter has
explanation as hef f /h = n phases of ordinary matter. Could the ”break” at about .9 TeV (I
am not quite sure what “break” really means) relate to massive photon of MG,79 physics.
Article also mentions that the cosmic ray positron flux is higher than predicted above 70 GeV.
That this energy corresponds to the mass of M89 pion, might not be an accident. The decay
to gamma pairs dominates and gives a peak but the rate for the decay to γ +e+ e− pair would
be by factor of order α ∼ 1/137 lower and would give a break rather than peak since the
energy spectrum of pairs is continuous. Therefore support for both M89 and MG,79 physics
emerges. Maybe the long-waited breakthrough of TGD might not be in too far future.

10.2.2 A Slight Indication For The Exotic Octet Of Gauge Bosons
From Forward-Backward Asymmetry In Top Pair Production
CDF has reported two anomalies related to the production of top quark pairs. The production
rate for the pairs is too high and the forward backward asymmetry is also anomalously high.
Both these anomalies could be understood as support for the octet of gauge bosons associated
predicted by TGD based explanation of family replication phenomenon [K10]. The exchange
of both gauge bosons would induce both charged and neutral flavour changing electroweak
and color currents.
Two high production rate for top quark pairs
Both Jester (see http://tinyurl.com/y7ybabsj) and Lubos Motl (see http://tinyurl.
com/y8epcrmb) tell about top quark related anomaly in proton-antiproton collisions at Tevatron reported by CDF collaboration. The anomaly has been actually reported already
last summer but has gone un-noticed. More detailed data can be found in [C16] (see
http://tinyurl.com/ybvzrtpa) .
What has been found is that the production rate for jet pairs with jet mass around 170 GeV,
which happens to correspond to top quark mass, the production cross section is about 3 times
higher higher than QCD simulations predict. 3.44 sigma deviation is in question meaning
that its probability is same as for the normalized random variable x/σ to be larger than 3.44
for Gaussian distribution exp(−(x/σ)2 /2)/(2πσ 2 )1/2 . Recall that 5 sigma is regarded as so
improbable fluctuation that one speaks about discovery. If top pairs are produced by some
new particle, this deviation should be seen also when second top decays leptonically meaning
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a large missing energy of neutrino. There is however a slight deficit rather than excess of
these events.
One can consider three interpretations.
(a) The effect is a statistical fluke. But why just at the top quark mass?
(b) The hadronic signal is real but there is a downwards fluctuation reducing the number of
leptonic events slightly from the expected one. In the leptonic sector the measurement
resolution is poorer so that this interpretation looks reasonable. In this case the decay
of some exotic boson to top quark pair could explain the signal. Below this option
will be considered in more detail in TGD framework and the nice thing is that it can
be connected to the anomalously high forward backward asymmetry in top quark pair
production (see http://tinyurl.com/3y5hht7) reported by CDF for few weeks ago
[C63].
(c) Both effects are real and the signal is due to R-parity violating 3-particle decays of
gluinos with mass near to top quark mass. This is the explanation proposed in the
paper of Perez and collabators (see http://tinyurl.com/ydbo97sr).
Too high forward backward asymmetry in the production rate for top quark pairs
There is also a second anomaly involved with top pair production. Jester (see http://
tinyurl.com/4b622rx) reports new data [C163] about the strange top-pair forward-backward
asymmetry in top pair production in p-pbar collisions already mentioned [C63]. In Europhysics 2011 conference D0 collaboration reported the same result. CMS collaboration found
however no evidence for the asymmetry (see http://tinyurl.com/ydxe5n8o) in p-p collisions at LHC [C73]. For top pairs with invariant mass above 450 GeV the asymmetry is
claimed by CDF to be stunningly large 48+/-11 per cent. 3 times more often top quarks
produced in qqbar annihilation prefer to move in the direction of quark. Note that this
experiment would have reduced the situation from the level of ppbar collisions to the level
of quark-antiquark collisions and the negative result suggests that valence quarks might play
an essential role in the anomaly.
The TGD based explanation for the finding would relation on the flavor octet of gluons and
the new view about Feynman diagrams.
(a) The identification of family replication phenomenon in terms of genus of the wormhole
throats [K10] predicts that family replication corresponds to a dynamical SU(3) symmetry (having nothing to do with color SU(3)or Gell-Mann’s SU(3)) with gauge bosons
belonging to the octet and singlet representations. Ordinary gauge bosons would correspond besides the familar singlet representation also to exotic octet representation
for which the exchanges induce neutral flavor changing currents in the case of gluons
and neutral weak bosons and charge changing ones in the case of charged gauge bosons.
The exchanges of the octet representation for gluons could explain both the anomalously
high production rate of top quark pairs and the anomalously large forward backward
asymmetry! Also electroweak octet could of course contribute.
(b) This argument requires a more detailed explanation for what happens in the exchange
of gauge boson changing the genus. Particles correspond to wormhole contacts. For
topologically condensed fermions the genus of the second throat is that of sphere created
when the fermionic CP2 vacuum extremal touches background space sheet. For bosons
both wormhole throats are dynamical and the topologies of both throats matter. The
exchange diagram corresponds to a situation in which g = gi fermionic wormhole throat
from past turns back in time spending some time as second throat of virtual boson
wormhole contact and g = gf from future turns back in time and defines the second
throat of virtual boson wormhole contact. The turning corresponds to gauge boson
exchange represented by a wormhole contact with g = gi and g = gf wormhole throats.
Ordinary gauge bosons are quantum superpositions of (g, g) pairs transforming as SU(3)
singlets and SU(3) charged octet bosons are of pairs (g1 , g2 ) with g1 6= g2 . In the absence
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of topological mixing of fermions inducing CKM mixing the exchange is possible only
between fermions of same generation. The mixing is however large and changes the
situation.
(c) One could say that top quark from the geometric future transforms at exchange line to
space-like t-quark (genus g = 2) and returns to future. The quark from the geometric
past does the same and returns back to the past as antiquark of antiproton. In the
exchange line this quark combines with t-quark to form a virtual color octet gluon.
This mechanism could also give additional contributions to the mechanism generating CP
breaking since new box diagrams involving two exchanges of flavor octet weak boson contribute to the mixings of quark pairs in mesons. The exchanges giving rise to an intermediate
state of two top quarks are expected to give the largest contribution to the mixing of the
neutral quark pairs making up the meson. This involves exchange of a member W boson
flavor octet boson analogous to the usual exchange of the flavor singlet boson. This might
relate to the reported anomalous like sign muon asymmetry in BBbar decay [C82] suggesting
that the CP breaking in this system is roughly 50 times larger than predicted by CKM matrix. The new diagrams would only amplify the CP breaking associated with CKM matrix
rather than bringing in any new source of CP breaking. This mechanism increases also the
CP breaking in KKbar system known to be also anomalously high.

10.2.3 The Physics Of M − M Systems Forces The Identification Of
Vertices As Branchings Of Partonic 2-Surfaces
For option 2) gluons are superpositions of g = 0, 1, 2 states with identical probabilities and
vertices correspond to branchings of partonic 2-surfaces. Exotic gluons do not induce mixing
of quark families and genus changing transitions correspond to light like 3-surfaces connecting
partonic 2-surfaces with different genera. CKM mixing is induced by this topological mixing.
The basic testable predictions relate to the physics of M M systems and are due to the
contribution of exotic gluons and large direct CP breaking effects in K − K favor this option.
For option 1) vertices correspond to fusions rather than branchings of the partonic 2-surfaces.
The prediction that quarks can exchange handle number by exchanging g > 0 gluons (to be
denoted by Gg in the sequel) could be in conflict with the experimental facts.
1. CP breaking in K − K̄ as a basic test
CP breaking physics in kaon-antikaon and other neutral pseudo-scalar meson systems is
very sensitive to the new physics. What makes the situation especially interesting, is the
recently reported high precision value for the parameter 0 / describing direct CP breaking
in kaon-antikaon system [C126]. The value is almost by an order of magnitude larger than
the standard model expectation. K − K̄ mass difference predicted by perturbative standard
model is 30 per cent smaller than the the experimental value and one cannot exclude the
possibility that new physics instead of/besides non-perturbative QCD might be involved.
In standard model the low energy effective action is determined by box and penguin diagrams.
∆S = 2 piece of the effective weak Lagrangian, which describes processes like sd¯ → ds̄,
determines the value of the K − K̄ mass difference ∆mK and since this piece determines
K → K̄ amplitude it also contributes to the parameter  characterizing indirect CP breaking.
∆S = 2 part of the weak effective action corresponds to box diagrams involving two W boson
exchanges.
2. ∆mK kills option a
For option 1) box diagrams involving Z and g > 0 exchanges are allowed provided exchanges
correspond to exchange of both Z and g > 0 gluon. The most obvious objection is that
the exchanges of g > 0 gluons make strong ∆S > 0 decays of mesons possible: KS → ππ
is a good example of this kind of decay. The enhancement of the decay rate would be of
order (αs (g = 1)/αem )2 (mW /mG (g = 1)2 ∼ 103 . Also other ∆S = 1 decay rates would
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be enhanced by this factor. The real killer prediction is a gigantic value of ∆mK for kaonantikaon system resulting from the possibility of sd → ds decay by single g = 1 gluon
exchange. This prediction alone excludes option 1).
3. Option 2) could explain direct CP breaking
For option 2) box diagrams are not affected in the lowest order by exotic gluons. The standard
model contributions to ∆mK and indirect CP breaking are correct for the observed value of
the top quark mass which results if top corresponds to a secondary padic length scale L(2, k)
associated with k = 47 (Appendix). Higher order gluonic contribution could increase the
value of ∆mK predicted to be about 30 per cent too small by the standard model.
In standard model penguin diagrams contribute to ∆S = 1 piece of the weak Lagrangian,
which determines the direct CP breaking characterized by the parameter 0 /. Penguin
¯ are characterized by effective vertices dsB,
diagrams, which describe processes like sd¯ → dd,
where B denotes photon, gluon or Z boson. dsB vertices give the dominant contribution
to direct CP breaking in standard model. The new penguin diagrams are obtained from
ordinary penguin diagrams by replacing ordinary gluons with exotic gluons.
For option 2) the contributions predicted by the standard model are multiplied by a factor
3 in the approximation that exotic gluon mass is negligible in the mass scale of intermediate
gauge boson. These diagrams affect the value of the parameter 0 / characterizing direct CP
breaking in K − K̄ system found experimentally to be almost order of magnitude larger than
standard model expectation [C126].

10.2.4 How to describe family replication phenomenon gauge theoretically?
In TGD framework family replication phenomenon is described topologically [K10] (see http:
//tinyurl.com/y7s8elpc). The problem is to modify the gauge theory approach of the
standard model to model to describe family replication phenomenon at QFT limit.
Original picture about family replication phenomenon
The original view about family replication phenomenon assumed that fermions correspond
to single boundary component of the space-time surface (liquid bubble is a good analogy)
and thus characterized by genus g telling the number of handles attached to the sphere to
obtain the bubble topology.
(a) Ordinary bosons would correspond to g = 0 (spherical) topology and the absorption/emission of boson would correspond to 2-D topological sum in either time direction.
This interpretation conforms with the universality of ordinary ew and color interactions.
(b) The genera of particle and antiparticle would have formally opposite sign and the total
genus would be conserved in the reaction vertices. This makes sense if the annihilation
of fermion and anti-fermion to g = 0 boson means that fermion turns backwards in time
emitting boson. The vertex is essentially 2-D topological sum at criticality between two
manifold topologies. In the vertex 2-surface would be therefore singular manifold. The
analogy to closed string emission in string model is obvious.
The recent vision
Later the original picture was replaced with a more complex identification.
(a) Fundamental particles - partons - serving as building bricks of elementary particles
are partonic 2-surfaces identified as throats of wormhole contacts at which the Euclidian signature of the induced metric of the wormhole contact changes to Minkowskian
one. The orbit of partonic 2-surface corresponds to a light-like 3-surface at which the
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Minkowskian signature of the induced metric changes to Euclidian, and carries fermion
lines defining of boundaries of string world sheets. Strings connect different wormhole
throats and mean generalization of the notion of point like particle leading to the notion
of tensor network [K71] (see http://tinyurl.com/y9kwnqfa).
Elementary particles are pairs of two wormhole contacts. Both fermions and bosons
are pairs of string like flux tubes at parallel space-time sheets and connected at their
ends by CP2 sized wormhole contacts having Euclidian signature of induced metric. A
non-vanishing monopole flux loop runs around the extrenely flattened rectangle loop
connecting wormhole throats at both space-time sheets and traverses through the contacts.
(b) The throats of wormhole contacts are characterized by genus given by the number g
of handles attached to sphere to get the topology. If the genera ga , gb of the opposite
throats of given wormhole contact are same, one can assign genus to it : g = ga = gb .
This can be defended by the fact, that the distance between the throats is given by CP2
length scale and thus extremely short so that ga 6= gb implies strong gradients and by
Uncertainty Principle mass of order CP2 mass.
If the genera of the two wormhole contacts are same: g1 = g2 , one one can assign genus
g to the particle. This assumption is more questionable if the distance between contacts
is of order of Compton length of the particle. The most general assumption is that all
genera can be different.
(c) There is an argument for why only 3 lowest fermion generations are observed [K10] (see
http://tinyurl.com/y7s8elpc). Assume that the genus g for all 4 throats is same.
For g = 0, 1, 2 the partonic 2-surfaces are always hyper-elliptic allowing thus a global
conformal Z2 symmetry. Only these 3 2-topologies would be realized as elementary
particles whereas higher generations would be either very heavy or analogous to manyparticle states with a continuum mass spectrum. For the latter option g = 0 and g = 1
state could be seen as vacuum and single particle state whereas g = 2 state could be
regarded as 2-particle bound state. The absence of bound n-particle state with n > 2
implies continuous mass spectrum.
(d) Fundamental particles would wave function in the conformal moduli space associated
with its genus (Teichmueller space) [K10]. For fundametal fermions the wave function
would be strongly localized to single genus. For ordinary bosons one would have maximal mixing with the same amplitude for the appearance of wormhole throat topology
for all genera g = 0, 1, 2. For the two other u(3)g neutral bosons in octet one would have
different mixing amplitudes and charge matrices would be orthogonal and universality
for the couplings to ordinary fermions would be broken for them. The evidence for the
breaking of the universality [K22] (see http://tinyurl.com/y7axat8j) is indeed accumulating and exotic u(3)g neutral gauge bosons giving effectively rise to two additional
boson families could explain this.
Two questions related to bosons and fermions
What about gauge bosons and Higgs, whose quantum numbers are carried by fermion and
anti-fermion (or actually a superposition of fermion-anti-fermion pairs). There are two options.
(a) Option I: The fermion and anti-fermion for elementary boson are located at opposite
throats of wormhole contact as indeed assumed hitherto. This would explain the pointlikeness of elementary bosons. u(3) charged bosons having different genera at opposite
throats would have vanishing couplings to ordinary fermions and bosons. Together with
large mass of ga 6= gb wormhole contacts this could explain why ga 6= gb bosons and
fermions are not observed and would put the Cartan algebra of u(3)g in physically
preferred position. Ordinary fermions would effectively behave as u(3)g triplet.
(b) Option II: The fermion and anti-fermion for elementary boson are located at throats of
different wormhole contacts making them non-point like string like objects. For hadron
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like stringy objects, in particular graviton, the quantum numbers would necessarily
reside at both ends of the wormhole contact if one assumes that single wormhole throats
carries at most one fermion or anti-fermion. For this option also ordinary fermions could
couple to (probably very massive) exotic bosons different genera at the second end of
the flux tube.
There are also two options concerning the representation of u(3)g assignal to fermions corresponding ot su(3)g triplet 3 and 8 ⊕ 1.
Option I: Since only the wormhole throat carrying fermionic quantum numbers is active
and since fundamental fermions naturally correspond to u(3)g triplets, one can argue that
the wormhole throat carrying fermion quantum number determines the fermionic u(3)g representation and should be therefore 3 for fermion and 3 anti-fermion.
At fundamental level also bosons would in the tensor products of these representations and
many-sheeted description would use these representations. Also the description of gravitonlike states involving fermions at all 4 wormhole throats would be natural in this framework.
At gauge theory limit sheets would be identified and in the most general case one would need
U (3)g × U (3)g × U (3)g × U (3)g with factors assignable to the 4 throats.
(a) The description of weak massivation as weak confinement based on the neutralization
of weak isospin requires a pair of left and right handed neutrino located with νL and
ν R or their CP conjugates located at opposite throats of the passive wormhole contact
associated with fermion. Already this in principle requires 4 throats at fundamental
level. Right-handed neutrino however carries vanishing electro-weak quantum numbers
so that it is effectively absent at QFT limit.
(b) Why should fermions be localized and su(3)g neutral bosons delocalized with respect to
genus? If g labels for states of color triplet 3 the localization of fermions looks natural,
and the mixing for bosons occurs only in the Cartan algebra in u(3)g framework: only
u(3)g neutral states an mix.
Option II: Also fermions belong to 8 + 1. The simplest assumption is that both fermions
and boson having g1 6= g2 have large mass. In any case, g1 6= g2 fermions would couple only
to u(3)g charged bosons. Also for this option ordinary bosons with unit charge matrix for
u(3)g would couple in a universal manner.
(a) The model for CKM mixing [K25] (see http://tinyurl.com/y7as5ed6) would be modified in trivial manner. The mixing of ordinary fermions would correspond to different
topological mixings of the three states su(3)-neutral fermionic states for U and D type
quarks and charged leptons and neutrinos. One could reduce the model to the original
one by assuming that fermions do not correspond to generators Id, Y , and I3 for su(3)g
but their linear combinations giving localization to single valued of g in good approximation: they would correspond to diagonal elements eaa , a = 1, 2, 3 corresponding to
g = 0, 1, 2.
(b) p-Adic mass calculations [K19] (see http://tinyurl.com/y9cvb332) assuming fixed
genus for fermion predict an exponential sensitivity on the genus of fermion. In the
general case this prediction would be lost since one would have weighted average over
the masses of different genera with g = 2 dominating exponentially. The above recipe
would cure also this problem. Therefore it seems that one cannot distinguish between
the two options allowing g1 6= g2 . The differences emerge only when all 4 wormhole
throats are dynamical and this is the case for graviton-like states (spin 2 requires all 4
throats to be active).
The conclusion seems to be that the two options are more or less equivalent for light fermions.
In the case of exotic fermions expected to be extremely heavy the 8 + 1 option looks more
natural. At this limit however QFT limit need not make sense anymore.
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Reaction vertices
Consider next the reaction vertices for the option in which particles correspond to string like
objects identifiable as pairs of flux tubes at opposite space-time sheets and carrying monopole
magnetic fluxes and with ends connected by wormhole contacts.
(a) Reaction vertex looks like a simultaneous fusing of two open strings along their ends
at given space-time sheets. The string ends correspond to wormhole contacts which
fuse together completely. The vertex is a generalization of a Y-shaped 3-vertex of
Feynman diagram. Also 3-surfaces assignable to particles meet in the same manner
in the vertex. The partonic 2-surface at the vertex would be non-singular manifold
whereas the partonic orbit would be singular manifold in analogy with Y shaped portion
of Feynman diagram.
(b) In the most general case the genera of all four throats involved can be different. Since
the reaction vertex corresponds to a fusion of wormhole contacts characterized in the
general case by (g1 , g2 ), one must have (g1 , g2 ) = (g3 , g4 ). The rule would correspond in
gauge theory description to the condition that the quark and antiquark su(3)g charges
are opposite at both throats in order to guarantee charge conservation as the wormhole
contact disappears.
(c) One has effectively pairs of open string fusing along their and the situation is analogous
to that in open string theory and described in terms of Chan-Paton factors. This
suggests that gauge theory description makes sense at QFT limit.
i. If g is same for all 4 throats, one can characterize the particle by its genus. The
intuitive idea is that fermions form a triplet representation of u(3)g assignable to
the family replication. In the bosonic sector one would have only. u(3)g neutral
bosons. This approximation is expected to be excellent.
ii. One could allow g1 6= g2 for the wormhole contacts but assume same g for opposite
throats. In this case one would have U (3)g × U (3)g as dynamical gauge group
with U (3)g associated with different wormhole contacts. String like bosonic objects
(hadron like states) could be therefore seen as a nonet for u(3)g . Fermions could
be seen as a triplet.
Apart from topological mixing inducing CKM mixing fermions correspond in good
approximation to single genus so that the neutral members of u(3)g nonet, which
are superpositions over several genera must mix to produce states for which mixing
of genera is small. One might perhaps say that the topological mixing of genera
and mixing of u3 (g) neutral bosons are anti-dual.
iii. If all throats can have different genus one would have U (3)g ×U (3)g ×U (3)g ×U (3)g
as dynamical gauge group U (3)g associated with different wormhole throats. This
option is probably rather academic. Also fermions could be seen as nonets.
What would the gauge theory description of family replication phenomenon look
like?
For the most plausible option bosonic states would involve a pair of fermion and anti-fermion
at opposite throats of wormhole contact. Bosons would be characterized by adjoint representation of u(3)g = su(3)g × u(1)g obtained as the tensor product of fermionic triplet
representations 3 and 3.
(a) u(1)g would correspond to the ordinary gauge bosons bosons coupling to ordinary
fermion generations in the same universal manner giving rise to the universality of
electroweak and color interactions.
(b) The remaining gauge bosons would belong to the adjoint representation of su(3)g . One
indeed expects symmetry breaking: the two neutral gauge bosons would be light whereas
charged bosons would be extremely heavy so that it is not clear whether QFT limit
makes sense for them.
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Their charge matrices Qig would be orthogonal with each other (T r(Qig Qjg ) = 0, i 6= j)
and with the unit charge matrix u(1)g charge matrix Q0 ∝ Id (T r(Qig ) = 0) assignable
to the ordinary gauge bosons.These charge matrices act on fermions and correspond to
the fundamental representation of su(3)g . They are expressible in terms of the GellMann matrices λi (see http://tinyurl.com/y7ukgf5m).
How to describe family replication for gauge bosons in gauge theory framework? A minimal
extension of the gauge group containing the product of standard model gauge group and
U (3)g does not look promising since it would bring in additional generators and additional
exotic bosons with no physical interpretation. This extension would be analogous to the
extension of the product SU (2) × SU (3) of the spin group SU (2) and Gell-Mann’s SU (3) to
SU (6)). Same is true about the separate extensions of U (2)ew and SU (3)c .
(a) One could start from an algebra formed as a tensor product of standard model gauge
algebra g = su(3)c ×u(2)ew and algebraic structure formed somehow from the generators
of u(3)g . The generators would be

Ji,a = Ti ⊗ Ta ,

(10.2.1)

where i labels the standard model Lie-algebra generators and a labels the generators of
u(3)g .
This algebra should be Lie-algebra and reduce to the same as associated with standard
model gauge group with generators T b replacing effectively complex numbers as coefficients. Mathematician would probably say, that standard model Lie algebra is extended
to a module with coefficients given by u(3)g Lie algebra generators in fermionic representation but with Lie algebra product for u(3)g replaced with a product consistent
with the standard model Lie-algebra structure, in particular with the Jacobi-identities.
(b) By writing explicitly commutators and Jacobi identifies one obtains that the product
must be symmetric: Ta ◦ Tb = Tb ◦ Ta and must satisfy the conditions Ta ◦ (Tb ◦ Tc ) =
Tb ◦ (Tc ◦ Ta ) = Tc ◦ (Ta ◦ Tb ) since these terms appear as coefficients of the double
commutators appearing in Jacobi-identities

[Ji,a , [Jj,b ], Jk,c ]] + [Jj,b , [Jk,c ], Ji,a ]] + [Jk,c , [Ji,a ], Jj,b ]] = 0 .

(10.2.2)

Commutativity reduces the conditions to associativity condition for the product ◦. For
the sub-algebra u(1)3g these conditions are trivially satisfied.
(c) In order to understand the conditions in the fundamental representation of su(3), one
can consider the product the su(3)g product defined by the anti-commutator in the
matrix representation provided by Gell-Mann matrices λa (see http://tinyurl.com/
y7ukgf5m and http://tinyurl.com/y8smg8fz):

{λa , λb } = 43 δa,b Id + 4dabc λc ,

T r(λa λb ) = 2δab ,

dabc = T r(λa {λb , λc })(10.2.3)
.

dabc is totally symmetric under exchange of any pair of indices so that the product
defined by the anti-commutator is both commutative and associative. The product
extends to u(3)g by defining the anti-commutator of Id with λa in terms of matrix
product. The product is consistent with su(3)g symmetries so that these dynamical
charges are conserved. For complexified generators this means that generator and its
conjugate have non-vanishing coefficient of Id.
Remark: The direct sum u(n) ⊕ u(n)s formed by Lie-algebra u(n) and its copy u(n)s
endowed with the anti-commutator product ◦ defines super-algebra when one interprets
anti-commutator of u(n)s elements as an element of u(n).
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(d) Could SU (3) associated with 3 fermion families be somehow special? This is not the
case. The conditions can be satisfied for all groups SU (n), n ≥ 3 in the fundamental
representation since they all allow completely symmetric structure constants dabc as
also higher completely symmetric higher structure constants dabc... up to n indices.
This follows from the associativity of the symmetrized tensor product: ((Adj ⊗ Adj)S ⊗
Adj)S = (Adj ⊗ (Adj ⊗ Adj)S )S for the adjoint representation.
To sum up, the QFT description of family replication phenomenon with the extension of
the standard model gauge group would bring to the theory the commutative and associative
algebra of u(3)g as a new mathematical element. In case of ordinary fermions and bosons
and also in the case of u(3)g neutral bosons the formalism would be however rather trivial
modification of the intuitive picture.
New indications for third generation weak bosons
There are indications (see http://tinyurl.com/y8cwb98b) that electron neutrinos appear
observed by ICECUBE more often than other neutrinos. In particular, the seems to be a
deficit of τ neutrinos. The results are very preliminary. In any case, there seems to be an
inconsistency between two methods observing the neutrinos. The discrepancy seems to come
from higher energy end of the energy range [13 TeV, 7.9 PeV] from energies above 1 PeV.
The article “Invisible Neutrino Decay Could Resolve IceCube’s Track and Cascade Tension”
by Peter Denton and Irene Tamborra tries to explain this problem by assuming that τ and
µ neutrinos can decay to a superparticle called majoron [C193] (see http://tinyurl.com/
ycvwehmr).
The standard model for the production of neutrinos is based on the decays of pions producing
e+ νe and µ+ νµ . Also µ+ can travel to the direction of Earth and decay to e+ νe ν µ and double
the electron neutrino fraction. The flavor ratio would be 2:1:0.
Remark: The article at (see http://tinyurl.com/ycvwehmr) claims that the flavor ratio
is 1:2:0 in pion decays, which is wrong: the reason for the lapsus is left as an exercise for the
reader.
Calculations taking into account also neutrino oscillations during the travel to Earth to be
discussed below leads in good approximation to a predicted flavor ratio 1:1:1. The measurement teams suggest that measurements are consistent with this flavor ratio.
There are however big uncertainties involved. For instance, the energy range is rather wide
[13 TeV, 7.9 PeV] and if neutrinos are produce in decay of third generation weak boson
with mass about 1.5 PeV as TGD predicts, the averaging can destroy the information about
branching fractions.
In TGD based model [L58] [K22] (see http://tinyurl.com/y94zru7s) third generation
weak bosons - something new predicted by TGD - at mass around 1.5 TeV corresponding to
mass scale assignable to Mersenne prime M61 (they can have also energies above this energy)
would produce neutrinos in the decays to antilepton neutrino pairs.
(a) The mass scale predicted by TGD for the third generation weak bosons is correct: it
would differ by factor 2(89−61)/2 = 214 from weak boson mass scale. LHC gives evidence
also for the second generation: also now mass scale comes out correctly. Note that
ordinary weak bosons would correspond to M89 .
(b) The charge matrices of 3 generations must be orthogonal and this breaks the universality
of weak interactions. The lowest generation has generation charge matrix proportional
to (1,1,1) - this generation charge matrix describes couplings to different generations.
Unit matrix codes for universality of ordinary electroweak and also color interactions.
For higher generations of electro-weak bosons and also gluons universality is lost and
the flavor ratio for the produced neutrinos in decays of higher generation weak bosons
differs from 1:1:1.
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p
One example
√ of charge matrices would be 3/2(0, 1, −1) for second generation and
(2, −1, −1)/ 2 for the third generation. In this case electron neutrinos would be produced 2 times more than muon and tau neutrinos altogether. The flavor ratio would be
0:1:1 for the second generation and 4:1:1 for the third generation in this particular case.
(c) This changes the predictions of the pion decay mechanism. The neutrino energies are
above the energy about 1.5 PeV in the range defined by the spectrum of energies for
the decaying weak boson. If they are nearly at rest the energie are a peak around the
rest mass of third generation weak boson. The experiments detect neutrinos at energy
range [13 TeV, 7.9 PeV] having the energy of the neutrinos produced in the decay of
third generation weak bosons in a range starting from 1.5 PeV and probably ending
below 7.9 PeV. Therefore their experimental signature tends to be washed out if pion
decays are responsible for the background.
These fractions are however not what is observed at Earth.
(a) Suppose that L + νL pair is produced. It can also happen that L+ , say µ+ travels to
the direction of Earth. It can decay to e+ ν µ νe . Therefore one obtains both νµ and νe .
From the decy to τ + ντ one obtains all three neutrinos. If the fractions of the neutrinos
from the generation charge matrix are (X e , X µ , X τ ), the fractions travelling to each are
proportional to
{xα } ↔ {X α } = (X e , X µ , X τ ) = (xe + xµ + xτ , xµ + xτ , xτ ) .

(10.2.4)

and the flavor ratio in the decays would be
X e : X µ : X τ = xe + xµ + xτ : xµ + xτ : xτ .

(10.2.5)

The decays to lower neutrino generations tend to increase the fraction of electronic and
muonic neutrinos in the beam.
(b) Also neutrino oscillations due to different masses of neutrinos (see http://tinyurl.
com/oov344k) affect the situation. The analog of CKM matrix describing the mixing
of neutrinos, the mass squared differences, and the distance to Earth determines the
oscillation dynamics.
One can deduce the mixing probabilities from the analog of Schrödinger equation by
using approximation E = p + m2 /2p which is true for energies much larger than the rest
mass of neutrinos. The masses of mass eigenstates, which are superpositions of flavour
eigenstates, are different.
The leptonic analog of CKM matrix Uαi (having in TGD interpretation in terms of
different mixings of topologies of partonic 2-surfaces associated with different charge
states of various lepton families [K10]) allows to express the flavor eigenstates να as
superpositions of mass eigenstates νi . As a consequence, one obtains the probabilities
that flavor eigenstate να transforms to flavour eigenstate νβ during the travel. In the
recent case the distance is very large and the dependence on the mass squared differences
and distance disappears in the averaging over the source region.
The matrix Pαβ telling the transformation probabilities α → β is given in Wikipedia
article (see http://tinyurl.com/oov344k) in the general case. It is easy to deduce the
matrix at the limit of very long distances by taking average over source region to get
exressions having no dependence
Pαβ = δαβ − 2

X

†
†
Re[Uβi Uiα
Uαj Ujβ
] .

(10.2.6)

i>j

P
Note that β Pαβ = 1 holds true since in the summation second term vanishes due to
unitary condition U † U = 1 and i > j condition in the formula.
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(c) The observed flavor fraction is Ye : Yµ : Yτ , where one has
Yα = Pαβ X β .

(10.2.7)

It is clear that if the generation charge matrix is of the above form, the fraction of
electron neutrinos increases both the decays of τ and µ and by this
p mechanism. Of
course, the third generation could have different charge matrix, say 3/2(0, 1, −1). In
this case the effects would tend to cancel.
TGD view about ANITA anomalous events
I read an article [C151] (see https://arxiv.org/pdf/1809.09615.pdf) telling about 2
anomalous cosmic ray events detected by ANITA (The Antarctic Impulsive Transient Antenna) collaboration. Also ICECUBE collaboration has observed 3 events of this kind. What
makes the events anomalous is that the cosmic ray shower emanates from Earth: standard
model does not allow the generation of this kind of showers. The article proposes superpartner of tau lepton known as stau as a possible solution of the puzzle.
Before continuing it is good to summarize the basic differences between TGD and standard
model at the level of elementary particle physics. TGD differs from standard model by three
basic new elements: p-adic length scale hypothesis predicting a fractal hierarchy of hadron
physics and electroweak physics; topological explanation of family replication phenomenon;
and TGD view about dark matter.
(a) p-Adic length scale hypothesis states that Mersenne primes Mn and Gaussian Mersennes
MG,n give rise to scaled
√ variants of ordinary hadron and electroweak physics with mass
scale proportional to Mn = 2n/2 . M127 would correspond to electron and possibly also
to what I have called lepto-hadron physics [K92]. Muon and nuclear physics would correspond to MG,113 and τ and hadron physics would correspond to M107 . Electroweak
gauge bosons would correspond to M89 . nG = 73, 47, 29, 19, 11, 7, 5, 3, 2 would correspond to Gaussian Mersennes and n = 61, 31, 19, 17, 13, 7, 5, 3, 2 to ordinary Mersennes.
There are four Gaussian Mersennes corresponding to nG ∈ {151, 157, 163, 167} in biologically relevant length scale range 10 nm-2.5 µm (from cell membrane thickness to
nucleus size): this can be said to be a number theoretical miracle.
(b) The basic assumption is that the family replication phenomenon reduces to the topology
of partonic 2-surfaces serving as geometric correlates of particles. Orientable topology
is characterized by genus - the number of handles attached to sphere to obtain the
topology. 3 lowest genera are assumed to give rise to elementary particles. This would
be due to the Z2 global conformal symmetry possible only for g = 0, 1, 2 [K10]. By
this symmetry single handle behaves like particle and two handles like a bound state
of 2 particles. Sphere corresponds to a ground state without particles. For the higher
genera handles and handle pairs would behave like a many-particle states with mass
continuum.
(c) The model of family replication is based on U (3) as dynamical “generation color” acts
as a combinatorial dynamical symmetry assignable to the 3 generations so that fermions
correspond to SU(3) multiplet and gauge bosons to U(3) octet with lowest generation
associated with U(1). Cartan algebra of U(2) would correspond to two light generations
with masses above intermediate boson mass scale.
3 “generation neutral” (g-neutral) weak bosons (Cartan algebra) are assigned with n =
89 (ordinary weak bosons), nG = 79 and nG = 73 correspond to mass scales m(79) = 2.6
TeV and m(73) = 20.8 TeV. I have earlier assigned third generation with n = 61. The
reason is that the predicted mass scale is same as for a bump detected at LHC and
allowing interpretation as g-neutral weak boson with m(61) = 1.3 PeV.
3+3 g-charged weak bosons could correspond to n = 61 with m(61) = 1.3 PeV (or
nG = 73 boson with m(73) = 20.8 TeV) and to nG = 47, 29, 19 and n = 31, 19. The
masses are m(47) = .16 EeV, m(31) = 256 × m(47) = 40 EeV, m(29) = 80 EeV,
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m(19) = 256 EeV, m(17) = .5 × 103 EeV, and m(13) = 2 × 103 EeV. This corresponds
to the upper limit for the energies of cosmic rays detected at ANITA.
In TGD framework the most natural identification of Planck length would be as CP2
length R which is about 103.5 times the Planck length as it is usually identified [L54].
Newton’s constant would have spectrum and its ordinary value would correspond to
G = R2 /~ef f which ~ef f ∼ 107 . UHE cosmic rays would allow to get information about
physics near Planck length scale in TGD sense!
(d) TGD predicts also a hierarchy of Planck constants hef f = n × h0 , h = 6h0 , labelling
phases of ordinary matter identified as dark matter. The phases with different values
of n are dark matter relative to each other but phase transitions changing the value of
n are possible. The hypothesis would realize quantum criticality with long length scale
quantum fluctuations and it follows from what I call adelic physics [L46, L45].
n corresponds to the dimension of extension of rationals defining one level in the hierarchy of adelic physics defined by extensions of rationals inducing extensions of p-adic
number fields serving as correlates for cognition in TGD inspired theory of consciousness [L48]. p-Adic physics would provide extremely simple but information rich cognitive representations of the real number based physics and the understanding of p-adic
physics would be easy manner to understand the real physics. This idea was inspired
by the amazing success of p-adic mass calculations [K48], which initiated the progress
leading to adelic physics.
It is natural to ask what TGD could say about the Anita anomaly serving as very strong (5
sigma) evidence for new physics beyond standard model. Consider first the basic empirical
constraints on the model.
(a) According to the article [C151], there are 2 anomalous events detected by ANITA collaboration and 3 such events detected by ICECUBE collaboration. For these events
there is cosmic ray shower coming Earth’s interior. Standard model does not allow this
kind of events since the incoming particle - also neutrino - would dissipate its energy
and never reach the detector.
This serves as a motivation for the SUSY inspired model of the article proposing that
stau, super-partner of tau lepton, is created and could have so weak interactions with
the ordinary matter that it is able to propagate through the Earth. There must be
however sufficiently strong interaction to make the detection possible. The mass of stau
is restricted to the range .5-1.0 TeV by the constraints posed by LHC data on SUSY.
(b) The incoming cosmic rays associated with anomalous events have energies around cr =
.5 × 1018 eV. A reasonable assumption is that the rest system of the source is at rest
with respect to Earth in an energy resolution, which corresponds to a small energy EeV
scale. No astrophysical mechanism producing higher energy cosmic rays about 1011 GeV
based on standard physic is known, and here the p-adic hierarchy of hadron physics and
electroweak physics suggests mechanisms.
In TGD framework the natural question is whether the energy scale correspond to some
Mersenne or Gaussian Mersenne so that neutrino and corresponding lepton could have been
produced in a decay of W boson labelled by this prime. By scaling of weak boson mass scale
Gaussian Mersenne MG,47 = (1 + i)47 − 1 would correspond to a weak boson mass scale
m(47) = 2(89−47)/2 × 80 GeV = .16 EeV. This mass scale is about roughly a factor 1/3 below
the energy scale of the incoming cosmic ray. This would require that the temperature of the
source is at least 6 × m(47) at source if neutrino is produced in the decay of MG,47 W boson.
This option does not look attractive to me.
Could cosmic rays be (possibly dark) protons of MG,47 hadron physics?
(a) The first objection is that if the proton moves with nearly light-velocity and that its
rest mass must be much smaller than its energy. This cannot be the case. The proton
should be non-relativistic to have the required mass.
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(b) The scaling of the mass of the ordinary proton about mp (107) ' 1 GeV gives mp (47) =
2(107−47)/2 GeV ' 1 EeV! This is encouraging! Darkness in TGD sense could make for
them possible to propagate through matter. In the interactions with matter neutrinos
and leptons would be generated.
The article tells that the energy cr of the cosmic ray showers is cr ∼ .6 EeV, roughly
60 per cent the rest mass of the proposed cosmic ray proton. I do not how precise the
determination of the energy of the shower is. The production of dark particles during
the generation of shower could explain the discrepancy.
(c) What could one say about the interactions of dark M (47) proton with ordinary matter?
Does p(47) transform to ordinary proton in stepwise manner as Mersenne prime is
gradually reduced or in single step. What is the rate for the transformation to ordinary
proton. The free path should be a considerable fraction of Earth radius by the argument
used in [C151] for stau.
The transformation to ordinary proton would generate a shower containing also tau
leptons and tau neutrinos coming pion decays producing muons and electrons and their
neutrinos. Neutrino oscillations would produce tau neutrinos: standard model predicts
flavor ratio about 1:1:1.
(d) What could happen in the strong interactions of dark proton with nuclei? Suppose that
dark proton is relativistic with Ep = xMp = x EeV, x > 1, say x ∼ 2. The total
cm energy Ecm in the rest system of ordinary√proton
is for √
a relativistic)!) EeV dark
p
proton + ordinary proton about Ecm = (3/2) x mp Mp = x × 5 TeV, considerably
above the rest energy mp (89) = 512mp = .48 TeV of M89 dark proton. The kinetic
energy is transformed to rest energy of particles emanating from the collision of dark
and ordinary proton.
If the collision takes place with
√ a quark of ordinary√proton with mass mq = 5 MeV,
Ecm is reduced by a factor of 510−3/2 giving E = x1.3 TeV, which is still above for
the threshold for transforming the cosmic ray dark proton to M89 dark proton.
This suggests that the interaction produce first dark relativistic M89 protons, which in
further interactions transform to ordinary protons producing the shower and neutrinos.
I have proposed already more than two decades ago that strange cosmic ray events such
as Centauros generate hot spot involving M89 hadrons. At LHC quite a number of
bumps with masses obtained by scaling from the masses of mesons of ordinary hadron
physics are observed. I have proposed that they are associated with quantum critically
assignable to a phase transition analogous to the generation of quark gluon plasma, and
are dark in TGD sense having hef f /h = 512 so that their Compton wavelengths are
same as for ordinary hadrons [K22].
(e) The free path of (possibly) dark MG,47 proton in ordinary matter should be a considerable fraction of the Earth’s radius since the process of tau regeneration based on
standard physics cannot explain the findings. The interaction with ordinary matter
possibly involving the transformation of the dark proton to ordinary one (or vice versa!)
must be induced by the presence of ordinary matter rather than being spontaneous.
Also the flux of cosmic ray protons at EeV energies must be high enough. It is known
that UHE cosmic rays very probably are not gamma rays. Besides neutrinos dark MG,47
protons would be a natural candidate for them.
The peculiar feature of these cosmic rays is that they are upward going unlike the usual cosmic
rays (see http://tinyurl.com/y9wuub6l). This is what makes difficult the interpretation
as high energy neutrinos - the cross section is too large for getting through the Earth. This
brings in mind TGD view about formation of galaxies, stars, and even planets [L49, L50,
L53, L56, L67]. All these objects would correspond to local tangles along magnetic flux tubes
looking like field line pattern of dipole fields replaced with a loopy structure formed by the
flux tube. Flux tube would would be an outcome of a thickening of a cosmic string - a
space-time surface in H = M 4 × CP2 having 2-D string world sheet as M 4 projection and
carrying monopole flux.
Cosmic strings would dominate in primordial cosmology and during the counterpart of inflationary period would thicken and their magnetic and volume energy would start to decay
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to ordinary matter in analogy with the decay of inflaton vacuum energy to ordinary matter.
These cosmic strings explain flat velocity spectrum of distant stars in galaxies with string
tension serving as the only parameter of the model: galactic dark matter halo would be
absent.
Cosmic rays would propagate along the flux tubes serving as kind of cosmic highways. The
strange events at Antarctica could correspond to cosmic rays arriving along flux tubes connecting Earth and planets to Sun connected to other stars and arriving Earth at North
pole.
Could second generation of weak bosons explain the reduction of proton charge
radius?
The above proposed speculative model is not the only one that one can imagine. The observation could be explained also as breaking of the universality of weak interactions. Also other
anomalies challenging the universality exists. The decays of neutral B-meson to lepton pairs
should be same apart from corrections coming from different lepton masses by universality
but this does not seem to be the case [K22]. There is also anomaly in muon’s magnetic
moment discussed briefly in [K45]. This leads to ask whether the breaking of universality
could be due to the failure of universality of electroweak interactions.
The proposal for the explanation of the muon’s anomalous magnetic moment and anomaly in
the decays of B-meson is inspired by a recent very special di-electron event and involves higher
generations of weak bosons predicted by TGD leading to a breaking of lepton universality.
Both Tommaso Dorigo (http://tinyurl.com/pfw7qqm) and Lubos Motl (http://tinyurl.
com/hqzat92) tell about a spectacular 2.9 TeV di-electron event not observed in previous
LHC runs. Single event of this kind is of course most probably just a fluctuation but human
mind is such that it tries to see something deeper in it - even if practically all trials of this
kind are chasing of mirages.
Since the decay is leptonic, the typical question is whether the dreamed for state could be
an exotic Z boson. This is also the reaction in TGD framework. The first question to ask
is whether weak bosons assignable to Mersenne prime M89 have scaled up copies assignable
to Gaussian Mersenne M79 . The scaling factor for mass would be 2(89−79)/2 = 32. When
applied to Z mass equal to about .09 TeV one obtains 2.88 TeV, not far from 2.9 TeV.
Eureka!? Looks like a direct scaled up version of Z!? W should have similar variant around
2.6 TeV.

10.2.5 Anomalous anomalous magnetic moment of muon as breaking of lepton universality
Lepton universality predicts that the magnetic moments of leptons should be the same apart
from the corrections due to different masses. Leptons have besides the magnetic moment
predicted by Dirac equation also anomalous magnetic moment which is predicted to come
from various radiative corrections.
The standard model predictions for the anomalous magnetic moments of the electron are
ae = (ge − 2)/2 = .00115965218091 and aµ = (gµ − 2)/2 = .00116591804.
The anomalous magnetic moments of electron and muon differ by .1 per cent. This breaking
of universality is however due to the different masses of electron and muon rather than
different interactions.
The finding of Fermilab
The breaking of universality could also come from interactions and the Fermilab experiment
[C119] (https://cutt.ly/svuyhww) and earlier experiments suggest this. The experiment
shows that in the case of muon the magnetic moment differs by from the predicted: the
deviation from the standard model prediction is 2.5 × 10−4 per cent. The smallness of this
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number tells how accurate the calculations in standard model can be. The anomaly however
indicates that there might be interactions violating the lepton universality.
Besides the problem with the muon’s magnetic moment, which differs from that of the electron, there is also a second problem. The decays of B mesons seem to break universality of
fermion interactions: indications for the breaking of universality have emerged during years
so that this is not new.
The measurement result involves various sources of error and one can estimate the probability
that the measurement outcome is due to this kind of random fluctuations. The number
of standard deviations tells how far the measurement result is from the maximum of the
probability distribution. The deviation is expressed using standard deviation as a unit.
Standard deviation is essentially the width of the distribution. For instance, 4 standard
deviations tells that the probability that the result is random fluctuation is .6 per cent. For
5 standard deviations from predicted is .0001 per cent and is regarded as the discovery limit.

Theoretical uncertainties
There are also theoretical uncertainties related to the calculation of magnetic moment. There
are 3 contributions: electroweak, QCD, and hadronic contributions. The electroweak and
QCD corrections are ”easily” calculable. The hadronic contributions are difficult to estimate
since perturbative QCD does not apply at the hadronic energies. There are groups which
claim that their estimation of hadronic contributions produces a prediction consistent with
the Fermilab finding and the earlier findings consistent with the Fermilab finding.
The prediction based on experimentally deduced R ratio characterizing the rate for the decay
of a virtual photon to quark pair allows to estimate the hadronic contribution and gives
a prediction for hadronic contributions which is in conflict with experimental findings. On
the other hand, the calculations based on lattice QCD give a result consistent with the
experimental value [B26]. Should one trust experiment or theory?

Is a wider perspective needed?
To my opinion, one should see the problem from a bigger perspective than a question about
how accurate the standard model is.
(a) Standard Model does not explain fermion families. Also GUTs fail in this respect: the
mass ratios of fermions vary in the range spanned by 11 orders of magnitude. This is
not a small gauge symmetry breaking but something totally different: mass scale is the
appropriate notion and p-adic length scale hypothesis provides it.
(b) One must also challenge the belief that lattice QCD can describe low energy hadron
physics. There might be much deeper problems than the inability to compute hadronic
contributions to g − 2. Perturbative QCD describes only high energy interactions and
QCD might exist only in the perturbative sense.The fact is that low energy hadron
physics is virtually existent. Saying this aloud of course irritates lattice QCD professionals but the reduction of QCD to thermodynamics in the Euclidian space-time looks
to me implausible. There are deep problems with Wick rotation.
For instance, massless dispersion relation E 2 − p2 = 0 in M 4 translates to E 2 + p2 = 0
in E 4 : massless fields disappear completely since one has only E = 0, p = 0 zero mode.
There are similar problems with the massless Dirac equation. For the massive case the
situation is not so bad as this. There is the strong CP problem caused by instantons
and a problem with multiplication of spinor degrees of freedom since the 4-D cube has
the topology of 4-torus and allows 16 spinor structures.
Quarks explain only a few per cent of hadron mass just as ordinary matter explains only
a few percent of mass in cosmology. Hadron physics might therefore involve something
totally new and color interaction could differ from a genuine gauge interaction.
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What TGD can say about family replication phenomenon?
In TGD framework, the topological explanation of family replication phenomenon identifying partonic 2-surfaces as fundamental building blocks of elementary particles provides
the needed understanding and predicts 3 different fermion generations corresponding to
3 lowest general: sphere, torus, and sphere with two handles [K10].
Conformal Z2 symmetry for partonic 2-surfaces is present for the lowest 3 genera but not
for the higher ones for which one must talk about many handle states with continuous
mass spectrum. p-Adic thermodynamics allows to estimate the masses of new boson by
simple scaling arguments and Mersenne prime hypothesis.
In the TGD framework the two findings can be seen as indications for the failure of lepton
universality. Besides 3 light fermion generations TGD also predicts 3 light generations
for electroweak bosons, gluons, and Higgs. These generations are more massive than
weak bosons and p-adic length scale hypothesis also allows to estimate their masses.
The couplings of the lightest generations to the gauge bosons obey fermion universality
(are identical) but the couplings of the 2 higher generations cannot do so since the charge
matrices of 3 generations must be orthogonal to each other. This predicts breaking of
fermion universality which in quantum field theory approximation comes from the loops
coupling fermions to the 2 higher boson generations.
This prediction is a test for TGD based topological view about family replication phenomenon in terms of the genus of partonic 2-surface: partonic 2-surface can be sphere,
torus or sphere with two handles. TGD also explains why higher generations are experimentally absent.
What does TGD say about low energy hadron physics?
There is also the question about whether QCD catches all aspects of strong interactions.
In TGD color magnetic flux tubes carry Kähler magnetic energy and volume energy
parametrized by length scale dependent cosmological constant so that every system is
characterized cosmological constant defining the string tension of magnetic flux tube
as basic parameter and a connection with cosmology indeed emerges [L60, L56, L66].
The reconnections of U-shaped flux tubes give rise to the TGD counterparts of meson
exchanges of old-fashioned hadron physics [L81].
Color group need not be a gauge group but analogous to a Kac-Moody group or Yangian
group (only non-negative conformal weights). In TGD framework SU (3) at the level
of H = M 4 xCP2 is not a gauge symmetry but acts as isometries of CP2 and fermions
do not carry color as an analog of spin but as angular momentum like quantum number. At the level of compelexified M8 SU (3) is a subgroup of G2 acting as octonion
automorphisms and defines Yangian replacing the local gauge group [L73, L74].

10.2.6

W mass anomaly

Particle physicists at LHC have found a new anomaly [C68] https://cutt.ly/rFlNLZ5).
The measured mass of the W boson is by .1 per cent higher than predicted by high precision calculation. For a layman .1 per cent does not sound like an earthquake but, in
the accuracies achieved, it is. Weak interactions are indeed weak, this kind of accuracy
is possible. Physics has become incredibly precise!
This makes every builder of TOE humble! Of course, a new theory cannot achieve the
precision of the predictions of the standard model. What is needed is understanding at
a qualitative level and despite its marvellous accuracy, standard model cannot provide
this understanding.
This anomaly suggests new massive particles. Also the earlier earthquakes, the CP
breaking anomaly of B mesons and g-2 anomaly for muon, suggest new massive particles.
Using the language of quantum field theory (QFT), the new particles should appear in
self-energy loops of the W boson. Also the QFT limit of TGD uses this language
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although it is replaced with something much more elegant at the fundamental level
[L84, L85].
Can one understand these anomalies in the TGD framework. I have already discussed
the earlier anomalies [K22].
i. In the TGD framework, the family replication phenomenon for fermions (one has
three quark and lepton generations) is explained topologically and the CKM mixing
of fermions as induced by their topological mixing [K10, K19]. This goes outside
the standard model, which just assumes CKM mixing without any attempt to understand it. The new physics prediction is that also the gauge bosons and graviton
have the analog of family replication [K22].
ii. Fermions would have 3 generations, which correspond to 3 topologies for a 2-D
wormhole throat characterized by the number of handles: sphere, torus as sphere
with one handle, and sphere with two handles.
For the 3 lightest genera there is Z2 conformal symmetry, - hyperellipticity - irrespective of conformal moduli. For higher genera this symmetry is possible only
for preferred moduli. This symmetry allows a bound state of 2-handles. One can
assign a dynamically generated symmetry group SU (3)g to these 3 fermion states
(electron, muon, tau + plus neutrinos and 3 quark generations). Fermions of these
3 generations form a triplet.
For a higher number of handles, one would have analogs of many-particle states
with handles regarded as particles moving around the sphere like free particles:
mass spectrum would be continuous - one could talk about ur particles.
iii. Elementary bosons would correspond to pairs of wormhole throats characterized
by handle number and group theoretically to a tensor product 3 ⊗ 3 of fermion
triplets [K22]. This would give a singlet and octet. Singlet would correspond to
ordinary gauge bosons and gravitons. For singlet, that is ordinary gauge bosons,
the couplings to fermions would be the same for all genera since 3×3 SU (3)g charge
matrix is unit matrix.
Octet would contain 2 states with vanishing SU (3)g quantum numbers plus 3+3=6
SU (3)g charged states. Let us refer to these 2 states as 2 ”exotics”. The 2 exotics
are analogs of neutral pion π 0 and η in the good old hadron physics involving strong
isospin and strangeness.
An intuitive guess is that the 3+3 SU (3)g ”charged” states are very heavy (analogous to kaon K and charged pions π ± in the old-fashioned quark model). This
assumption is however not essential for what follows. Thus 2+6 new states with the
same standard model quantum numbers as the existing ones, are predicted, and the
2 exotics are expected to be light. Effectively this gives 4 gauge boson generations.
The exotics appear in various loop corrections at the QFT limit of TGD.
i. Exotics could explain the anomalous CP violation for neutral B mesons. The couplings to fermions specified by SU (3)g charge matrices, which are orthogonal for
the 3 generations and therefore cannot be the same for all generations. One would
have a violation of universality and this is at the core of CP violation anomaly.
ii. The exotics could also explain the anomaly of g-2 anomaly of muon.
Could the exotics also explain the W mass anomaly? Could a mixing between ordinary
gauge bosons and exotics give a positive contribution to the self-energy loops of W and
increase the mass slightly? If the mass changes in this manner, it must increase. This
is encouraging.
i. Fermionic generations mix topologically. For instance, a sphere becomes a quantum
superposition of several topologies containing mostly sphere and a little bit of torus
and also a sphere with two handles. CKM mixing is essentially the difference of the
topological mixings for U and D type quarks.
Could also gauge bosons with the same SU (3)g quantum numbers belonging to
singlet and octet mix? A pair of spherical wormhole throats would get a contribution
from a pairs of g = 1 and g = 2 wormholes.
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ii. Could one find some support for the mixing idea from the existing hadron physics?
Vector boson dominance of the good old hadron physics assumed that photons can
mix with rho mesons. ρ mesons correspond to quark pairs completely analogous
to the analog of the first SU (3)g singlet (analog of pion). This mixing would be
caused by the decay of photons to a quark pair in turn forming a ρ meson.
Exactly the same could happen for SU (3)g . An ordinary gauge boson would decay
to a virtual quark pair, which would combine with a small amplitude also to an
exotic gauge boson, which is actually a superposition of fermion pairs in TGD. This
would be induced by the topological mixing.
iii. What about self energy corrections from the intermediate gauge boson pairs appearing in self-energy loops? They are certainly very small but in the TGD framework,
they do not appear at the fundamental level in the lowest order.
The reason is that in the TGD Universe also gauge bosons are quark and lepton
pairs: there are no fundamental bosons in the TGD Universe since bosons emerge
from fermions as fermion-antifermion pairs (two pairs for gravitons).
Also leptons, could emerge from quarks but that is another story [L80]. The fundamental particle physics reduces to that for quarks [L84, L85].

10.3

Dark Matter In TGD Universe

TGD based explanation of dark matter means one of the strongest departures of TGD
from the more standard approaches. In standard approaches dark matter corresponds
to some very weakly interaction exotic particles contributing to the mass density of the
Universe a fraction considerably larger than the contributions of “visible” matter. In
TGD Universe dark matter corresponds to phases with non-standard value of Planck
constant and also ordinary particles could be in dark phase.

10.3.1

Dark Matter And Energy In TGD Universe

In TGD framework the identification of dark matter comes from arguments which could
start from the strange finding that ELF em fields in frequency range of EEG have
quantal effects on vertebrate brain [K13]. This is impossible in standard physics since
the energies of photons many orders of magnitude below the thermal energy.
The proposal is that Planck constant is dynamical having a discrete integer valued
spectrum so that for a given frequency the energy of photon can be above thermal
energy for sufficiently large value of Planck constant. Large values of Planck constant
make possible macroscopic quantum coherence so that the hypothesis would explain
how living matter manages to be quantum system in macroscopic scales. Particles
characterized by different values of Planck constant cannot appear in same interaction
vertices so that in this sense particles with different values of Planck constant are dark
relative to each other. This however allows interactions by particle exchange involving
phase transition changing the value of Planck constant and also the interaction via
classical fields.
The observation of Nottale [E2] that planetary orbits could be understood as Bohr
orbits with a gigantic value of gravitational Planck constant leads also to the same idea
[K84, K78]. The expression ~gr = GM m/v0 , where v0 has dimensions of velocity, forces
to identify the Planck constant as a characterizer of the space-time sheets mediating
the gravitational interaction between Sun and planet. Quite generally, there is a strong
temptation to assign dark matter with the field bodies (or magnetic bodies) of physical
systems and this assumption is made in the model of living matter based on the notion
of the magnetic body.
One must be cautious with the identification of galactic dark matter in terms of phases
with large value of Planck constant. One explanation for the galactic dark matter would
be in terms of string like objects containing galaxies like pearls in the necklace [K61]. The
Newtonian gravitational potential of the long galactic string would give rise to constant
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velocity spectrum. It could of course be that dark matter in TGD sense resides as
particles at the long strings which could also carry antimatter. At least part of dark
matter could be in this form. One must also bear in mind that ~grav has gigantic values
and could have different origin as large ~ assignable to living matter: this is discussed
in [K84].
What can one the concldue about dark energy in this framework?
i. Dark energy might allow interpretation as dark matter at the space-time sheets
mediating gravitational interaction and macroscopically quantum coherent in cosmological scales. The enormous Compton wave lengths would imply that the density of dark energy would be constant as required by the interpretation in terms of
cosmological constant.
ii. This is however not the only possible interpretation. The magnetic tension of the
magnetic flux tubes gives rise to the negative “pressure” inducing the accelerated
expansion of the Universe serving as the basic motivation for the dark energy [K85].
iii. The Robertson-Walker cosmologies with critical or over-critical mass density imbeddable to the imbedding space are characterized by their necessarily finite duration
and possess a negative pressure. The interpretation as a constraint force due to the
imbeddability to M 2 × CP2 might explain dark energy [K85].
iv. The GRT limit of TGD based on Einstein-Maxwell system with cosmological constant assigned with Eudlidian regions of space-time allowing to get CP2 as a special
solution of field equation suggests that cosmological constant equals to the cosmological constant of CP2 multiplied by the fraction of 3-volume with Euclidian
signature of metric [K94] and representing generalized Feynman graphs [L29].
Whether these explanations represent different manners to say one and the same thing
is not clear.
One could add the hierarchy of Planck constants as a separate postulate to TGD but it
has turned out that the vacuum degeneracy characterizing TGD could imply this hierarchy as an effective hierarchy so that at the fundamental level one would have just the
standard value of Planck constant [K65]. For both options the geometric realization for
the hierarchy of Planck constants comes in terms of local covering spaces of imbedding
space inducing covering space structure for the space-time surfaces.
i. If the hierarchy is postulated rather than derived, the coverings in questions would
be those of the causal diamond CD × CP2 such that the number of sheets of the
covering equals to the value of Planck constant. The coverings of both CD and CP2
are possible so that Planck constant is product of integers.
ii. The hierarchy of local coverings would follow from the fact that time derivatives
of imbedding space coordinates are in general many-valued functions of canonical
momentum densities by the vacuum degeneracy of Kähler action. In this case the
covering would be covering of H assignable to a regions of space-time sheet. Note
that, for the vacuum extremals for which induced Kähler gauge field is pure gauge
and CP2 projection any 2-D Lagrangian of CP2 , an infinite number of branches of
the covering co-incide. The situation can be characterized in terms of a generalization of catastrophe theory [A27] to infinite-D context.
iii. Constant torque as a dynamical mechanism necessitating the covering is discussed
in [K16].,
An open question is whether dark matter phases can/must correspond to same p-adic
length scale and therefore same mass. Dark matter would correspond to particles with
non-standard values of Planck constant and also ordinary particles with standard values
of masses could appear in dark phase and is assumed in TGD inspired quantum biology.
Even quarks with Compton lengths scaled up to cell length scale appear in the model of
DNA as topological quantum computer [K52]. The model of lepto-pions [K92] in terms
of colored excitations of leptons would suggests that colored excitations of leptons have
same mass as leptons or possibibly p-adically scaled octave of it in the case of colored
ta lepton. The colored excitation of lepton with ordinary value of Planck constant must
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have mass larger than one half of intermediate gauge boson mass scale. Same applies
to possible colored excitations of quarks.
This picture modifies profoundly the ideas about how to detect dark matter.
i. For instance, it might be possible to photograph dark matter and it might be that
Peter Gariaev and his group have actually achieved this. What they observe are
strange flux tube like structures associated with DNA sample [I4]: a TGD based
model for the findings is developed in [K1]. If dark matter is what TGD claims it to
be, the experimental methods used to detect dark matter might be on wrong track.
ii. One should try to find a situation in which the particles must be created in dark
phase and in this respect colored excitations of leptons are a good candidate since
the decay widths of intermediate gauge boson do not allow new light fermions so
that if these excitations exist they must have non-standard value of Planck constant.
iii. The recent results of DAMA and Cogent suggesting the existence of dark matter
particles with mass around 7 GeV are in conflict with the findings of CDMS and
Xenon100 experiments. It is encouraging that this conflict could be explained by
using the fact that the detection criteria in these experiments are different and by
assuming that the dark matter particles involved are tau-pions formed as bound
states of colored excitations of tau-leptons.

10.3.2

Shy Positrons

The latest weird looking effect in atomic physics is the observation that positrium atoms
consisting of positron and electron scatter particles almost as if they were lonely electrons
[C174, C139]. The effect has been christened cloaking effect for positron.
The following arguments represent the first attempts to understand the cloaking of
positron in terms of these notions.
i. Let us start with the erratic argument since it comes first in mind. If positron and
electron correspond to different space-time sheets and if the scattered particles are
at the space-time sheet of electron then they do not see positron’s Coulombic field
at all. The objection is obvious. If positron interacts with the electron with its full
electromagnetic charge to form a bound state, the corresponding electric flux at
electron’s space-time sheet is expected to combine with the electric flux of electron
so that positronium would look like neutral particle after all. Does the electric flux
of positron return back to the space-time sheet of positronium at some distance
larger than the radius of atom? Why should it do this? No obvious answer.
ii. Assume that positron dark but still interacts classically with electron via Coulomb
potential. In TGD Universe darkness means that positron has large ~ and Compton
size much larger than positronic wormhole throat (actually wormhole contact but
this is a minor complication) would have more or less constant wave function in the
volume of this larger space-time sheet characterized by zoomed up Compton length
of electron. The scattering particle would see point-like electron plus background
charge diffused in a much larger volume. If the value of ~ is large enough, the effect
of this constant charge density to the scattering is small and only electron would
be seen.
iii. As a matter fact, I have proposed this kind of mechanism to explain how the
Coulomb wall, which is the basic argument against cold fusion could be overcome
by the incoming deuteron nucleus [L5], [L5]. Some fraction of deuteron nuclei in the
palladium target would be dark and have large size just as positron in the above
example. It is also possible that only the protons of these nuclei are dark. I have
also proposed that dark protons explain the effective chemical formula H1.5 O of
water in scattering by neutrons and electrons in atto-second time scale [L5], [L5].
The connection with cloaked positrons is highly suggestive.
iv. Also one of TGD inspired proposals for the absence of antimatter is that antiparticles reside at different space-time sheets as dark matter and are apparently absent [K85]. Cloaking positrons (shy as also their discoverer Dirac!) might provide
an experimental supports for these ideas.
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The recent view about the detailed structure of elementary particles forces to consider
the above proposal in more detail.
i. According to this view all particles are weak string like objects having wormhole
contacts at its ends and magnetically charged wormhole throats (four altogether)
at the ends of the string like objects with length given by the weak length cale connected by a magnetic flux tube at both space-time sheets. Topological condensation
means that these structures in turn are glued to larger space-time sheets and this
generates one or more wormhole contacts for which also particle interpretation is
highly suggestive and could serve as space-time correlate for interactions described
in terms of particle exchanges. As far electrodynamics is considered, the second
ends of weak strings containing neutrino pairs are effectively non-existing. In the
case of fermions also only the second wormhole throat carrying the fermion number
is effectively present so that for practical purposes weak string is only responsible
for the massivation of the fermions. In the case of photons both wormhole throats
carry fermion number.
ii. An interesting question is whether the formation of bound states of two charged
particles at the same space-time sheet could involve magnetic flux tubes connecting
magnetically charged wormhole throats associated with the two particles. If so,
Kähler magnetic monopoles would be part of even atomic and molecular physics. I
have proposed already earlier that gravitational interaction in astrophysical scales
involves magnetic flux tubes. These flux tubes would have o interpretation as
analogs of say photons responsible for bound state energy. In principle it is indeed
possible that the energies of the two wormhole throats are of opposite sign for topological sum contact so that the net energy of the wormhole contact pair responsible
for the interaction could be negative.
iii. Also the interaction of positron and electron would be based on topological condensation at the same space-time sheet and the formation of wormhole contacts
mediating the interaction. Also now bound states could be glued together by magnetically charged wormhole contacts. In the case of dark positron, the details of
the interaction are rather intricate since dark positron would correspond to a multisheeted structure analogous to Riemann surface with different sheets identified in
terms of the roots of the equation relating generalized velocities defined by the time
derivatives of the imbedding space coordinates to corresponding canonical momentum densities.

10.3.3

Dark Matter Puzzle

Sean Carroll has explained in Cosmic Variance (http://tinyurl.com/c2r2cv ) the
latest rather puzzling situation in dark matter searches. Some experiments support
the existence of dark matter particles with mass of about 7 GeV, some experiments
exclude them. The following arguments show that TGD based explanation might allow
to understand the discrepancy.
How to detect dark matter and what’s the problem?
Consider first the general idea behind the attempts to detect dark matter particles and
how one ends up with the puzzling situation.
i. Galactic nucleus serves as a source of dark matter particles and these one should
be able to detect. There is an intense cosmic ray flux of ordinary particles from
galactic center which must be eliminated so that only dark matter particles interacting very weakly with matter remain in the flux. The elimination is achieved by
going sufficiently deep underground so that ordinary cosmic rays are shielded but
extremely weakly interacting dark matter particles remain in the flux. After this
one can in the ideal situation record only the events in which dark matter particles
scatter from nuclei provided one eliminates events such as neutrino scattering.
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ii. DAMA experiment does not detect dark matter events as such but annual variations
in the rate of events which can include besides dark matter events and other kind
of events. DAMA finds an annual variation interpreted as dark matter signal since
other sources of events are not expected to have this kind of variation [C86]. Also
CoGENT has reported the annual variation with 2.8 sigma confidence level [C199].
The mass of the dark matter particle should be around 7 GeV rather than hundreds
of GeVs as required by many models. An unidentified noise with annual variation
having nothing to do with dark matter could of course be present and this is the
weakness of this approach.
iii. For a few weeks ago we learned that XENON100 experiment detects no dark matter [C105] (http://tinyurl.com/y9t3gxxu). Also CDMS has reported a negative
result [C69]. According to Sean Carroll, the detection strategy used by XENON100
is different from that of DAMA: individual dark matter scatterings on nuclei are
detected. This is a very significant difference which might explain the discrepancy
since the theory laden prejudices about what dark matter particle scattering can
look like, could eliminate the particles causing the annual variations. For instance,
these prejudices are quite different for the habitants of the main stream Universe
and TGD Universe.
TGD based explanation of the DAMA events and related anomalies
I have commented earlier the possible interpretation of DAMA events in terms of taupions (http://tinyurl.com/ycgkvuy9). The spirit is highly speculative.
i. Tau-pions would be identifiable as the particles claimed by Fermi Gamma Ray
telescope with mass around 7 GeV and decaying into tau pairs so that one could
cope with several independent observations instead of only single one.
ii. Recall that the CDF anomaly gave for two and half years ago support for tau-pions
whereas earlier anomalies dating back to seventies give support for electro-pions
and mu-pions. The existence of these particles is purely TGD based phenomenon
and due to the different view about the origin of color quantum numbers. In TGD
colored states would be partial waves in CP2 and spin like quantum numbers in
standard theories so that leptons would not have colored excitations.
iii. Tau-pions are of course highly unstable and would not come from the galactic
center. Instead, they would be created in cosmic ray events at the surface of Earth
and if they can penetrate the shielding eliminating ordinary cosmic rays they could
produce events responsible for the annual variation caused by that for the cosmic
ray flux from galactic center.
Can one regard tau-pion as dark matter in some sense? Or must one do so? The answer
is affirmative to both questions on both theoretical and experimental grounds.
i. The existence of colored variants of leptons is excluded in standard physics by
intermediate gauge boson decay widths. They could however appear as states with
non-standard value of Planck constant and therefore not appearing in same vertices
with ordinary gauge bosons so that they would not contribute to the decay widths of
weak bosons. In this minimal sense they would be dark and this is what is required
in order to understand what we know about dark matter.
Of course, all particles can in principle appear in states with non-standard value of
Planck constant so that tau-pion would be one special instance of dark matter. For
instance, in living matter the role of dark variants of electrons and possibly also
other stable particles would be decisive. To put it bluntly: in mainstream approach
dark matter is identified as some exotic particle with ad hoc properties whereas
in TGD framework dark matter is outcome of a generalization of quantum theory
itself.
ii. DAMA experiment requires that the tau-pions behave like dark matter: otherwise
they would never reach the strongly shielded detector. The interaction with the
nuclei of detector would be preceded by a transformation to a particle-tau-pion or
something else- with ordinary value of Planck constant.
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TGD based explanation for the dark matter puzzle
The criteria used in experiments to eliminate events which definitely are not dark matter
events - according to the prevailing wisdom of course - dictates to high degree what
interactions of tau pions with solid matter detector are used as a signature of dark
matter event. It could well be that the criteria used in XENON100 do not allow the
scatterings of tau-pions with nuclei. This is indeed the case. The clue comes from
the comments of Jester in Resonaances (see http://tinyurl.com/yd3vs7x5). From
a comment of Jester one learns that CoGENT - and also DAMA utilizing the same
detections strategy - “does not cut on ionization fraction”. Therefore, if dark matter
mimics electron recoils (as Jester says) or if dark matter produced in the collisions
of cosmic rays with the nuclei of the atmosphere decays to charged particles one can
understand the discrepancy.
The TGD based model [K92] explaining the more than two years old CDF anomaly
[C61, C153] indeed explains also the discrepancy between XENON100 and CDMS on
one hand and DAMA and CoGENT on the other hand. The TGD based model for the
CDF anomaly can be found in [K92].
i. To explain the observations of CDF [C61, C153] one had to assume that tau-pions
and therefore also color excited tau-leptons inside them appear as several p-adically
scaled up variants so that one would have several octaves of the ground state of
tau-pion with masses in good approximation equal to 3.6 GeV (two times the taulepton mass), 7.2 GeV, 14.4 GeV. The 14.4 GeV tau-pion was assumed to decay in a
cascade like manner via lepto-strong interactions to lighter tau-pions- both charged
and neutral- which eventually decayed to ordinary charged leptons and neutrinos.
ii. Also other decay modes -say the decay of neutral tau-pions to gamma pair and to a
pair of ordinary leptons- are possible but the corresponding rates are much slower
than the decay rates for cascade like decay via multi-tau-pion states proceeding via
lepto-strong interactions.
iii. Just this cascade would take place also now after the collision of the incoming cosmic
ray with the nucleus of atmosphere. The mechanism producing the neutral tau-pions
-perhaps a coherent state of them- would degenerate in the collision of charged
cosmic ray with nucleus generating strong non-orthogonal electric and magnetic
fields and the production amplitude would be essentially the Fourier transform of
the “instanton density” E · B. The decays of 14 GeV neutral tau-pions would
produce 7 GeV charged tau-pions, which would scatter from the protons of nuclei
and generate the events excluded by XENON100 but not by DAMA and Cogent.
iv. In principle the model predicts to a high degree quantitatively the rate of the events.
The scattering rates are proportional to an unknown parameter characterizing the
transformation probability of tau-pion to a particle with ordinary value of Planck
constant and this allows to perform some parameter tuning. This parameter would
correspond to a mass insertion in the tau-pion line changing the value of Planck
constant and have dimensions of mass squared.
The overall conclusion is that the discrepany between DAMA and XENON100 might
be interpreted as favoring TGD view about dark matter and it is fascinating to see how
the situation develops. This confusion is not the only confusion in recent day particle
physics. All believed-to-be almost-certainties are challenged.
Has Fermi observed dark matter?
Resonaances (http://tinyurl.com/y79x4v3y) reports about a possible dark matter
signal at Fermi satellite [C49]. Also Lubos Motl (http://tinyurl.com/yd7xsfxol )
has a posting about the finding and mentions that the statistical significance is 3.3
sigma.
The proposed dark matter interpretation for the signal would be pair of monochromatic
photons with second one detected at Earth. The interpretation would be that dark
matter particles with mass m nearly at rest in galactic center annihilate to a pair of
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photons so that one obtains a pair of photons with energy equal to the cm energy which
is in a good approximation the sum E = 2 × m for the masses of the particles. The
mass value would be around m=130 GeV if the final state involves only 2 photons.
In TGD framework I would consider as a first guess a pion like state decaying to two
photons with standard coupling given by the coupling to the “instanton density” E · B
of electromagnetic field. The mass of this particle would be 260 GeV, in reasonable
approximation 2 times the mass m=125 GeV of the Higgs candidate.
i. Similar coupling was assumed to [K92]. The anomaly would have been produced
by tau-pions, which are pionlike states formed by pairs of colored excitations of tau
and its antiparticle (or possibly their super-partners). What was remarkable that
the mass had three values coming as powers of two: M = 2k × 2m(τ ; ), k = 0, 1, 2.
The interpretation in terms of p-adic length scale hypothesis would be obvious: also
the octaves of the basic state are there. The constraint from intermediate gauge
boson decay widths requires that these states are dark in TGD sense and therefore
correspond to a non-standard value of Planck constant coming as an integer multiple
of the standard value.
ii. Also the explanation of the findings of PAMELA discussed in this chapter require
octaves of tau-pion produced in Earth’s atmosphere.
iii. Even ordinary pion should have 2-adic octaves. But doesn’t this kill the hypothesis?
We “know” that pion does not have any octaves! Maybe not, there is recent evidence
for satellites of ordinary pion with energy scale of 40 MeV interpreted in terms of
IR Regge trajectories assignable to the color magnetic flux tubes assignable to pion.
There has been several wrong alarms about Higgs: at 115 GeV and 155 GeV at
least. Could it be that there there is something real behind these wrong alarms:
the scale for IR Regge trajectories would be about 20 GeV now!
So: could the dark matter candidates with mass around 260 GeV correspond to the first
octave of M89 pion with mass around 125 GeV, the particle that colleagues want to call
Higgs boson although its decay signatures suggest something different?
i. In this case it does not seem necessary to assume that the Planck constant has
non-standard value although this is possible.
ii. This particle should be produced in M89 strong interactions in the galactic center.
This would require the presence of matter consisting of M89 nucleons emitting these
pions in strong interactions. Galactic center (http://tinyurl.com/y9clyfs ) is
very exotic place and believed to contain even super-massive black hole. Could this
environment accommodate also a scaled up copy of hadron physics? Presumably
this would require very high temperatures with thermal energy of order.5 TeV
correspond to the mass of M89 proton to make possible the presence of M89 matter.
Or could M89 pion be produced in ultrastrong non-orthogonal electric and magnetic
fields in the galactic center by the coupling to the instanton density. The needed
field strengths would be extremely high. I have indeed proposed long time ago an
explanation of very high energy cosmic rays in terms of the decay products of scaled
up hadron physics (see “Cosmic Rays and Mersenne primes” in this chapter).
One can of course imagine that the photon pair is produced in the annilation of M89
pions with opposite charges via standard electromagnetic coupling. Also the annihilation
of M89 spions consisting of squark pair can be considered in TGD framework where
squarks could have same mass scale as quarks. In this case mass would be near 125
GeV identified as mass of neutral M89 pion. By scaling up the mass difference 139.570134.976 MeV of the ordinary charged and neutral pion by the ratio of the pion M89
and M107 pion masses equal to (125/140) × 103 one obtains that the charged M89 pion
should have mass equal to 129.6 MeV to be compared with the 130 GeV mass suggested
by experimental evidence.
The story did not end here as so often when observations cannot be replicated. The
Estonian researchers Elmo Tempel, Andi Hektora and Martti Raidala have found a
confirmation for the 130 GeV Fermi excess in gamma radiation from galactic center
discovered by Cristoph Weniger [E1]. An important conclusion of these researchers is
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that best fit is obtained if the dark matter candidates decay by two-body annihilation
to photons and have mass 145 GeV. The reason for why the gamma peak is at 130 GeV
rather than 145 GeV would be due to the emission light particle pairs by the photons.
There are also indications for a peak at 111 GeV: this could be assigned to γZ finals
state of two-body decay.
In TGD framework the annihilating particles with mass about 145 GeV mass could
be charged pion-like states of M89 hadron physics. They could be dark in the sense
of having large value of Planck constant but it is not clear whether this is necessarily
so. The TGD based on view about galactic dark matter locates in cosmic string like
objects containing galaxies as pearls in necklace and no halo is needed to explain galactic
rotation spectrum [K61]. An ultrahigh temperature would be needed to excite M89
hadron physics and if there is giant blackhole in galactic nucleus, there are hopes about
this. M89 hadron physics could also produce ultrahigh energy cosmic rays as described
in this chapter.
It is amusing that also CDF found for a couple of years ago evidence for a bump at the
same 145 GeV energy (this has been forgotten long time ago by bloggers in 125 GeV
Higgs hysteria). Estonians propose that also a particle with 290 GeV (mass would twice
that of 145 GeV state) is needed. This brings further support for the idea about mass
octaves of ground state of pionlike states needed to explain various anomalies (see this
chapter and [K92] ).
If one takes seriously the evidence for 125 GeV state and its identification as Eucdlian
pion together with the evidence for galactic pionlike state with mass of 145 GeV identified as M89 , one has a nice support for the overall TGD based view about situation
described in this chapter. The small splitting between pionlike states has possible counterpart in the ordinary hadron physics: there is evidence for satellites of pion, mesons,
and baryons in 20-40 MeV scale for mass splittings and in TGD framework they would
correspond to IR Regge trajectories with the scale of 10-20 GeV mass splittings (see
this chapter).
We are living exciting times!
Two different lifetimes for neutron as evidence for dark protons
I found a popular article (see http://tinyurl.com/hqsaqok) about very interesting
finding related to neutron lifetime [L51] (see http://tinyurl.com/h88n57j). Neutron
lifetime turns out to be by about 8 seconds shorter when measured by looking what
fraction of neutrons disappears via decays in a box than by measuring the number of
protons produced in beta decays for a neutron beam travelling through a given volume.
The lifetime of neutron is about 15 minutes so that relative lifetime difference is about
8/(15 × 60) ' .8 per cent. The statistical signficance is 4 sigma: 5 sigma is accepted as
the significance for a finding acceptable as discovery.
How could one explain the finding? The difference between the methods is that the beam
experiment measures only the disappearances of neutrons via beta decays producing
protons whereas box measurement detects the outcome from all possible decay modes.
The experiment suggests two alternative explanations.
i. Neutron has some other decay mode or modes, which are not detected in the box
method since one measures the number of neutrons in initial and final state. For
instance, in TGD framework one could think that the neutrons can transform to
dark neutrons with some rate. But it is extremely unprobable that the rate could
be just about 1 per cent of the decay rate. Why not 1 millionth? Beta decay should
be involved with the process.
Could some fraction of neutrons decay to dark proton, electron, and neutrino so that
dark protons would not be detected in beam experiment? No, if one takes seriously
the basic assumption of TGD that particles with different value of hef f /h = n do
not appear in the same vertex. Neutron should first transform to dark proton but
then also the disappearance could take place also without the beta decay of dark
proton and the discrepancy would be larger.
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ii. The proton produced in the ordinary beta decay of neutron can however transform
to dark proton not detected in the beam experiment! This would automatically
predict that the rate is some reasonable fraction of the beta decay rate. About 1
percent of the resulting protons would transform to dark protons. This makes sense
and would give strong hold about the rate for ordinary-dark transition rate. The
observation of decays of neutron to electron, and neutrino but not proton would
provide a support for the hypothesis. Both neutrino and proton would represent
missing mass!
Dark matter as hierarchy of phases of ordinary matter is now a basic prediction of
adelic TGD and hef f /h = n has in terms of number theory and space-time topology
[K96, K62]. What is so nice is that the transformation of protons to dark protons is
indeed the basic mechanism of TGD inspired quantum biology [K79, K62]! For instance,
it would occur in Pollack effect [I2] in with infrared irradiation of water bounded by gel
phase generates so called exclusion zone (EZ), which is negatively charged, and creates
what Pollack calls fourth phase of water. TGD explanation is that some fraction of
protons transforms to dark protons at magnetic flux tubes outside the system. Negative
charge of DNA and cell could be due to this mechanism. One also ends up to a model
of genetic code with the analogs of DNA, RNA, tRNA and amino-acids represented as
triplets of dark protons associated with magnetic flux tubes parallel to DNA strands
[K95] [L28]. The model predicts correctly the numbers of DNAs coding a given aminoacid. Besides quantum biology, the model has applications to cold fusion [L23], and
various phenomena referred to as “free energy phenomena” [K50, K5].

10.3.4

AMS Results About Dark Matter

The results of AMS-02 experiment are published. There is an article [C54] (see http:
//tinyurl.com/mg8ksp9l) in live blog at (see http://tinyurl.com/ycox8cbk) from
CERN. Also Lubos Motl has written a summary from the point of view of SUSY fan
who wants to see the findings as support for the discovery of SUSY neutralino (see
http://tinyurl.com/y894fzt4). More balanced and somewhat skeptic representations paying attention to the hype-like features of the announcement come from Jester
at (see http://tinyurl.com/y93g7g22) and Matt Strassler at (see http://tinyurl.
com/yd66ub7e).
The abstract of the article is here.
A precision measurement by the alpha Magnetic Spectrometer on the International Space
Station of the positron fraction in primary cosmic rays in the energy range from 0.5 to
350 GeV based on 6.8 × 106 positron and electron events is presented. The very accurate
data show that the positron fraction is steadily increasing from 10 to 250 GeV, but, from
20 to 250 GeV, the slope decreases by an order of magnitude. The positron fraction
spectrum shows no fine structure, and the positron to electron ratio shows no observable
anisotropy. Together, these features show the existence of new physical phenomena.
New physics has been observed. The findings confirm the earlier findings of Fermi
and Pamela also showing positron excess. The experimenters do not give data above
350 GeV but say that the flux of electrons does not change. The press release (see
http://tinyurl.com/c5r5hot) states that the data are consistent with dark matter
particles annihilating to positron pairs. For instance, the flux of the particles is same
everywhere, which does not favor supernovae in galactic plane as source of electron
positron pairs. According to the press release, AMS should be able to tell within forthcoming months whether dark matter or something else is in question - this sounds rather
hypeish statement.
About the neutralino interpretation
Lubos Motl (see http://tinyurl.com/y894fzt4) trusts on his mirror neurons and
deduces from the body language of Samuel Ting that the flux drops abruptly above 350
GeV as neutralino interpretation predicts.

10.3. Dark Matter In TGD Universe

501

i. The neutralino interpretation (see http://tinyurl.com/maqc5) assumes that the
positron pairs result in the decays χχ → e+ e− and predicts a sharp cutoff above
mass scale of neutralino due to the reduction of the cosmic temperature below
critical value determined by the mass of the neutralino.
ii. According the press release and according to the figure 5 of the article (see http:
//tinyurl.com/y894fzt4) [C54] the positron fraction settles to small but constant
fraction before 350 GeV. The dream of Lubos Motl is that abrupt cutoff takes
place above 350 GeV: about this region we did not learn anything yet because the
measurement uncertainties are too high. From Lubos Motl’s dream I would intuit
that neutralino mass should be of the order 350 GeV. The electron/positron flux is
±
fitted as a sum of diffuse background proportional to Ce± E −γe and a contribution
resulting from decays and parametrized as Cs E −γs exp(−E/Es ) - same for electron
and positron. The cutoff Es of order Es = 700 GeV: error bars are rather large.
The factor exp(−E/Es ) does not vary too much in the range 1-350 GeV so that
the exponential is probably motivated by the possible interpretation as neutralino
for which sharp cutoff is expected. The mass of neutralino should be of order Es .
The positron fraction represented in figure 5 of the article (see http://tinyurl.
com/mg8ksp9l) [C54] seems to approach constant near 350 GeV. The weight of the
common source is only 1 per cent of the diffuse electron flux.
iii. Lubos Motl notices that in neutralino scenario also a new interaction mediated by a
particle with mass of order 1 GeV is needed to explain the decrease of the positron
fraction above 1 GeV. It would seem that Lubos Motl is trying to force right leg to
the shoe of the left leg. Maybe one could understand the low end of the spectrum
solely in terms of particle or particles with mass of order 10 GeV and the upper
end of the spectrum in terms of particles of M89 hadron physics.
iv. Jester (see http://tinyurl.com/y93g7g22) lists several counter arguments against
the interpretation of the observations in terms of dark matter. The needed annihilation cross section must be two orders of magnitude higher than required for the
dark matter to be a cosmic thermal relic, this holds true also for the neutralino scenario. Second problem is that the annihilation of neutralinos to quark pairs predicts
also antiproton excess, which has not been observed. One must tailor the couplings
so that they favor leptons. It has been also argued that pulsars could explain the
positron excess: the recent finding is that the flux is same from all directions.
What could TGD interpretation be?
What can one say about the results in TGD framework? The first idea that comes to
mind is that electron-positron pairs result from single particle annihilations but it seems
that this option is not realistic. Fermion-anti-fermion annihilations are more natural
and brings in strong analogy with neutralinos, which would give rise to dark matter
as a remnant remaining after annihilation in cold dark matter scenario. An analogous
scenario is obtained in TGD Universe by replacing neutralinos with baryons of some
dark and scaled up variant of ordinary hadron physics of lepto-hadron physics.
i. The positron fraction increases from 10 to 250 GeV with its slope decreasing between
20 GeV and 250 GeV by an order of magnitude. The observations suggest to
my innocent mind a scale of order 10 GeV. The TGD inspired model (see http:
//tinyurl.com/ybfkptns) for already forgotten CDF anomaly [K92] suggests the
existence of τ pions with masses coming as three first octaves of the basic mass
which is two times the mass of τ lepton. For years ago I proposed interpretation
of the Fermi and Pamela anomalies now confirmed by AMS in terms τ pions. The
predicted mass of the three octaves of τ pion would be 3.6 GeV, 7.2 GeV, and 14.4
GeV. Could the octaves of τ pion could explain the increase of the production rate
up to 20 GeV and its gradual drop after that?
There is a severe objection against this idea. The energy distribution of τ pions
dictates the width of the energy interval in which their decays contribute to the
electron spectrum and what suggests itself is that decays of τ pions yield almost
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monochromatic peaks rather than the observed continuum extending to high energies. Any resonance should yield similar distribution and this suggests that the
electron positron pairs must be produced in the two particle annihilations of some
particles.
The annihilations of colored τ leptons and their antiparticles could however contribute to the spectrum of electron-positron pairs. Also the leptonic analogs of
baryons could annihilate with their antiparticles to lepton pairs. For these two
options the dark particles would be fermions as also neutralino is.
ii. Could colored τ leptons and - hadrons and their muonic and electronic counterparts
be really dark matter? These particles might be dark matter in TGD sense - that
is particle with a non-standard value of effective Planck constant ~ef f coming as
integer multiple of ~. The existence of colored excitations of leptons and pion like
states with mass in good approximation twice the mass of lepton leads to difficulties
with the decay widths of W and Z unless the colored leptons have non-standard
value of effective Planck constant and therefore lack direct couplings to W and Z. A
more general hypothesis would be that the hadrons of all scaled up variant of QCD
like world (lepto-hadron physics and scaled variants of hadron physics) predicted
by TGD correspond to non-standard value of effective Planck constant and dark
matter in TGD sense. This would mean that these new scaled up hadron physics
would couple only very weakly to the standard physics.
iii. At the high energy end of the spectrum M89 hadron physics would be naturally
involved and also now the hadrons could be dark in TGD sense. Es might be
interpreted as temperature, which is in the energy range assigned to M89 hadron
physics and correspond to a mass of some M89 hadron. The annihilations nucleons
and anti-nucleons of M89 hadron physics could contribute to the spectrum of leptons
at higher energies. The direct scaling of M89 proton mass gives mass of order 500
GeV and this value is consistent with the limits 480 GeV and 1760 GeV for Es .
iv. There would be also a relation to the observations of Fermi suggesting annihilation
of some bosonic states to gamma pairs with gamma energy around 135 GeV could
be interpreted in terms of annihilations of a M89 pion with mass of 270 GeV (maybe
octave of lepto-pion with mass 135 Gev in turn octave of pion with mass 67.5 GeV).
How to resolve the objections against dark matter as thermal relic?
The basic objection against dark matter scenarios is that dark matter particles as thermal relics annihilate also to quark pairs so that proton excess should be also observed.
TGD based vision could also circumvent this objection.
i. Cosmic evolution would be a sequence of phase transitions between hadron physics
characterized by Mersenne primes. The lowest Mersenne primes are M2 = 3, M3 =
7, M5 = 31, M7 = 127, M13 , M17 , M19 , M31 , M61 , M89 , and M107 assignable to the
ordinary hadron physics are involved but it might be possible to have also M127 .
There are also Gaussian Mersenne primes MG,n = (1 + i)n − 1. Those labelled
by n = 151, 157, 163, 167 and spanning p-adic length scales in biologically relevant
length scales 10 nm, ..., 2.5 µm.
ii. The key point is that at given period characterised by Mn the hadrons characterized
by larger Mersenne primes would be absent. In particular, before the period of the
ordinary hadrons only M89 hadrons were present and decayed to ordinary hadrons.
Therefore no antiproton excess is expected - at least by the mechanism producing
it in the standard dark matter scenarios where all dark and ordinary particles are
present simultaneously.
iii. Since M89 hadrons are strongly interacting one can hope that the cross section is
indeed high enough to produce positron excess.
iv. Second objection relates to the cross section, which must be two orders of magnitude
larger than required by the cold dark matter scenarios. I am unable to say anything
definite about this. The fact that both M89 hadrons and colored leptons are strongly

10.4. Scaled Variants Of Quarks And Leptons

503

interacting would increase corresponding annilation cross section and lepto-hadrons
could later decay to ordinary leptons.
Connection with strange cosmic ray events and strange observations at
RHIC and LHC
The model allows also to understand the strange cosmic ray events (Centauros) suggesting a formation of a blob (“hot spot” of exotic matter in atmosphere and decaying
to ordinary hadrons. In the center of mass system of atmospheric particle and incoming cosmic ray cm energies are indeed of order M89 mass scale. As suggested (see
http://tinyurl.com/y9ej3h8h) [K22] already earlier, these hot spots would be hot in
p-adic sense and correspond to p-adic temperature assignable to M89 . Also the strange
events observed already at RHIC in heavy ion collisions and later at LHC in protonheavy ion collisions), and in conflict with the perturbative QCD predicting the formation
of quark gluon plasma could be understood as a formation of M89 hot spots. The basic
finding was that there were strong correlations: two particles tended to move either
parallel or antiparallel, as if they had resulted in a decay of string like objects. The
AdS/CFT inspired explanation was in terms of higher dimensional blackholes. TGD
explanation is more prosaic: string like objects (color magnetic flux tubes) dominating
the low energy limit of M89 hadron physics were created.
The question whether M89 hadrons, or their cosmic relics are dark in TGD sense remains
open. In the case of colored variants of the ordinary leptons the decay widths of weak
bosons force this. In the case of colored variants of the ordinary leptons the decay
widths of weak bosons force this. It however seems that a coherent story about the
physics in TGD Universe is developing as more data emerges. This story is bound to
remain to qualitative description: quantitative approach would require a lot of collective
theoretical work.
Also CDMS claims dark matter
Also CDMS (Cryogenic Dark Matter Search) reports new indications for dark matter
particles: see the Nature blog article “Another dark matter sign from a Minnesota
mine” at http://tinyurl.com/ycnrdcs4. Experimenters have observed 3 events with
expected background of.7 events and claim that the mass of the dark matter particle is
8.6 GeV. This mass is much lighter than what has been expected: something like 350
GeV was suggested as explanation of the AMS observations. The low mass is however
consistent with the identification as first octave of tau-pion with mass about 7.2 GeV
for which already forgotten CDF anomaly provided support for years ago (as explained
above p-adic length scale hypothesis allows octaves of the basic mass for lepto-pion which
is in good approximation 2 times the mass of the charged lepton, that is 3.6 GeV). The
particle must be dark in TGD sense, in other words it must have non-standard value of
effective Planck constant. Otherwise it would contribute to the decay widths of W and
Z.

10.4

Scaled Variants Of Quarks And Leptons

10.4.1

Fractally Scaled Up Versions Of Quarks

The strange anomalies of neutrino oscillations [C184] suggesting that neutrino mass
scale depends on environment can be understood if neutrinos can suffer topological
condensation in several p-adic length scales [K19] . The obvious question whether this
could occur also in the case of quarks led to a very fruitful developments leading to
the understanding of hadronic mass spectrum in terms of scaled up variants of quarks.
Also the mass distribution of top quark candidate exhibits structure which could be
interpreted in terms of heavy variants of light quarks. The ALEPH anomaly [C37],
which I first erratically explained in terms of a light top quark has a nice explanation
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in terms of b quark condensed at k = 97 level and having mass ∼ 55 GeV. These points
are discussed in detail in [K25] .
The emergence of ALEPH results [C37] meant a an important twist in the development
of ideas related to the identification of top quark. In the LEP 1.5 run with Ecm =
130 − 140 GeV , ALEPH found 14 e+ e− annihilation events, which pass their 4-jet
criteria whereas 7.1 events are expected from standard model physics. Pairs of dijets
with vanishing mass difference are in question and dijets could result from the decay of
a new particle with mass about 55 GeV .
The data do not allow to conclude whether the new particle candidate is a fermion or
boson. Top quark pairs produced in e+ e− annihilation could produce 4-jets via gluon
emission but this mechanism does not lead to an enhancement of 4-jet fraction. No bb̄bb̄
jets have been observed and only one event containing b has been identified so that the
interpretation in terms of top quark is not possible unless there exists some new decay
channel, which dominates in decays and leads to hadronic jets not initiated by b quarks.
For option 2), which seems to be the only sensible option, this kind of decay channels
are absent.
Super symmetrized standard model suggests the interpretation in terms of super partners of quarks or/and gauge bosons [C173] . It seems now safe to conclude that TGD
does not predict sparticles. If the exotic particles are gluons their presence does not
affect Z 0 and W decay widths. If the condensation level of gluons is k = 97 and
mixing is absent the gluon masses are given by mg (0) = 0, mg (1) = 19.2 GeV and
mg (2) = 49.5 GeV for option 1) and assuming k = 97 and hadronic mass renormalization. It is however very difficult to understand how a pair of g = 2 gluons could be
created in e+ e− annihilation. Moreover, for option 2), which seems to be the only sensible option, the gluon masses are mg (0) = 0, mg (1) = mg (2) = 30.6 GeV for k = 97.
In this case also other values of k are possible since strong decays of quarks are not
possible.
The strong variations in the order of magnitude of mass squared differences between
neutrino families [C184] can be understood if they can suffer a topological condensation
in several p-adic length scales. One can ask whether also t and b quark could do the
same. In absence of mixing effects the masses of k = 97 t and b quarks would be
given by mt ' 48.7 GeV and mb ' 52.3 GeV taking into account the hadronic mass
renormalization. Topological mixing reduces the masses somewhat. The fact that b
quarks are not observed in the final state leaves only b(97) as a realistic option. Since
Z 0 boson mass is ∼ 94 GeV, b(97) does not appreciably affect Z 0 boson decay width.
The observed anomalies concentrate at cm energy about 105 GeV . This energy is 15
percent smaller than the total mass of top pair. The discrepancy could be understood
as resulting from the binding energy of the b(97)b̄(97) bound states. Binding energy
should be a fraction of order αs ' .1 of the total energy and about ten per cent so that
consistency is achieved.

10.4.2

Toponium at 30.4 GeV?

Prof. Matt Strassler tells about a gem found from old data files of ALEPH experiment
(see http://tinyurl.com/ze6l5wr) by Arno Heisner [C33](see http://tinyurl.com/
hy8ugf4). The 3-sigma bump appears at 30.40 GeV and could be a statistical fluctuation
and probably is so. It has been found to decay to muon pairs and b-quark pairs. The
particle that Strassler christens V (V for vector) would have spin 1.
Years ago [K22] I have commented a candidate for scaled down top quark reported
by Aleph: this had mass around 55 GeV and the proposal was that it corresponds to
p-adically scaled up b quark with estimated mass of 52.3 GeV.
Could TGD allow to identify V as a scaled up variant of some spin 1 meson?
i. p-Adic length scale hypothesis states that particle mass scales correspond to certain
primes p ' 2k , k > 0 integer. Prime values of k are of special interest. Ordinary
hadronic space-time sheets would correspond to hadronic space-time sheets labelled
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by Mersenne prime p = M107 = 2107 − 1 and quarks would be labelled by corresponding integers k.
For low mass mesons the contribution from color magnetic flux tubes to mass dominates whereas for higher mass mesons consisting of heavy quarks heavy quark
contribution is dominant. This suggests that the large mass of V must result by an
upwards scaling of some light quark mass or downwards scaling of top quark mass
by a power of square root of 2.
The mass of b quark is around 4.2-4.6 GeV and Upsilon meson has mass about
9.5 GeV so that at most about 1.4 GeV from total mass would correspond to
the non-perturbative color contribution partially from the magnetic body. Top
quark mass is about 172.4 GeV and p-adic mass calculations suggest k = 94 (M89 )
for top. If the masses for heavy quark mesons are additive as the example of
Upsilon suggests, the non-existing top pair vector meson (toponium) (see http:
//tinyurl.com/nfzhnej) would have mass about m(toponium) = 2 × 172.4 GeV
= 344.8 GeV.
Could the observed bump correspond to p-adically scaled down version of toponium
with k = 94 + 7 = 101, which is prime? The mass of toponium would be 30.47 GeV,
which is consistent with the mass of the bump. If this picture is correct, V would
be premature toponium able to exist for prime k = 101. Its decays to b quark pair
are consistent with this.
Tommaso Dorigo (see http://tinyurl.com/zhgyecd) argues that the signal is spurious since the produced muons tend to be parallel to b quarks in cm system of Z 0 .
Matt Strassler identifies the production mechanism as a direct decay of Z 0 and in
this case Tommaso would be right: the direct 3-particle decay of Z 0 → b + b + V
would produce different angular distribution for V . One cannot of course exclude
the possibility that the interpretation of Tommaso is that muon pairs are from
decays of V in its own rest frame in which case they certainly cannot be parallel to b quarks. So elementary mistake from a professional particle physicist looks
rather implausible. The challenge of the experiments was indeed to distinguish the
muon pairs from muons resulting from b quarks decaying semileptonically and being
highly parallel to b quarks.
A further objection of Tommaso is that the gluons should have roughly opposite
momenta and fusion seems highly implausible classically since the gluons tend to
be emitted in opposite directions. Quantally the argument does not look so lethal if
one thinks in terms of plane waves rather than wave packets. Also fermion exchange
is involved so that the fusion is not local process.
How the bump appearing in Z 0 → b + b + V would be produced if toponium is in
question? The mechanism would be essentially the same as in the production of
Ψ/J meson by a c + c pair. The lowest order diagram would correspond to gluon
fusion. Both b and b emit gluon and these could annihilate to a top pair and these
would form the bound state. Do virtual t and t have ordinary masses 172 GeV or
scaled down masses of about 15 GeV? The checking which option is correct would
require numerical calculation and a model for the fusion of the pair to toponium.
That the momenta of muons are parallel to those of b and b might be understood.
One can approximate gluons with energy about 15 GeV as a brehmstrahlung almost
parallel/antiparallel to the direction of b /b both having energy about 45 GeV in
the cm system of Z 0 . In cm they would combine to V with helicity in direction
of axis nearly parallel to the direction defined by the opposite momenta of b and
b. The V with spin 1 would decay to a muon pair with helicities in the direction
of this axis, and since relativistic muons are in question, the momenta would by
helicity conservation tend to be in the direction of this axis as observed.

Are there other indications for scaled variants of quarks?
i. Tony Smith [C211] has talked about indications for several mass peaks for top
quark. I have discussed this in [K25] in terms of p-adic length scale hypothesis.
There is evidence for a sharp peak in the mass distribution of the top quark in
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140-150 GeV range). There is also a peak slightly below 120 GeV, which could
correspond to a p-adically scaled down variant t quark with k = 93 having mass
121.6 GeV for (Ye = 0, Yt = 1). There is also a small peak also around 265 GeV
which could relate to m(t(95)) = 243.2 GeV. Therefore top could appear at least
at p-adic scales k = 93, 94, 95. This argument does not explain the peak in 140-150
GeV range rather near to top quark mass.
ii. What about Aleph anomaly? The value of k(b) in pb ' 2kb uncertain. k(b) = 103 is
one possible value. In [K22]. I have considered the explanation of Aleph anomaly
in terms of k = 96 variant of b quark. The mass scaling would be by factor of 27/2 ,
which would assign to mass mb = 4.6 GeV mass of about 52 GeV to be compared
with 55 GeV.
To sum up, the objections of Tommasso Dorigo might well kill the toponium proposal
and the bump is probably a statistical fluctuation. It is however amazing that its mass
comes out correctly from p-adic length scale hypothesis which does not allow fitting.
Aleph anomaly just refuses to disappear
I learned about evidence for a bump around 28 GeV (see https://arxiv.org/abs/
1808.01890). The title of the preprint is “Search for resonances in the mass spectrum
of
√ muon pairs produced in association with b quark jets in proton-proton collisions at
s= 8 and 13 TeV”. An excess of events above the background near a dimuon mass of
28 GeV is observed in the 8 TeV data, corresponding to local significances of 4.2 and 2.9
standard deviations for the first and second event categories, respectively. At 13 TeV
data the excess is milder. This induced two dejavu experiences.
1. First dejavu
Last year (2018) came a report from Aleph titled ”Observation of an excess at 30
GeV in the opposite sign di-muon spectra of Z → bb + X events recorded by the
ALEPH experiment at LEP” (see https://arxiv.org/pdf/1610.06536.pdf). The
article represents re-analysis of data from 1991-1992. The energy brings strongly in
mind 28 GeV bump.
TGD - or more precisely p-adic fractality - suggests the existence of p-adically scaled
√
variants of quarks and leptons with masses coming as powers of 2 (or perhaps even 2.
They would be like octaves of a fundamental tone represented by the particle. Neutrino
physics is plagued by anomalies and octaves of neutrino could resolve these problems.
Could one understand 30 GeV bump - possibly same as 28 GeV bump in TGD framework? b quark has mass 4.12 GeV or 4.65 GeV depending on the scheme used to
estimate it. b quark could correspond to p-adic length scale L(k) for k = 103 but the
identification of the p-adic scale is not quite clear. p-Adically scaling b-quark mass
taken to be 4.12 GeV by factor 4 gives about 16.5 GeV (k = 103 − 4 = 99), which is
one half of 32 GeV: could this correspond to the proposed 30 GeV resonance or even
28 GeV resonance? One must remember that these estimates are rough since already
QCD estimates for b quark mass vary about 10 per cent.
28 GeV bump could correspond to p-adically scaled variant of b with k = 99. b quark
would indeed appear as octaves. But how to understand the discrepancy: could one
imagine that there are actually two mesons involved and analogous to pion and rho
meson?
2. Second dejavu
Concerning quarks, I remember an old anomaly reported by Aleph at 56 GeV. This
anomaly is mentioned in a preprint published last year (see https://arxiv.org/pdf/
hep-ph/9608264.pdf) and there is reference to old paper: ALEPH Collaboration, D.
Buskulic et al., CERN preprint PPE/96–052.. What was observed was 4-jet events
consisting of dijets with invariant mass around 55 GeV. What makes this interesting is
that the mass of 28 GeV particle candidate would be one half of the mass of a particle
with mass of mass of 56 GeV particle, quite near to 55 GeV.
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My proposal for the identification of the 55 GeV bump was as a meson formed from
scaled variants b and b corresponding to p-adic prime p ' 2k , k = 96. The above
argument suggests k = 99 − 2 = 97. Note that the production of the 28 GeV bump
decaying to muon pair is associated with production of b quark and second jet.
3. What the resonance are and how could they be produced?
The troubling question is why the two masses around 28 GeV ad 30 GeV? Even worse:
for 30 GeV candidate a dip is reported in at 28 GeV! Could the two candidates correspond to π(28) and ρ(30) having slightly different masses by color-magnetc spin-spin
splitting?
The production mechanism should explain why the resonance is associated with b-quark
and jet and also why two different mass values suggest themselves.
i. If one has 56 GeV pseudo-scalar resonance consisting mostly of bb - call it π(56),
it could couple to Z 0 by standard instanton density coupling, and one could have
the decay Z → Z + π(56). The final state virtual Z would produce the b-tag in its
decay.
ii. π(56) in turn would decay strongly to π(28) + ρ(30) with spin 1 and analogous to
the rho meson partner of ordinary pion. Masses would be naturally different for π
and ρ.
It is easy to check that the observed spin-spin splitting is consistent with the simplest
model for the spin-spin splitting obtained by extrapolating the for ordinary π−ρ system.
i. At these mass scales the spin-spin splitting proportional to color magnetic moments
and thus to inverses of the b quark masses should be small and indeed is.
ii. Consider first ordinary π−ρ system. The predicted masses due to spin-spin splitting
are m(π) = m − ∆/2 and m(ρ) = m + 3∆/2), where one has m = (3m(π) + m(ρ))/4
and ∆ = (m(ρ) − m(π))/2. For π − ρ system one has r1 = ∆m/m ' .5.
∆m/m is due to the interaction of color magnetic moments and of form xr, rαs2 m2 (π)/m2 (d).
The small masses of u and d quarks - m(d) ' 4.8 MeV (Wikipedia value, the estimate vary widely) - implies that m(π)/m(d) ' 28.2 is rather large. The value of αs is
larger than αs = .1 achieved at higher energies, which gives r2 = αs2 m2 (π)/m2 (d) >
.28. One has r1 /r2 ' .57.
iii. For π(28)−ρ(30) system the values of the parameters are m ' 29 GeV and ∆m = 2
GeV and r1 = ∆m/m ' .07. The mass ratio is roughly m(π)/m(b) = 2 for heavy
mesons for which quark mass dominates in the meson mass. For αs = .1 the order
of magnitude for r2 = αs2 m2 (π(28))/m2 (b) is r2 ' .04 and one has r1 /r2 = .57 to
be compared with r1 /r2 = .56 for ordinary π(28) − ρ(30) system so that the model
looks realistic.
Interestingly, the same value of αs works in both cases: does this provide support
for the TGD view about renormalization group invariance of coupling strengths
[L55, L61]? This invariance is not global but implies discrete coupling constant
evolution.

10.4.3

Could Neutrinos Appear In Several P-Adic Mass Scales?

There are some indications that neutrinos can appear in several mass scales from neutrino oscillations [C18]. These oscillations can be classified to vacuum oscillations and
to solar neutrino oscillations believed to be due to the so called MSW effect in the dense
matter of Sun. There are also indications that the mixing is different for neutrinos and
antineutrinos [C111, C17].
In TGD framework p-adic length scale hypothesis might explain these findings. The
basic vision is that the p-adic length scale of neutrino can vary so that the mass squared
scale comes as octaves. Mixing matrices would be universal. The large discrepancy
between LSND and MiniBoone results [C111] contra solar neutrino results could be
understood if electron and muon neutrinos have same p-adic mass scale for solar neutrinos but for LSND and MiniBoone the mass scale of either neutrino type is scaled up.
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The existence of a sterile neutrino [C171] suggested as an explanation of the findings
would be replaced by p-adically scaled up variant of ordinary neutrino having standard
weak interactions. This scaling up can be different for neutrinos and antineutrinos as
suggested by the fact that the anomaly is present only for antineutrinos.
The different values of ∆m2 for neutrinos and antineutrinos in MINOS experiment [C17]
can be understood if the p-adic mass scale for neutrinos increases by one unit. The
breaking of CP and CPT would be spontaneous and realized as a choice of different
p-adic mass scales and could be understood in ZEO. Similar mechanism would break
supersymmetry and explain large differences between the mass scales of elementary
fermions, which for same p-adic prime would have mass scales differing not too much.
Experimental results
There several different type of experimental approaches to study the oscillations. One
can study the deficit of electron type solar electron neutrinos (Kamiokande, SuperKamiokande); one can measure the deficit of muon to electron flux ratio measuring the
rate for the transformation of νµ to ντ (super-Kamiokande); one can study directly the
deficit of νe (ν e ) neutrinos due to transformation to νµ νµ coming from nuclear reactor
with energies in the same range as for solar neutrinos (KamLAND); and one can also
study neutrinos from particle accelerators in much higher energy range such as solar
neutrino oscillations (K2K,LSND,Miniboone,Minos).
1. Solar neutrino experiments and atmospheric neutrino experiments
The rate of neutrino oscillations is sensitive to the mass squared differences ∆m212 , ∆m212 ,
∆m213 and corresponding mixing angles θ12 , θ13 , θ23 between νe , νµ , and ντ (ordered
in obvious manner). Solar neutrino experiments allow to determine sin2 (2θ12 ) and
∆m212 . The experiments involving atmospheric neutrino oscillations allow to determine
sin2 (2θ23 ) and ∆m223 .
The estimates of the mixing parameters obtained from solar neutrino experiments
and atmospheric neutrino experiments are sin2 (2θ13 ) = 0.08, sin2 (2θ23 ) = 0.95, and
sin2 (2θ12 ) = 0.86. The mixing between νe and ντ is very small. The mixing between
νe and νµ , and νµ and ντ tends is rather near to maximal. The estimates for the mass
squared differences are ∆m212 = 8 × 10−5 eV2 , ∆m223 ' ∆m213 = 2.4 × 10−3 eV2 . The
mass squared differences have obviously very different scale but this need not means
that the same is true for mass squared values.
2. The results of LSND and MiniBoone
LSND experiment measuring the transformation of ν µ to ν e gave a totally different
estimate for ∆m212 than solar neutrino experiments MiniBoone [C171]. If one assumes
same value of sin2 (θ12 )2 ' .86 one obtains ∆m223 ∼ .1 eV2 to be compared with ∆m212 =
8 × 10−5 eV2 . This result is known as LSND anomaly and led to the hypothesis that
there exists a sterile neutrino having no weak interactions and mixing with the ordinary
electron neutrino and inducing a rapid mixing caused by the large value of ∆m2 . The
purpose of MiniBoone experiment [C111] was to test LSND anomaly.
i. It was found that the two-neutrino fit for the oscillations for νµ → νe is not consistent with LSND results. There is an unexplained 3σ electron excess for E < 475
MeV. For E > 475 MeV the two-neutrino fit is not consistent with LSND fit. The
estimate for ∆m2 is in the range .1 − 1 eV2 and differs dramatically from the solar
neutrino data.
ii. For antineutrinos there is a small 1.3σ electron excess for E < 475 MeV. For E > 475
MeV the excess is 3 per cent consistent with null. Two-neutrino oscillation fits are
consistent with LSND. The best fit gives (∆m212 , sin2 (2θ12 ) = (0.064 eV 2 , 0.96).
The value of ∆m212 is by a factor 800 larger than that estimated from solar neutrino
experiments.
All other experiments (see the table of the summary of [C171] about sterile neutrino
hypothesis) are consistent with the absence of νµ → ne and ν µ → ν e mixing and
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only LSND and MiniBoone report an indication for a signal. If one however takes
these findings seriously they suggest that neutrinos and antineutrinos behave differently
in the experimental situations considered. Two-neutrino scenarios for the mixing (no
sterile neutrinos) are consistent with data for either neutrinos or antineutrinos but not
both [C171].
3. The results of MINOS group
The MINOS group at Fermi National Accelerator Laboratory has reported evidence
that the mass squared differences between neutrinos are not same for neutrinos and
antineutrinos [C17]. In this case one measures the disappearance of νµ and ν µ neutrinos
from high energy beam beam in the range .5-1 GeV and the dominating contribution
comes from the transformation to τ neutrinos. ∆m223 is reported to be about 40 percent
larger for antineutrinos than for neutrinos. There is 5 percent probability that the mass
squared differences are same. The best fits for the basic parameters are (∆m223 = 2.35 ×
10−3 , sin2 (2θ23 = 1) for neutrinos with error margin for ∆m2 being about 5 per cent
and (∆m223 = 3.36×10−3 , sin2 (2θ23 ) = .86) for antineutrinos with errors margin around
10 per cent. The ratio of mass squared differences is r ≡ ∆m2 (ν)/∆m2 (ν) = 1.42. If
one assumes sin2 (2θ23 ) = 1 in both cases the ratio comes as r = 1.3.
Explanation of findings in terms of p-adic length scale hypothesis
p-Adic length scale hypothesis predicts that fermions can correspond to several values
of p-adic prime meaning that the mass squared comes as octaves (powers of two). The
simplest model for the neutrino mixing assumes universal topological mixing matrices
and therefore for CKM matrices so that the results should be understood in terms of
different p-adic mass scales. Even CP breaking and CPT breaking at fundamental level
is un-necessary although it would occur spontaneously in the experimental situation
selecting different p-adic mass scales for neutrinos and antineutrinos. The expression
for the mixing probability a function of neutrino energy in two-neutrino model for the
mixing is of form
P (E) = sin2 (2θ)sin2 (X) , X = k × ∆m2 ×

L
.
E

Here k is a numerical constant, L is the length travelled, and E is neutrino energy.
1. LSND and MiniBoone results
LSND and MiniBoone results are inconsistent with solar neutrino data since the value
of ∆m212 is by a factor 800 larger than that estimated from solar neutrino experiments.
This could be understood if in solar neutrino experiments νµ and νw correspond to the
same p-adic mass scale k = k0 and have very nearly identical masses so that ∆m2 scale
is much smaller than the mass squared scale. If either p-adic scale is changed from
k0 to k0 + k, the mass squared difference increases dramatically. The counterpart of
the sterile neutrino would be a p-adically scaled up version of the ordinary neutrino
having standard electro-weak interactions. The p-adic mass scale would correspond to
the mass scale defined by ∆m2 in LSND and MiniBoone experiments and therefore a
mass scale in the range .3-1 eV. The electron Compton scale assignable to eV mass
scale could correspond to k = 167, which corresponds to cell length scale of √
2.5 µm.
k = 167 defines one of the Gaussian Mersennes MG,k = (1 + i)k − 1. Le (k) = 5L(k),
k = 151, 157, 163, 167, varies in the range 10 nm (cell membrane thickness) and 2.5 µm
defining the size of cell nucleus. These scales could be fundamental for the understanding
of living matter [K13] .
2. MINOS results
One must assume also now that the p-adic mass scales for ντ and ν τ are near to each
other in the “normal” experimental situation. Assuming that the mass squared scales
of νµ or ν µ come as 2−k powers of m2νµ = m2ντ + ∆m2 , one obtains
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m2ντ (k0 ) − m2ν µ (k0 + k) = (1 − 2−k )m2nuτ − 2−k ∆m20 .
For k = 1 this gives

r

=

3
− 2r
∆m2
∆m2 (k = 2)
3
= 2
, r= 20 .
2
∆m (k = 1)
1−r
mντ

(10.4.1)

One has r ≥ 3/2 for r > 0 if one has mντ > mνµ for the same p-adic length scale.
The experimental ratio r ' 1.3 could be understood for r ' −.31. The experimental
uncertainties certainly allow the value r = 1.5 for k(ν µ ) = 1 and k(νµ ) = 2.
This result implies that the mass scale of νµ and ντ differ by a factor 1/2 in the “normal”
situation so that mass squared scale of ντ would be of order 5 × 10−3 eV2 . The mass
scales for ν τ and ντ would about .07 eV and .05 eV. In the LSND and MiniBoone
experiments the p-adic mass scale of other neutrino would be around .1-1 eV so that
different p-adic mass scale large by a factor 2k/2 , 2 ≤ 2 ≤ 7 would be in question. The
different resuts from various experiments could be perhaps understood in terms of the
sensitivity of the p-adic mass scale to the experimental situation. Neutrino energy could
serve as a control parameter.
CPT breaking [B3] requires the breaking of Lorentz invariance. ZEO could therefore
allow a spontaneous breaking of CP and CPT. This might relate to matter antimatter
asymmetry at the level of given CD.
There is some evidence that the mixing matrices for neutrinos and antineutrinos are
different in the experimental situations considered [C17, C111]. This would require
CPT breaking in the standard QFT framework. In TGD p-adic length scale hypothesis
allowing neutrinos to reside in several p-adic mass scales. Hence one could have apparent
CPT breaking if the measurement arrangements for neutrinos and antineutrinos select
different p-adic length scales for them [K22] .
Is CP and T breaking possible in ZEO?
The CKM matrices for quarks and possibly also leptons break CP and T. Could one
understand the breaking of CP and T at fundamental level in TGD framework?
i. In standard QFT framework Chern-Simons term breaks CP and T. Kähler action
indeed reduces to Chern-Simons terms for the proposed ansatz for preferred extremals assuming that weak form of electric-magnetic duality holds true.
In TGD framework one must however distinguish between space-time coordinates
and imbedding space coordinates. CP breaking occurs at the imbedding space level
but instanton term and Chern-Simons term are odd under P and T only at the
space-time level and thus distinguish between different orientations of space-time
surface. Only if one identifies P and T at space-time level with these transformations at imbedding space level, one has hope of interpreting CP and T breaking
as spontaneous breaking of these symmetries for Kähler action and basically due
to the weak form of electric-magnetic duality and vanishing of j · A term for the
preferred extremals. This identification is possible for space-time regions allowing
representation as graphs of maps M 4 → CP2 .
ii. In order to obtain non-trivial fermion propagator one must add to Dirac action
1-D Dirac action in induced metric with the boundaries of string world sheets at
the light-like parton orbits. Its bosonic counterpart is line-length in induced metric. Field equations imply that the boundaries are light-like geodesics and fermion
has light-like 8-momentum. This suggests strongly a connection with quantum
field theory and an 8-D generalization of twistor Grassmannian approach. By field
equations the bosonic part of this action does not contribute to the Kähler action.
Chern-Simons Dirac terms to which Kähler action reduces could be responsible for
the breaking of CP and T symmetries as they appear in CKM matrix.
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iii. The GRT-QFT limit of TGD obtained by lumping together various space-time
sheets to a region of Minkowski space with effective metric defined by the sum of
Minkowski metric and deviations of the induced metrics of sheets from Minkowski
metric. Gauge potentials for the effective space-time would idenfied as sums of
gauge potentials for space-time sheets. At this limit the identification of P and T at
space-time level and imbedding space level would be natural. Could the resulting
effective theory in Minkowski space or GRT space-time break CP and T slightly? If
so, CKM matrices for quarks and fermions would emerge as a result of representing
different topologies for wormhole throats with different topologies as single point
like particle with additional genus quantum number.
iv. Could the breaking of CP and T relate to the generation of the arrow of time?
The arrow of time relates to the fact that state function reduction can occur at
either boundary of CD [K4]. Zero energy states do not change at the boundary
at which reduction occurs repeatedly but the change at the other boundary and
also the wave function for the position of the second boundary of CD changes in
each quantum jump so that the average temporal distance between the tips of CD
increases. This gives to the arrow of psychological time, and in TGD inspired theory
of consciousness “self” as a counterpart of observed can be identified as sequence of
quantum jumps for which the state function reduction occurs at a fixed boundary
of CD. The sequence of reductions at fixed boundary breaks T-invariance and has
interpretation as irreversibility. The standard view is that the irreversibility has
nothing to do with breaking of T-invariance but it might be that in elementary
particle scales irreversibility might manifest as small breaking of T-invariance.
Is CPT breaking needed/possible?
Different values of ∆m2ij for neutrinos and antineutrinos would require in standard QFT
framework not only the violation of CP but also CPT [B3] which is the cherished symmetry of quantum field theories. CPT symmetry states that when one reverses time’s
arrow, reverses the signs of momenta and replaces particles with their antiparticles, the
resulting Universe obeys the same laws as the original one. CPT invariance follows from
Lorentz invariance, Lorentz invariance of vacuum state, and from the assumption that
energy is bounded from below. On the other hand, CPT violation requires the breaking
of Lorentz invariance.
In TGD framework this kind of violation does not seem to be necessary at fundamental
level since p-adic scale hypothesis allowing neutrinos and also other fermions to have
several mass scales coming as half-octaves of a basic mass scale for given quantum
numbers. In fact, even in TGD inspired low energy hadron physics quarks appear in
several mass scales. One could explain the different choice of the p-adic mass scales as
being due to the experimental arrangement which selects different p-adic length scales
for neutrinos and antineutrinos so that one could speak about spontaneous breaking
of CP and possibly CPT. The CP breaking at the fundamental level which is however
expected to be small in the case considered. The basic prediction of TGD and relates
to the CP breaking of Chern-Simons action inducing CP breaking in the Kähler-Dirac
action defining the fermionic propagator [L9]. For preferred extremals Kähler action
would indeed reduce to Chern-Simons terms by weak form of electric-magnetic duality.
In TGD one has breaking of translational invariance and the symmetry group reduces
to Lorentz group leaving the tip of CD invariant. Positive and negative energy parts
of zero energy states correspond to different Lorentz groups and zero energy states are
superpositions of state pairs with differen values of mass squared. Is the breaking of
Lorentz invariance in this sense enough for breaking of CPT is not clear.
One can indeed consider the possibility of a spontaneous breaking of CPT symmetry
in TGD framework since for a given CD (causal diamond defined as the intersection of
future and past directed light-cones whose size scales are assumed to come as octaves)
the Lorentz invariance is broken due to the preferred time direction (rest system) defined
by the time-like line connecting the tips of CD. Since the world of classical worlds is
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union of CDs with all boosts included the Lorentz invariance is not violated at the level
of WCW. Spontaneous symmetry breaking would be analogous to that for the solutions
of field equations possessing the symmetry themselves. The mechanism of breaking
would be same as that for supersymmetry. For same p-adic length scale particles and
their super-partners would have same masses and only the selection of the p-adic mass
scale would induces the mass splitting.
Encountering the puzzle of inert neutrinos once again
Sabine Hossenfelder had an interesting link to Quanta Magazine article “On a Hunt for
a Ghost of a Particle” telling about the plans of particle physicist Janet Conrad to find
the inert neutrino (see http://tinyurl.com/ybhcjwu6).
The attribute “sterile” or “inert” (I prefer the latter since it is more respectful!) comes
from the assumption this new kind of neutrino does not have even weak interactions
and feels only gravitation. There are indications for the existence of inert neutrino from
LSND experiments (see http://tinyurl.com/y7ktyfrs) and some Mini-Boone experiments(see http://tinyurl.com/y74hmq7c). In standard model it would be interpreted
as fourth generation neutrino which would suggest also the existence of other fourth
generation fermions. For this there is no experimental support.
The problem of inert neutrino is very interesting also from TGD point of view. TGD
predicts also right handed neutrino with no electroweak couplings but mixes with left
handed neutrino by a new interaction produced by the mixing of M 4 and CP2 gamma
matrices: this is a unique feature of induced spinor structure and serves as a signature
of sub-manifold geometry and one signature distinguishing TGD from standard model.
Only massive neutrino with both helicities remains and behaves in good approximation
as a left handed neutrino.
There are indeed indications in both LSND and MiniBoone experiments for inert neutrino. But only in some of them. And not in the ICECUBE experiment (see http:
//tinyurl.com/h79dyj3) performed at was South Pole. Special circumstances are required. “Special circumstances” need not mean bad experimentation. Why this strange
behavior?
i. The evidence for the existence of inert neutrino, call it ν I , came from antineutrino mixing ν µ → ν e manifesting as mass squared difference between muonic and
electronic antineutrinos. This difference was ∆m2 (LSN D) = 1 − 10 eV 2 in the
LSND experiment. The other two mass squared differences deduced from solar
neutrino mixing and atmospheric neutrino mixing were ∆m2 (sol) = 8 × 10−5 eV 2
and ∆m2 (atm) = 2.5 × 10−3 eV 2 respectively.
ii. The inert neutrino interpretation would be that actually ν µ → ν I takes place and
the mass squared difference for ν µ andν I determines the mixing.
1. The explanation based on several p-adic mass scales for neutrinos
The first TGD inspired explanation proposed for a long time ago relies on p-adic length
scale hypothesis predicting that neutrinos can exist in several p-adic length scales for
which mass squared scale ratios come as powers of 2. Mass squared differences would
also differ by a power of two. Indeed, the mass squared differences from solar and
atmospheric experiments are in ratio 2−5 so that the model looks promising!
Writing ∆m2 (LSN D) = x eV 2 the condition m2 (LSN D)/m2 (atm) = 2k has 2 possible solutions corresponding to k = 9, or k = 10 and x = 2.5 and x = 1.25. The
corresponding mass squared differences 2.5 eV 2 and 1.25 eV 2 .
The interpretation would be that the three measurement outcomes correspond to 3
neutrinos with nearly identical masses in given p-adic mass scale k but having different
p-adc mass scales. The atmospheric and solar p-adic length scales would comes as
powers (L(atm), L(sol)) = (2n/2 , 2(n+10)/2 ) × L(k(LSN D)) , n = 9 or n = 10. For
n = 10 the mass squared scales would come as powers of 210 .
How to estimate the value of k(LSN D)?
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i. Empirical data and p-adic mass calculations suggest that neutrino mass is of order
.1 eV . The most natural candidates for p-adic mass scales would correspond to
k = 163, 167 or k = 169. The first primes k = 163, 167 correspond to Gaussian
Mersenne primes MG,n = (1 + i)n − 1 and to p-adic length scales L(163) = 640 nm
and L(167) = 2.56 µm.
ii. p-Adic mass calculations [K19] predict that the ratio x = ∆m2 /m2 for µ − e system
has upper bound x ∼ .4. This does not take into account the mixing effects but
should give upper bound for the mass squared difference affected by the mixing.
iii. The condition ∆m2 /m2 = .4 × x, where x ≤ 1 parametrizes the mass difference
assuming ∆m(LSN D)2 = 2.5 eV 2 gives m2 (LSN D) ∼ 6.25 eV 2 /x.
x = 1/4 would give (k(LSN D), k(atm), k(sol)) = (157, 167, 177). k(LSN D) and
k(atm) label two Gaussian Mersenne primes MG,k = (1 + i)k in the series k =
151, 157, 163, 167 of Gaussian Mersennes. The scale L(151) = 10 nm defines cell
membrane thickness. All these scales could be relevant for DNA coiling. k(sol) =
177 is not Mersenne prime nor even prime. The correspoding p-adic length scale is
82 µm perhaps assignable to neuron. Note that k = 179 is prime.
This explanation looks rather nice because the mass squared difference ratios come
as powers of two. What seems clear that the longer the path of neutrino travelled
from the source to the detector, the smaller than mass squared: in other words one
has k(LSN D) < k(atm) < k(sol). This suggest that neutrinos transform to lower mass
neutrinos during the travel k(LSN D) → k(atm) → k(sol). The sequence could contains
also other p-adic length scales.
What really happens when neutrino characterised by p-adic length scale L(k1 ) transforms to a neutrino characterized by p-adic length scale L(k2 ).
i. The simplest possibility would be that k1 → k2 corresponds to a 2-particle vertex.
The conservation of energy and momentum however prevent this process unless
one has ∆m2 = 0. The emission of weak boson is not kinematically possible since
Z 0 boson is so massive. For instance, solar neutrinos have energies in MeV range.
The presence of classical Z 0 field could make the transformation possible and TGD
indeed predicts classical Z 0 fields with long range. The simplest assumption is
that all classical electroweak gauge fields except photon field vanish at string world
sheets. This could in fact be guaranteed by gauge choice analogous to the unitary
gauge.
ii. The twistor lift of TGD however provides an alternative option. Twistor lift predicts
that also M 4 has the analog of Kähler structure characterized by the Kähler form
J(M 4 ) which is covariantly constant and self-dual and thus corresponds to parallel
electric and magnetic components of equal strength. One expects that this gives
rise to both classical and quantum field coupling to fermion number, call this U (1)
gauge field U . The presence of J(M 4 ) induces P, T, and CP breaking and could
be responsible for CP breaking in both leptonic and quark sectors and also explain
matter antimatter asymmetry [L35, L36] as well as large parity violation in living
matter (chiral selection). The coupling constant strength α1 is rather small due to
the constraints coming from atomic physics (new U (1) boson couples to fermion
number and this causes a small scaling of the energy levels). One has α1 ∼ 10−9 ,
which is also the number characterizing matter antimatter asymmetry as ratio of
the baryon density to CMB photon density.
Already the classical long ranged U field could induce the neutrino transitions.
k1 → k2 transition could become allowed by conservation laws also by emission of U
boson. The simplest situation corresponds to parallel momenta
for neutrinos and U .
p
2 + m2 = E + E(U ) =
p
Conservation
laws
of
energy
and
momentum
give
E
=
2
1
1
1
p
p22 + m22 + E(U ), p1 = p2 + p(U ). Masslessness gives E(U ) = p(U ). This would
give in good approximation p2 /p1 = m21 /m22 and E(U ) = p1 − p2 = p1 (1 − m21 /m22 ).
One can ask whether CKM mixing for quarks could involve similar mechanism
explaining the CP breaking. Also the transitions changing hef f /h = n could involve
U boson emission.
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2. The explanation based on several p-adic mass scales for neutrinos
Second TGD inspired interpretation would be as a transformation of ordinary neutrino
to a dark variant of ordinary neutrino with hef f /h = n occurring only if the situation is
quantum critical (what would this mean now?). Dark neutrino would behave like inert
neutrino. One cannot exclude this option but it does not give quantitative predictions.
This proposal need not however be in conflict with the first one since the transition
k(LSN D) → k1 could produce dark neutrino with different value of hef f /h = 2∆k
scaling up the Compton scale by this factor. This transition could be followed by a
transition back to a particle with p-adic length scale scaled up by 22k . I have proposed
that p-adic phase transitions occurring at criticality requiring hef f /h > 1 are important
in biology [K17].
There is evidence for a similar effect in the case of neutron decays. Neutron lifetime is
found to be considerably longer than predicted. The TGD explanation [K22] is that part
of protons resulting in the beta decays of neutrino transform to dark protons and remain
undetected so that lifetime looks longer than it really is [L51] (see http://tinyurl.
com/yc8d7sed). Note however that also now conservation laws give constraints and
the emission of U photon might be involved also in this case. As a matter of fact,
one can consider the possibility that the phase transition changing hef f /h = n involve
the emission of U photon too. The mere mixing of the ordinary and dark variants of
particle would induce mass splitting and U photon would take care of energy momentum
conservation.
LSND anomaly is here again!
MinibooNe collaboration published a highly interesting preprint [C99] “Observation of
a Significant Excess of Electron-Like Events in the MiniBooNE Short-Baseline Neutrino
Experiment” (see https://arxiv.org/abs/1805.12028).
The findings give strong support for old and forgotten LSND anomaly - forgotten because it is in so blatant conflict with the standard model wisdom. The significance level
of the anomaly is 6.1 sigmas in the new experiment. 5 sigma is regarded as the threshold
for a discovery. It is nice to see this fellow again: anomalies are the theoreticians best
friends.
To me this seems like a very important event from the point of view of standard model
and even theoretical particle physics: this anomaly together with other anomalies raises
hopes that the patient could leave the sickbed after illness that has lasted for more than
four decades after becoming a victim of the GUT infection.
LSND as also other experiments are consistent with neutrino mixing model. LSND
however produces electron excess as compared to other neutrino experiments. Anomaly
means that the parameters of the neutrino mixing matrix (masses, mixing angles,
phases) are not enough to explain all experiments.
One manner to explain the anomaly would be fourth “inert” neutrino having no couplings to electroweak bosons. TGD predicts both right and left-handed neutrinos and
right-handed ones would not couple electroweakly. In massivation they would however
combine to single massive neutrino just like in Higgs massivation Higgs gives components for massive gauge bosons and only neutral Higgs having no coupling to photon
remains. Therefore this line of thought does not loo promising in TGD framework.
For many years ago I explained the LSND neutrino anomaly in TGD framework as being
due to the fact that neutrinos can correspond to several p-adic mass scales. p-Adic mass
scale coming as power of 21/2 would bring in the needed additional parameter. The new
particles could be ordinary neutrinos with different p-adic mass scales. The neutrinos
used in experiment would have p-adic length scale depending on their origin. Lab,
Earth’s atmosphere, Sun, ... It is possible that the neutrinos transform during their
travel to less massive neutrinos.
What is intriguing that the p-adic length scale range that can be considered as candidates for neutrino Compton lengths is biologically extremely interesting. This range
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could correspond to the p-adic length scales L(k) ∼ 2(k−151)/2 L(151), k = 151, 157, 163, 167
varying from cell membrane thickness 10 nm to 2.5 µm. These length scales correspond
to Gaussian Mersennes MG,k = (1 + i)k − 1. The appearance of four of 4 Gaussian
Mersennes in such a short length scale interval is a number theoretic miracle. Could
neutrinos or their dark variants with hef f = n × h0 together with dark variants weak
bosons effectively massless below their Compton length have a fundamental role in
quantum biology?
Remark: h = 6 × h0 is the most plausible option at this moment [L31, L52] (see
http://tinyurl.com/ybxlqqsj and http://tinyurl.com/yafndef9).

10.5

Neutrinos and TGD

Neutrinos are problematic from the point of view of the standard model. It has become clear that neutrinos experience an analog of CKM mixing for quarks but there are
anomalous findings related to the mixing. MiniBoone collaboration published 2018 findings [C98] (see https://arxiv.org/abs/1805.12028) related to the mixing between
muon and electron neutrinos for incoming muon beam.
The transformation of electron neutrino to electron via charged current reaction was
used as a signature for the electron neutrinos and the findings forced the conclusion
that the number of electrons produced is too high to be consistent with the neutrino
CKM matrix deduced from other experiments. The sterile neutrino was one of the many
proposed explanations (see https://cutt.ly/DRKPZYz).
The recent experiment of Micro-Boone collaboration however shows no evidence for
sterile neutrinos (https://cutt.ly/QRKDsUA and https://cutt.ly/oRKS77W). The
only remaining anomaly is associated with the channel producing an electron but no
hadrons in the final state. If this finding is taken seriously, it is difficult to avoid
the conclusion that some new physics, which is not caught by the standard model, is
involved. Could the transformation of neutrino to an electron occur in some unknown
way?
As it often happens, this rather specific question led to a thorough reconsideration of
the TGD view about particles and their massivation: what is really understood and
what is really certain? The basic idea of the TGD based solution described at the end
of the article, would not have required these considerations so that an inpatient reader
can directly skip to the last section.

10.5.1

Two problems related to neutrinos

The following considerations were motivated by two problems related to neutrinos.
What is the role of right handed neutrinos in TGD?
The new view led to the conclusion that the right-handed neutrino predicted by TGD
and analogous to the inert neutrino solves some long-standing problems of TGD.
i. TGD in its recent form predicts an entire tower of color excitations as modes of
second quantized H = M 4 × CP2 spinor field identified as a quark field. The
mass scale determined by CP2 length scale and these give rise to bound states of 3
antiquarks having quantum numbers of leptons if TGD view about color symmetry
is accepted [L80]. In particular, covariantly constant right-handed neutrino νR in
some respects analogous to a sterile neutrino is predicted.
It is intuitively clear that νR must have a very special physical role. The naive
proposal that νR and νR could generate the analog N = 2 SUSY [L69] has not led
to a breakthrough. Spartners would have been created by adding zero momentum
right-handed neutrinos and antineutrinos to the state: the problem is that the norm
of these states vanishes if the only CP2 Kähler form is present as in the formulation
of TGD before the discovery of the twistor lift of TGD.
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ii. The twistor lift of TGD [L47] predicts that also M 4 has Kähler structure. This
implies a breaking of Lorentz symmetry within causal diamond CD to M 2 ⊂ M 4
emerging also in the the dual M 8 picture based on number theoretical view about
physics [L73, L74, L82] as a prerequisite of M 8 − H duality.
M 4 mass squared m2 is replaced with M 2 mass squared as in the quark model of
hadrons, in string models, and also in p-adic mass calculations [K19]. The M 2 mass
squared spectrum for H = M 4 × CP2 spinor modes is very much like in conformal
field theories and the two integers (n1 , n2 ) characterizing analogs of cyclotron states
are analogous to conformal weights.
The key point is that the massless νR transforms to a tachyon. This is due to the
presence of spin term J kl (M 4 )Σkl in D2 (H) vanishing for left-handed leptons. On
the other hand, p-adic mass calculations [K19] require a tachyon- like ground state:
otherwise massless states are impossible. The origin of tachyonicity has remained a
mystery. The tachyobiuc right-handed neutrinos could provide the long sought-for
mechanism allowing to reduce the conformal weight of a given many-quark state to
obtain a massless state.
iii. The hard problem is that neutrinos are massive but only the left-handed neutrinos
are observed. The problem is that the left-handed neutrinos mix with the righthanded ones if H Dirac operator D(H) determines the time evolution operator.
This should be seen in neutrino mixing experiments.
The proposed solution of the problem is based on the TGD view about time evolution in zero energy ontology (ZEO). It has become clear that the time evolution
between ”small” state function reductions (SSFRs) corresponds to a scaling rather
than time translation, and is induced by Virasoro generator L0 - essentially mass
squared operator - rather than by Hamiltonian.
This suggests that for the spinor modes of H, the mass squared operator, that is
the square D2 (H) of Dirac operator D(H) - or rather, its longitudinal M 2 part
- should determine the time evolution operator rather than D(H). Different M 4
chiralities would not mix.
iv. This alone does not explain why only left-handed neutrinos are observed since different M 4 chiralities for leptons can appear as superpositions if left and right M 4
chiralities have the same value of m2 (M 2 ). However, the J kl (M 4 )Σkl term in D2 (H)
implies L-R splitting of mass squared eigenvalues. Degeneracy is possible if different
values of n1 + n2 can compensate for this splitting.
Empirical facts require that R-L mixing is possible for charged leptons but not
for neutrino states. Right-handed neutrinos would not mix with left-handed ones
and would couple only to M 4 Kähler form but not to electroweak interactions. This
could explain why they are not detected but also suggests that their detection might
be possible.
Mini-Boone-Micro-Boone conflict and the TGD view about dark matter
This picture looks nice but does not explain the conflict between Mini-Boone and MicroBoone experiments. Because Micro-Boone observes the anomaly for single electron final
states only, it seems that neutrinos must scatter from some new form of matter.
TGD indeed predicts hef f > h phases of ordinary particles behaving like dark matter.
The anomalous production of electrons by charged currents could be understood by
the presence of dark protons or nuclei in the detector and having large enough hef f .
This could scale up weak interaction Compton length by hef f /h above nuclear or even
atomic length scale so that weak bosons would be effectively massless particles and
the scattering cross section could be of the same order of magnitude as electroweak
scattering cross section.

10.5.2

Some background about TGD

Some background about TGD is necessary in order to tackle the problems related to
neutrinos.
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Spinor fields in TGD
Spinor fields appear in TGD at three levels. At the level of embedding space H =
M 4 × CP2 , at the level of space-time surface X 4 ⊂ H, and at the level of ”world of
classical worlds” (WCW).
1. Spinor fields in H
Consider first spinor fields and their quantization at the level of H, which actually
induces the spinor structure at the level of X 4 and WCW.
i. In the TGD Universe space-times are 4-surfaces X 4 in 8-D H = M 4 × CP2 . The
only fundamental fermions are quarks and the TGD view about color allows us
to identify leptons as composites of 3 antiquarks in the scale of CP2 : this is not
possible in QCD [L69, L80]. In what follows a key assumption is that leptons behave
effectively like H spinor field having a chirality opposite to that for quarks and have
the same electroweak quantum numbers apart from em charge. Therefore the Dirac
equation in H applies to them.
ii. The quantization of spinors is carried out at the level of H and quantized quark
fields in X 4 are induced, that is restricted, to X 4 so that one avoids all problems
related to second quantization in curved background. One of them is the difficulty
in defining what positive and negative energy solutions to the Dirac equation do
really mean.
iii. If the Kähler form of J(M 4 ) of M 4 vanishes (the more general case will be discussed
later on), the square D2 (H) of the H Dirac operator D(H) = D(M 4 ) + D(CP2 )
allows solutions satisfying D2 (H)Ψ = 0 that is massless modes in 8-D sense. The
solutions of D(H)Ψ = 0 are of form D(M 4 )Ψ1 ⊗Ψ2 +Ψ1 ⊗D(CP2 )Ψ2 . Ψ1 is a plane
wave and Ψ2 is an eigenstate of D2 (CP2 ) with a quantized mass squared eigenvalue
m2 . Note that chiralities are mixed in accordance with the massivation in H.
Covariantly constant right-handed neutrino is the only massless solution of D(H)Ψ =
0 in the M 4 sense. Since it does not have electroweak couplings it satisfies D(CP2 )νR =
0 and is covariantly constant in CP2 . One can say that masslessness in 4-D sense is
replaced with masslessness in 8-D sense and this is crucial also for why the twistor
lift of TGD applies also to massive particles.
One can say that D(CP2 ) is the analog of D(M 4 ) = γ k pk in M 4 degrees of freedom.
However, it cannot be algebraized. One could also say that it acts as an analog of
the Higgs field which is not a H scalar but a CP2 vector.
2. Spinor fields in X 4
Consider next the spinor fields at the level of X 4 .
i. One can define modified Dirac operator [L82] at the level of X 4 in terms of the
modified Gamma matrices determined as contractions of H gamma matrices Γk
and the canonical momentum currents Tkα determined by the action, which for
twistor lift involves volume term (length scale dependent cosmological constant)
and Kähler action analogous to Maxwell action. Preferred extremals are actually
minimal surfaces which are also extremals of the Kähler action in the interior of
X 4 [L83].
ii. Modified Dirac equation cannot be satisfied generally as an operator equation. It
could be however satisfied at the boundaries of causal diamond (CD) (one might
say for external free quarks there) or possibly even in the interior of X 4 for the
physical states but not generally. In any case the oscillator operator algebra for
quarks in H would be used to construct quantum states.
The intuitive guess is that the inverse of D canappear as a propagator. Its construction looks however a horrible problem. Fortunately, the problem disappears since
D(H) naturally defines a propagator between points restricted to the space-time
surface.
What is remarkable is that quite generally, the propagation between points with
light-like distance is essentially like massless propagation. Particle-like entities are
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light-like orbits of partonic 2-surfaces so that the geometric character of particles
forces massive modes effectively masslessness. A more precise formulation is discussed in [L82].
The induction procedure generalizes to the level of the isometry algebra (IA) and even
super-symplectic algebra (SSA) [K51] [L77, L82].
i. One can construct the representations of IA and SSA in H for the Dirac action associated with D(H) and construct the Noether currents of super symplectic algebra
and project the currents to the space-time surface. A natural condition would be
that these currents are equal to the corresponding currents assigned to the modified
Dirac action for the physical states defined at the boundaries of CD.
ii. An analogous condition for classical currents was proposed in [L82] and stated
k
that the the conserved classical current for given isometry with Killing vector jA
is
proportional to its projection to the space-time surface.
TBAα

=

α
Λ(x)jA
,

α
jA
Aα

=

k α
k
jA
∂ hk ≡ jA
hkl g αβ ∂β hl

=

0 .

∂α Λj

,
(10.5.-1)

This condition could be true for the entire space-time surface or at the ends of X 4
k
at the boundaries of CD. The conserved bosonic current in H corresponds to jA
k
satisfying Dk jA = 0. The conservation condition requires that Λ is constant along
k
the flow lines of jA
.
Quantum classical correspondence suggests that the condition can be true only for
Cartan algebra. For the volume part of the action the condition is identically true
and Λ(x) corresponds to length scale dependent cosmological constant in this case.
For Kähler action, the condition is non-trivial.
iii. In the fermionic case, the condition would state that the conserved second quantized
quark current at the level of H projected to the space-time surface is equal to the
conserved fermionic current for the Dirac action in X 4 . In the general case, this
could hold true for the Cartan algebra and in the case of H isometries at the entire
space-time surface. For the symplectic currents it could hold true at the 3-D ends
of the space-time surface at boundaries of CD. The condition reads as
TFAα

= ΨΓk ∂α hk δA Ψ = k(x)ΨΓk TBkα δA Ψ .
(10.5.-1)
TBkα

holds true, this condition and the conservation
If the bosonic condition for
condition are trivially satisfied for k(x) = Λ(x) as also the conservation condition.
The condition also generalizes to super-currents obtained by replacing Ψ or Ψ by a
mode of H spinor field in the expression of the fermionic current.
3. WCW spinors
The third realization is at the level of the ”world of classical worlds” (WCW) assigned
to H consisting of 4-surfaces as preferred extremals of the action. Gamma matrices
of WCW are expressible as superpositions of quark oscillator operators so that anticommutation relations are geometrized. WCW spinors are Fock states of quarks. The
conditions stating super-symplectic symmetry are a generalization of super-Kac-Moody
symmetry and of super-conformal symmetry and give rise to the WCW counterpart
of the Dirac operator [K51] [L77, L82] as a non-hermitian super-Virasoro generator G
which however carries fermion number.
Bosonic conditions and the fermionic condition implied by them have been already
discussed and would dramatically simplify the construction of the quantums states as
super-symplectic representations.
WCW gamma matrices would be simply SSA super charges for the induced spinor fields
obtained by integrating the 3-D SSA super currents over 3-surfaces X 3 defining the ends
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of X 4 at the boundaries of CD. That they are projections of 8-D conserved currents in
H would make life simple.
One could construct also WCW Kähler metric and in principle all related geometric
entities in terms of SSA.
i. The matrix element of the WCW Kähler metric would be obtained as anticommutators
1 †
{Q , QB }
(10.5.0)
2 A
of the super symplectic charges. Super charge QA is obtained as a 3-D integral of
super current JA carrying quark number over the 3-surface X 3 :
gA,B =

Z

d3 xJA .

QA =

(10.5.1)

X3

The anticommutators of the fermionic oscillator operators for H spinors give Kronecker deltas for both momenta and color quantum numbers.
ii. The localization at 3-surface implies that gAB is given by an integral of form
Z
X 3 ×X 3

d3 x1 d3 x2

X

T A1 (p, n, x1 )TA2 (p, n, x2 ) .

(10.5.2)

p,n

The plane waves in the product give a factor exp(ip · (m(x1 ) − m(x2 ) giving rise
to interference. CP2 spinor harmonics give a product of Ψn (s(x1 )Ψn (s(x2 ). The
products of factors at different points give rise to interference effects and could save
from infinities.
The replacement of point-like particles with 3-surfaces is essential since the 7-D
equal-time anti-commutation relations for quark oscillator operators give a 7-D
delta function in H. Indeed, for a point-like particle instead of a 3-surface, one
would obtain a sum over terms Ψn (s(x1 )Ψn (s(x1 ) multiplied by the volume of the
corresponding mass shell.
iii. More generally, the double 3-D integral over a particle like n-surface should compensate for the 7-D delta function divergence so that for 2n > 7 divergences would
be absent. For 3-D objects one has 2n = 6, so that one cannot exclude logarithmic divergences typically present also in gauge theories. Does this mean that the
divergence cancellation cannot rely on mere non-locality.
iv. Could the preferred extremal property be crucial? As a matter of fact, the condition
guaranteeing that SSA currents for the action are equal to the projections of SSA
currents for H spinors (at least at boundary CD) has been already assumed.
Number theoretic holography fixes the space-time region in terms of roots of a
polynomial with rational coefficients and is an extremely powerful condition also on
3-surfaces at the boundary of CD.
Also the geometry of δCD = δcd × CP2 might be relevant as also the precise
definition of the integral. One has a 6-D integral over δcd × δcd. It seems that this
is the correct intuition.
The following argument indeed shows that the geometry of CD (and thus ZEO) is highly
relevant.
i. For m1 − m2 = 0, the CP2 anticommutator gives a 4-D delta function in CP2 as
a singularity for s(m1 ) = s(m2 ). For m1 = m2 , one also has a 3-D delta function
corresponding to equal time anticommutation relations. This would give 7-D delta
function and the integral would diverge and be ill-defined. This is the source of
troubles and raises the question whether one should one define the integral as a
limit in which the ill-defined 7-D delta function contribution is avoided.
ii. Denote by D the diagonal set Diag(δcd × δcd) of points m1 = m2 of δcd × δcd.
Assign to D a thin 3-D layer D × L with L having a thickness l and define the
integral over the volume cd × cd \ D × L and take the limit l → 0. This removes
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the problematic 7-D delta function singularity and leaves only the 1-D light-ray
singularity at δcd [L79, L78] under consideration so that the anticommutator is
well-defined and finite.
iii. Irrespective of mass, fermion anticommutator has 1-D delta function type singurity
as a 1-D delta function δ(a), a2 = (m1 − m2 )2 . Now both m1 and m2 are points at
δcd, and the delta function defines light-like geodesic rays from origin connecting
m1 and m2 . This delta function eliminates 1 integration variable from 6 integration
variables in the integration measure dV = d3 m1 d3 m2 associated with δcd × δcd.
d3 m is determined by the the determinant of the induced metric and if the CP2
coordinates are not constant, the determinant is manifestly non-trivial even if one
uses radial light-like coordinate r and angle coordinates Ω of R+ ×S 2 as coordinates.
This leaves a 5-D integration volume X 5 ⊂ δcd × δcd. Note that for canonically
embedded M 4 as a minimal surface extremal the integration measure is trivial so
that the 3-surfaces do not belong to WCW.
iv. The geometry of δcd would be highly relevant. If one had E 3 as time= constant
slice instead of M 4 , the same definition of the integral would give a vanishing result
since light-like radial rays as singularities would be lost. This picture supports the
importance of light-cone boundary as a basic notion but strictly speaking does not
force CD.
One could worry for the somewhat ad hoc elimination of 7-D delta function singularity
and perhaps take it as a signal telling that something important is still missing. There
indeed exists a variant of gamma matrices with which I ended up from the cancellation
of fermionic divergences in ZEO. This option is inspired by the multi-locality of the
Yangian variants of the super symplectic algebra and isometry algebra for H.
i. The fermionic creation and annihilation operators appearing as building bricks of
super symplectic (SSA) charges defining the gamma matrices would be at the opposite boundaries of CD and 3-D states at the opposite boundaries would relate
like bras and kets. Annihilation operators would act like creation operators at the
opposite boundary of CD.
The conserved isometry currents in H would be replaced by bilocals with Ψ and
Ψ and opposite boundaries of CD and remain conserved currents thanks to the
(covariant) constancy of M 4 gamma matrices. Note that although SSA currents
are not conserved, the Noether charges at the boundaries of CD are well-defined.
ii. Can one apply this recipe to the WCW gamma matrices as bi-local entities having
3-surfaces at opposite boundaries as arguments? For supersymmetry generators
associated with H isometries, the conservation laws hold and one can calculate the
anticommutators. They are non-vanishing and the dominating contributions come
from pairs of points with light-like separations. One can use the same CP2 and S 2
coordinates at both light-like boundaries and only the radial light-like coordinates
are different. The 3-D delta function singularity does not appear at all. This would
justify the notion of CD rather than only light-cone boundary.
iii. The commutators of SSA charges associated with 3-surfaces at different boundaries
of CDs or even at boundaries of different CDs generate a poly-local algebra, which
could have an interpretation as the Yangian algebra of SSA acting as isometries for
WCW.
Twistor lift predicts M 4 Kähler force
The twistor lift of TGD suggests also a modification of the neutral weak forces.
i. The twistor lift of TGD requires that there is a covariantly constant self-dual Kähler
form also in M 4 . This would contribute to the electromagnetic and Z 0 fields an
additional coupling analogous to that of electroweak hypercharge to U(1) gauge
potential.
ii. M 4 Kähler form contributes to the Kähler action an additional term. The M 4
contribution is fixed by the condition that the M 4 metric is the square of the Kähler
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form. Also H-spinors couple to M 4 Kähler gauge potential defining a self-dual
Abelian field: essentially constant electric and magnetic fields, which are orthogonal
and have the same strength, is in question.
The scale of the M 4 metric defines the normalization of J(M 4 ). Here one however
encounters a problem since M 4 does not have any inherent scale in its geometry.
The size scale L causal diamond (CD = cd × CP2 ), where cd is the intersection
of light-cones with opposite direction, serves as a natural scale allowing to identify
dimensionless coordinates for M 4 in such a manner that the range of variation for
the dimensionless coordinates does not depend on the size of CD.
In these coordinates the self-dual Kähler form scales E = B = k/L2 , k a constant
near unity. At the limit of long length scales E = B would approach zero. The
identification of L as a length scale determined by the cosmological constant is
attractive. The breaking of Lorentz symmetry to that of M 4 for the Dirac operator
D(H) would be small in long length scales. In very short length scales associated
with quarks, the breaking would be large.
Remark: One cannot completely exclude the alternative option E = B = k/R2 ,
where R is CP2 scale for which the breaking of Lorentz invariance would be large
in all scales.
The presence of M 4 Kähler structure has non-trivial implications also at the level of
particle physics.
i. In particular, M 4 Kähler gauge potential A(M 4 ) couples also to neutrinos unlike
A(CP2 ), where the net coupling vanishes. The effects are expected to be small in
the TGD view about space-time sheets at particle level.
ii. The prediction is that all particles have an additional M 4 contribution in their Z 0
and em force and also right-handed neutrinos couple to M 4 Kähler gauge potential.
Remark: The Kähler gauge potential A does not correspond to a genuine gauge
invariance and each choice defines a different physics. The proposal is that the
so-called Hamilton-Jacobi structures could correspond to different choices of A.
iii. At the level of H the square D2 (H) of the modified Dirac operator would allow
spinors to be eigen states of energy and single momentum component. Self duality
and covariant constancy imply that D2 (H) contains a term proportional to charge
matrix J kl (M 4 )Σkl ∝ (σ03 + Σ12 ), which vanishes for the second M 4 chirality.
iv. 2 components of the 3-momentum would correspond to harmonic oscillator states
so that the states would be confined to a finite transversal volume to a harmonic
√ oscillator state characterized by transversal momenta of order magnetic length BK .
Suppose that for the transversal degrees of freedom in E 2 with signature (-1,-1),
Kähler gauge potential can be chosen to be Ax = BK y. For an eigenstate of px ,
one obtains for the square of the E 2 part of the square D2 of the Dirac operator,
D2 (E 2 ) = −(∂x − BK y)2 − ∂y2 = p2x + ∂y2 − BK y 2 − 2ipx BK y .
The sign of the harmonic oscillator term is correct and the complex shift does not
produce problems if the notion of hermiticity is generalized so that PT replaces
complex conjugation. Eigenvalues of p2y + .. are essentially the eigenvalues of energy
in harmonic oscillator potential and proportional to 2nBK with n = 1 assignable
to the ground state.
v. In the longitudinal degrees of freedom M 2 , the signature of the metric is (1,-1). If A
is given by At = BK z, the M 2 part of the square of the Dirac operator for an energy
2 2
eigenstate reduces to D2 (M 2 ) = (iE − iBK z)2 − ∂z2 = −E 2 − ∂z2 − BK
z − 2EBK z.
One obtains a harmonic oscillator potential with a wrong sign and has suffered a
complex shift by z → z + iE/BK . Harmonic oscillator Gaussian would be replaced
with an imaginary exponential - this is of course familiar from free quantum field
theories based on path integral defined by Gaussian. The size scale of CD would
bring to the theory an arbitrarily long p-adic length scale as a fundamental level
scale but expressible in terms of CP2 radius.
Some physics inspired comments are in order.
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i. This picture brings strongly in mind the parton model of hadrons. If cosmological
constant Λ characterizes the size scale L, it must correspond to the scale which is
essentially geometric mean of Planck length and the p-adic length scaled defined
defining the length scale dependent cosmological constant Λ (of order Hubble scale).
In the TGD framework, cosmological constant is length scale dependent, and the
value of Λ assignable to cosmology would correspond to length L of order 10−4
meters assignable to a large neuron.
ii. The spectrum of the M 2 mass squared operator is integer valued using B as a unit.
The mass squared spectrum is similar to the spectrum in string models. This picture
also conforms with the idea that the transversal Kac-Moody modes in M 2 × E 2 are
dynamical. Also transversality of polarizations in gauge theories conforms with this
picture. Also the properties of ”massless extermals” support this picture.
iii. What comes to mind is that the values of integers ni characterizing harmonic oscillator states are analogous to fermionic conformal weights. One has conformal
weight for both the light-like radial coordinate of super symplectic representations
and for the Kac-Moody type representations associated with light-like orbits of partons: the light-likeness of the partonic 2-surfaces and of light-cone boundary make
them metrically 2-D and implies a generalization of conformal invariance.
This conforms with the notion of induction. The fermion super symplectic charges
should be constructible in terms of the quark oscillator operators for the second
quantized quark fields of H.
How can massless particles exist at all and how do they become massive?
One must understand why there are light particles at all and what makes them massive.
i. The mass scale for CP2 is about 10−4 Planck masses and the only massless particle
is a right-handed neutrino of only J(CP2 ) is present. Also the color quantum
numbers depend on the em charge. Therefore physical elementary particles cannot
correspond to the quarks as such. The situation remains essentially the same if
J(M 4 ) is present.
The proposal has been that H spinor modes define ground states for super-symplectic
representations and operators carrying conformal weight contribute to mass squared
additively create the physical states. The lowest states have vanishing mass squared.
The introduction of J(M 4 ) suggests that the quark oscillator operators labelled by
two integers could actually be interpreted as conformal weights and that M 2 momentum would take the role of M 4 momentum. The number of ground states of
super-symplectic representations could be much smaller.
ii. p-Adic thermodynamics however mixes these states with states of higher conformal
weight and this gives rise to the mass of the light particles. One must assume that
there is a negative tachyonic contribution to the ground state conformal weight
since only the right-handed neutrino is massless in 4-D sense. The origin of this
negative conformal weight has remained a mystery.
iii. M 8 −H duality provides a possible insight to the mystery of the tachyonic conformal
weight. The map of 4-surfaces in Mc8 (complexified octonions) by M 8 − H duality
involves selection of M 4 as a 4-D linear subspace in M 8 . This choice is not unique.
Momenta and color quantum numbers in H correspond to 8-momenta in M 8 such
that 8-D mass squared vanishes at both sides and M 4 momenta are identical. For
a suitable choice of M 4 ⊂ M 8 , the 8-momentum is parallel to M 4 and the state is
massless!
Could the introduction of negative tachyonic conformal weight provide an alternative description of this choice? This choice can be made only for a single, naturally
dominant contribution of the state, and the remaining contributions to mass squared
coming from higher conformal weights give rise to massivation described by p-adic
thermodynamics.
iv. Here the twistor lift comes to rescue. Twistor lift of TGD requires that also M 4
has Kähler structure defined by a self-dual Kähler form Jkl (M 4 ) (constant E and B
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with vertB| = |E| orthogonal to each other). Depending on the selected correlation
between M 4 and CP2 chiralities guaranteeing that quarks correspond to a fixed
H chirality, D2 (H) contains for either left- or right-handed M 4 modes a nonvanishing spin term J kl (M 4 )Σkl . The reason is that for left-/right-handed mode the
eigenvalues of Σ03 and Σ12 have the same/opposite sign or vice versa.
This would give a mass splitting between left-and right-handed modes and also spin
splitting for left- or right-handed modes. The spin-splitting could give rise to a negative contribution to the mass squared in the case of right-handed neutrinos. Could
the tachyonic state of the right-handed neutrino give rise to the mysterious tachyonic ground states required by p-adic mass calculations? Could a suitable number of
tachyonic right-handed neutrinos allow to nullify arbitrarily high conformal weight
of ground state?
How to describe the unitary time evolution of quantum states in the TGD
Universe?
The first question is how to describe the time evolution of quantum states in general.
The time evolution at the single particle level is involved with the mixing of neutrinos.
Remark: One must remember that physical particles are multiquark composites: even
leptons are local composites of 3 antiquarks). Therefore the description in terms of
H-spinors applied in the sequel can be criticized.
i. In the TGD framework the standard 4-D approach based on the Hamiltonian picture
can be only an approximate description since it neglects masslessness in the 8-D
sense and is not relativistically invariant.
ii. The empirical fact is that neutrinos are massive but always left- handed. The trivial
explanation could be that right-handed neutrinos have only gravitational interaction
so that their detection is not possible. The mixing of left-handed neutrinos with
right-handed ones should however be visible in neutrino mixing experiments.
In the TGD framework Dirac equation in H forces the mixing of quark chiralities
for the modes of H-spinors. The covariantly constant right-handed neutrino is an
exception. Induction as a mere restriction to the space-time surface respects this
property! This implies that left-handed neutrino modes mix with right-handed ones
and this could make itself visible in the neutrino beam experiments like Mini-Boone
and Micro-Boone.
The problem can be avoided if it is possible to have massive neutrinos with welldefined M 4 chirality and a time evolution which does not mix the chiralities. Could
this kind of time evolution allow a realization?
iii. Certainly, if the Dirac operator in H, or equivalently, the modified Dirac operator in
X 4 defines the phenomenological Hamiltonian operator, the chirality mixing seems
unavoidable. There is however no deep reason why D(H) or D(X 4 ) should define
the propagation.
iv. To get some guidance, one can also consider the level of ”world of classical worlds”
(WCW). The gamma matrices of WCW are constructed in terms of anticommuting oscillator operators of H-spinors and at tat that level the analog of the Dirac
operator is a generator G of super-conformal algebra whereas the scaling generator
L0 is essentially GG† . However, G carries a quark number and therefore it does not
make sense to talk about a propagator defined by G or an analog of Hamiltonian.
The only reasonable unitary time evolution operator at WCW level is defined by the
exponent of L0 , which is essentially mass squared operator obtained as ”square”
of WCW Dirac operator and has at the level of H counterpart of mass squared
operator D2 (H).
In fact, in superstring models, the time evolution operator for the string world
sheet is defined by L0 so that this idea is not new. Also p-adic thermodynamics
is defined by the exponent of L0 , at this time real, and its existence in the p-adic
sense is responsible for the predictive power of p-adic thermodynamics.
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Here one must be more precise. Entire L0 cannot be in question if it annihilates the
physical states. In p-adic mass calculations L0 is identified as the vibrational part
L0,vib and for physical states in the string model satisfy L0 Ψ = (p2 − kL0,vib )Ψ = 0.
One could say that one has thermodynamics for states with different values of
mass squared but satisfying the Virasoro condition. p2 could also correspond to
the longitudinal M 2 momentum and transversal momentum would be absorbed to
L0,vib . Both p-adic mass calculations and M 4 Kähler form favor this option and
this picture conforms also with the stringy picture with M 2 effectively replacing
the string world sheet.
Also the TGD based quantum measurement theory [L68] [K99] leads to the conclusion that the unitary time evolutions between ”small” state function reductions
(SSFRs) correspond to the exponential of L0 . Unitary time evolution as a time
translation is replaced with a scaling which is a Lorenz invariant notion and better
suited for relativistic purposes.
v. L0 does not mix chiralities! If the initial state of a neutrino is left-handed, it
remains left-handed. But how can the initial state of a neutrino be left-handed
if spinor modes at the level of H are mixtures of left and right-handed modes as
D(H)Ψ = 0 demands?
Massless Dirac equation cannot be satisfied at the level of X 4 and at the level of
WCW it does not make sense. Could one consider the radical possibility of giving it
up altogether so that at the level of H one would require only that D2 (H)Ψ = 0 is
satisfied and D2 (H) would define counterpart of fermionic L0 and time evolution.
If so, the number of modes is doubled except for the right-handed neutrino. This
implies mirror neutrinos. Could left and right-handed charged leptons and quarks
be interpreted in terms of the mirror modes? Mirror neutrino hypothesis does not
however have empirical support at available energies. One explanation is that the
right-handed neutrino modes are very massive or somehow special.
vi. If J(M 4 ) is present, the masses of the left-handed mode and corresponding righthanded mode differ by the S = J kl (M 4 )Σkl whose eigenvalues define the vacuum
conformal weight ±hvac . Assume that S is non-vanishing for the right-handed
mode. The number of right-handed modes with tachyonic mass squared would
be the number of CP2 modes with mass squared smaller than hvac . Covariantly
constant neutrino 0 would certainly define this kind of state.
If the mass is identified as the longitudinal M 2 mass, it might be possible to
select the values of the conformal weights n1 and n2 for the modes in such a manner
that the masses are identical for the left- and right-handed modes and they can
superpose. This should happen for charged modes.
If this is not possible for
neutrinos, the mixing of chiralities could not occur. This does not work.
The masses of modes related by multiplication with Dirac operator have always
identical mass squared values as follows from the commutativity of D and D2 .
However, the covariantly constant right-handed neutrino does not have a lefthanded companion. Both mixed states as modes of D and unmixed states satisfy
D2 Ψ = 0. Why would neutrinos always have a definite handedness? Does the
absence of standard model interactions for νR imply that the state preparation
and reduction involving weak interactions creates only purely left-handed neutrinos?
In the TGD Universe, even covariantly constant right-handed neutrino mode couples to M 4 Kähler form.
Could this make it possible to project from mostly
left-handed neutrino the non-covariantly constant right-handed part? Could their
large mass make their creation impossible?

10.5.3

Problems related to neutrinos

In what follows, the problem of missing right-handed neutrinos and the problem created
by apparently contradictory findings of Mini-Boone and Micro-Boone about neutrino
mixing are discussed. Also the topological model for neutrino and D-quark CKM mixing
is briefly considered.
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Why only left-handed neutrinos are observed?
A basic theoretical motivation for the sterile neutrinos is the difficulty posed by the
fact that the neutrinos behave like massive particles. This is not consistent with their
left-handedness, which is an experimental fact.
As a matter of fact, the sterile neutrinos would be analogous to the covariantly constant
right-handed neutrinos in TGD if only J(cP2 ) would be present.
Remark: As already stated, in the sequel it is assumed that leptons as bound states
of 3 antiquarks can be described using spinors of H with chirality opposite to that for
quarks. They have colored modes and the action of super-symplectic algebra is assumed
to neutralize the color and also give rise to a massless state getting its small mass by
p-adic thermodynamics.
How could one understand the fact that only left-handed neutrinos are observed although neutrinos are massive? One can consider two approaches leading to the same
conclusion.
Is it possible to have time evolution respecting M 4 chirality and neutrinos with fixed
chirality possible despite their mass?
i. All spinor modes in CP2 are of the form ΦL or D(CP2 )ΦL and therefore generated
from left-handed spinors ΦL .
If one assumes D(H)Ψ = 0, the spinor modes of H are of the form D(M 4 )ΨR ⊗
ΦL + ΨR ⊗ D(CP2 )ΦL . The modes of form D(M 4 )ΨL ⊗ ΦR + ΨL ⊗ D(CP2 )ΦR
are therefore of the form D(M 4 )ΨL ⊗ DΦL + ΨL ⊗ D2 (CP2 )ΦL . The mixing of
chiralities is unavoidable.
ii. However, if one assumes only the condition D2 (H)Ψ = 0, one can obtain both leftand right-handed modes without mixing of M 4 chiralities and M 4 Kähler structure
could make the lowest mass second right-handed neutrino (covariantly constant in
CP2 ) tachyonic. The time evolution generated by the exponent of L0 would respect
M 4 chirality.
This does not prevent superpositions of right- and left-handed fermions if their
masses are the same. If only charged leptons can satisfy this condition, one can
understand why right-handed neutrinos are not observed.
An alternative approach would rely on quantum measurement theory but leads to the
same conclusion.
i. Suppose that neutrinos can appear as superpositions of both right- and left-handed
components. To detect a right-handed neutrino, one must have a measurement
interaction, which entangles both length and right-handed components of the neutrino with the states of the measuring system. Measurement would project out the
right-handed neutrino. If only the J(CP2 ) form is present, the right-handed neutrino has only gravitational interactions, and this kind of measurement interaction
does not seem to be realizable.
ii. Putting it more explicitly, the reduction probability should be determined by a
matrix element of a neutral (charged) weak current between a massive neutrino
(charged lepton) spinor with a massless right-handed neutrino spinor. This matrix
element should have the form ΨR OΨL , where O transforms like a Dirac operator.
If it is proportional to D(H), the matrix element vanishes by the properties of the
massless right-handed neutrino.
iii. There is however a loophole: the transformation of left- to right-handed neutrinos
analogous to the transformation to sterile neutrino in the neutrino beam experiments could demonstrate the existence of νR just like it was thought to demonstrate the existence of the inert neutrino in Mini-Boone experiment. Time evolution
should thus respect M 4 chirality.
If J(M 4 ) is present, one might understand why right- and left-handed neutrinos have
different masses.
i. Also the right-handed neutrino interacts with Kähler gaug potential A(M 4 ) and
one can consider an entanglement distinguishing between right- and left-handed
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components and the measurement would project out the right-handed component.
How could this proposal fail?
Could it be that right- and left-handed neutrinos cannot have modes with the same
mass so that these superpositions are not possible as mass eigen states? Why
charged modes could have the same mass squared but not the neutral ones?
ii. The modes with right-handed CP2 chirality are constructed from the left-handed
ones by applying the CP2 Dirac operator to them and they have the same CP2
contribution to mass squared. However, for the right-handed modes the J kl (M 4 )Σkl
term splits the masses. Could it be that for right- and left-handed charged leptons
the same value of mass is possible.
The presence of J(M 4 ) breaks the Poincare symmetry to that for M 2 which corresponds to a Lagrangian manifold. This suggests that the physical mass is actually
M 2 mass and the QCD picture is consistent with this. Also the p-adic mass calculations strongly support this view. The E 2 degrees of freedom would be analogous
to Kac-Moody vibrational degrees of freedom of string. This would allow right- and
left-handed modes to have different values of ”cyclotron” quantum numbers n1 and
n2 analogous to conformal weights. This could allow identical masses for left- and
right-handed modes. For a Lagrangian manifold M 2 , one would have n1 = n2 = 0,
which could correspond to ground states of super-symplectic representation.
iii. Why identical masses would be impossible for right- and left-handed neutrinos?
Something distinguishing between right- and left-handed neutrinos should explain
this. Could the reason be that Z 0 couples to left-handed neutrinos only? Could the
fact that charged leptons and neutrinos correspond to different representations of
color group explain why only charged states can have right and left chiralities with
the same mass?
Perhaps it is of interest to notice that the presence of J kl (M 4 )Σkl for right-handed
modes makes possible the existence of a mode for which mass can vanish for a
suitable selection of B.
Mini-Boone and Micro-Boone anomalies and TGD
After these preliminaries we are ready to tackle the anomalies associated with the neutrino mixing experiments. The incoming beam consists of muonic neutrinos mixing
with electron neutrinos. The neutrinos are detected as they transform to electrons by
an exchange of W boson with nuclei of the target and the photon shower generated by
the electron serves as the experimental signature.
The basic findings are as follows.
i. Mini-Boone collaboration reported 2018 [C98] an anomalously large number of electrons generated in the charged weak interaction assumed to occur between neutrino
and a nucleus in the detector. ”Anomalous” meant that the fit of the analog of
the CKM matrix of neutrinos could not explain the finding. Various explanations
including also inert neutrinos were proposed. Muonic inert neutrino would transform to inert neutrino and then to electron neutrino increasing the electro neutrino
excess in the beam.
ii. The recently published findings of Micro-Boone experiment [C96] studied several
channels denoted by 1eN pM π where N = 0, 1 is the number of protons and M =
0, 1 is the number of pions. Also the channel 1eX, where ”X” denotes all possible
final states was studied.
It turned out that the rate for the production of electrons is below or consistent
with the predictions for channels 1e1p, 1eNp0π and 1eX. Only one channel was an
exception and corresponds to 1e0p0π.
If one takes the finding seriously, it seems that a neutrino might be able to transform
to an electron by exchanging the W boson with a nucleus or hadron, which does
not belong to the target.
In TGD, the only imaginable candidate for this interaction could be charged current
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interaction with a dark nucleus or with a nucleon with hef f > h. This could explain
the absence of ordinary hadrons in the final state for 1e events.
i. Dark particles are identified as hef f > h phases of the ordinary matter because
they are relatively dark with respect to phases with a different value of hef f . Dark
protons and ions play a key role in the TGD inspired quantum biology [L86] and
even in the chemistry of valence bonds [L40]. Dark nuclei play a key role in the
model for ”cold fusion” [L23, L75] and also in the description of nuclear reactions
with nuclear tunnelling interpreted as a formation of dark intermediate state [L66].
ii. I have proposed that dark protons are also involved with the lifetime anomaly of the
neutron [L51] [L51]. The explanation relies on the transformation of some protons
produced in the decay of neutrons to dark protons so that the measured life time
would appear to be longer than real lifetime. In this case, roughly 1 percent of
protons from the decay of n had to transform to dark protons.
iii. If dark protons have a high enough value of hef f and weak bosons interacting with
them have also the same value of hef f , their Compton length is scaled up and
dark W bosons behave effectively like massless particles below this length scale.
The minimum scale seems to be nuclear or atomic scale. This would dramatically
enhance the dark rate for νp → e + n so that it would have the same order of
magnitude as the rates for electromagnetic interactions. Even a small fraction of
dark nucleons or nuclei could explain the effect.

CKM mixing as topological mixing and unitary time evolution as a scaling
The scaling generator L0 describes basically the unitary time evolution between SSFRs
[L68] [K99] involving also the deterministic time evolutions of space-time surfaces as
analogs of Bohr orbits appearing in the superposition defining the zero energy state.
How can one understand the neutrino mixing and more generally quark and lepton
mixing in this picture?
i. In the TGD framework, quarks are associated with partonic 2-surfaces as boundaries
of wormhole contacts, which connect two Minkowskian space-time sheets and have
an Euclidean signature of induced metric and light-like projection to M 4 [K10, K19].
ii. For some space-time surfaces in their superposition defining a zero energy state,
the topology of the partonic 2-surfaces can change in these time evolutions. The
mixing of boundary topologies would explain the mixing of quarks and leptons.
The CKM matrix would describe the difference of the mixings for U and D type
quarks and for charged and neutral leptons. The topology of a partonic 2-surface
is characterized by the genus g as the number of handles attached to a sphere to
obtain the topology.
The 3 lowest genera with g ≤ 2 have the special property that they always allow
Z2 as a conformal symmetry [K10, K19]. The proposal is that handles behave like
particles and thanks to Z2 symmetry g = 2 the handles form a bound state. For
g > 2 one expects a quasi-continuous spectrum of mass eigenvalues. These states
could correspond to so-called unparticles introduced by Howard Georgi (https:
//cutt.ly/sRZKSFm).
iii. The time evolution operator defined by L0 induces mixing of the partonic topologies
and in a reasonable idealization one can say that L0 has matrix elements between
different genera. The dependence of the time evolution operator on mass squared
differences is natural in this framework. In standard description it follows from
the approximation of relativistic energies as p0 ' p + m2 /2p. Also the model of
hadronic CKM relies on mass squared as a basic notion and involves therefore L0
rather than Hamiltonian.
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10.6 Scaled Variants of Hadron Physics and Electroweak Physics
10.6.1

Leptohadron Physics

TGD suggest strongly (“predicts” is perhaps too strong expression) the existence of
color excited leptons. The mass calculations based on p-adic thermodynamics and padic conformal invariance lead to a rather detailed picture about color excited leptons.
i. The simplest color excited neutrinos and charged leptons belong to the color octets
ν8 and L10 and L10
¯ decouplet representations respectively and lepto-hadrons are
formed as the color singlet bound states of these and possible other representations.
Electro-weak symmetry suggests strongly that the minimal representation content
is octet and decouplets for both neutrinos and charged leptons.
ii. The basic mass scale for lepto-hadron physics is completely fixed by p-adic length
scale hypothesis. The first guess is that color excited leptons have the levels k =
127, 113, 107, ... (p ' 2k , k prime or power of prime) associated with charged leptons
as primary condensation levels. p-Adic length scale hypothesis allows however also
the level k = 112 = 121 in case of electronic lepto-hadrons. Thus both k = 127 and
k = 121 must be considered as a candidate for the level associated with the observed
lepto-hadrons. If also lepto-hadrons correspond non-perturbatively to exotic Super
Virasoro representations, lepto-pion mass relates to pion mass by the scaling factor
L(107)/L(k) = k (107−k)/2 . For k = 121 one has mπL ' 1.057 MeV which compares
favorably with the mass mπL ' 1.062 MeV of the lowest observed state: thus
k = 121 is the best candidate contrary to the earlier beliefs. The mass spectrum
of lepto-hadrons is expected to have same general characteristics as hadronic mass
spectrum and a satisfactory description should be based on string tension concept.
Regge slope is predicted to be of order α0 ' 1.02/M eV 2 for k = 121. The masses
of ground state lepto-hadrons are calculable once primary condensation levels for
colored leptons and the CKM matrix describing the mixing of color excited lepton
families is known.
The strongest counter arguments against color excited leptons are the following ones.
i. The decay widths of Z 0 and W boson allow only N = 3 light particles with neutrino
quantum numbers. The introduction of new light elementary particles seems to
make the decay widths of Z 0 and W intolerably large.
ii. Lepto-hadrons should have been seen in e+ e− scattering at energies above few M eV .
In particular, lepto-hadronic counterparts of hadron jets should have been observed.
A possible resolution of these problems is provided by the loss of asymptotic freedom in
lepto-hadron physics. Lepto-hadron physics would effectively exist in a rather limited
energy range about one MeV.
The development of the ideas about dark matter hierarchy [K70, K86, K64, K63] led
however to a much more elegant solution of the problem.
i. TGD predicts an infinite hierarchy of various kinds of dark matters which in particular means a hierarchy of color and electro-weak physics with weak mass scales
labelled by appropriate p-adic primes different from M89 : the simplest option is
that also ordinary photons and gluons are labelled by M89 .
ii. There are number theoretical selection rules telling which particles can interact
with each other. The assignment of a collection of primes to elementary particle
as characterizer of p-adic primes characterizing the particles coupling directly to it,
is inspired by the notion of infinite primes [K87] , and discussed in [K70] . Only
particles characterized by integers having common prime factors can interact by the
exchange of elementary bosons: the p-adic length scale of boson corresponds to a
common primes.
iii. Also the physics characterized by different values of hef f are dark with respect
to each other as far quantum coherent gauge interactions are considered. Laser
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beams might well correspond to photons characterized by p-adic prime different
from M89 and de-coherence for the beam would mean decay to ordinary photons.
De-coherence interaction involves scaling down of the Compton length characterizing the size of the space-time of particle implying that particles do not anymore
overlap so that macroscopic quantum coherence is lost.
iv. Those dark physics which are dark relative to each other can interact only via
graviton exchange. If lepto-hadrons correspond to a physics for which weak bosons
correspond to a p-adic prime different from M89 , intermediate gauge bosons cannot
have direct decays to colored excitations of leptons irrespective of whether the QCD
in question is asymptotically free or not. Neither are there direct interactions between the QED:s and QCD:s in question if M89 characterizes also ordinary photons
and gluons. These ideas are discussed and applied in detail in [K70, K86, K64] .
Skeptic reader might stop the reading after these counter arguments unless there were
definite experimental evidence supporting the lepto-hadron hypothesis.
i. The production of anomalous e+ e− pairs in heavy ion collisions (energies just above
the Coulomb barrier) suggests the existence of pseudo-scalar particles decaying to
e+ e− pairs. A natural identification is as lepto-pions that is bound states of color
octet excitations of e+ and e− .
ii. The second puzzle, Karmen anomaly, is quite recent [C131] . It has been found that
in charge pion decay the distribution for the number of neutrinos accompanying
muon in decay π → µ + νµ as a function of time seems to have a small shoulder at
t0 ∼ ms. A possible explanation is the decay of charged pion to muon plus some
new weakly interacting particle with mass of order 30 M eV [C42] : the production
and decay of this particle would proceed via mixing with muon neutrino. TGD
suggests the identification of this state as color singlet leptobaryon of, say type
LB = fabc La8 Lb8 L̄c8 , having electro-weak quantum numbers of neutrino.
iii. The third puzzle is the anomalously high decay rate of orto-positronium. [C162] .
e+ e− annihilation to virtual photon followed by the decay to real photon plus virtual
lepto-pion followed by the decay of the virtual lepto-pion to real photon pair, πL γγ
coupling being determined by axial anomaly, provides a possible explanation of the
puzzle.
iv. There exists also evidence for anomalously large production of low energy e+ e−
pairs [C125, C154, C143, C201] in hadronic collisions, which might be basically
due to the production of lepto-hadrons via the decay of virtual photons to colored
leptons.
In this chapter a revised form of lepto-hadron hypothesis is described.
i. Sigma model realization of PCAC hypothesis allows to determine the decay widths
of lepto-pion and lepto-sigma to photon pairs and e+ e− pairs. Ortopositronium
anomaly determines the value of f (πL ) and therefore the value of lepto-pion-leptonucleon coupling and the decay rate of lepto-pion to two photons. Various decay
widths are in accordance with the experimental data and corrections to electro-weak
decay rates of neutron and muon are small.
ii. One can consider several alternative interpretations for the resonances.
Option 1 : For the minimal color representation content, three lepto-pions are predicted corresponding to 8, 10, 10 representations of the color group. If the lightest
lepto-nucleons eex have masses only slightly larger than electron mass, the anoma−
lous e+ e− could be actually e+
ex + eex pairs produced in the decays of lepto-pions.
One could identify 1.062, 1.63 and 1.77 MeV states as the three lepto-pions corresponding to 8, 10, 10 representations and also understand why the latter two resonances have nearly degenerate masses. Since d and s quarks have same primary
condensation level and same weak quantum numbers as colored e and µ, one might
argue that also colored e and µ correspond to k = 121. From the mass ratio of the
colored e and µ, as predicted by TGD, the mass of the muonic lepto-pion should be
about 1.8 MeV in the absence of topological mixing. This suggests that 1.83 MeV
state corresponds to the lightest g = 1 lepto-pion.
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Option 2 : If one believes sigma model (in ordinary hadron physics the existence of
sigma meson is not established and its width is certainly very large if it exists), then
lepto-pions are accompanied by sigma scalars. If lepto-sigmas decay dominantly to
e+ e− pairs (this might be forced by kinematics) then one could adopt the previous
sceneario and could identify 1.062 state as lepto-pion and 1.63, 1.77 and 1.83 MeV
states as lepto-sigmas rather than lepto-pions. The fact that muonic lepto-pion
should have mass about 1.8 MeV in the absence of topological mixing, suggests
that the masses of lepto-sigma and lepto-pion should be rather close to each other.
Option 3 : One could also interpret the resonances as string model “satellite states”
having interpretation as radial excitations of the ground state lepto-pion and leptosigma. This identification is not however so plausible as the genuinely TGD based
identification and will not be discussed in the sequel.
iii. PCAC hypothesis and sigma model leads to a general model for lepto-hadron production in the electromagnetic fields of the colliding nuclei and production rates
for lepto-pion and other lepto-hadrons are closely related to the Fourier transform
of the instanton density Ē · B̄ of the electromagnetic field created by nuclei. The
first source of anomalous e+ e− pairs is the production of σL πL pairs from vacuum
−
+ −
followed by σL → e+ e− decay. If e+
ex eex pairs rather than genuine e e pairs are
in question, the production is production of lepto-pions from vacuum followed by
lepto-pion decay to lepto-nucleon pair.
Option 1 : For the production of lepto-nucleon pairs the cross section is only slightly
below the experimental upper bound for the production of the anomalous e+ e−
pairs and the decay rate of lepto-pion to lepto-nucleon pair is of correct order of
magnitude.
Option 2 : The rough order of magnitude estimate for the production cross section
+ −
of anomalous e+ e− pairs
P via σl πl pair creation followed by σL → e e decay, is
by a factor of order 1/ Nc2 (Nc is the total number of states for a given colour
representation and sum over the representations contributing to the ortopositronium anomaly appears) smaller than the reported cross section in case of 1.8 MeV
resonance. The discrepancy could be due to the neglect of the large radiative corrections (the coupling g(πL πL σL ) = g(σL σL σL ) is very large) and also due to the
uncertainties in the value of the measured cross section.
Given the unclear status of sigma in hadron physics, one has a temptation to conclude that anomalous e+ e− pairs actually correspond to lepto-nucleon pairs.
iv. The vision about dark matter suggests that direct couplings between leptons and
lepto-hadrons are absent in which case no new effects in the direct interactions of
ordinary leptons are predicted. If colored leptons couple directly to ordinary leptons, several new physics effects such as resonances in photon-photon scattering at
cm energy equal to lepto-pion masses and the production of eex ēex (eex is leptobaryon with quantum numbers of electron) and eex ē pairs in heavy ion collisions,
are possible. Lepto-pion exchange would give dominating contribution to ν − e and
ν̄ − e scattering at low energies. Lepto-hadron jets should be observed in e+ e−
annihilation at energies above few MeV:s unless the loss of asymptotic freedom restricts lepto-hadronic physics to a very narrow energy range and perhaps to entirely
non-perturbative regime of lepto-hadronic QCD.
During 18 years after the first published version of the model also evidence for colored
µ has emerged. Towards the end of 2008 CDF anomaly gave a strong support for the
colored excitation of τ . The lifetime of the light long lived state identified as a charged
τ -pion comes out correctly and the identification of the reported 3 new particles as
p-adically scaled up variants of neutral τ -pion predicts their masses correctly. The
observed muon jets can be understood in terms of the special reaction kinematics for
the decays of neutral τ -pion to 3 τ -pions with mass scale smaller by a factor 1/2 and
therefore almost at rest. A spectrum of new particles is predicted. The discussion
of CDF anomaly led to a modification and generalization of the original model for
lepto-pion production and the predicted production cross section is consistent with the
experimental estimate.
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First Evidence For M89 Hadron Physics?

The first evidence -or should we say indication- for the existence of M89 hadron physics
has emerged from CDF which for two and half years ago provided evidence also for the
colored excitations of tau lepton and for lepto-hadron physics.
Has CDF discovered a new boson with mass around 145 GeV?
The story began when the eprint of CDF collaboration (see http://tinyurl.com/
5uhrwyz) [C10] reported evidence for a new resonance like state, presumably a boson
decaying to a dijet (jj) with mass around 145 GeV. The dijet is produced in association
with W boson. The interpretation as Higgs is definitely excluded.
Bloggers reacted intensively to the possibility of a new particle. Tommaso Dorigo (see
http://tinyurl.com/ycxxy3rc) gave a nice detailed analysis about the intricacies
of the analysis of the data leading to the identification of the bump. Also Lubos
Motl (see http://tinyurl.com/ybk2axxc) and Resonaances (see http://tinyurl.
com/6399hqs) commented the new particle. Probably the existence of the bump had
been known for months in physics circles. The flow of eprints to arXiv explaining the
new particle begun immediately.
One should not forget that 3 sigma observation was in question and that 5 sigma is
required for discovery. It is quite possible that the particle is just a statistical fluke due
to an erratic estimation of the background as Tommaso Dorigo emphasizes. Despite this
anyone who has a theory able to predict something is extremely keen to see whether
the possibly existing new particle has a natural explanation. This also provides the
opportunity for dilettantes like me to develop the theoretical framework in more detail.
We also know from general consistency conditions that New Physics must emerge in
TeV scale: what we do not know what this New Physics is. Therefore all indications
for it must be taken seriously.
CDF bump did not disappear and the most recent analysis assigns 4.1 sigma significance
to it. The mass of the bump was reported to be at 147 ± 5 GeV. Also some evidence
that the entire Wjj system results in a decay of a resonance (see http://tinyurl.com/
5tw6mjd) with mass slightly below 300 GeV has emerged. D0 was however not able to
confirm the existence of the bump and the latest reincarnation of the bump is as 2.8
sigma evidence for Higgs candidate in the range 140-150 GeV range and one can of ask
whether this is actually evidence for the familiar 145 GeV boson which cannot be Higgs.
The story involves many twists and turns and teaches how cautiously theoretician should
take also the claims of experimentalists. In the following I pretend that the 145 GeV
bump is real but this should not confuse the reader to believe that this is really the
case.
Why an exotic weak boson a la TGD cannot be in question?
For the inhabitant of the TGD Universe the most obvious identification of the new
particle would be as an exotic weak boson. The TGD based explanation of family
replication phenomenon predicts that gauge bosons come in singlets and octets of a
dynamical SU(3) symmetry associated with three fermion generations (fermion families
correspond to topologies of partonic wormhole throats characterized by the number of
handles attached to sphere). Exotic Z or W boson could be in question.
If the symmetry breaking between octet and singlet is due to different value of p-adic
prime alone then the mass would come as an power of half-octave of the mass of Z or
W . For W boson one would obtain 160 GeV only marginally consistent with 145 GeV.
Z would give 180 GeV mass which is certainly too high. The Weinberg angle could be
however different for the singlet and octet so that the naı̈ve p-adic scaling need not hold
true exactly.
Note that the strange forward backward asymmetry (see http://tinyurl.com/yc5zrheq)
in the production of top quark pairs [C63, C163] might be understood in terms of exotic
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gluon octet whose existence means neutral flavor changing currents as discussed in this
chapter.
The extremely important data bit is that the decays to two jets favor quark pairs over
lepton pairs. A model assuming exotic Z -called Z 0 - produced together with W and
decaying preferentially to quark pairs has been proposed (see http://tinyurl.com/
y8pjjled) as an explanation [C14]. Neither ordinary nor the exotic weak gauge bosons
of TGD Universe have this kind of preference to decay to quark pairs so that my first
guess was wrong.

Is a scaled up copy of hadron physics in question?
The natural explanation for the preference of quark pairs over lepton pairs would be
that strong interactions are somehow involved. This suggests a state analogous to a
charged pion decaying to W boson two gluons annihilating to the quark pair (box
diagram). This kind of proposal is indeed made in “Technicolor at the Tevatron” (see
http://tinyurl.com/yclfr29y) [C25]: the problem is also now why the decays to
quarks are favored. Techicolor has as its rough analog second fundamental prediction of
TGD that p-adically scaled up variants of hadron physics should exist and one of them
is waiting to be discovered in TeV region. This prediction emerged already for about 15
years ago as I carried out p-adic mass calculations and discovered that Mersenne primes
define fundamental mass scales.
Also colored excitations of leptons and therefore lepto-hadron physics are predicted
[K92]. What is amusing that CDF discovered towards the end of 2008 what became
known as CDF anomaly giving support for tau-pions. The evidence for electro-pions
and mu-pions had emerged already earlier (for references see [K92] ). All these facts
have been buried underground because they simply do not fit to the standard model
wisdom. TGD based view about dark matter is indeed needed to circumvent the fact
that the lifetimes of weak bosons do not allow new light particles. There is also along
series of blog postings in my blog summarizing development of the TGD based model
for CDF anomaly.
As should have become already clear, TGD indeed predicts p-adically scaled up copy of
hadron physics in TeV region and the lightest hadron of this physics is a pion like state
produced abundantly in the hadronic reactions. Ordinary hadron physics corresponds
to Mersenne prime M107 = 2107 − 1 whereas the scaled up copy would correspond to
M89 . The mass scale would be 512 times the mass scale 1 GeV of ordinary hadron
physics so that the mass of M89 proton should be about 512 GeV. The mass of the
M89 pion would be by a naı̈ve scaling 71.7 GeV and about two times smaller than the
observed mass in the range 120-160 GeV and with the most probable value around 145
GeV as Lubos Motl reports in his blog. 2 × 71.7GeV = 143.4 GeV would be the guess
of the believer in the p-adic scaling hypothesis and the assumption that pion mass is
solely due to quarks. It is important to notice that this scaling works precisely only
if CKM mixing matrix is same for the scaled up quarks and if charged pion consisting
of u-d quark pair is in question. The well-known current algebra hypothesis that pion
is massless in the first approximation would mean that pion mass is solely due to the
quark masses whereas proton mass is dominated by other contributions if one assumes
that also valence quarks are current quarks with rather small masses. The alternative
which also works is that valence quarks are constituent quarks with much higher mass
scale.
According to p-adic mass calculations the mass of pion is just the sum of mass squared
for the quarks composing. If one assumes that u and d quarks of M89 hadron physics
correspond to k = 93 (top corresponds to k = 94, the mass of these quarks is predicted
to be 102 GeV whereas the pion mass is predicted to be 144.3 GeV (the argument will be
discussed in detail later). My guess based on deep ignorance about the experimental side
is that this signature should be easily testable: one should try to detect mono-chromatic
gamma pairs with gamma ray energy around 72.2 GeV.
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The simplest identification of the 145 GeV resonance
The picture about CDF resonance has become (see the postings “Theorists vs. the
CDF bump” (see http://tinyurl.com/ybkdjxox) and More details about the CDF
bump (see http://tinyurl.com/5tw6mjd) by Jester [C30]. One of the results is that
leptophobic Z 0 can explain only 60 per cent of the production rate. There is also evidence
that Wjj corresponds to a resonance with mass slightly below 300 GeV as naturally
predicted by technicolor models (see http://tinyurl.com/yclfr29y) [C117].
The simplest TGD based model indeed relies on the assumption that the entire Wjj
corresponds to a resonance with mass slightly below 300 GeV for which there is some
evidence as noticed. If one assume that only neutral pions are produced in strong nonorthogonal electric and magnetic fields of colliding proton and antiproton, the mother
particle must be actually second octave of 147 GeV pion and have mass somewhat below
600 GeV producing in its possibly allowed strong decays pions which are almost at rest
for kinematic reasons. Therefore the production mechanism could be exactly the same
as proposed for two and one half year old CDF anomaly and for the explanation of
DAMA events and DAMA-Xenon100 discrepancy,
i. This suggests that the mass of the mother resonance is in a good accuracy two times
the mass of 145 GeV bump for which best estimate is 147 ± 5 GeV. This brings in
mind the explanation for the two and half year old CDF anomaly in which tau-pions
with masses coming as octaves of basic tau-pion played a key role (masses were in
good approximation 2k × m(πτ ), m(πτ ) ' 2mτ , k = 1, 2. The same mechanism
would explain the discrepancy between the DAMA and Xenon100 experiments.
ii. If this mechanism is at work now, the mass of the lowest M89 pion should be
around 73 GeV as the naı̈vest scaling estimate gives. One can however consider
first the option for which lightest M89 has mass around 147 GeV so that the 300
GeV resonance could correspond to its first p-adic octave. This pion would decay
to W and neutral M89 pion with mass around 147 GeV in turn decaying to two jets.
At quark level the simplest diagram would involve the emission of W and exchange
of gluon of M89 hadron physics. Also the decay to Z and charged pion is possible
but in this case the decay of the final state could not take place via annihilation to
gluon so that jet pair need not be produced.
iii. One could also imagine the mother particle to be ρ meson of M89 hadron physics
with mass in a good approximation equal to pion mass. At the level of mathematics
this option is very similar to the technicolor model of CDF bump based also on
the decay of ρ meson discussed in [C117] (see http://tinyurl.com/yclfr29y).
In this model the decays of π to heavy quarks have been assumed to dominate.
In TGD framework the situation is different. If π consists of scaled up u and d
quarks, the decays mediated by boson exchanges would produce light quarks. In
the annihilation to quark pair by a box diagram involving two gluons and two
quarks at edges the information about the quark content of pion is lost. The decays
involving emission of Z boson the resulting pion would be charged and its decays by
annihilation to gluon would be forbidden so that W jj final states would dominate
over Zjj final states as observed.
iv. The strong decay of scaled up pion to charged and neutral pion are forbidden
by parity conservation. The decay can however proceed by via the exchange of
intermediate gauge boson as a virtual particle. The first quark would emit virtual
W/Z boson and second quark the gluon of the hadron physics. Gluon would decay
to a quark pair and second quark would absorb the virtual W boson so that a
two-pion final state would be produced. The process would involve same vertices
as the decay of ρ meson to W boson and pion. The proposed model of the two
and one half year old CDF anomaly and the explanation of DAMA and Xenon100
experiments assumes cascade like decay of pion at given level of hierarchy to two
pions at lower level of hierarchy and the mechanism of decay should be this.
Consider next the masses of the M89 mesons. naı̈ve scaling of the mass of ordinary pion
gives mass about 71 GeV for M89 pion. One can however argue that color magnetic
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spin-spin splitting need not obey scaling formula and that it becomes small because if
is proportional to eB/m where B denotes typical value of color magnetic field and m
quark mass scale which is now large. The mass of pion at the limit of vanishing color
magnetic splitting given by m0 could however obey the naı̈ve scaling.
i. For (ρ, π) system the QCD estimate for the color magnetic spin-spin splitting would
be
(m(ρ), m(π)) = (m0 + 3∆/4, m0 − ∆/4) .
p-Adic mass calculations are for mass squared rather than mass and the calculations
for the mass splittings of mesons [K25] force to replace this formula with
(m2 (ρ), m2 (π)) = (m20 + 3∆2 /4, m20 − ∆2 /4) .
(10.6.1)
The masses of ρ and ω are very near to each other: (m(ρ), m(ω) = (.770, .782) GeV
and obey the same mass formula in good approximation. The same is expected to
hold true also for M89 .
ii. One obtains for the parameters ∆ and m0 the formulas
∆ = [mn (ρ) − mn (π)]1/n , m0 = [(m2 (ρ) + 3m(π)2 )/4]1/n .
(10.6.2)
Here n = 1 corresponds to ordinary QCD and n = 2 to p-adic mass calculations.
iii. Assuming that m0 experiences an exact scaling by a factor 512, one can deduce the
value of the parameter ∆ from the mass 147 GeV of M89 pion and therefore predict
the mass of ρ89 . The results are following
m0 = 152.3 GeV , ∆ = 21.3 GeV , m(ρ89 ) = 168.28 GeV
for QCD model for spin-spin splitting and

(10.6.3)

m0 = 206.7 GeV , ∆ = 290.5 GeV , m(ρ89 ) = 325.6 GeV .
(10.6.4)
for TGD model for spin-spin splitting.
iv. Rather remarkably, there are indications from D0 (see http://tinyurl.com/28jj6yw)
[C29] for charged and from CDF (see http://tinyurl.com/28jj6yw) [C29, C31]
for neutral resonances with masses around 325 GeV such that the neutral one is
split by.2 GeV: the splitting could correspond to ρ − ω mass splitting. Hence one
obtains support for both M89 hadron physics and p-adic formulas for color magnetic spin-spin splitting. Note that the result excludes also the interpretation of the
nearly 300 GeV resonance as ρ89 in TGD framework.
v. This scenario allows to make estimates also for the masses other resonances and
∗
naı̈ve scaling argument is expected to improve as the mass increases. For (K89 , K89
)
∗
system this would predict mass m(K89 ) > 256 GeV and m(K89 ) < 456.7 GeV.
The nasty question is why the octaves of pion are not realized as a resonances in ordinary
hadron physics. If they were there, their decays to ordinary pion pairs by this mechanism
would very slow.
i. Could it be that also ordinary pion has these octaves but are not produced by
ordinary strong interactions in nucleon collisions since the nucleons do not contain
the p-adically scaled up quarks fusing to form the higher octave of the pion. Also
the fusion rate for two pions to higher octave of pion would be rather small by
parity breaking requiring weak interactions.
ii. The production mechanism for the octaves of ordinary pions, for M89 pions in the
collisions of ordinary nucleons, and for lepto-hadrons would be universal, namely the
collision of charged particles with cm kinetic energy above the octave of pion. The
presence of strong non-orthogonal electric and magnetic fields varying considerably
in the time scale defined by the Compton time of the pion is necessary since the
interaction Lagrangian density is essentially the product of the abelian instanton
density and pion field. In fact, in [C117] it is mentioned that 300 GeV particle

10.6. Scaled Variants of Hadron Physics and Electroweak Physics

535

candidate is indeed created at rest in Tevatron lab -in other words in the cm system
of colliding proton and antiproton beams.
iii. The question is whether the production of the octaves of scaled up pions could
have been missed in proton-proton and proton antiproton collisions due to the very
peculiar kinematics: pions would be created almost at rest in cm system [K92].
Whether or not this is the case should be easy to test. For a theorists this kind
of scenario does not look impossible but at the era of LHC it would require a
diplomatic genius and authority of Witten to persuade experimentalists to check
whether low energy collisions of protons produce octaves of pions!
There is also the question about the general production mechanisms for M89 hadrons.
i. Besides the production of scalar mesons in strong non-orthogonal magnetic and
electric fields also the production via annihilation of quark pairs to photon and
weak bosons in turn decaying to the quarks of M89 hadron physics serves as a
possible production mechanism. These production mechanisms do not give much
hopes about the production of nucleons of M89 physics.
ii. If ordinary gluons couple to M89 quarks, also the production via fusion to gluons
is possible. If the transition from M107 hadron physics corresponds to a phase
transition transforming M107 hadronic space-time sheets/gluons to M89 space-time
sheets/gluons, M107 gluons do not couple directly to M89 gluons. In this case
however color spin glass phase for M107 gluons could decay to M89 gluons in turn
producing also M89 nucleons. Recall that naı̈ve scalings for M89 nucleon the mass
481 GeV. The actual mass is expected to be higher but below the scaled up ∆
resonance mass predicted to be below 631 GeV.
How could one understand CDF-D0 discrepancy concerning 145 GeV resonance?
The situation concerning 145 GeV bump has become rather paradoxical. CDF claims
that 145 GeV resonance is there at 4.3 sigma level. The new results from D0 however
fail to support CDF bump (see http://tinyurl.com/5vrgwxf) [C85] (see Lubos Motl
(see http://tinyurl.com/67gl5zl), Jester (see http://tinyurl.com/3wgspwm), and
Tommaso Dorigo (see http://tinyurl.com/3kbkn6b).
This shows only that either CDF or D0 is wrong, not that CDF is wrong as some of us
suddenly want to believe. My own tentative interpretation -not a belief- relies on bigger
picture provided by TGD and is that both 145 GeV, 300 GeV, and 325 GeV resonances
are there and have interpretations in terms of π and its p-adic octave, ρ, and ω of M89
hadron physics. I could of course be wrong. LHC will be the ultimate jury.
In any case, neither CDF and D0 are cheating and one should explain the discrepancy
rationally. Resonaances (see http://tinyurl.com/3wgspwm) mentions different estimates for QCD background as a possible explanation. What one could say about this
in TGD framework allowing some brain storming?
i. There is long history of this kind of forgotten discoveries having same interpretation
in TGD framework. Always pionlike states-possibly coherent state of them- would
have been produced in strong non-orthogonal magnetic and electric fields of the
colliding charges and most pion-like states predicted to be almost at rest in cm
frame.
Electro-pions were observed already at seventies in the collisions of heavy nuclei at
energies near Coulomb wall, resonances having interpretation as mu-pions about
three years ago, tau-pions detected by CDF for two and half years ago with refutation coming from D0, now DAMA and Cogent observed dark matter candidate
having explanation in terms of tau-pion in TGD framework but Xenon100 found
nothing (in this case on can understand the discrepancy in TGD framework). The
octaves of M89 pions would represent the last episode of this strange history. In
the previous posting universality of the production mechanism forced to made the
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proposal that also the collisions of ordinary nuclei could generate octaves of ordinary pions. They have not been observed and as I proposed this might due to the
peculiarity of the production mechanism.
What could be a common denominator for this strange sequence of almost discoveries? Light colored excitations of leptons can be of course be argued to be
non-existent because intermediate boson decay widths do not allow them but it is
difficult to believe that his would have been the sole reason for not taking lepto-pions
seriously.
ii. Could the generation of a pionic coherent state as a critical phenomenon very sensitive to the detailed values of the dynamical parameters, say the precise cm energies
of the colliding beams? For lepto-pions a phase transition generating dark colored variants of leptons (dark in the sense having non-standard value of Planck
constant) would indeed take place so that criticality might make sense. Could also
M89 quarks be dark or colored excitations of ordinary quarks which are dark? Could
the M107 → M89 phase transition take place only near criticality? This alone does
not seem to be enough however.
iii. The peculiarity of the production mechanism is that the pion like states are produced mostly at rest in cm frame of the colliding charges. Suppose that the cm
frame for the colliding charged particles is not quite the lab frame in D0. Since most
dark pions are produced nearly at rest in the cm frame, they could in this kind of
situation leave the detector before decaying to ordinary particles: they would behave just like dark matter is expected to behave and would not be detected. The
only signature would be missing energy. This would also predict that dark octaves
of ordinary pions would not be detected in experiments using target which is at rest
in lab frame.
iv. This mechanism is actually quite general. Dark matter particles decaying to ordinary matter and having long lifetime remain undetected if they move with high
enough velocity with respect to laboratory. Long lifetime would be partially due
to the large value of ~ and relativistic with respect to laboratory velocities also
time dilation would increases the lifetime. Dark matter particles could be detected
only as a missing energy not identifiable in terms of neutrinos. A special attention
should be directed to state candidates which are nearly at rest in laboratory.
An example from ordinary hadron physics is the production of pions and their octaves
in the strong electric and magnetic field of nuclei colliding with a target at rest in lab.
The lifetime of neutral pion is about 10−8 seconds and scaled up for large ~ and by time
dilation when the colliding nucleons have relativistic energies. Therefore the dark pion
might leave the measurement volume before decay to two gammas when the target is
at rest in laboratory. It is not even clear whether the gammas need to have standard
value of Planck constant.
For the second octave of M89 pion the lifetime would be scaled down by the ratio of
masses giving a factor 211 and lifetime of order .5 × 10−11 seconds. Large ~ would scale
up the lifetime. For non-relativistic relativistic velocities the distance travelled before
the decay to gamma pair would L = (~/~0 ) × (v/c) × 1.1 mm.
If also the gamma pair is dark, the detection would require even larger volume. TGD
suggests strongly that also photons have a small mass which they obtain by eating the
remaining component of Higgs a la TGD (transforming like 1+3 under vectorial weak
SU(2)). If photon mass defines the upper bound for the rate for the transformation to
ordinary photons, dark photons would remain undetected.
Higgs or a pion of M89 hadron physics?
D0 refuted the 145 GeV bump and after this it was more or less forgotten in blogs,
which demonstrates how regrettably short the memory span of blog physicists is. CDF
reported it in Europhysics 2011 and it seems that the groups are considering seriously
possible explanations for the discrepancy. To my opinion the clarification of his issue is
of extreme importance.

10.6. Scaled Variants of Hadron Physics and Electroweak Physics

537

The situation changed at the third day of conference (Saturday) when ATLAS reported
about average 2.5 sigma evidence for what might be Higgs in the mass range 140-150
GeV. The candidate revealed itself via decays to WW in turn decaying to lepton pairs.
Also D0 and CDF told suddenly that they have observed similar evidence although
the press release had informed that Higgs had been located to the mass range 120-137
GeV. There is of course no reason to exclude the possibility that the decays of 145 GeV
resonance are in question and in this case the interpretation as standard model Higgs
would be definitely excluded. If the pion of M89 physics is in question it would decay
to WW pair instead of quark pair producing two jets. Since weak decay is in question
one an expect that the decay rate is small.
If this line of reasoning is correct, standard model Higgs is absent. TGD indeed predicts
that the components of TGD Higgs become longitudinal components of gauge bosons
since also photon and graviton gain a small mass. This however leaves the two Higgses
predicted by MSSM under consideration. The stringent lower bounds for the masses
of squarks and gluinos of standard SUSY were tightened in the conference (see http:
//tinyurl.com/yd2kubzp) and are now about 1 TeV and this means that the basic
argument justifying MSSM (stability of Higgs mass against radiative corrections) is
lost.
The absence of Higgs forces a thorough re-consideration of the fundamental ideas about
particle massivation. p-Adic thermodynamics combined with zero energy ontology and
the identification of massive particles as bound states of massless fermions is the vision
provided by TGD.
Short digression to TGD SUSY
Although the question about TGD variant of SUSY is slightly off-topic, its importance
justifies a short discussion. Although SUSY is not needed to stabilize Higgs mass, the
anomaly of muonic g-2 suggests TGD SUSY and the question is whether TGD SUSY
could explain it.
i. Leptons are characterized by Mersennes or Gaussian Mersennes: (M127 , MG,113 , M107 )
for (e, µ, τ ). If also sleptons correspond to Mersennes of Gaussian Mersennes, then
(selectron, smuon, stau) should correspond to (M89 , MG,79 , M61 ) is one assumes
that selectron corresponds to M89 . Selectron mass would be 250 GeV and smuon
mass 13.9 TeV. g-2 anomaly for muon [K22] suggests that the mass of selectron
should not be much above.1 TeV and M89 fits the bill. Valence quarks correspond
to the Gaussian Mersenne k ≤ 113, which suggests that squarks have k ≥ 79 so
that squark masses should be above 13 TeV. If sneutrinos correspond to Gaussian
Mersenne k = 167 then sneutrinos could have mass below electron mass scale. Selectron would remain the only experiment signature of TGD SUSY at this moment.
ii. One decay channel for selectron would be to electron+ sZ or neutrino+ sW. sZ/sW
would eventually decay to possibly virtual Z+ neutrino/W+neutrino: that is weak
gauge boson plus missing energy. Neutralino and chargino need not decay in the
detection volume. The lower bound for neutralino mass is 46 GeV from intermediate
gauge boson decay widths. Hence this option is not excluded by experimental facts.
iii. If the sfermions decay rapidly enough to fermion plus neutrino, the signature of
TGD SUSY would be excess of events of type lepton+ missing energy or jet+
missing energy. For instance, lepton+missing jet could be mis-identified as decay
products of possibly exotic counterpart of weak gauge boson. The decays of 250
GeV selectron would give rise to decays which might be erratically √
interpreted as
decays of W 0 to electron plus missing energy. The study of CDF at s= 1.96 TeV
in p-pbar collisions excludes heavy W0 with mass below 1.12 TeV [C66]. The decay
rate to electron plus neutrino must therefore be slow.
There are indications for a tiny excess of muon + missing energy events in the
decays of what has been tentatively identified as a heavy W boson Wprime (see
Figure 1 of [C55] at http://tinyurl.com/ycm2h6ee). The excess is regarded as
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insignificant by experimenters. Wprime candidate is assumed to have mass 1.0 TeV
or 1.4 TeV. If smuon is in question, one must give up the Mersenne hypothesis.
The mass of u and d quarks of M89 physics
While updating the chapter about the p-adic model for hadronic masses [K25] I found
besides some silly numerical errors also a gem that I had forgotten. For pion the contributions to mass squared from color-magnetic spin-spin interaction and color Coulombic
interaction and super-symplectic gluons cancel and the mass is in excellent approximation given by the m2 (π) = 2m2 (u) with m(u) = m(d) = 0.1 GeV in good approximation.
That only quarks contribute is the TGD counterpart for the almost Goldstone boson
character of pion meaning that its mass is only due to the massivation of quarks. The
value of the p-adic prime is p ' 2k , with k(u) = k(d) = 113 and the mass of charged
pion is predicted with error of .2 per cent.
If the reduction of pion mass to mere quark mass holds true for all scaled variants of
ordinary hadron physics, one can deduce the value of u and d quark masses from the mass
of the pion of M89 hadron physics and vice versa. The mass estimate is 145 GeV if one
identifies the bump claimed by CDF (see http://tinyurl.com/yc98cau6) [C65] as M89
pion. Recall that D0 did not detect the CDF bump (see http://tinyurl.com/5vrgwxf)
[C85] (I have discussed possible reasons for the discrepancy in terms of the hypothesis
that dark quarks are in question). From this one can deduce that the p-adic prime p ' 2k
for the u and d quarks of M89 physics is k = 93 using m(u, 93) = 2(113−93)/2 m(u, 113),
m(u, 113) ' .1 GeV. For top quark one has k = 94 so that a very natural transition takes
place to a new hadron physics. The predicted mass of π(89) is 144.8 GeV and consistent
with the value claimed by CDF. What makes the prediction non-trivial is that possible
quark masses comes as as half-octaves meaning exponential sensitivity with respect to
the p-adic length scale.
The common mass of u(89) and d(89) quarks is 102 GeV in a good approximation and
quark jets with mass peaked around 100 GeV should serve as a signature for them. The
direct decays of the π(89) to M89 quarks are of course non-allowed kinematically.
A connection with the top pair backward-forward asymmetry in the production of top quark pars?
One cannot exclude the possibility that the predicted exotic octet of gluons proposed as
an explanation of the anomalous backward-forward asymmetry in top pair production
correspond sto the gluons of the scaled up variant of hadron physics. M107 hadron
physics would correspond to ordinary gluons only and M89 only to the exotic octet of
gluons only so that a strict scaled up copy would not be in question. Could it be that
given Mersenne prime tolerates only single hadron physics or lepto-hadron physics?
In any case, this would give a connection with the TGD based explanation of the
backward-forward asymmetry in the production of top pairs (see http://tinyurl.com/
yc5zrheq) also discussed in this chapter. In the collision incoming quark of proton and
antiquark of antiproton would topologically condense at M89 hadronic space-time sheet
and scatter by the exchange of exotic octet of gluons: the exchange between quark and
antiquark would not destroy the information about directions of incoming and outgoing
beams as s-channel annihilation would do and one would obtain the large asymmetry.
The TGD based generalized Feynman diagram would involve an exchange of a gluon
represented by a wormhole contact. The first wormhole throat would have genus two
as also top quark and second throat genus zero. One can imagine that the top quark
comes from future and then travels along space-like direction together with antiquark
wormhole throat of genus zero a and then turns back to the future. Incoming quark
and antiquark perform similar turn around [K22].
This asymmetry observed found a further confirmation (see http://tinyurl.com/
4ywzbkf) in Europhysics 2011 conference [C79]. The obvious question is whether this
asymmetry could be reduced to that in collisions of quarks and antiquarks. Tommaso
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Dorigo (see http://tinyurl.com/3mkaoy9) tells that CMS (see http://tinyurl.com/
ydxe5n8o) has found that this is not the case, which suggests that the phenomenon
might be assignable to valence quarks only.

10.6.3

Other Indications For M89 Hadron Physics

Also other indications for M89 hadron physics have emerged during this year and although the fate of these signals is probably the usual one, they deserve to be discussed
briefly.
Bumps also at CDF and D0?
It seems that experimentalists have gone totally crazy. Maybe new physics is indeed
emerging from LHC and they want to publish every data bit in the hope of getting paid
visit to Stockholm. CDF and ATLAS have told about bumps and now Lubos Motl
(see http://tinyurl.com/ya2taxjh) [C29] tells about a new 3 sigma bump reported
by D0 collaboration at mass 325 GeV producing muon in its decay producing W boson
plus jets [C83]. The proposed identification of bump is in terms of decay of t0 quark
producing W boson.
Lubos Motl mentions also second mysterious bump at 324.8 GeV or 325.0 GeV reported
by CDF collaboration [C67] and discussed by Tommaso Dorigo (see http://tinyurl.
com/28jj6yw) [C31] towards the end of the last year. The decays of these particles
produce 4 muons through the decays of two Z bosons to two muons. What is peculiar
is that two mass values differing by.2 GeV are reported. The proposed explanation is in
terms of Higgs decaying to two Z bosons. TGD based view about new physics suggests
strongly that the three of four particles forming a multiplet is in question.
One can consider several explanations in TGD framework without forgetting that these
bumps very probably disappear. Consider first the D0 anomaly alone.
i. TGD predicts also higher generations but there is a nice argument based on conformal invariance and saying that higher particle families are heavy. What “heavy”
means is not clear. It could of mean heavier that intermediate gauge boson mass
scale. This explanation does not look convincing to me.
ii. Another interpretation would be in terms of scaled up variant of top quark. The
mass of top is around 170 GeV and p-adic length scale hypothesis would predict
that the mass should equal to a multiple of half octave of top quark mass. Single
octave would give mass of 340 GeV. The deviation from predicted mass would be
5 per cent.
iii. The third interpretation is in terms of ρ and ω mesons of M89 . By assuming that the
masses of M89 π and ρ in absence of color magnetic spin-spin splitting scale naı̈vely
in the transition from M107 to M89 physics and by determining the parameter
characterizing color magnetic spin-spin splitting from the condition that M89 pion
has 157 GeV mass, one predicts that M89 ρ and ω have same mass 325.6 GeV in
good approximation The.2 GeV mass difference would have interpretation as ρ − ω
mass difference. In TGD framework this explanation is unique.
Indications for M89 charmonium from ATLAS
Lubos Motl commented (see http://tinyurl.com/y85mmsfj) last ATLAS release (see
http://tinyurl.com/yammtrqf) about dijet production. There is something which
one might interpret as the presence of resonances above 3.3 TeV [see Fig. 2) of the
article] [C57]. Of course, just a slight indication is in question, so that it is perhaps too
early to pay attention to the ATLAS release. I am however advocating a new hadron
physics and it is perhaps forgivable that I am alert for even tiniest signals of new physics.
In a very optimistic mood I could believe that a new hadron physics is being discovered
(145 GeV boson could be identified as charged pion and 325 GeV bumps could allow
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interpretation as kaons). With this almost killer dose of optimism the natural question
is whether this extremely slight indication about new physics might have interpretation
as a scaled up J/Ψ and various other charmonium states above it giving rise to what
is not single very wide bump to a family of several resonances in the range 3-4 TeV by
scaling the 3-4 GeV range for charmonium resonances. For instance, J/Ψ decay width
is very small, about.1 MeV, which is about .3 × 10−4 of the mass of J/Ψ. In the recent
case direct scaling would give decay of about 300 MeV for the counterpart of J/Ψ if
the decay is also now slow for kinematic reasons. For other charmonium resonances
the widths are measurement in per cents meaning in the recent case width of order of
magnitude 30 GeV: this estimate looks more reasonable as the first estimate.
One can also now perform naı̈ve scalings. J/Ψ has mass of about 3 GeV. If the scaling
of ordinary pion mass from.14 GeV indeed gives something like 145 GeV then one can
be very naı̈ve and apply the same scaling factor of about 1030 to get the scaled up
J/Ψ; with mass of order 3.1 TeV. The better way to understand the situation is to
assume that color-magnetic spin spin splitting is small also for M89 charmonium states
and apply naı̈ve scaling to the mass of J/Ψ; to get a lower bound for the mass of its
M89 counterpart. This would give mass of 1.55 TeV which is by a factor 1/2 too small.
p-Adic mass calculations lead to the conclusion that c quark is characterized by p ' 2k ,
k = 104. naı̈ve scaling would give k = 104 − 18 = 86 and 1.55 TeV mass for J/Ψ.
Nothing however excludes k = 84 and the lower bound 3.1 TGD for the mass of J/Ψ.
Since color magnetic spin-spin splitting is smaller for M89 pion, same is expected to be
true also for charmonium states so that the mass might well be around 3.3 TeV.
Blackholes at LHC: or just bottonium of M89 hadron physics?
The latest Tommaso Dorigo’s posting has a rather provocative title: “The Plot Of The
Week - A Black Hole Candidate” (see http://tinyurl.com/3w3raor). Some theories
inspired by string theories predict micro black holes at LHC. Micro blackholes have
been proposed as explanation for certain exotic cosmic ray events such as Centauros
(see http://tinyurl.com/y84nl52o), which however seem to have standard physics
explanation.
Without being a specialist one could expect that evaporating black hole would be in
many respects analogous to quark gluon plasma phase decaying to elementary particles
producing jets. Or any particle like system, which has forgot all information about
colliding particles which created it- say the information about the scattering plane of
partons leading to the jets as a final state and reflecting itself as the coplanarity of the
jets. If the information about the initial state is lost, one would expect more or less
spherical jet distribution. The variable used as in the study is sum of transverse energies
for jets emerging from same point and having at least 50 GeV transverse energy. QCD
predicts that this kind of events should be rather scarce and if they are present, one can
seriously consider the possibility of new physics.
The LHC document√containing the sensational proposal is titled “Search for Black Holes
in pp collisions at s = 7 TeV” (see http://tinyurl.com/ycfa9ctx) [C50] and has
the following abstract:
An update on a search for microscopic black hole production in pp collisions at a centerof-mass energy of 7 TeV by the CMS experiment at the LHC is presented using a 2011
data sample corresponding to an integrated luminosity of 190 pb1. This corresponds
to a six-fold increase in statistics compared to the original search based on 2010 data.
Events with large total transverse energy have been analyzed for the presence of multiple
energetic jets, leptons, and photons, typical of a signal from an evaporating black hole.
A good agreement with the expected standard model backgrounds, dominated by QCD
multijet production, has been observed for various multiplicities of the final state. Stringent model-independent limits on new physics production in high-multiplicity energetic
final states have been set, along with model-specific lim- its on semi-classical black hole
masses in the 4-5 TeV range for a variety of model parameters. This update extends
substantially the sensitivity of the 2010 analysis.

10.6. Scaled Variants of Hadron Physics and Electroweak Physics

541

The abstract would suggest that nothing special has been found but in sharp contrast
with this the article mentions black hole candidate decaying to 10 jets with total transverse energy ST . The event is illustrated in the figure 3 of the article. The large number
of jets emanating from single point would suggest a single object decaying producing
the jets.
Personally I cannot take black holes as an explanation of the event seriously. What can I
offer instead? p-Adic mass calculations rely on p-adic thermodynamics and this inspires
obvious questions. What p-adic cooling and heating processes could mean? Can one
speak about p-adic hot spots? What p-adic overheating and over-cooling could mean?
Could the octaves of pions and possibly other mesons explaining several anomalous
findings including CDF bump correspond to unstable over-heated hadrons for which
the p-adic prime near power of two is smaller than normally and p-adic mass scale is
correspondingly scaled up by a power of two?
The best manner to learn is by excluding various alternative explanations for the 10 jet
event.
i. M89 variants of QCD jets are excluded both because their production requires
higher energies and because their number would be small. The first QCD three-jets
(see http://tinyurl.com/y9qyatmm) were observed around 1979 [C195]. q − q − g
three-jet was in question and it was detected in e+ e− collision with cm energy
about 7 GeV. The naı̈ve scaling by factor 512 would suggest that something like 5.6
TeV cm energy is needed to observed M89 parton jets. The recent energy is 7 TeV
so that there are hopes of observing M89 three- jets in decays of heavy M89 . For
instance, the decays of charmonium and bottonium of M89 physics to three gluons
or two-gluons and photon would create three-jets.
ii. Ordinary quark gluon plasma is excluded since in a sufficiently large volume of
quark gluon plasma so called jet quenching (see http://tinyurl.com/yc7mo6jt)
[C11] occurs so that jets have small transverse energies. This would be due to the
dissipation of energy in the dense quark gluon plasma. Also ordinary QCD jets are
predicted to be rare at these transverse energies: this is of course the very idea of
how black hole evaporation might be observed. Creation of quark gluon plasma of
M89 hadron physics cannot be in question since ordinary quark gluon plasma was
created in p-anti-p collision with cm energy of few TeV so that something like 512
TeV of cm energy might be needed!
iii. Could the decay correspond to a decay of a blob of M89 hadronic phase to M107
hadrons? How this process could take place? I proposed for about 15 years ago [K22]
that the transition from M89 hadron physics to M107 hadron physics might take
place as a p-adic cooling via a cascade like process via highly unstable intermediate
hadron physics. The p-adic temperature is quantized and given by Tp = n/log(p) '
n/klog(2) for p ' 2k and p-adic cooling process would proceed in a step-wise manner
as k → k + 2√→ k + 4 + ... Also k → k + 1 → k + 2 + .. with mass scale reduced
in powers of 2 can be considered. If only octaves are allowed, the p-adic prime
characterizing the hadronic space-time sheets and quark mass scale could decrease
in nine steps from M89 mass scale proportional to 2−89/2 octave by octave down to
the hadronic mass scale proportional 2−107/2 as k = 89 → 91 → 93... → 107. At
each step the mass in the propagator of the particle would be changed. In particular
on mass shell particles would become off mass shell particles which could decay.
At quark level the cooling process would naturally stop when the value of k corresponds to that characterizing the quark. For instance b quark one has k(b) = 103
so that 7 steps would be involved. This would mean the decay of M89 hadrons to
highly unstable intermediate states corresponding to k = 91, 93, ..., 107. At every
step states almost at rest could be produced and the final decay would produce large
number of jets and the outcome would resemble the spectrum blackhole evaporation.
Note that for u, d, s quarks one has k = 113 characterizing also nuclei and muon
which would mean that valence quark space-time sheets of lightest hadrons would
be cooler than hadronic space-time sheet, which could be heated by sea partons.
Note also that quantum superposition of phases with several p-adic temperatures
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can be considered in zero energy ontology.
This is of course just a proposal and might not be the real mechanism. If M89
hadrons are dark in TGD sense as the TGD based explanation of CDF-D0 discrepancy suggests, also the transformation changing the value of Planck constant
is involved.
iv. This picture does not make sense in the TGD inspired model explaining DAMA
observations and DAMA-Xenon100 anomaly, CDF bump discussed in this chapter
and two and half year old CDF anomaly [K92]. The model involves creation of
second octave of M89 pions decaying in stepwise manner. A natural interpretation
of p-adic octaves of pions is in terms of a creation of over-heated unstable hadronic
space-time sheet having k = 85 instead of k = 89 and p-adically cooling down to
relatively thermally stable M89 sheet and containing light mesons and electroweak
bosons. If so then the production of CDF bump would correspond to a creation of
hadronic space-time sheet with p-adic temperature corresponding to k = 85 cooling
by the decay to k = 87 pions in turn decaying to k = 89. After this the decay to
M107 hadrons and other particles would take place.
Consider now whether the 10 jet event could be understood as a creation of a p-adic
hot spot perhaps assignable to some heavy meson of M89 physics. The table below is
from [K19, K19] and gives the p-adic primes assigned with constituent quarks identified
as valence quarks. For current quarks the p-adic primes can be much large so that in
the case of u and d quark the masses can be in 10 MeV range (which together with
detailed model for light hadrons supports the view that quarks can appear at several
p-adic temperatures).
i. According to p-adic mass calculations [K19] ordinary charmed quark corresponds
to k = 104 = 107 − 3 and that of bottom quark to k = 103 = 107 − 4, which is
prime and correspond to the second octave of M107 mass scale assignable to the
highest state of pion cascade. By naı̈ve scaling M89 charmonium states (Ψ would
correspond to k = 89 − 3 = 86 with mass of about 1.55 TeV by direct scaling.
k = 89 − 4 = 85 would give mass about 3.1 GeV and there is slight evidence for
a resonance around 3.3 TeV perhaps identifiable as charmonium. Υ (bottonium)
consisting of bb pair correspond to k = 89 − 4 = 85 just like the second octave of
M89 pion. The mass of M89 Υ meson would be about 4.8 TeV for k = 85. k = 83
one obtains 9.6 TeV, which exceeds the total cm energy 7 TeV.
ii. Intriguingly, k = 85 for the bottom quark and for first octave of charmonium would
correspond to the second octave of M89 pion. Could it be that the hadronic spacetime sheet of Υ is heated to the p-adic temperature of the bottom quark and then
cools down in a stepwise manner? If so, the decay of Υ could proceed by the decay
to higher octaves of light M89 mesons in a process involving two steps and could
produce a large number jets.
iii. For the decay of ordinary Υ meson 81.7 per cent of the decays take place via
ggg state. In the recent case they would create three M89 parton jets producing
relativistic M89 hadrons. 2.2 per cent of decays take place via γgg state producing
virtual photon plus M89 hadrons. The total energies of the three jets would be
about 1.6 TeV each and much higher than the energies of QCD jets so that this
kind of jets would serve as a clearcut signature of M89 hadron physics and its bottom
quark. Note that there already exists slight evidence for charmonium state. Recall
that the total transverse energy of the 10 jet event was about 1 TeV.
Also direct decays to M89 hadrons take place. η 0 + anything (see http://tinyurl.
com/y8upgujn) - presumably favored by the large contribution of bb state in η 0 corresponds to 2.9 per cent branching ratio for ordinary hadrons. If second octaves
of η 0 and other hadrons appear in the hadron state, the decay product could be
nearly at rest and large number of M89 would result in the p-adic cooling process
(the naı̈ve scaling of η 0 mass gives.5 TeV and second octave would correspond to 2
TeV.
iv. If two octave p-adic over-heating is dynamically favored, one must also consider the
first octave of of scaled variant of J/Ψ state with mass around 3.1 GeV scaled up
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to 3.1 TeV for the first octave. The dominating hadronic final state in the decay
of J/Ψ is ρ± π ∓ with branching ratio of 1.7 per cent. The branching fractions of
ωπ + π + π − π − , ωπ + π − π 0 , and ωπ + π + pi− are 8.5 × 10−3 4.0 × 10−3 , and 8.6 × 10−3
respectively. The second octaves for the masses of ρ and π would be 1.3 TeV
and.6 TeV giving net mass of 1.9 TeV so that these mesons would be relativistic
if charmonium state with mass around 3.3 TeV is in question. If the two mesons
decay by cooling, one would obtain two jets decaying two jets. Since the original
mesons are relativistic one would probably obtain two wide jets decomposing to
sub-jets. This would not give the desired fireball like outcome.
The decays ωπ + π + π − π − (see Particle Data Tables (see http://tinyurl.com/
y8upgujn) would produce five mesons, which are second octaves of M89 mesons.
The rest masses of M89 mesons would in this case give total rest mass of 3.5 TeV.
In this kind of decay -if kinematically possible- the hadrons would be nearly at
rest. They would decay further to lower octaves almost at rest. These states in
turn would decay to ordinary quark pairs and electroweak bosons producing a large
number of jets and black hole like signatures might be obtained. If the process proceeds more slowly from M89 level, the visible jets would correspond to M89 hadrons
decaying to ordinary hadrons. Their transverse energies would be very high.
q
nq
sq
k(q)
m(q)/GeV

d
4
12
113
.105

u
5
10
113
.092

s
6
14
113
.105

c
6
11
104
2.191

b
59
67
103
7.647

t
58
63
94
167.8

Constituent quark masses pre-

dicted for diagonal mesons assuming (nd , ns , nb ) = (5, 5, 59) and (nu , nc , nt ) = (5, 6, 58),
maximal CP2 mass scale(Ye = 0), and vanishing of second order contributions.
To sum up, the most natural interpretation for the 10-jet event in TGD framework
would be as p-adic hot spots produced in collision.
Has CMS detected λ baryon of M89 hadron physics?
In his recent posting Lubos Motl tells about a near 3-sigma excess of 390 GeV 3-jet
RPV-gluino-like signal reported
√ by CMS collaboration in article “Search for Three-Jet
Resonances in p-p collisions at s = 7 TeV” (see http://tinyurl.com/42sm8oh) [C56].
This represents one of the long waited results from LHC and there are good reason to
consider it at least half-seriously.
Gluinos are produced in pairs and in the model based on standard super-symmetry
decay to three quarks. The observed 3-jets in question would correspond to a decay to
uds quark triplet. The decay would be R-parity breaking. The production rate would
however too high for standard SUSY so that something else is involved if the 3 sigma
excess is real.
1. Signatures for standard gluinos correspond to signatures for M89 baryons in TGD
framework
In TGD Universe gluinos would decay to ordinary gluons and right-handed neutrino
mixing with the left handed one so that gluino in TGD sense is excluded as an explanation of the 3-jets. In TGD framework the gluino candidate would be naturally replaced
with k = 89 variant of strange baryon λ decaying to uds quark triplet. Also the 3-jets
resulting from the decays of proton and neutron and ∆ resonances are predicted. The
mass of ordinary λ is m(λ, 107) = 1.115 GeV. The naı̈ve scaling by a factor 512 would
give mass m(λ, 107) = 571 GeV, which is considerably higher than 390 GeV. naı̈ve scaling would predict the scaled up copies of the ordinary light hadrons so that the model
is testable.
It is quite possible that the bump is a statistical fluctuation. One can however reconsider
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the situation to see whether a less naı̈ve scaling could allow the interpretation of 3-jets
as decay products of M89 λ-baryon.
2. Massivation of hadrons in TGD framework
Let us first look the model for the masses of nucleons in p-adic thermodynamics [K25].
i. The basic model for baryon masses assumes that mass squared -rather than energy
as in QCD and mass in naı̈ve quark model- is additive at space-time sheet corresponding to given p-adic prime whereas masses are additive if they correspond
to different p-adic primes. Mass contains besides quark contributions also “gluonic contribution” which dominates in the case of baryons. The additivity of mass
squared follows naturally from string mass formula and distinguishes dramatically
between TGD and QCD. The value of the p-adic prime p ' 2k characterizing quark
depends on hadron: this explains the mass differences between baryons and mesons.
In QCD approach the contribution of quark masses to nucleon masses is found to
be less than 2 per cent from experimental constraints. In TGD framework this applies only to sea quarks for which masses are much lighter whereas the light valence
quarks have masses of order 100 MeV.
For a mass formula for quark contributions additive with respect to quark mass
squared quark masses in proton would be around 100 MeV. The masses of u, d, and
s quarks are in good approximation 100 MeV if p-adic prime is k = 113, which
characterizes the nuclear space-time sheet and also √
the space-time sheet of muon.
The contribution to proton mass is therefore about 3 × 100 MeV.
Remark: The masses of u and d sea quarks must be of order 10 MeV to achieve
consistency with QCD. In this case p-adic primes characterizing the quarks are
considerably larger. Quarks with mass scale of order MeV are important in nuclear
string model which is TGD based view about nuclear physics [L5].
ii. If color magnetic spin-spin splitting is neglected, p-adic mass calculations lead to
the following additive formula for mass squared.
M (baryon) = M (quarks) + M (gluonic) , M 2 (gluonic) = nm2 (107) (10.6.5)
.
The value of integer n can almost predicted from a model for the TGD counterpart
of the gluonic contribution [K25] to be n = 18. m2 (107) corresponds to p-adic mass
squared associated with the Mersenne prime M107 = 2107 −1 characterizing hadronic
space-time sheet responsible for the gluonic contribution
√ to the mass squared. One
has m(107) = 233.55 MeV from electron mass me ' 5 × m(127) ' 0.5 MeV and
from m(107) = 2(127−107)/2 × m(127).
iii. For proton one has
M (quarks) = (

X

m2 (quark))1/2 ' 31/2 × 100 M eV

quarks

for k(u) = k(d) = 113 [K25].
3. Super-symplectic gluons as TGD counterpart for non-perturbative aspects of QCD
A key difference as compared to QCD is that the TGD counterpart for the gluonic contribution would contain also that due to “super-symplectic gluons” besides the possible
contribution assignable to ordinary gluons.
i. Super-symplectic gluons do not correspond to pairs of quarkandantiquark at the
opposite throats of wormhole contact as ordinary gluons do but to single wormhole
throat carrying purely bosonic excitation corresponding to color Hamiltonian for
CP2 . They therefore correspond directly to wave functions in WCW (“world of
classical worlds” ) and could therefore be seen as a genuinely non-perturbative objects allowing no description in terms of a quantum field theory in fixed background
space-time.
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ii. The description of the massivation of super-symplectic gluons using p-adic thermodynamics allows to estimate the integer n characterizing the gluonic contribution.
Also super-symplectic gluons are characterized by genus g of the partonic 2-surface
and in the absence of topological mixing g = 0 super-symplectic gluons are massless
and do not contribute to the ground state mass squared in p-adic thermodynamics.
It turns out that a more elegant model is obtained if the super-symplectic gluons
suffer a topological mixing assumed to be same as for U type quarks. Their contributions to the mass squared would be (5, 6, 58) × m2 (107) with these assumptions.
iii. The quark contribution (M (nucleon) − M (gluonic))/M (nucleon) is roughly 82 per
cent of proton mass. In QCD approach experimental constraints imply that the
sum of quark masses is less that 2 per cent about proton mass. Therefore one has
consistency with QCD approach if one assumes that the light quarks correspond to
sea quarks.
4. What happens in M107 → M89 transition?
What happens in the transition M107 → M89 depends on how the quark and gluon
contributions depend on the Mersenne prime.
i. One can also scale the “gluonic” contribution to baryon mass which should be same
for proton and λ. Assuming that the color magnetic spin-spin splitting and color
Coulombic conformal weight expressed in terms of conformal weight are same as
for the ordinary baryons, the gluonic contribution to the mass of p(89) corresponds
to conformal weight n = 11 reduced from its maximal value n = 3 × 5 = 15
corresponding to three topologically mixed super-symplectic gluons with conformal
weight 5 [K25]. The reduction is
√ due to the negative colour Coulombic conformal
weight. This is equal to Mg = 11 × 512 × m(107), m(107) = 233.6 MeV, giving
Mg = 396.7 GeV which happens to be very near to the mass about 390 GeV of CMS
bump. The facts that quarks appear already in light hadrons in several p-adic length
scales and quark and gluonic contributions to mass are additive, raises the question
whether the state in question corresponds to p-adically hot (1/Tp ∝ log(p) ' klog(2)
gluonic/hadronic space-time sheet with k = 89 containing ordinary quarks giving a
small contribution to the mass squared. Kind of overheating of hadronic space-time
sheet would be in question.
ii. The option for which quarks have masses of thermally stable M89 hadrons with
quark masses deduced from the questionable 145 GeV CDF bump identified as the
pion of M89 physics does not work.
A. If both contributions scale up by factor 512, one obtains m(p, 89) = 482 GeV
and m(λ) = 571 GeV. The values are too large.
B. A more detailed estimate gives the same result. One can deduce the scaling of
the quark contribution to the baryon mass by generalizing
√ the condition that the
mass of pion is in a good approximation just m(π) = 2m(u, 107) (Goldstone
property). One obtains that u and d quarks of M89 hadron physics correspond to
k = 93 whereas top quark corresponds to k = 94: the transition between hadron
physics would be therefore natural. One obtains m(u, 89) = m(d, 89) = 102 GeV
in good approximation: note that this predicts quark jets with mass around 100
GeV as a signature of M89 hadron physics.
√
The contribution of quarks to proton mass would be Mq = 3×2(113−93)/2 m(u, 107) '
173 GeV. By adding the quark contribution to gluonic contribution Mg = 396.7
GeV, one obtains m(p, 89) = 469.7 GeV which is rather near to the naı̈vely
scaled mass 482 GeV and too large. For λ(89) the mass is even larger: if λ(89)−
p(89) mass difference obeys the naı̈ve scaling one has m(λ, 89)−m(p, 89) = 512×
m(λ, 107) − m(p, 107). One obtains m(λ, 89) = m(p, 89) + m(s, 89) − m(u, 89) =
469.7 + 89.6 GeV = 559.3 GeV rather near to the naı̈ve scaling estimate 571
GeV. This option fails.
Maybe I would be happier if the 390 GeV bump would turn out to be a fluctuation (as
it probably does) and were replaced with a bump around 570 GeV plus other bumps
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corresponding to nucleons and ∆ resonances and heavier strange baryons. The essential
point is however that the mass scale of the gluino candidate is consistent with the
interpretation as λ baryon of M89 hadron physics. Quite generally, the signatures of
R-parity breaking standard SUSY have interpretation as signatures for M89 hadron
physics in TGD framework.
3-jet and 9-jet events as a further evidence for M89 hadron physics?
The following arguments represent a fresh approach to 390 GeV bump which I developed without noticing that I had discussed already earlier the above un-successful
explanation.
Lubos Motl (see http://tinyurl.com/zbu3br7) told about slight 3-jet and 9-jet excesses seen by CMS collaboration in LHC data (see http://tinyurl.com/ya6fsd78).
There is an article about 3-jet excess titled “Search for Three-Jet Resonances in pp
Collisions at s1/2 = 7 TeV” by CMS collaboration [C71]. The figure in Lubos Motl’s
blog (see http://tinyurl.com/z3wcke8 shows what has been found. In 3-jet case the
effects exceeds 3-sigma level between 350 GeV and 410 GeV and the center is around
380-390 GeV.
Experimenters see 3-jets as 1.9 sigma evidence for SUSY. It is probably needless to tell
that 1.9 sigma evidences come and go and should not be taken seriously. Gluino pair
would be produced and each gluino with mass around 385 GeV would decay to three
quarks producing three jets. In tri-jet case altogether 3+3=6 jets would be produced
in the decays of gluinos. The problem is that there is no missing energy predicted by
MSSM scenario without R-parity breaking. Therefore the straightforward proposal of
CMS collaboration is that R-parity is broken by a coupling of gluino to 3 quark state so
that gluino would effectively have quark number three and gluino can decay to 3 light
quarks- say uds.
The basic objection against this idea is that the distribution of 3-jet masses is very
wide extending from 75 GeV (slightly below 100 GeV for selected events) to about 700
GeV as one learns from figure 1 (see http://tinyurl.com/42sm8oh) [C56] of the CMS
preprint [C71]. Resonance interpretation does not look convincing to me and to my
humble opinion this is a noble but desperate attempt to save the standard view about
SUSY. After proposing the explanation which follows I realized to my surprise that I
had already earlier tried to explain the 390 GeV bump in terms of M89 baryon but found
that this explanation fails [L17] since the mass is too low to allow this interpretation.
There is also an article about nona-jets titled “Has SUSY Gone Undetected in 9-jet
Events? A Ten-Fold Enhancement in the LHC Signal Efficiency” (see http://tinyurl.
com/44bpth9) [C158] but I will not discuss this except by noticing that nona-jet events
would serve as a unique signature of M89 baryon decays in TGD framework if the
proposed model for tri-jets is correct.
Before continuing I want to make clear my motivations for spending time with thinking
about this kind events which are probably statistical fluctuations. If I were an opportunist I would concentrate all my efforts to make a maximum noise about the successes
of TGD. I am however an explorer rather than career builder and physics is to me a
passion- something much more inspiring than personal fame. My urge is to learn what
TGD SUSY is and what it predicts and this kind of activity is the best manner to do
it.
1. Could one interpret the 3-jet events in terms of TGD SUSY without R-parity breaking?
I already mentioned the very wide range of 3-jet distribution as a basic objection against
gluino pair interpretation. But just for curiousity one can also consider a possible
interpretation in the framework provided by TGD SUSY.
As I have explained in thebarticle [L16], one could understand the apparent absence
of squarks and gluinos in TGD framework in terms of shadronization which would be
faster process than the selectro-weak decays of squarks so that the standard signatures
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of SUSY (jest plus missing energy) would not be produced. The mass scales and even
masses of quark and squark could be identical part from a splitting caused by mixing.
The decay widths of weak bosons do not however allow light exotic fermions coupling to
them and this in the case of ordinary hadron physics this requires that squarks are dark
having therefore non-standard value of Planck constant coming as an integer multiple
of the ordinary Planck constant [K65]. For M89 hadron physics this constraint is not
necessary.
One can indeed imagine an explanation for 3-jets in terms of decays of gluino pair in
TGD framework without R-parity breaking.
i. Both gluinos would decay as g̃ → q̃ + q (or charge conjugate of this) and squark
in turn decays as q̃ → q + g̃. This would give quark pair and two virtual gluinos.
Virtual gluinos would transform to a quark pair by an exchange of virtual squark:
g̃ → q + q. This would give 3 quark jets and 3 anti-quark jets.
ii. Why this option possible also in MSSM is not considered by CMS collaboration?
Do the bounds on squark masses make the rate quite too low? The very strong
lower bounds on squark masses in MSSM type SUSY were indeed known towards
the end of August when the article was published. In TGD framework these bounds
are not present since squarks could appear with masses of ordinary quarks if they
are dark in TGD sense. Gluinos would be however dark and the amplitude for the
phase transition transforming gluon to its dark variant decaying to a gluino pair
could make the rate too low.
iii. If one takes the estimate for the M89 gluino mass seriously and scales to a very
naı̈ve mass estimate for M107 gluino by a factor 1/512, one obtains m(g̃107 ) = 752
MeV.
As already noticed, I do not take this explanation too seriously: the tri-jet distribution
is quite too wide.
2. Could tri-jets be interpreted in terms of decays of M89 quarks to three ordinary
quarks?
3+3 jets are observed and they correspond to 3 quarks and antiquarks. If one takes
3-jet excess seriously it seems that one has to assume a fermion decaying to 3 quarks or
two quarks and antiquark. All these quarks could be light (u, d, s type quarks).
Could M89 quarks decaying to three M107 (ordinary) quarks (q89 → q107 q107 q 107 ) be in
question? If this were the case the 9-jets might allow interpretation as decays of M89
proton or neutron with mass which from naı̈ve scaling would be 512 × .94 GeV ' 481
GeV resulting when each quark the nucleon decays to three ordinary quarks. Nona-jets
would serve as a unique signature for the production of M89 baryons!
M89 quarks must decay somehow to ordinary quarks.
i. The simplest guess is that the transformation q89 → q107 q107 q 107 begins with the
decay q89 → q107 + g89 . Here g89 can be virtual.
ii. This would be followed by g89 → q107 q 107 . The final state would consist of two
quarks and one antiquark giving rise to tri-jet. The decay of M89 gluon could
produce all quark families democratically apart from phase space factors larger for
light quarks. This would produce 3+3 jets with a slight dominance of light quark
3-jets.
There are two options to consider. The first option corresponds to a production of a
pair of on mass shell M89 quarks with mass around 385 GeV (resonance option) and
second option to a production of a pair of virtual M89 quarks suggested by the wide
distribution of tri-jets.
i. Could the resonance interpretation make sense? Can the average 3-jet mass about
385 GeV correspond to the mass of M89 quark? The formulas m(π89 ) = 21/2 m(u89 )
(mass squared is additive) together with m(π89 ) = 144 GeV would give m(u89 ) '
101.8 GeV. Unfortunately the mass proposed for the gluino is almost 4 times higher.
The naı̈ve scaling by factor 512 for m(c107 ) = 1.29 GeV would give 660.5 GeV, which
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is quite too high. It seems very difficult to find any reasonable interpretation in
terms of decays of on mass shell M89 quarks with mass around 385 GeV.
ii. One can however consider completely different interpretation. From figure 1 (see
http://tinyurl.com/42sm8oh) of [C71] of the CMS preprint one learns that the
distribution of 3-jet masses is very wide beginning around 75 GeV (certainly consistent with 72 GeV, which is one half of the predicted mass 144 GeV of M89 pion)
for all triplets and slightly below 100 GeV for selected triplets.
Could one interpret the situation without selection by assuming that a pair of M89
quarks forming a virtual M89 pion is produced just as the naı̈ve expectation that
the old-fashioned proton-pion picture could make sense at “low” energies (using of
course M89 QCD Λ as a natural mass scale) also for M89 physics. The total mass
of M89 quark pair would be above 144 GeV and its decay to virtual M89 quark pair
would give quark pair with quark masses above 72 GeV. Could the selected events
with total 3-jet mass above 100 GeV correspond to the production of a virtual M89
quark pair?
To sum up, if one takes the indications for 3-jets seriously, the interpretation in terms
of M89 hadron physics is the most plausible TGD option. I am unable to say anything
about the 9-jet article but 9-jets would serve as a unique and very dramatic signature
of M89 baryons: the naı̈ve prediction for the mass of M89 nucleon is 481 GeV.
3 sigma evidence for kaons of M89 hadron physics?
The news about Moriond conference (for details see for the posting of Phil Gibbs at
http://tinyurl.com/ybll65g7) did not bring anything really new concerning the situation with Higgs. The two-photon discrepancy is still there although the production
rate is now about 1.6 times higher than predicted. The error bars are however getting
narrower so that there are excellent reasons to hope/fear that unexpected kind of new
physics is trying to tell about itself. Also the masses deduced from gamma pair and Z
pair decay widths are slightly different.
The TGD-based explanation (see http://tinyurl.com/ycfjrtxh) would be in terms
of M89 hadron physics, a fractal copy of ordinary hadron physics with 512 times higher
overall mass scale. If the pion of this new physics has mass not too far from 125 GeV its
decays to gamma and Z pairs would affect the observed decay rates of Higgs to gamma
and Z pairs if one assumes just standard model. Fermi anomaly suggests mass of about
135 GeV for the pion of M89 hadron physics. The observations of RHIC and those from
proton-heavy nucleus collisions - correlated pairs of charged particles moving in same
or opposite directions- could be understood in terms of decays of M89 mesons behaving
like hadronic strings in low energies in the relevant energy scale.
Lubos Motl (see http://tinyurl.com/y8xvmocm) tells in his recent posting about 3
sigma excess (see http://tinyurl.com/y89mur5z) for new charged and neutral particles with mass around 420 GeV [C60]. They would be produced as pairs of charged
and neutral particle. M89 physics based explanation would be in terms of kaons of M89
+
+
hadron physics. The naı̈ve scaling by the ratio r = m(π107
)/m(K107
) of masses of ordi+
nary pion and kaon predicts that the M89 pion should have mass m(π89
) = r × 420 GeV.
+
This would give m(π89 ) = 119 GeV not too far from 125 GeV to affect the apparent
decay rates of Higgs to gamma and Z pairs since its width as strongly interacting particle decaying to ordinary quarks and gluons is expected to be large. This mass however
deviates from the 135 GeV mass suggested by Fermi data by 18 per cent.
Evidence for a new pseudo-vector particle?
Lubos Motl told (see http://tinyurl.com/y5ysybt6) that CMS has reported evidence
for a bump at 400 GeV decaying to top quark pairs. Local evidence is 3.5 sigma.
Look elsewhere effect reduces it to 1.5 sigma. What was searched was new neutral
scalar or pseudoscalar Higgs particle predicted by minimal SUSY extensions of the
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standard model. The largest deviation from standard model background was observed
for pseudoscalar Higgs.
Lubos wants to interpret this as evidence for CP odd Higgs called ”A” (C even, P odd).
The article with title ”Search for heavy Higgs bosons decaying to a top quark pair in
proton-proton collisions at s1/2 = 13 TeV” [C104] (see http://tinyurl.com/y27x5qnz)
tells that the search is sensitive to the spin of the resonance. I do not however know
how well the spin and CP of the decaying resonance candidate are known.
It is assumed that the resonance candidate is produced as two gluons annilate dominantly to top quark pair which couples to the Higgs candidate resonantly and decays
dominantly to top quark pair. There are two effects involved. Resonance like contribution and interference with the contribution of the ordinary Higgs for pseudoscalar Higgs.
The parity of the pseudoscalar Higgs shows itself in the angular distribution. CP=-1
character in principle shows itself too since it introduces to the amplitude sign -1. The
CP transformation of final state consisting of superpositions of RR or LL fermion pairs
is induced by (RR, LL) → −(LL, −RR) (R and L refer to helicities). If inital state
consist of two gluons one expects that CP acts trivially.
TGD almost-predicts a scaled variant of hadron physics at LHC. Mersenne prime
M89 characterizes this hadron physics whereas ordinary hadron physics corresponds
to Mersennen prime M107 ). Since there exists a handful of bumps [K22] with masses
differing by factor 512 from the masses of ordinary mesons, I have the habit of scaling down the masses of the bumps (usually identified as candidates for SUSY Higgs)
reported from LHC. This habit means also killing all desperate attempts of Lubos to interpret them in terms of SUSY Higgses. And indeed. Now the scaling of 400 GeV gives
781 MeV, which is very precisely the mass 782 GeV of ω meson having C = P = −1
and spin 1.
Could spin=0 state of this meson behaving like pseudoscalar and explain the finding? By
looking the article ”Production of CP-even and CP-odd Higgs bosons at Muon colliders”
[C40] (see http://tinyurl.com/y26vvmot) one gets some idea about the symmetries
amplitudes involved also in the recent case.
i. If the resonance is scalar or pseudoscalar, the initial state helicities must be opposite.
In spin 1 case there is also a contribution proportional to a matrix element of spin
1 rotation matrix corresponding to a rotation transforming to each other the axis
defined by the initial and final state cm momenta of gluons and top quarks.
ii. For pseudovector ω the transformation of the propagator part of the amplitude
(there sonance) under P is the sameas for pseudoscalar Higgs (change of sign) so
that ω is consistent with A in this respect.
iii. The coupling of (pseudo-)vector particle to tt pair is of form LL+RR. For pseudoscalar it is of from LR. The massivation of fermions mixing L and R allows the
coupling to the longitudinal zero helicity component of spin 1 particle mimic the coupling to pseudoscalar. For massive fermions the gradient coupling of (pseudo)scalar
to fermions is indeed equivalent with the ordinary (peudoscalar) scalar coupling.
Remark: Note that the longitudinal components of weak bosons are proportional
to the gradient of weakly charged part of Higgs).
Remark: Higgs mechanism can be argued to be a pseudo solution to the massivation problem, which only reproduces fermion masses but does not predict them
(Higgs couplings must be chosen proportional to fermion masses). If fermions get
masses by some other genuine massivation mechanism, Higgs couplings proportional
to mass follow automatically from gradient coupling. Fermion masses in turn follow
in TGD from p-adic thermodynamics [K19].
iv. For Higgs the decay width is about 10−5 of the mass and one expects that the decay
width should be also now of the same order of magnitude. The actual decay width
of the bump is 5 per cent of the mass, and it is not clear to me how kinematics
could cause so large a difference. To me this strongly suggests that strong rather
than electroweak interactions are involved as TGD indeed predicts.
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10.6.4 LHC Might Have Produced New Matter: Are M89 Hadrons
In Question?
“Large Hadron Collider May Have Produced New Matter” (see http://tinyurl.com/
zkxws89) is the title of popular article explaining briefly the surprising findings of LHC
made for the first time September 2010. A fascinating possibility is that these events
could be seen as a direct signature of brand new hadron physics. I distinguish this new
hadron physics using the attribute M89 to distinguish it from ordinary hadron physics
assigned to Mersenne prime M107 = 2107 − 1.
Some background
Quark gluon plasma is expected to be generated in high energy heavy ion collisions if
QCD is the theory of strong interactions. This would mean that quarks and gluons are
de-confined and form a gas of free partons. Something different was however observed
already at RHIC: the surprise was the presence of highly correlated pairs of charged
particles. The members of pairs tended to move in parallel: either in same or opposite
directions.
This forced to give up the description in terms of quark gluon plasma and to introduce
what was called color glass condensate. The proposal was that so called color glass
condensate, which is liquid with strong correlations between the velocities of nearby
particles rather than gas like state in which these correlations are absent, is created:
one can imagine that a kind of thin wall of gluons is generated as the highly Lorentz
contracted nuclei collide. The liquid like character would explain why pairs tend to move
in parallel manner. Why they can move also in antiparallel manner is not obvious to me
although I have considered the TGD based view about color glass condensate inspired by
the fact that the field equations for preferred extremals are hydrodynamical and it might
be possible to model this phase of collision using scaled version of critical cosmology
which is unique apart from scaling of the parameter characterizing the duration of
this critical period. Later LHC found a similar behavior in heavy ion collisions. The
theoretical understanding of the phenomenon is however far from complete.
The real surprise was the observation of similar events in proton proton collisions
at LHC: for the first time already at 2010. Lubos Motl (see http://tinyurl.com/
yc2r5u29) wrote a nice posting about this observation. Now the findings have been
published: preprint can be found in arXiv (see http://tinyurl.com/yacr7hfv) [C75].
Below is the abstract of the preprint.
Results on two-particle angular correlations for charged particles emitted in pPb collisions at a nucleon-nucleon center-of-mass energy of 5.02 TeV are presented. The
analysis uses two million collisions collected with the CMS detector at the LHC. The
correlations are studied over a broad range of pseudorapidity η, and full azimuth φ, as
a function of charged particle multiplicity and particle transverse momentum, pT . In
high-multiplicity events, a long-range (2 < |(∆η| < 4), near-side ∆φ approximately 0)
structure emerges in the two-particle ∆η − ∆φ correlation functions. This is the first
observation of such correlations in proton-nucleus collisions, resembling the ridge-like
correlations seen in high-multiplicity pp collisions at s1/2 = 7 TeV and in A on A collisions over a broad range of center-of-mass energies. The correlation strength exhibits
a pronounced maximum in the range of pT = 1-1.5 GeV and an approximately linear
increase with charged particle multiplicity for high-multiplicity events. These observations are qualitatively similar to those in pp collisions when selecting the same observed
particle multiplicity, while the overall strength of the correlations is significantly larger
in pPb collisions.
Could M89 hadrons give rise to the events?
Second highly attractive explanation discussed by Lubos Motl (see http://tinyurl.
com/yc2r5u29) is in terms of production of string like objects. In this case the momenta
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of the decay products tend to be parallel to the strings since the constituents giving rise
to ultimate decay products are confined inside 1-dimensional string like object. In this
case it is easy to understand the presence of both parallel and antiparallel pairs. If the
string is very heavy, a large number of particles would move in collinear manner in opposite directions. Color quark condensate would explain this in terms of hydrodynamical
flow.
In TGD framework these string like objects would correspond to color magnetic flux
tubes. These flux tubes carrying quark and antiquark at their ends should however
make them manifest only in low energy hadron physics serving as a model for hadrons,
not at ultrahigh collision energies for protons. Could this mean that these flux tubes
correspond to hadrons of M89 hadron physics? M89 hadron physics would be low energy
hadron physics since the scaled counterpart of QCD Λ around 200 MeV is about 100
GeV and the scaled counterpart of proton mass is around.5 TeV (scaling is by factor is
512 as ratio of square roots of M89 = 289 − 1, and M107 ). What would happen in the
collision would be the formation of p-adically hot spot at p-adic temperature T = 1 for
M89 .
For instance, the resulting M89 pion would have mass around 67.5 GeV if a naı̈ve scaling
of ordinary pion mass holds true. p-Adic length scale hypothesis allows power of 21/2
as a multiplicative factor and one would obtain something like 135 GeV for factor 2:
Fermi telescope has provided evidence for this kind particle although it might be that
systematic error is involved (see the nice posting of Resonaance at http://tinyurl.
com/hpeq4q3). The signal has been also observed by Fermi telescope for the Earth limb
data where there should be none if dark matter in galactic center is the source of the
events. I have proposed that M89 hadrons - in particular M89 pions - are also produced in
the collisions of ultrahigh energy cosmic rays with the nuclei of the atmosphere: maybe
this could explain also the Earth limb data. Recall that my first erratic interpretation
for 125 GeV Higgs like state was as M89 pion and only later emerged the interpretation
of Fermi events in terms of M89 pion.
One can consider a more concrete model for the situation.
i. The first picture is that M89 color magnetic flubes tubes are created between the
colliding protons and have length and thickness which is 512 shorter than that of
ordinary hadronic color flux tubes and therefore also 512 times higher energy. The
energy of colliding protons would be partially transformed to that of M89 mesons.
This process should occur above critical collision energy Ecr (p) = 512mp ∼ .5
TeV and perhaps already above Ecr (p) = m(pi89 ) = 67.5 GeV. One can worry
about the small geometric size of M89 mesons: is it really possible to transfer of
energy of protons consisting of quarks to a scale shorter by factor 1/512 or does
this process occur at quark level and doesn’t one encounter the same problem here?
This problem leads to second picture.
ii. M89 mesons could be dark so that their size is same as the size of protons: this
could make possible a collective transfer of collision energy in the scale of entire
proton to that of dark M89 mesons transforming later to much smaller ordinary
M89 mesons. If this is the size the value hef f /h = 512 is favourable.
iii. The proposal [K62] is that dark phases of matter are generated at quantum criticality: does quantum criticality mean now that dark M89 mesons are created only
near the threshold for the process but not at higher collision energies? If so, the
production of M89 mesons would be observed only near energies Ecr assignable
to proton-proton cm and quark-quark cm. For constituent quarks identifiable as
current quark plus its magnetic body, the masses would be roughly mp /3 and one
would have Ecr (q) = 3Ecr (q) (note that the masses of u and d current quarks are
the scale of 5-20 MeV so thatcolor magnetic energy dominates baryon mass).
iv. This brings in mind leptohadron model [K92] explaining the reported production
of mesonlike states in heavy ion collisions. These states had mass slightly larger
than twice the mass of electron and they decayed to electron-positron pair. The
production was observed only in the vicinity of Coulomb wall of order MeV, the mass
of electro-pion. The explanation is in terms of color excited electrons forming pion
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like bound state. If color excited leptons are light, the decay widths of weak bosons
are predicted to be too large. If the produced states are dark, one circumvents this
problem. Quantum criticality corresponds to Coulomb wall and explains why the
production occurs around it.
In the recent case quantum criticality could mean the threshold for production of
M89 mesons. The bad news is that quantum criticality could mean that M89 mesons
are not produced at higher LHC energies so that the observed bumps assignable to
M89 would suffer the usual fate of the bump. Since quantum criticality does not
belong to the conceptual repertoire of particle physicist, one cannot expect that the
notion of M89 hadron would be accepted easily by the community.
What about the explanation in terms of M89 color spin glass? It does not make sense.
First of all, both color spin glass and quark gluon plasma would be higher energy
phenomena in QCD like theory. Now low energy M89 hadron physics would be in
question. Secondly, for the color spin glass of ordinary hadron physics the temperature
would be about 1 GeV, the mass of proton in good approximation. For M89 color spin
glass the temperature would be by a factor 512 higher, that is.5 TeV: this cannot make
sense since the model based on temperature 1 GeV works satisfactorily.
How this picture relates to earlier ideas?
I have made three earlier proposals relating to the unexpected correlations just discussed.
The earlier picture is consistent with the recent one.
i. I have already earlier proposed a realization of the color glass condensate in terms
of color magnetic flux tubes confining partons to move along string like objects.
This indeed explains why charged particle pairs tend to move in parallel or antiparallel manner. Amusingly, I did not realize that ordinary hadronic strings (low
energy phenomenon) cannot be in question, and therefore failed to make the obvious conclusion that M89 hadrons could be in question. Direct signals of M89
hadron physics have been in front of our eyes since the findings of RHIC around
2005 but our prejudices - in particular, the stubborn belief that QCD is a final
theory of strong interactions - have prevented us to see them! Instead of this we
try desperately to see superstrings and standard SUSY!
ii. One basic question is how the hadrons and quarks of M89 hadron physics decay
to ordinary hadrons. I proposed the basic idea for about fifteen years ago - soon
after the discovery of p-adic physics. The idea was that the hadrons of M89 physics
are p-adic hot spots created in the collisions of hadrons. Also quarks get heated so
that corresponding
√ p-adic prime increases and the mass of the quark increases by
some power of 2 meaning a reduction in size by the same power. The cooling of
these hot spots is a sequence of phase transitions increasing the p-adic prime of the
appropriate (hadronic or partonic) space-time sheet so that the eventual outcome
consists of ordinary hadrons. p-Adic length scale hypothesis suggests that only
primes near powers of 2 (or their subset) appear in the sequence of phase transitions.
For instance, M89 hadronic space-time sheet would end up to an ordinary hadronic
space-time sheets consisting of at most 18 steps from M107 /M89 ' 218 . If only
powers of 2 are allowed as scalings (the analog of period doubling) there are 9 steps
at most.
Each step scales the size of the space-time sheet in question so that the process is
highly analogous to cosmic expansion leading from very short and thin M89 flux
tube to M107 flux tube with scaled up dimensions. Since a critical phenomenon is
in question and TGD Universe is fractal, a rough macroscopic description would
be in terms of scaled variant of critical cosmology, which is unique apart from its
finite duration and describes accelerated cosmic expansion. The almost uniqueness of the critical cosmology (see http://tinyurl.com/y7ebrm24) follows from
the imbeddability to M 4 × CP2 . Cosmic expansion would take place only during
these periods. Both the cosmic expansion expansion associated with the cooling of
hadronic and partonic space-time sheets would take via jerks followed by station-
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ary periods with no expansion. The size of the
√ scale of the hadronic or partonic
space-time sheet would increase by a power of 2 during a single jerk.
By the fractality of the TGD Universe this model of cosmic expansion based on
p-adic phase transitions should apply in all scales. In particular, it should apply to
stars and planetary systems. The fact that various astrophysical objects do not seem
to participate in cosmic expansion supports the view that the expansion takes place
in jerks identifiable as phase transitions increasing the p-adic prime of particular
space-time sheet so that in the average sense a continuous smooth expansion is
obtained. For instance, I have proposed a variant of expanding Earth model (see
http://tinyurl.com/mha72yk) [K78] explaining the strange observation that the
continents would nicely cover the entire surface of Earth if the radius of Earth were
one half of its recent radius. The assumed relatively rapid phase transition doubling
the radius of Earth explains several strange findings in the thermal, geological, and
biological history of Earth.
This approach also explains also how the magnetic energy of primordial cosmic
strings identifiable as dark energy has gradually transformed to dark or ordinary
matter [L15] (see http://tinyurl.com/ybezl7tj). In this model the vacuum
energy density of inflation field is replaced with that of Kähler magnetic field
assignable to the flux tubes originating from primordial cosmic strings with a 2D M 4 projection. The model explains also the magnetic fields filling the Universe
in all scales: in standard Big Bang cosmology their origin remains a mystery.
iii. What about the energetics of the process? If the jerk induces an overall scaling,
the Kähler magnetic energy of the magnetic flux tubes decreases since - by the
conservation of magnetic flux giving B ∝ 1/S - the energy is proportional to L/S
√
scaling like 1/ p ( L and S denote the length and the transversal area of the flux
tube). Therefore magnetic energy is liberated in the process and by p-adic length
scale hypothesis the total rest energy liberated is ∆E = Ei (1 − 2(ki −kf )/2 ), where
i and f refer to initial and final values of the p-adic prime p ' 2k . Similar consideration applies to partons. The natural assumption is that the Kähler magnetic
(equivalently color magnetic) energy is liberated as partons. These partons would
eventually transform to ordinary partons and materialize to ordinary hadrons. The
scaling of the flux tube would preserve its size would force the observed correlations.
To conclude, the brave conjecture would be that a production of M89 hadrons could
explain the observations. There would be no quark gluon plasma nor color spin glass
(a highly questionable notion in high energy QCD). Instead of this new hadron physics
would emerge by the confinement of quarks (or their scaled up variants) in shorter length
scale as collision energies become high enough, and already RHIC would have observed
M89 hadron physics!

10.6.5

New Results From Phenix Concerning Quark Gluon Plasma

New results have been published on properties of what is conventionally called quark
gluon plasma (QGP). As a matter fact, this phase does not resemble plasma at all. The
decay patterns bring in mind decays of string like objects parallel to the collision axes
rather than isotropic blackbody radiation. The initial state looks like a perfect fluid
rather than plasma and thus more like a particle like object.
The results of QGP - or color glass condensate (CGC) as it is also called - come from
three sources
and are very similar. The basic characteristic of the collisions is the cm
√
energy√ s of nucleon pair. The data sources are Au-Au collisions at RHIC, Brookhaven
√
with s = 130 GeV, p-p collisions and p-nucleus
√ collisions at LHC with s = 200
GeV [C114] and d-Au collisions at RHIC with s = 200 GeV studied by PHENIX
collaboration [C102].
According to the popular article telling about the findings of PHENIX collaboration
(http://tinyurl.com/y88f3h4w ) the collisions are believed to involve a creation of
what is called hot spot. In Au-Au collisions this hot spot has size of order Au nucleus.
In d-Au collisions it is reported to be much, much smaller. What does this mean? The
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size of deuteron nucleus or of nucleon? Or something even much smaller? Hardly so if
one believes in QCD picture. If this is however the case, the only reasonable candidate
for its size would
√ be the longitudinal size scale of colliding nucleon-nucleon system of
order L = ~/ s if an object with this size is created in the collision. I did my best
to find some estimate for the very small size of the hot spot from articles some related
to the study but failed [C101, C102, C114]: paranoid would see this as a conspiracy to
keep this as a state secret.
How to understand the findings?
I have already earlier considered the basic characteristics of the collisions. What is
called QGP does not behave at all like plasma phase for which one would expect particle
distributions mimicking blackbody radiation of quarks and gluons. Strong correlations
are found between charged particles created in the collision and the best manner to
describe them is in terms of a creation of longitudinal string-like objects parallel to the
collision axes.
In TGD framework this observation leads to the proposal that the string like objects
could be assigned with M89 hadron physics introduced much earlier to explain strange
cosmic ray events like Centauro. The p-adic mass scale assignable to M89 hadron
physics is obtained from that √
of electron (given by p-adic thermodynamics
in good
√
approximation by m127 = me / 5) as m89 = 2(127−89)/2 × me / 5. This gives m89 =
111.8 GeV. This is conveniently below the cm mass of nucleon pair in all the experiments.
In standard approach based on QCD the description is completely different. The basic
parameters are now thermodynamical. One assumes that thermalized plasma phase is
created and is parametrized by the energy density assignable to gluon fields for which
QCD gives the estimate  ≥ 1 GeV/fm3 and by temperature which is about T = 170 GeV
and more or less corresponds to QCD Λ. One can think of the collision regions as highly
flattened pancake (Lorentz contraction) containing very density gluon phase called color
glass condensate, which would be something different from QGP and definitely would
not conform with the expectations from perturbative QCD since QGP would be precisely
a manifestation of perturbative QGP [C114].
Also a proposal has been made that this phase could be described by AdS/CFT correspondence non-perturbatively - again in conflict with the basic idea that perturbative
QCD should work. It has however turned out that this approach does not work even
qualitatively as Sabine Hossenfelder lucidly explains this in her blog article Whatever
happened to AdS/CFT and the Quark Gluon Plasma? (http://tinyurl.com/y8b5dhxy
).
Strangely enough, this failure of QGP and AdS/CFT picture has not created any fuss
although one might think that the findings challenging the basic pillars of standard
model should be seen as sensational and make happy all those who have publicly told
that nothing would be more well-come than the failure of standard model. Maybe
particle theorists have enough to do with worrying about the failure of standard SUSY
and super string inspired particle phenomenology that they do not want to waste their
time to the dirty problems of low energy phenomenology.
A further finding mentioned in the popular article is stronger charm-anticharm suppression in head-on collisions than in peripheral collisions [C130]. What is clear that if M89
hadrons are created, they consist of lightest quarks present in the lightest hadrons of
M89 hadron physics - that is u and d (and possibly also s) of M89 hadrons, which are
scaled variants of ordinary u and d quarks and decay to u and d (and possibly s) quarks
of M107 hadron physics. If the probability of creating a hot M89 spot is higher in central
than peripheral collisions the charm suppression is stronger. Could a hot M89 spot associated with a nucleon-nucleon pair heat some region around it to M89 hadronic phase
so that charm suppression would take place inside larger volume than in periphery?
There is also the question whether the underlying mechanism relies on specks of hot
QGP or some inherent property of nuclei themselves. At the first sight, the latter
option could not be farther from the TGD inspired vision. However, in nuclear string
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model [L5] inspired by TGD nuclei consists of nucleons connected by color bonds having
quark and antiquark at their ends. These bonds are characterized by rather large p-adic
prime characterizing current quark mass scale of order 5-20 GeV for u and d quarks (the
first rough estimate for the p-adic scales involved is p ' 2k , k = 121 for 5 MeV and
k = 119 for 20 MeV). These color bonds Lorentz contract in the longitudinal direction
so that nearly longitudinal color bonds would shorten to M89 scale whereas transversal
color bonds would get only thinner. Could they be able to transform to color bonds
characterized by M89 and in this manner give rise to M89 mesons decaying to ordinary
hadrons?

Flowers to the grave of particle phenomenology
The recent situation in theoretical particle physics and science in general does not raise
optimism. Super string gurus are receiving gigantic prizes from a theory that was a
failure. SUSY has failed in several fronts and cannot be anymore regarded as a manner
to stabilize the mass of Higgs. Although the existence of Higgs is established, the
status of Higgs mechanism is challenged by its un-naturalness: the assumption that
massivation is due to some other mechanism and Higgs has gradient coupling provides
a natural explanation for Higgs couplings. This coupling is dimensional and could be
critized for this reason. Also Higgs couplings contain dimensional parameter (tachyonic
Higgs mass squared).
The high priests (http://tinyurl.com/y8vjm5x2 ) are however talking about “challenges” instead of failures. Even evidence for the failure of even basic QCD is accumulating as explained above. Peter Higgs, a Nobel winner of this year, commented the
situation ironically (http://tinyurl.com/lq3n335 ) by saying that he would have not
got a job in the recent day particle physics community since he is too slow.
The situation is not much better in the other fields of science. Randy Scheckman,
also this year’s Nobel prize winner in physiology and medicine (http://tinyurl.com/
q87h6h3 ) has declared boycott of top science journals Nature, Cell and Science. Scheckman said that the pressure to publish in “luxury” journals encourages researchers to
cut corners and pursue trendy fields of science instead of doing more important work.
The problem is exacerbated, he said, by editors who were not active scientists but
professionals who favoured studies that were likely to make a splash.
Theoretical and experimental particle physics is a marvellous creation of humankind.
Perhaps we should bring flowers to the grave of the particle physics phenomenology and
have a five minutes respectful silence. It had to leave us far too early.

10.6.6

Anomalous Like Sign Dimuons At LHC?

We are not protected against particle physics rumors even during Christmas. This
time the rumor was launched from the comment section of Peter Woit’s blog (http:
//tinyurl.com/ybhx4hu8 ) and soon propagated to the blogs of Lubos Motl (http:
//tinyurl.com/y8aewpm8) and Phil Gibbs (http://tinyurl.com/y93gotrb ).
The rumor says that ATLAS has observed 5 sigma excess of like sign di-muon events.
This would suggests a resonance with charge Q = ±2 and muon number two. In the
3-triplet SUSY model there is a Higgs with charge 2 but the lower limit for its mass
is already now around 300-400 GeV. Rumors are usually just rumors and at this time
the most plausible interpretation is as a nasty joke intended to spoil the Christmas
of phenomenologists. Lubos Motl however represents a graph from a publication of
ATLAS (http://tinyurl.com/ydz7zj39 ) [C59] based on 2011 data giving a slight
support for the rumor. The experiences during last years give strong reasons to believe
that statistical fluctuation is in question. Despite this the temptation to find some
explanation is irresistible. Also CMS has reported same Christmas rumor but 4 years
later (see http://tinyurl.com/y8rkhmru).
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TGD view about color allows charge 2 leptomesons
TGD color differs from that of other unified theories in the sense that colored states
correspond to color partial waves in CP2 . Most of these states are extremely massive
but I have proposed that light color octet leptons are possible [K92], and there is indeed
some evidence for pion like states with mass very near to m = 2mL for all charged lepton
generations decaying to lepton-antilepton pairs and gamma pairs also p-adically scaled
up variant having masses coming as octaves of the lowest state have been reported for
the tau-pion.
Since leptons move in triality zero color partial waves, color does not distinguish between
lepton and anti-lepton so that also leptons with the same charge can in principle form
a pion-like color singlet with charge Q = ±2. This is of course not possible for quarks.
In the recent case the p-adic prime should be such that the mass for the color octet
muon is 105/2 GeV which is about 29 m(µ), where m(µ) = 105.6 MeV is the mass of
muon. Therefore the color octet muons would correspond to p ' 2k , k = k(µ) − 2 × 9 =
113 − 18 = 95, which not prime but is allowed by the p-adic length scale hypothesis.
But why just k = 95? Is it an accident that the scaling factor is same as between
the mass scales of the ordinary hadron physics characterized by M107 and M89 hadron
physics? If one applies the same argument to tau leptons characterized by M107 , one
finds that like sign tau pairs should result from pairs of M89 τ leptons having mass
m = 512 × 1.776GeV = 909 GeV. The mass of resonance would be twice this. For
electron one has m = 512 × .51 MeV= 261.6 MeV with resonance mass equal to 523.2
MeV. Skeptic would argue that this kind of states should have been observed for long
time ago if they really exist.
Production of parallel gluon pairs from the decay of strings of M89 hadron
physics as source of the leptomesons?
The production mechanism would be via two-gluon intermediate states. Both gluons
would decay to unbound colored lepton-antilepton pair such that the two colored leptons
and two antileptons would fuse to form two like sign lepton pairs. This process favors
gluons moving in parallel. The required presence of also other like sign lepton pair in
the state might allow to kill the hypothesis easily.
The presence of parallel gluons could relate to the TGD inspired explanation [K22] for
the correlated charged particle pairs observed in proton proton collisions (QCD predicts
quark gluon plasma and the absence of correlations) in terms of M89 hadron physics.
The decay of M89 string like objects is expected to produce not only correlated charged
pairs but also correlated gluon pairs with members moving in parallel or antiparallel
manner. Parallel gluons could produce like sign di-muons and di-electrons and even
pairs of like sign µ and e. In the case of ordinary hadron physics this mechanism would
not be at work so that one could understand why resonances with electron number two
and mass 523 MeV have not been observed earlier.
Even leptons belonging to different generations could in principle form this kind of states
and Phil Gibbs has represented a graph which he interprets as providing indications for
a state with mass around 105 GeV decaying to like sign µ e pairs. In this case one would
however expect that mass is roughly 105/2 GeV since electron is considerably lighter
than muon in given p-adic length scale.
The decay of bound states of two colored leptons with same (or opposite) charge would
require a trilinear coupling gLL8 analogous to magnetic moment coupling. Color octet
leptons L8 would transform to ordinary leptons by gluon emission.
To sum up, if the rumor is true, then M89 hadron physics would have begun to demonstrate its explanatory power. The new hadron physics would explain the correlated
charged particle pairs not possible to understand in high energy QCD. The additional
gamma pair background resulting from the decays of M89 pions could explain the twogamma anomaly of Higgs decays, and also the failure to get same mass for the Higgs
from ZZ and gamma-gamma decays. One should not forget that M89 pion explains the

10.6. Scaled Variants of Hadron Physics and Electroweak Physics

557

Fermi bump around 135 GeV. And it would also explain the anomalous like sign lepton
pairs if one accepts TGD view about color.

10.6.7

Could MG,79 hadron physics be seen at LHC?

Gaussian Mersennes MG,n = (1 + i)n − 1 (http://tinyurl.com/pptxe9c) are much
more abundant than ordinary Mersennes and corresponding p-adic time scales seem to
define fundamental length scales of cosmology, astrophysics, biology, nuclear physics,
and elementary physics [K72]. There are as many as 10 Gaussian Mersennes besides 9
Mersennes above LHC energy scale suggesting a lot of new physics in sharp contrast
with the GUT dogma that nothing interesting happens above weak boson scale- perhaps
copies of hadron physics or weak interaction physics. In the following I consider only
those Gaussian Mersennes possibly interesting from the point of view of very high energy
particle physics.
n ∈ {2, 3, 5, 7, 11, 19, 29, 47, 73} correspond to energies not accessible at LHC. n = 79
might define new copy of hadron physics above TeV range -something which I have
not considered seriously before. The scaled variants of pion and proton masses (M107
hadron physics) are about 2.2 TeV and 16 TeV. Is it visible at LHC is a question mark
to me.
Few weeks later after writing this I saw the posting of Lubos Motl suggesting that MG,79
pion might have been already seen! Lubos Motl tells about a bump around 2(!)TeV
energy observed already earlier at ATLAS and now also at CMS (http://tinyurl.com/
ybfnpezd: see the article “Something goes bump” (http://tinyurl.com/ok9ycxv in
Symmetry Magazine. The local significance of the bump is about 3.5 sigma and global
significance about 2.5 sigma. Bump decays to weak bosons.
Many interpretations are possible. An interpretation as a new Higgs like particle has
been suggested. Second interpretation - favored by Lubos - is as right-handed W boson
predicted by left-right- symmetric variants of the standard model. If this is correct
interpretation, one can forget about TGD since the main victory of TGD is that the
very strange looking symmetries of stanardad model have an elegant explanation in
terms of CP2 geometry, which is also twistorially completely unique and geometrizes
both electroweak and color quantum numbers.
Note that the masses masses of MG,79 weak physics would be obtained by scaling the
masses of ordinary M89 weak bosons by factor 2(89−79)/2) = 512. This would give the
masses about 2.6 TeV and 2.9 TeV.
There is however an objection. If one applies p-adic scaling 2(107−89)/2 = 29 of pion
mass in the case of speculated M89 hadron physics, M89 pion should have mass about
69 GeV (this brings in mind the old and forgotten anomaly known as Aleph anomaly
at 55 GeV). I proposed that the mass is actually an octave higher and thus around 140
GeV: p-adic length scale hypothesis allows to consider octaves. Could it really be that a
pion like state with this mass could have slipped through the sieve of particle physicists?
Note that the proton of M89 hadron physics would have mass about .5 TeV.
I have proposed [K22] that M89 hadron physics has made itself visible already in heavy
ion collisions at RHIC and in proton- heavy ion collisions at LHC as strong deviation
from QCD plasma behavior meaning that charged particles tended to be accompanied
by particles of opposite charged in opposite direction as if they would be an outcome
of a decay of string like objects, perhaps M89 pions. There has been attempts - not
very successful - to explain non-QCD type behavior in terms of AdS/CFT. Scaled up
variant of QCD would explain them elegantly. The findings from LHC during this year
will probably clarify this issue.
Lubos (http://tinyurl.com/y9eqvhuo) is five days later more enthusiastic about superstring inspired explanation of the bump than the explanation relying on left-right
symmetric variant of the standard model. The title of the posting of Lubos is “The 2
TeV LHC excess could prove string theory”. The superstringy model [C129] involves as
many as six superstring phenomenologists as chefs (http://tinyurl.com/y8bys2w5)
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and the soup contains intersecting branes, anomalies, and large extra dimensions corresponding to scale of 20 TeV as ingredients.
The article gives further valuable information about the bump also for those who are
not terribly interested on intersecting branes and addition of new anomalous factors to
the standard model gauge group. The following arguments show that the information
is qualitatively consistent with the TGD based model.
i. Bump is consistent with both ZZ, WZ, and according to Lubos also Zγ final states
and is in the range 1.8-2.1 TeV. Therefore bump could involve both charged and
neutral states. If the bump corresponds to neutral elementary particle such as new
spin 1 boson Z 0 as proposed by superstring sextet, the challenge is to explain ZZ
and Zγ bumps. WZ pairs cannot result from primary decays.
ii. There is dijet excess, which is roughly by a factor of 20 larger than weak boson
excesses. This would suggest that some state decays to quarks or their excitations
and the large value of QCD coupling strength gives rise to a the larger excess. This
also explains also why no lepton excess is observed.
For the superstring inspired model the large branching fraction to hadronic dijets
suggesting the presence of strong interactions is a challenge: Lubos does not comment this problem. Also the absence of leptonic pairs is problematic and model
builders deduce that Z 0 suffers syndrome known as lepto-phobia.
iii. Neutral and charged MG,79 pions can decay to virtual MG,79 or M89 quark pair
annihilating further to a pair of weak bosons (also γγ pair is predicted) or by
exchange of gluon to MG,79 , M89 (or M107 ) quark pair producing eventually the
dijet. This would explain the observations qualitatively. If the order of magnitude
for the relative mass splitting between neutral and charged MG,79 pion is same as
for ordinary pion one, the relative splitting if of order ∆M/M ' 1/14 - less that 10
per cent meaning ∆M < .2 TeV. The range for the position of the bump is about
.3 TeV.
iv. The predictions of TGD model are in principle calculable. The only free parameter
is the MG,79 color coupling strength so that the model is easy to test.

10.6.8 Has Icecube Detected Neutrinos Coming From Decays
Of P-Adically Scaled Up Copies Of Weak Bosons?
There is a very interesting posting Storm in IceCube by Jester (see http://tinyurl.
com/yd8yyzb3). IceCube is a neutrino detector located at South Pole. Most of the
neutrinos detected are atmospheric neutrinos originating from Sun but what one is
interested in are neutrinos from astrophysical sources.
i. Last year (see http://tinyurl.com/y887ktwf) the collaboration reported [C89]
the detection for neutrino cascade events, with with energy around 1 PeV=106
GeV. The atmospheric background decreases rapidly with energy and at these energies the detection of a pair of events at these energies corresponds to about 3
sigma. The recent (see http://tinyurl.com/y9nqlutd) report [C108] tells about
a broad excess of events (28 events) above 30 TeV: only about 10 are expected from
atmospheric neutrinos alone. The flavor composition is consistent with 1: 1: 1 ratio
of the 3 neutrino species as expected for distant sources for which the oscillations
during the travel should cause complete mixing. The distribution of the observed
events is consistent with isotropy.
ii. There is a dip ranging from .4 PeV to about 1 PeV and the spectrum has probably
a sharp cutoff somewhat above 1 TeV. This suggests a monochromatic neutrino line
resulting from the decays of some particle decaying to neutrino and some other particle - possibly also neutrino [C149] (see http://tinyurl.com/yc9ohozf). Astrophysical phenomena with standard model physics are expected to produce smooth
power-law spectrum - typically 1/E 2 - rather than peak. The proposal is that the
events around 1 PeV could come from the decay of dark matter particles with energy scale of 2 TeV. The observation of two events gives a bound for the life-time of
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dark matter particle in question: about 1021 years much longer than the age of the
Universe. The bound of course depends on what density is assumed for the dark
matter.
iii. There is also a continuum excess in the range [.1, .4] PeV. This could result from
many-particle decay channels containing more than 2 particles.

TGD based interpretation
What says TGD?
i. TGD almost-predicts a fractal hierarchy of hadron physics and weak physics labelled
by Mersenne primes Mn = 2n − 1. Also Gaussian primes MG,n = (1 + i)n − 1
are possible. M107 would correspond to the ordinary hadron physics. M89 would
correspond to weak bosons and a scaled up copy of hadron physics, for which there
are several indications: in particular, the breaking of perturbative QCD at rather
high energies assignable at LHC to proton heavy nucleus collisions. The explanation
in terms of AdS/CFT correspondence has not been successful and is not even wellmotivated since it assumes strong coupling regime.
ii. The next Mersenne prime is M61 and the first guess is that the observed TeV
neutrinos result from the decay of W and Z bosons of scaled up copy of weak
physics having mass near 1 TeV. The naı̈vest estimate for the masses of these weak
bosons is obtained by the naı̈ve scaling the masses of ordinary weak bosons by factor
2(89−61)/2 = 214 . For mW = 80 GeV and mZ = 90 GeV one obtains mW (61) = 1.31
PeV and mZ(61) = 1.47 PeV. The energy of the mono-chromatic neutrino would be
about about .65 PeV and .74 PeV in the two cases. This is in the almost
empty
√
range between.4 PeV and 1 PeV and too small roughly by a factor of 2.
An improved estimate for upper bound of Z 0 mass is based on the p-adic mass
scale m(M89 ) related to the p-adic mass scale M127 of electron
by scaling factor
√
2(127−89)/2 = 219 giving m(M89 ) ' 120 GeV for me = 5 + Xm(M127 ) = .51
MeV and X = 0 (X ≤ 1 holds true for the second order contribution to electron
mass [K19] ). The scaling by the factor 2(89−61)/2 = 214 gives m(61) = 1.96 TeV
consistent with the needed 2 TeV. The exact value of weak boson mass depends on
the value of Weinberg angle sin2 (θW ) and the value of the second order contribution
to the mass: m(61) gives upper bound for the mass of Z(61). The model predicts
two peaks with distance depending on the value of Weinberg angle of M61 weak
physics.
iii. What about the interpretation of the continuum part of anomaly? The proposed
interpretation for many-particle decays looks rather reasonable. The simplest possibility is the decay to a pair of light quarks of M61 hadron physics, followed by a
decay of quark or antiquark via emission of W boson decaying to lepton-neutrino
pair.
TGD predicts 3 generations of gauge bosons. In TGD the 3 generations of fermions
correspond to the 3 lowest genera for 2-surfaces (handle number 0,1,2). One can formally
interpret fermion generations as a triplet of broken dynamical symmetry U (3). Gauge
bosons correspond to pairs of fermions and antifermions. One obtains octet and singlet
with respect U (3). The 3 U (3) “neutral” bosons are expected to be the lightest ones.
There are 3 states of this kind analogous to neutral pion, η and η 0 of Gell-Mann model.
A possible interpretation for M61 weak bosons is as weak bosons of third generation.
The second generation would correspond to M79 and the first generation to M89 and
ordinary weak bosons. There is evidence for a bump at the mass of Higgs boson of M79
physics whose mass is obtained by scaling with the factor 210/2 = 32 from the ordinary
Higgs mass 125 GeV. One obtains 4 TeV, which is the mass of the bump. M61 Higgs
would have mass 29 = 512 times higher mass - that is 2048 TeV= 2.048 PeV.
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Further evidence for the third generation of weak bosons
Matt Strassler had a blog posting (see http://tinyurl.com/y926u8q2) about interesting finding from old IceCube data revealed at thursday (July 12, 2018) by IceCube
team. The conclusion supports the view that so called blasars, thin jets of high energy
particles suggested to emerge as matter falls into giant black hole, might be sources of
high energy neutrinos. In TGD framework one could also think that blazars originate
from cosmic strings containing dark matter and energy. Blazars themselves could be
associated with cosmic strings thickened to magnetic flux tubes. The channeling to
flux tubes would make possible observation of the particles emerging from the source
whatever it might be.
Only the highest energy cosmic neutrinos can enter the IceCube detector located deep
under the ice. IceCube has already earlier discovered a new class of cosmic neutrinos
with extremely high energy: Matt Strassler has written a posting also about this two
years ago (see http://tinyurl.com/ybu464q2): the energies of these neutrinos were
around PeV.
Last year one of these blazars flared brightly producing high energy neutrinos and
photons: neutrinos and photons came from the same position in the sky and occurred
during the same period. IceCube detector detected a collision of one (!) ultrahigh energy
neutrino with proton generating muon. The debris produced in the collision contained
also photons, which were detected. IceCube team decided to check whether old data
could contain earlier neutrino events assignable to the same blasar and found a dramatic
burst of neutrinos in 2014-2015 data during period of 150 days associated with the same
flare; the number of neutrinos was 20 instead of the expected 6-7. Therefore it seems
that the ultrahigh energy neutrinos can be associated with blazars.
By looking the article [C90] (see http://tinyurl.com/y8jtclag) one learns that neutrino energies are of order few PeV (Peta electron Volt), which makes 1 million GeV
(proton has mass .1 GeV). What kind of mechanism could create these monsters in
TGD Universe? TGD suggests scaled variants of both electroweak physics and QCD
and the obvious candidate would be decays of weak bosons of a scaled variant of ew
physics. I have already earlier considered a possible explanation interms of weak bosons
of scaled up variant of weak physics characterizes by Mersenne prime M61 = 261 − 1
(see http://tinyurl.com/y7axat8j).
i. TGD “almost-predicts” the existence of three families of ew bosons and gluons.
Their coupling matrices to fermions must be orthogonal. This breaks the universality of both ew and color interactions. Only the ordinary ew bosons can couple
in the same manner to 3 fermion generations. There are indeed indications for the
breaking of the universality in both quark and leptons sector coming from several
sources such as B meson decays, muon anomalous anomalous (this is not a typo!)
magnetic moment, and the finding that the value of proton radius is different depending on whether ordinary atoms or muonic atoms are used to deduce it (see this
chapter).
ii. The scaled variant of W boson could decay to electron and monster neutrino having same energies in excellent approximation. Z 0 boson could decay to neutrinoantineutrino pair. The essentially mono-chromatic energy spectrum for the neutrinos would serve as a unique signature of the decaying weak boson. One might hope
of observing two kinds of monster neutrinos with mass difference of the order of the
scaled up W-Z mass difference. Relative mass difference would same as for ordinary
W and Z - about 10 per cent - and thus of order .1 PeV.
One can look the situation quantitatively using p-adic length scale hypothesis and assumption that Mersenne primes and Gaussian Mersennes define preferred p-adic length
scales assignable to copies of hadron physics and electroweak physics.
i. Ordinary ew gauge bosons correspond in TGD framework to Mersenne prime Mk =
2k − 1, k = 89. The mass scale is 90 GeV, roughly 90 proton masses.
ii. Next generation corresponds to Gaussian Mersenne Gaussian Mersenne prime MG,79 =
(1 + i)79 − 1. There is indeed has evidence for a second generation weak boson cor-
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responding to MG,79 (see this chapter). The predicted mass scale is obtained by
scaling the weak boson mass scale of about 100 GeV with the factor 2(89−79/2 = 32
and is correct.
iii. The next generation would correspond to Mersenne prime M61 . The mass scale
90 GeV of ordinary weak physics is now scaled up by a factor 2(89−61)/2 = 214 '
64, 000. This gives a mass scale 1.5 PeV, which is the observed mass scale for the
neutrino mosters detected by Ice-Cube. Also the earlier monster neutrinos have
the same mass scale. This suggests that the PeV neutrinos are indeed produced in
decays of W (61) or Z(61).

10.6.9 Some Comments About τ − µ Anomaly Of Higgs Decays
And Anomalies Of B Meson Decays
Lubos Motl (http://tinyurl.com/ycmj6ro9 ) mentions a 2.5 sigma anomaly (http:
//tinyurl.com/y8gsgyyh ) [L26] observed in the decay of Higgs to τ − µ pair or its
charge conjugate not allowed by standard model. Lubos Motl mentions a model http:
//tinyurl.com/ycy3w43x ) explaining the anomaly and also other anomalies related to
semileptonic decays of neutral B meson in terms of double Higgs sector and gauged Lµ −
Lτ symmetry. In a more recent posting http://tinyurl.com/y8x69u4u Lubos Motl
mentions another paper (http://tinyurl.com/yb8fjag8 ) explaining the anomaly in
terms of a frightingly complex E6 gauge model inspired by heterotic strings.
TGD suggests however an amazingly simple explanation of the τ −µ anomaly in terms of
neutrino mixing. As a matter fact, after writing the first hasty summary of the childishly
simple idea discussed below but still managing to make mistakes, I became skeptic.
Perhaps I have misunderstood what is meant by anomaly. Perhaps the production of
τ − µ pairs is not the anomaly after all. Perhaps the anomaly is the deviation from the
prediction based on the model below. It however seems that my hasty interpretation
was correct.
The relationship between topological mixing and CKM mixing
It is good to explain first the TGD based model for CKM mixing in terms of topological
mixing for partonic topologies. Cabibbo-Kobayashi-Maskawa (CKM) matrix (see http:
//tinyurl.com/zxay2f5) is 3×3 unitary matrix describing the mixing of D type quarks
in the couplings of W bosons to a pair of U and D type quarks. For 3 quarks it can
involve phase factors implying CP breaking. The origin of the CKM matrix is a mystery
in standard model.
In TGD framework CKM mixing is induced by the mixing of the topologies of 2-D
partonic surfaces characterized by genus g = 0, 1, 2 (the number handles added to sphere
to obtain topology of partonic 2-surface) assignable to quarks and also leptons [K10,
K25].The first three genera are special since they allow a global conformal symmetry
always whereas higher genera allow it only for special values of conformal moduli. This
suggests that handles behave like free particles in many particle state that for higher
genera and for three lowest genera the analog of bound state is in question.
The mixing is in general different for different charge states of quark or lepton so that
for quarks the unitary mixing matrices for U and type quarks - call them simply U and
D - are different. Same applies in leptonic sector. CKM mixing matrix is determined
by the topological mixing being of form CKM = U D† for quarks and of similar form
for charged leptons and neutrinos.
The usual time-dependent neutrino mixing would correspond to the topological mixing.
The time constancy assumed for CKM matrix for quarks must be consistent with the
time dependence of U and D. Therefore one should have U = U1 X(t) and D = D1 X(t),
where U1 and D1 are time independent unitary matrices.
In the adelic approach to TGD [K96] [L32] fusing real and various p-adic physics (correlates for cognition) would have elements in some algebraic extension of rationals inducing
extensions of various p-adic number fields. The number theoretical universality of U1
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and D1 matrices is very powerful constraint. U1 and D1 would be expressible in terms
of roots of unity and e (ep is ordinary p-adic number so that p-adic extension is finitedimensional) and would not allow exponential representation. These matrices would be
constant for given algebraic extension of rationals.
It must be emphasized that the model for quark mixing developed for about 2 decades
ago treats quarks as constituent quarks with rather larger masses determining hadron
mass (constituent quark is identified as current valence quark plus its color magnetic
body carrying most of the mass). The number theoretic assumptions about the mixing
matrices are not consistent with the recent view: instead of roots of unity trigonometric functions reducing to rational numbers (Pythagorean triangles) were taken as the
number theoretic ideal.
X(t) would be a matrix with real number/p-adic valued coefficients and in p-adic context
it would be an imaginary exponential exp(itH) of a Hermitian generator H with the
p-adic norm t<1 to guarantee the existence of the p-adic exponential. CKM would
be time independent for XU = XD . TGD view about what happens in state function
reduction [K21, K4, K73] implies that the time parameter t in time evolution operator
is discretized and this would allow also X(tn ) to belong to the algebraic extension.
For quarks XU = XD = Id is consistent with what is known experimentally: of course,
the time dependent topological mixing of U or D type quarks would be seen in the
behavior of proton. One also expects that the time dependent mixing is very small for
charged leptons whereas the non-triviality of Xν (t) is suggested by neutrino mixing.
Therefore the assumption XL = Xν is not consistent with the experimental facts and
XL (t) = Id seems to be true a good approximation so that only Xν (t) would be nontrivial? Could the vanishing em charge of neutrinos and/or the vanishing weak couplings
of right-handed neutrinos have something to do with this? If the µ − e anomaly in the
decays of Higgs persists, it could be seen as a direct evidence for CKM mixing in leptonic
sector.
CP breaking is also possible. As a matter fact, one day after mentioning the CP
breaking in leptonic sector I learned about indications for leptonic CP breaking (see
http://tinyurl.com/zr8xm26) emerging from T2K experiment performed in Japan:
the rate for the muon-to-electron neutrino conversions is found to be higher than that
for antineutrinos. Also the NOvA experiment in USA reports similar results. The statistical significance of the findings is rather low and the findings might suffer the usual
fate. The topological breaking of CP symmetry would in turn induce the CP breaking
the CKM matrix in both leptonic and quark sectors. Amusingly, it has never occurred
to me whether topological mixing could provide the first principle explanation for CP
breaking!
Model for the h → µ − τc anomaly in terms of neutrino mixing
To my humble opinion both models mentioned by Lubos Motl are highly artificial and
bring in a lot of new parameters since new particles are introduced. Also a direct Yukawa
coupling of Higgs to τ − µ pair is assumed. This would however break the universality
since lepton numbers for charged lepton generations would not be conserved. This does
not look attractive and one can ask whether the allowance of transformation of neutrinos
to each other by mixing known to occur could be enough to explain the findings assuming
that there are no primary flavor changing currents and without introducing any new
particles or new parameters. In the hadronic sector the mixing for quarks D type quarks
indeed explains this kind of decays producing charged quark pair of say type cuc . In
TGD framework, where CKM mixing reduces to topological mixing of topologies of
partonic 2-surfaces, this option is especially attractive.
i. In standard model neutrinos are massless and have no direct coupling to Higgs.
Neutrinos are however known to have non-vanishing masses and neutrino mixing
analogous to CKM mixing is also known to occur. Neutrino mixing is enough
to induce the anomalous decays and the rate is predicted completely in terms of
neutrino mixing parameters and known standard physics parameters so that for a
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professional it should be easy to made the little computer calculations to kill the
model.
ii. In absence of flavor changing currents only W Li νj vertices can produce the anomaly.
The h → µ − τc or its charge conjugate would proceed by several diagrams but the
lowest order diagram comes from the decay of Higgs to W pair. If Higgs vacuum
expectation value is non-vanishing as in standard model then Higgs could decay to
a virtual W + W − pair decaying to τ µ pair by neutrino exchange. Decay to Z 0 pair
does not produce the desired final state in accordance with the absence of flavor
changing neutral currents in standard model. Triangle diagram would describe the
decay. Any lepton pair is possible as final state. Neutrino mixing would occur in
either W emission vertex. The rates for the decays to different lepton pairs differ
due to different mass values of leptons which are however rather small using Higgs
mass as as scale. Therefore decays to all lepton pairs are expected.
iii. In higher order Higgs could decay lepton pair to lepton pair decaying by neutrino
exchange to W pair in turn decaying by neutrino exchange to lepton pair. As as
special case one obtains diagrams Higgs decays τ − µ pair with final state preferentially ντ exchange to W + W − pair decaying by ντ exchange to µ − τ pair. The
CKM mixing parameter for neutrino mixing would in either the upper vertices of
the box. Note that Z 0 pair as intermediate state does not contribute since neutral
flavor changing currents are absent.
The proposed mechanism should be at work in any generalization of standard model
claiming to explain neutrino masses and their mixing without flavor changing neutral
currents. If the observed anomaly is different from this prediction, one can start to
search for new physics explanations but before this brane constructions in multiverse
are not perhaps the best possible strategy.
What about the anomalies related to B meson decays?
The model (http://tinyurl.com/ycy3w43x ) that Lubos Motl refers to tries to explain
also the anomalies related to semileptonic decays of neutral B meson. Neutrino mixing
is certainly not a natural candidate if one wants to explain the 2.5 sigma anomalies
reported for the decays of B meson to K meson plus muon pair. Lubos Motl (http:
//tinyurl.com/hx9dv2b ) has a nice posting about surprisingly many anomalies related
to the leptonic and pion and kaon decays of neutral B meson. Tommaso Dorigo (http:
//goo.gl/k0Imz4) tells about 4-sigma evidence for new physics in rare B meson decays.
There is also an anomaly related to the decay of neutral B meson to muon pair reported
by Jester (http://tinyurl.com/grzld8c ).
TGD predicts M89 hadron physics as a p-adically scaled up variant of ordinary M107
hadron physics with hadron mass scale scaled up by factor 512 which corresponds to LHC
energies. Could it be that the box diagrams containing W pair and two quark exchanges
involve also quarks of M89 hadron physics? A quantitative modelling would require
precise formulation for the phase transition changing the p-adic prime characterizing
quarks and gluons.
One can however ask whether one might understand these anomalies qualitatively in
a simple manner in TGD framework. Since both leptons and quarks are involved, the
anomaly must related to W-quark couplings. If M89 physics is there, there must be
radiatively generated couplings representing the decay of W to a pair of ordinary M107
quark and M89 quark. A quark of M89 hadron physics appearing as a quark exchange
between W + and W − in box diagram would affect the rates of B meson to kaon and
pion. This would affect also the semileptonic decays since the the photon or Z 0 decaying
to a lepton pair could be emitted from M89 quark.
But doesn’t Higgs vacuum expectation vanish in TGD?
While polishing this posting I discovered an objection against TGD approach that I have
not noticed earlier. This objection allows to clarify TGD based view about elementary
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particles [K48] and particle massivation in particular [K19, K42, K22, K23] so that I
will discuss it here.

i. In standard model the decay of Higgs decays to gauge bosons is described quite
well by the lowest order diagrams and the decay amplitude is proportional to Higgs
vacuum expectation. In TGD p-adic mass calculations [K19] describe fermion massivation and Higgs vacuum expectation vanishes at the fundamental level but must
make sense at the QFT limit of TGD involving the replacement of many-sheeted
space-time with single slightly curved region of Minkowski space defining GRT
space-time. Various gauge fields are sums of induced gauge fields at the sheets.
ii. Note that the decays of Higgs to W pairs with a rate predicted in good approximation by the lowest order diagrams involving Higgs vacuum expectation have been
observed. Hence Higgs vacuum expectation must appear as a calculable parameter
in the TGD approach based on generalized Feynman diagrams. In this approach the
vertices of Feynman diagrams are replaced with 3-D vertices describing splitting of
3-D surface, in particular that of partonic 2-surfaces associated with it and carrying
elementary particle quantum numbers by strong form of holography. The condition that em charge is well-defined requires that the modes of the induced spinor
fields are localized at string world sheets at which induced W fields vanish. Also
induced Z 0 fields should vanish above weak scale at string world sheets. Thus the
description of the decays reduces at microscopic level to string model with strings
moving in space-time. String world sheets would have boundaries at parton orbits
and interpreted as world lines of fundamental point-like fermions.
iii. Elementary particles are constructed as pairs of wormhole contacts with throats
carrying effective Kähler magnetic charge. Monopole flux runs along first spacetime sheet, flows to another space-time sheet along contact and returns back along
second space-time sheet and through the first wormhole contact so that closed
magnetic flux tube is obtains. Both sheets carry string world sheets and their ends
at the light-like orbits of wormhole throats are carriers of fermion number.
iv. This description gives non-vanishing amplitudes for the decays of Higgs to gauge
boson pairs and fermion pairs. Also the couplings of gauge bosons to fermions
can be calculated from this description so that both the gauge coupling strengths
and Weinberg angle are predicted. The non-vanishing value of the coupling of
Higgs to gauge boson defines the Higgs vacuum expectation which can be used in
gauge theory limit. The breaking of weak gauge symmetry reflects the fact that
weak gauge group acts as holonomies of CP2 and is not a genuine symmetry of
the action. Since weak gauge bosons correspond classical to gauge potentials, the
natural conjecture is that the couplings are consistent with gauge symmetry.
v. Massivation of particles follows from the fact that physical particles are composites
of massless fundamental fermions whose light-like momenta are in general nonparallel. It seems however possible to regarded particles as massless in 8-D sense. At
classical level this is realized rather elegantly: Minkowskian and Euclidian regions
give both a contribution to four-momentum and the contribution from the lines of
generalized Feynman diagrams is imaginary due to the Euclidian signature of the
induced metric. This gives rise to complex momenta and twistor approach suggests
that these momenta are light-like allow real mass squared to be non-vanishing. Also
the massivation of light particles could be described in this manner.
This description would conform with M 8 − H duality [K96] at momentum space
level: at imbedding space level one would have color representations and at spacetime level representations of SO(4) associated with mass squared=constant sphere
in Euclidian three space: this would correspond to the SU (2)L × SU (2)R dynamical
symmetry group of low energy hadronic physics.

10.7. QCD And TGD
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QCD And TGD

During last week I have been listening some very inspiring Harward lectures relating to
QCD, jets, gauge-gravity correspondence, and quark gluon plasma. Matthew Schwartz
(see http://tinyurl.com/y98o9hg4) gave a talk titled The Emergence of Jets at the
Large Hadron Collider [C188]. Dam Thanh Son (see http://tinyurl.com/y9o87jz2)
gave a talk titled Viscosity, Quark Gluon Plasma, and String Theory [C113]. Factorization theorems of jet QCD discussed in very clear manner by Ian Stewart (see
http://tinyurl.com/y9wj55vz) [C176] in this talk titled Mastering Jets: New Windows into Strong Interaction and Beyond.
These lecture inspired several blog postings and also the idea about systematical comparison of QCD and TGD. This kind of comparisons are always very useful - at least to
myself - since they make it easier to see why the cherished beliefs- now the belief that
QCD is the theory of strong interactions - might be wrong.
There are several crucial differences between QCD and TGD.
i. The notion of color is different in these two theories. One prediction is the possibility
oflepto-hadron physics [K92] involving colored excitations of leptons.
ii. In QCD AdS/CFT duality is hoped to allow the description of strong interactions
in long scales where perturbative QCD fails. The TGD version of gauge-gravity
duality is realized at space-time level and is much stronger: string-parton duality
is manifest at the level of generalized Feynman diagrams.
iii. TGD form of gauge-gravity duality suggests a stronger duality: p-adic-real duality.
This duality allows to sum the perturbation theories in strong coupling regime by
summing the p-adic perturbation series and mapping it to real one by canonical
correspondence between p-adics and reals. This duality suggests that factorization
“theorems” have a rigorous basis basis due to the fact that quantum superposition
of amplitudes would be possible inside regions characterized by given p-adic prime.
p-Adic length scale hypothesis suggests that p-adically scaled up variants of quarks
are important for the understanding of the masses of low lying hadrons. Also scaled
up versions of hadron physics are important and both Tevatron and LHC have found
several indications for M89 hadron physics [K22].
iv. Magnetic flux tubes are the key entities in TGD Universe. In hadron physics color
magnetic flux tubes carrying Kähler magnetic monopole fluxes would be responsible
for the non-perturbative aspects of QCD. Reconnection process for the flux tubes
(or for the corresponding strings) would be responsible for the formation of jets
and their hadronization. Jets could be seen as structures connected by magnetic
flux tubes to form a connected structure and therefore as hadron like objects. Ideal
QCD plasma would be single hadron like objects. In QCD framework quark-gluon
plasma would be more naturally gas of partons.
v. Super-symmetry in TGD framework differs from the standard SUSY and the difficultto-understand X and Y bosons believed to consist of charmed quark pair force to
consider the possibility that they are actually smesons rather than mesons [K22].
This leads to a vision in which squarks have the same p-adic length scale as
quarks but that the strong mixing between smesons and mesons makes second mass
squared eigenstate tachyonic and thus unphysical. This together with the fact that
shadronization is a fast process as compared to electroweak decays of squarks weak
bosons and missing energy would explain the failure to observer SUSY at LHC.
vi. p-Adic length scale hypothesis leads to the prediction that hadron physics should
possess scaled variants. A good guess is that these scaled variants correspond to
ordinary Mersenne primes Mn = 2n − 1 or Gaussian (complex) Mersenne primes.
M89 = 289 − 1 hadron physics would be one such scaled variant of hadron physics.
The mass scale of hadrons would be roughly 512 higher than for ordinary hadrons,
which correspond to M107 . In zero energy ontology Higgs is not necessarily needed
to give mass for gauge bosons and if Higgs like states are there, all of them are eaten
by states which become massive. Therefore Higgs would be only trouble makers in
TGD Universe.
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The neutral mesons of M89 hadron physics would however give rise to Higgs like
signals since their decay amplitudes are very similar to those of Higgs even at quantitative level if one accepts the generalization of partially conserved axial current
hypothesis [K22] [L18].
The recent reports by ATLAS and CMS about Higgs search support the existence
of Higgs like signal around about 125 GeV. In TGD framework the interpretation
would be as pion like state. There is however also evidence for Higgs like signals at
higher masses and standard Higgs is not able to explain this signals. Furthermore,
Higgs with about 125 GeV mass is just at the border of vacuum stability, and new
particles would be needed to stabilize the vacuum. The solution provided by TGD
is that entire scaled up variant of hadron physics replaces Higgs. Within a year it
should become clear whether the observed signal is Higgs or pionlike state of M89
hadron physics or something else.

10.7.1

Basic Differences Between QCD And TGD

The basic difference between QCD and TGD follow from different views about color,
zero energy ontology, and from the notion of generalized Feynman diagram.
How the TGD based notion of color differs from QCD color
TGD view about color [K19] is different from that of QCD. In QCD color is spin like
quantum number. In TGD Universe it is like angular momentum and one can speak
about color partial waves in CP2 . Quarks and leptons must have non-trivial coupling
to CP2 Kähler gauge potential in order to obtain a respectable spinor structure. This
coupling is odd multiplet of Kähler gauge potential and for n = 1 for quarks and n = 3
for leptons one obtains a geometrization of electro-weak quantum numbers in terms
of induced spinor structure and geometrization of classical and color gauge potentials.
This has several far reaching implications.
i. Lepton and baryon numbers are separetely conserved. This is not possible in GUTs.
Despite the intense search no decays of proton predicted by GUTs have been observed: a strong support for TGD approach.
ii. Infinite number of color partial waves can assigned to leptons and quarks and they
obey the triality rule: t = 0 or leptons and t = +1/ − 1 for quarks/antiquarks. The
color partial waves however depend on charge and CP2 handedness and therefore on
M 4 chirality. The correlation is not correct. Also the masses are gigantic of order
CP2 mass as eigenvalues of CP2 Laplace operator. Only right handed covariantly
constant lepton would have correct color quantum numbers.
The problem can be cured if one accepts super-conformal invariance. Conformal
generators carrying color contribute to the color quantum numbers of the particle
state. p-Adic mass calculations show that if ground states have simple negative
conformal weight making it tachyon, it is possible to have massless states with
correct correlation between electroweak quantum numbers and color [K19].
iii. Both leptons and quarks have color excited states. In leptonic sector color octet
leptons are possible and there is evidence already from seventies that states having
interpretation as lepto-pion are created in heavy ion collisions [K92]. During last
years evidence for muo-pions and tau-pions has emerged and quite recently CDF
provided additional evidence for tau-pions.
Light colored excitations of leptons and quarks are in conflict what is known about
the decay width of intermediate gauge bosons and the way out is to assume that
these states are dark matter in the sense that they have effective value of Planck
constant coming integer multiple of the ordinary Planck constant [K65]. Only
particles with the same value of Planck constant can appear in the same vertex
of generalized Feynman diagram so that these particles are dark in the weakest
possible sense of the world. The Planck constant can however change when particle
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tunnels between different sectors of the generalized imbedding spaces consisting of
coverings of the imbedding space M 4 × CP2 .
The attribute “effective” applies in the simplest interpretation for the dark matter
hierarchy based on many-valuedness of the normal derivatives of the imbedding
space coordinates as functions of the canonical momentum densities of Kähler action. Many-valuedness is implied by the gigantic vacuum degeneracy of Kähler
action: any 4-surfce with CP2 projection which is Lagrangian manifold of CP2 is
vacuum extremal and preferred extremals are deformations of these. The branches
co-incide at 3-D space-like ends of the space-time surface at boundaries of CD and
at 3-D light-like orbits of wormhole throats at which the signature of the induced
metric changes. The value of the effective Planck constant corresponds to the number of sheets of this covering of imbedding space and there are arguments suggesting
that this integer is product of two integers assignable to the multiplicities of the
branches of space-like 3-surfaces and light-like orbits. At partonic 2-surfaces the
degeneracy is maximal since all n = n1 × n2 sheets co-incide. This structure brings
very strongly in mind the stack of branes infinitesimally near to each other appearing in AdS/CFT duality. TGD analogs of 3-branes of the stacks would be distinct
in the interior of the space-time surface.
iv. TGD predicts the presence of long ranged classical color gauge potentials identified
as projections of CP2 Killing forms to the space-time surface. Classical color gauge
fields are proportional to induced Kähler form and Hamiltonians of color isometries:
GA = HA J. Alle components of the classical gluon field have the same direction.
Also long ranged classical electroweak gauge fields are predicted and one of the
implications is an explanation for the large parity breaking in living matter (chiral
selection of molecules).
Long ranged classical color fields mean a very profound distinction between QCD
color and TGD color and in TGD inspired hadron physics color magnetic flux tubes
carrying classical color gauge fields are responsible for the strong interactions in long
length scales. These color magnetic fields carrying Kähler magnetic monopole fluxes
are absolutely essential in TGD based view about quark distribution functions and
hadronic fragmentation functions of quarks and represent the long range hadron
physics about which QCD cannot say much using analytic formulas: numerical
lattice calculations provide the only manner to tackle the problem.
v. Twistorial approach to N = 4 super-symmetric gauge theory could be seen as a
diametrical opposite of jet QCD. It has been very successful but it is perturbative
approach and I find it difficult to see how it could produce something having the
explanatory power of color magnetic flux tubes.
Generalized Feynman diagrams and string-parton duality as gauge-gravity
duality
Generalized Feynman diagrams reduce to generalized braid diagrams [L29]. Braid
strands have unique identification as so called Legendrean braids identifiable as boundaries of string world sheets which are minimal surfaces for which area form is proportional to Kähler flux. One can speak about sub-manifold braids.
There are no n > 2-vertices at the fundamental braid strand level. Together with the
fact that in zero energy ontology (ZEO) all virtual states consist of on mass shell massless
states assignable to braid strands, this means that UV and IR infinities are absent. All
physical states are massive bound states of massless on mass shell states. Even photon,
gluon, and graviton have small masses. No Higgs is needed since for the generalized
Feynman diagrams the condition eliminating unphysical polarizations eliminates only
the polarization parallel to the projection of the total momentum of the particle to the
preferred plane M 2 defining the counterpart of the plane in which one usually projects
Feynman diagrams.
The crossings for the lines of non-planar Feynman diagrams represent generalization of
the crossings of the braid diagrams and integrable M 2 QFT is suggested to describe
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the braiding algebraically. This would mean that non-planar diagrams are obtained
from planar ones by braiding operations and generalized Feynman diagrams might be
constructed like knot invariants by gradually trivializing the braid diagram. This would
allow to reduce the construction of also non-planar Feynman amplitudes to twistorial
rules.
One can interpret gluons emission by quark as an emission of meson like state by hadron.
This duality is exact and does not requires Nc → ∞ limit allowing to neglect nonplanar diagrams as AdS/CFT correspondence requires. The interpretation is in terms
of duality: one might call this duality parton-hadron duality, gauge-gravity duality, or
particle-string duality.
Q2 dependent quark distribution functions and fragmentation functions in
zero energy ontology
Factorization of the strong interaction physics (see http://tinyurl.com/yac3tvhh) in
short and long time scales is one of the basic assumptions of jet QCD and originally
motivated by parton model which preceded QCD [C194, C109]. The physical motivation
for the factorization in higher energy collision is easy to deduce at the level of parton
model. By Lorentz contraction of colliding hadrons look very thin and by time dilation
the collision time is very long in cm system. Therefore the second projectile moves in
very short time through the hadron and sees the hadron in frozen configuration so that
the state of the hadron can be thought of as being fixed during collision and partons
interact independently. This looks very clear intuitively but it is not at all clear whether
QCD predicts this picture.
1. Probabilistic description of quarks in ZEO
Probabilistic description requires further assumptions. Scattering matrix element is in
good approximation sum over matrix elements describing scattering of partons of hadron
from -say- the partons of another hadron or from electron. Scattering amplitudes in
the sum reduce to contractions of current matrix elements with gluon or gauge boson
propagator. Scattering probability is the square of this quantity and contains besides
diagonal terms for currents also cross terms. Probabilistic description demands that the
sum of cross terms can be neglected. Why the phases of the terms in this sum should
vary randomly? Does QCD really imply this kind of factorization?
Could the probabilistic interpretation require and even have a deeper justification?
i. p-Adic real correspondence to be discussed in more detail below suggest how to
proceed. Quarks with different p-adic mass scales can correspond to different padic number fields with real amplitudes or probabilities obtained from their padic counterparts by canonical identificaton. Interference makes sense only for
amplitudes in the same number field. Does this imply that cross terms involving
different p-adic primes cannot appear in the scattering amplitudes?
ii. Should one assume only a density matrix description for the many quark states
formed from particles with different values of p-adic prime p? If so the probabilistic
description would be un-avoidable. This does not look an attractive idea as such.
Zero energy ontology however replaces density matrix with M -matrix defined as
the hermitian square root of the density matrix multiplied by a universal unitary
S-matrix. The modulus squared of M -matrix element gives scattering probability.
One can one imagine that M -matrix at least approximately decomposes to a tensor
product of M -matrices in different length scales: these matrices could correspond
to different number fields before the map to real numbers and probabilities could
be formed as “numbers” in the tensor product of p-adic number fields before the
mapping to real numbers by canonical identification.
In finite measurement resolution one sums over probabilities in short length scales so
that the square of M-matrix in short scale gives density matrix. Could this lead to
a probabilistic description at quark level? Distribution functions and fragmentation
functions could indeed correspond to these probabilities since they emerge in QCD
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picture from matrix elements between initial and final states of quark in scattering
process. Now these states correspond to the positive and negative energy parts of
zero energy state.
2. Q2 dependence of distribution and fragmentation functions in ZEO
The probabilistic description of the jet QCD differs from that of parton model in that the
parton distributions and fragmentation functions depend on the value of Q2 , where Q is
defined as the possibly virtual momentum of the initial state of the parton level system.
Q could correspond to the momentum of virtual photon annihilation to quark pair in the
annihilation of e+ e− pair to hadrons, to the virtual photon decaying to µ+ µ− pairs and
emitted by quark after quark-quark scattering in Drell-Yan process, or to the momentum
of gluon or quark giving rise to a jet, ... What is highly non-trivial is that distribution
and fragmentation functions are universal in the sense that they do not depend on
the scattering process. Furthermore, the dependence on Q2 can be determined from
renormalization group equations (see http://tinyurl.com/yac3tvhh) [C194, C109].
What does Q2 s dependence mean in TGD framework?
i. In partonic model this dependence looks strange. If one thinks the scattering at
quantum level, this dependence is very natural since it corresponds to the dependence of the matrix elements of current operators on the momentum difference
between quark spinors in the matrix element. In QCD framework Q2 dependence is
not mysterious. It is the emergence of probabilistic description which is questionable
in QFT framework.
ii. One could perhaps say that Q2 represents resolution and that hadron looks different
in different resolutions. One could also say that there is no hadron “an sich”: what
hadron looks like depends on the process used to study it.
iii. In zero energy ontology the very notion of state changes. Zero energy state corresponds to physical event or quantum superposition of them with M -matrix defining
the time like entanglement coefficient and equal to a hermitian square root of density matrix and S-matrix. In this framework different values of Q correspond to
different momentum differences for spinor pairs appearing in the matrix element
of the currents and Q2 dependence of the probabilistic description is very natural.
The universality of distribution and fragmentation functions follows in zero energy
ontology if one assumes the factorization of the dynamics in different length scales.
This should follow from the universality of the S-matrix in given number field (in
given p-adic length scale).

10.7.2

P-Adic Physics And Strong Interactions

p-Adic physics provides new insights to hadron physics not provided by QCD.
p-Adic real correspondence as a new symmetry
The exactness of the gauge-gravity duality suggests the presence of an additional symmetry. Perhaps the non-converging perturbative expansion at long scales could make
sense after all in some sense. The proposed p-adic-real duality [K77] suggests how.
i. The perturbative expansion is interpreted in terms of p-adic numbers and the effective coupling constant g 2 M Nc is interpreted as p-adic number which for some
preferred primes is proportional to the p-adic prime p and therefore p-adically small.
Hence the expansion converges rapidly p-adically. The p-adic amplitudes would be
obtained by interpreting momenta as p-adic valued momenta. If the momenta are
rationals not divisible by any non-trivial power of p the canonical identification
maps the momenta to themselves. If momenta are small rationals this certainly
makes sense but does so also more generally.
ii. The converging p-adic valued perturbation series is mapped to real numbers using
the generalization of the canonical identification appearing quantum arithmetics
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[K77]. The basic rule is simple: replace powers of p with their inverses everywhere.
The coefficients of powers of p are however allowed to be rationals for which neither
numerator or denominator is divisible by p. This modification affects the predictions
of p-adic mass calculations only in a negligible manner.
iii. p-Adic-real duality has an interpretation in terms of cognition having p-adic physics
as a correlate [K37]: it maps the physical system in long length scale to short length
scales or vice versa and the image of the system assigning to physical object thought
about it or vice versa provides a faithful representation. Same interpretation could
explain also the successful p-adic mass calculations. It must be emphasized that
real partonic 2-surfaces would obey effective p-adic topology and this would be
due to the large number of common points shared by real and p-adic partonic
2-surfaces. Common points would be rational points in the simplest picture: in
quantum arithmetics they would be replaced by quantum rationals.
p-Adic-real correspondence [K77] generalizes the canonical identification used to map
the p-adic valued mass squared predicted by p-adic thermodynamics as the analog of
thermal energy to a real number. An important implication is that p-adic mass squared
value is additive [K25].
i. For instance, for mesons consisting of pairs of quark and its antiquark the values of
p-adic mass squared for quark and antiquark are additive and this sum is mapped
to a real number: this kind of additivity was observed already at early days of
hadron physics but there was no sensible interpretation for it. In TGD framework
additivity of the scaling generator of Virasoro algebra is in question completely
analogous to the additivity of energy.
ii. For mesons consisting of quarks labelled by different value of p-adic prime p, one
cannot sum mass squared values since they belong to different number fields. One
must map both of them first to real numbers and after this sum real mass values
(rather than mass squared values).
This picture generalizes. Only p-adic valued amplitudes belonging to same p-adic number field and therefore corresponding to the same p-adic length scales can be summed.
There is no interference between amplitudes corresponding to different p-adic scales.
i. This could allow to understand at deeper level the somewhat mysterious and ad hoc
assumption of jet QCD that the strong interactions in long scales and short scales
factorize at the level of probabilities. Typically the reaction rate is expressible using products of probabilities. The probability for pulling out quarks from colliding
protons (non-perturbative QCD), the probability describing parton level particle reaction (perturbative QCD), and the probability that the scattering quarks fragment
to the final state hadrons (non-perturbative QCD). Ordinary QCD would suggest
the analog of this formula but with probability amplitudes replacing probabilities
and in order to obtain a probabilistic description one must assume that various
interference terms sum up to zero (de-coherence). p-Adic-real duality would predict the relative docoherence of different scales as an exact result. p-adic length
scale hypothesis would also allow to define the notion of scale precisely. From the
stance provided by TGD it seems quite possible that the standard belief that jet
QCD follows from QCD is simply wrong. The repeated emphasis of this belief is
of course part of the liturgy: it would be suicidical for a specialist of jet QCD to
publicly conjecture that jet QCD is more than QCD.
ii. The number theoretical de-coherence would be very general and could explain
the somewhat mysterious de-coherence phenomenon (see http://tinyurl.com/
y3c5vg) . Decoherence could have as a number theoretical correlate the decomposition of space-time surfaces to regions characterized by different values of p-adic
primes. In given region the amplitudes would be constructed as p-adic valued amplitudes and then mapped to real amplitudes by canonical identification. A space-time
region characterized by given p would be the number theoretical counterpart of the
coherence region. The regions with different value of p would behave classically
with respect to each other and region with given p could understand what happens
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in regions with different values of p using classical probability. This would also
the resolve paradoxes like whether the Moon is there when no-one is looking. It
could also mean that the anti-commutative statistics for fermions holds true only for
fermionic oscilator operators associated with a space-time region with given value
of p-adic prime p. Somewhat ironically, p-adic physics would bring quantum reality
much nearer to the classical reality.
Logarithmic corrections to cross sections and jets
Even in the perturbative regime exclusive cross sections for parton-parton scattering contain large logarithmic corrections (see http://tinyurl.com/yd66oguo) of form
log(Q2 /µ2 ) [C194], where Q is cm energy and µ is mass scale which could be assigned
to quark or - perhaps more naturally - to jet. These corrections spoil the convergence of
the perturbative expansion at Q2 → ∞ limit. One can also say that the cross sections
are singular at the limit of vanishing quark mass: this is the basic problem of the twistor
approach.
For “infra-red safe” cross sections the logarithmic singularities can be eliminated by
summing over all initial and final states not distinguishable from each other in the
energy and angle resolutions available. It is indeed impossible to distinguish between
quark and quark and almost collinear soft gluon and one must therefore sum over all
final states containing soft gluons. A simple example about IR safe cross section is the
cross section for e+ e− annihilation to hadrons in finite measurement resolution, from
which logarithms log(Q/µ) disappear.
In hadronic reactions jets are studied instead of hadrons. IR safety is one criterion for
what it is to be a jet. Jet can be imagined to result as a cascade. Parton annihilates
to a pair of partons, resulting partons annihilate into softer partons, and so on... The
outcome is a cascade of increasingly softer partons. The experimental definition of
jet ris constrained by a finite measurement resolution for energy and angle, and jet is
parameterized by the cm energy Q, by the energy resolution , and by the jet opening
angle δ: apart from a fraction  all cm energy Q of the jet is contained within a cone with
opening angle δ. According to the estimate [C194] the mass scale of the jet resulting at
the k: th step of the cascade is roughly δ k Q.
What could be the counterpart for this description of jets in TGD framework?
i. Jet should be a structure with a vanishing total Kähler magnetic charge bound by
flux tubes to a connected hadron like structure. By hadron-parton duality gluon
emission from quark has interpretation as a meson emission from hadron: jets
could be also interpreted as collections of hadrons at different space-time sheets.
Reconnection process could play a key role in the decay of jet to hadrons. p-Adic
length scale hypothesis suggests the interpretation of jets as hadron like objects
which are off mass shell in the sense that the p-adic prime p ' 2k characterizing the
jet space-time sheets is smaller than M107 characterizing the final state hadrons.
One could say that jets represent p-adically hot hadron-like objects which cool and
decay to hadrons. If so, the transition from M107 hadron physics to M89 hadron
physics could be rather smooth. The only new thing would be the abnormally long
lifetime of M89 hadrons formed as intermediate states in the process.
ii. p-Adic length scale hypothesis suggests that the p-adic length scale assignable
to
√
the parton (hadron like object) at the k + 1: th step is by power of 2 longer
than that associated with k: th step: p → pnext ' 2 × p is the simplest possibility.
The naı̈ve formula Q(k + 1) ∼ δ × Q(k) would probably require a generalization to
Q(k + 1) ∼ 2−r/2 × Q(k), r integer with δ = 2−nr/2 × 2π, n an integer. r = 1 would
be the simplest option. The cascade at the level of jet space-time sheets would stop
when the p-adic length scale corresponds to M107 , which corresponds to.5 GeV mass
scale. At the level of quarks one can imagine a similar cascade stopping at p-adic
length scales corresponding to the mass scale about 5 MeV for u and d quarks.
iii. Zero energy ontology brings in natural IR cutoffs since also gluons have small mass.
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Final and initial state quarks could emit only a finite number of gluons as brehmstrahlung and soft gluons could not produce IR divergences.
iv. The notion of finite measurement resolution in QCD involves the cone opening
angle δ and energy resolution characterized by . In TGD framework the notion of
finite measurement resolution is fundamental and among other things implies the
description in terms of braids. Could TGD simplify the QCD description for finite
measurement resolution? Discretization in the space of momentum directions is
what comes in mind first and is strongly suggested also by the number theoretical
vision. One would not perform integral over the cone but sum over all events
producing quark and a finite number of collinear gluons with an upper bound form
them deducible from cm energy and gluon mass. For massive gluons the number
of amplitudes to be summed should be finite and the jet cascade would have only
finite number of steps.
Could number theoretical constraints allow additional insights? Are the logarithmic
singularities present in the p-adic approach at all? Are they consistent with the number
theoretical constraints?
i. The p-adic amplitudes might well involve only rational functions and thus be free
of logarithmic singularities resulting from the loop integrals which are dramatically
simplified in zero energy ontology by on mass shell conditions for massless partonic
2-surfaces at internal lines.
ii. For the sheer curiousity one can consider the brehmstrahlung from a quark characterized by p-adic prime p. Do the logarithms log((Q2 /µ2 ), where µ2 is naturally
p-adic mass scale, make sense p-adically? This is the case of one has Q2 /µ2 =
(1 + O(p)). The logarithm would be of form O(p) and p-adically very small. Also
its real counterpart obtained by canonical identification would be very small for
O(p) = np, n << p. For Q2 /mu2 = m(1 + O(p)), m integer, one must introduce
an extension of p-adic numbers guaranteeing that log(m) exists for 1 < m < p.
Only single logarithm log(a) and its powers are needed since for primitive roots a of
unity one as m = an mod p for some n. Since the powers of log(a) are algebraically
independent, the extension is infinite-dimensional and therefore can be questioned.
iii. For the original form of the canonical identification one would have O(p) = np. In
the real sense the value of Q2 would be gigantic for p = M107 (say). p-Adically
Q2 would be extremely near toPµ2 . The modified form of canonical identification
n
replaces pinary expansion
P x =n xn p , 0 ≤ xn < p, of the p-adic integer with the
quantum rational q =
qn p , where qn are quantum rationals [K77], which are
algebraic numbers involving only the quantum phase ei2π/p and are not divisible by
any power of p [K77].
This would allow physically sensible values for Q2 /mu2 = 1 + qp + .. in the real
sense for arbitrarily large values of p-adic prime. In the canonical identification they
would be mapped to Q2 /mu2 = 1 + q/p + .. appearing in the scattering amplitude.
For q/p near unity logarithmic corrections could be sizeable. If qp is of order unity
as one might expect, the corrections are of order q/p and completely negligible.
Even at the limit Q2 → ∞ understood in the real sense the logarithmic corrections
would be always negligible if Q2 is p-adic quantum rational. Similar extremely rapid
convergence characterizes p-adic thermodynamics [K19] and makes the calculations
practically exact. Smallness of logarithmic corrections quite generally could thus
distinguish between QCD and TGD.
iv. In p-adic thermodynamics the p-adic mass squared defined as a thermal average of
conformal weight is a ratio of two quantities infinite as real numbers. Even when
finite cutoff of conformal weight is introduced one obtains a ratio of two gigantic real
numbers. The limit taking cutoff for conformal weight to infinity does not exist in
real sense. Does same true for scattering amplitudes? Quantum arithmetics would
guarantee that canonical identification respects discretized symmetries natural for
a finite measurement resolution.
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p-Adic length scale hypothesis and hadrons
Also p-adic length scale hypothesis distinguishes between QCD and TGD. The basic
predictions are scaled variants of quarks and the TGD variant of Gell-Mann Okubo
mass formula indeed assumes that in light hadrons quarks can appear in several padic mass scales. One can also imagine the possibility that quarks can have short
lived excitations with non-standar p-adic mass scale. The model for tau-pion needed
to explain the 3-year old CDF anomaly for which additional support emerged recently,
assumes that color octet version of tau lepton appears as three different mass scales
coming as octaves of the basic mass scale [K92]. Similar model has been applied to
explain also some other other anomalies.
M89 hadron physics corresponds to a p-adic mass scale in TeV range [K22]: the proton
of M89 hadron physics would have mass near 500 GeV if naı̈ve scaling holds true. The
findings from Tevatron and LHC have provided support for the existence of M89 mesons
and the bumps usually seen as evidence for Higgs would correspond to the mesons of
M89 hadron physics. It is a matter of time to settle whether M89 hadron physics is
there or not.

10.7.3

Magnetic Flux TubesandStrong Interactions

Color magnetic flux tubes carrying Kähler magnetic monopole flux define the key element of quantum TGD and allow precise formulation for the non-perturbative aspects
of strong interaction physics.
Magnetic flux tube in TGD
The following examples should make clear that magnetic flux tubes are the central
theme of entire TGD present in all scales.
i. Color magnetic flux tubes are the key element of hadron physics according to TGD
and will be discussed in more detail below.
ii. In TGD Universe atomic nucleus is modelled as nuclear string with nucleons connected by color magnetic flux tubes which have length of order Compton length of
u and d quark [K86, L5]. One of the basic predictions is that the color flux tubes
can be also charged. This predicts a spectrum of exotic nuclei. The energy scale of
these states could be small and measured using keV as a natural unit. These exotic
states with non-standard value of Planck constant giving to the flux tubes the size
of the atom and the scaling up electroweak scale to atomic scale could explain cold
fusion for which empirical support is accumulating [L5, K64].
iii. Magnetic flux tubes are also an essential element in the model of high Tc super
conductivity [K9]. The transition to super-conductivity in macroscopic scale would
be a percolation type process in which shorter flux tubes would combine at critical
point to form long flux tubes so that the supra currents could flow over macroscopic
distances. The basic prediction is that there are two critical temperatures. Below
the first one the super-conductivity is possible for “short” flux tubes and at lower
critical temperature the “short” flux tubes fuse to form long flux tubes. Two critical
temperatures have been indeed observed.
iv. Magnetic flux tubes carrying dark matter are the corner stone of TGD inspired
quantum biology, where the notion of magnetic body is in a central role. For
instance, the vision aboutDNA as topological quantum computer [K52] is based on
the braiding of flux tubes connecting DNA nucleotides and the lipids of nuclear or
cellular membrane.
v. In the very early TGD inspired cosmology [K85] string like objects with 2-D M 4
projection are the basic objects. Cosmic evolution means gradual thickening of their
M 4 projection and flux conservation means that the flux weakens. If the lengths of
the flux tubes increase correspondingly, magnetic energy is conserved. Local phase
transitions increasing Planck constant locally can occur and led to a thickening
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of the flux tube and liberation of magnetic energy as radiation which later gives
rise to radiation and matter. This mechanism replaces the decay of the energy of
inflation field to radiation as a [L15] [K84]. The magnetic tension is responsible for
the negative pressures explaining accelerated expansion and magnetic energy has
identification as the dark energy.
Reconnection of color magnetic flux tubes and non-perturbative aspects of
strong interactions
The reconnection of color magnetic flux tubes is the key mechanism of hadronization
and a slow process as compared to quark gluon emission.
i. Reconnection vertices have interpretation in terms of stringy vertices AB + CD →
AD+BC for which interiors of strings serving as representatives of flux tubes touch.
The first guess is that reconnection is responsible for the low energy dynamics of
hadronic collisions.
ii. Reconnection process takes place for both the hadronic color magnetic flux tubes
and those of quarks and gluons. For ordinary hadron physics hadrons are characterized by Mersenne prime M107 . For M89 hadron physics reconnection process
takes place in much shorter scales for hadronic flux tubes.
iii. Each quarks is characterized by a p-adic length scale: this scale characterizes the
length scale of the magnetic bodies of the quark. Therefore reconnection at the level
of the magnetic bodies of quarks take places in several time and length scales. For
top quark the size scale of magnetic body is very small as is also the reconnection
time scale. In the case of u and d quarks with mass in MeV range the size scale of
the magnetic body would be of the order of electron Compton length. This scale
assigned with quark is longer than the size scale of hadrons characterized by M89 .
Classically this does not make sense but in quantum theory Uncertainty Principle
predicts it from the smallness of the light quark masses as compared to the hadron
mass. The large size of the color magnetic body of quark could explain the strange
finding about the charge radius of proton [K22].
iv. Reconnection process in the beginning of proton-proton collision would give rise
to the formation of jets identified as big hadron like entities connected to single
structure by color magnetic flux tubes. The decay of jets to hadrons would be
also reconnection process but in opposite time direction and would generate the
hadrons in the final state (negative energy part of the zero energy state). The
short scale process would be the process in which partons scatter from each other
and produce partons. These processes would have a dual description in terms of
hadronic reactions.
v. Factorization theorems are the corner stone of jet QCD. They are not theorems in
the mathematical sense of the word and one can quite well ask whether they really
follow from QCD or whether they represent correct physical intuitions transcending
the too rigid framework provided by QCD as a gauge theory. Reconnection process
would obviously represent the slow non-perturbative aspects of QCD and occur both
for the flux tubes associated with quarks and those assignable to hadrons. Several
scales would be present in case of quarks corresponding to p-adic length scales
assigned to quarks which even in light hadrons would depend on hadron [K25]. The
hadronic p-adic length scale would correspond to Mersenne prime M107 . One of the
basic predictions of TGD is the existence of M89 hadron physics and there are several
indications that LHC has already observed mesons of this hadron physics. p-Adicreal duality would provide a further mathematical justification for the factorization
theorems as a consequence of the fact that interference between amplitudes belong
to different p-adic number fields is not possible.
Reconnection process is not present in QCD although it reduces to string re-connection
in the approximation that partonic 2-surfaces are replaced by braids. An interesting
signature of 4-D stringyness is the knotting of the color flux tubes possible only because
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the strings reside in 4-D space-time. This braiding ad knotting could give rise to effects
not predicted by QCD or at least its description using AdS/CFT strings. The knotting
and linking of color flux tubes could give rise to exotic topological effects in nuclear
physics if nuclei are nuclear strings.
Quark gluon plasma
A detailed qualitative view about quark-gluon plasma in TGD Universe can be found
from [L29].
i. The formation of quark gluon plasma would involve a reconnection process for the
magnetic bodies of colliding protons or nuclei in short time scale due to the Lorentz
contraction of nuclei in the direction of the collision axis. Quark-gluon plasma
would correspond to a situation in which the magnetic fluxes are distributed in
such a manner that the system cannot be decomposed to hadrons anymore but acts
like a single coherent unit. Therefore quark-gluon plasma in TGD sense does not
correspond to the thermal quark-gluon plasma in the naı̈ve QCD sense in which
there are no long range correlations. Ideal quark gluon plasma is like single very
large hadron rather than a gas of partons bound to single unit by the conservation
of magnetic fluxes connecting the quarks and antiquarks.
ii. Long range correlations and quantum coherence suggest that the viscosity to entropy ratio is low as indeed observed [K22]. The earlier arguments suggest that the
preferred extremals of Kähler action have interpretation as perfect fluid flows [K40].
This means at given space-time sheet allows global time coordinate assignable to
flow lines of the flow and defined by conserved isometry current defining Beltrami
flow. As a matter fact, all conserved currents are predicted to define Beltrami flows.
Classically perfect fluid flow implies that viscosity, which is basically due to a mixing causing the loss of Beltrami property, vanishes. Viscosity would be only due to
the finite size of space-time sheets and the radiative corrections describable in terms
of fractal hierarchy CDs within CDs. In quantum field theory radiative corrections
indeed give rise to the absorbtive parts of the scattering amplitudes. In the case of
quark gluon plasma viscosity is very large although the viscosity to entropy ratio is
near to its minimum η/s = ~/4π predicted by AdS/CFT correspondence.
iii. There are good motivations for challenging the belief that QCD predicts strongly
interacting quark gluon plasma having very large viscosity begin more like glass
than a gas of partons. The reason for the skepticism is that classical color magnetic
fields carrying magnetic monopole charges are absent. Also the notion of manysheeted space-time (see Fig. http://tgdtheory.fi/appfigures/manysheeted.
jpg or Fig. 9 in the appendix of this book) is essential element of the description.
The recent evidence for the failure of AdS/CFT correspondence in the description
of jet fragmentation in plasma support the pessimistic views.

10.7.4

Does Color Deconfinement Really Occur?

Bee (http://tinyurl.com/yapfwrmk) had a nice blog posting related to the origin of
hadron masses and the phase transition from color confinement to quark-gluon plasma
involving also restoration of chiral symmetry in the sigma model description.
The origin of hadron masses is poorly understood in QCD for the simple reason that
perturbative QCD does not exist at low energies. The belief is that the couplings of
pions to nucleons generate the mass and sigma model provides a Higgs model type description for this. The phase transition from color confinement to quark-gluon plasma is
expected to involve the restoration of chiral symmetry for quarks. In the ideal situation
the outcome should be a black body spectrum with no correlations between radiated
particles. In the sigma model description nucleons and pions becomes massless in good
approximation. Quark gluon plasma suggests that they disappear completely from the
spectrum.
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The situation is however not this. Some kind of transition occurs and produces a phase,
which has much lower viscosity than expected for quark-gluon plasma. Transition occurs
also in much smoother manner than expected. And there are strong correlations between
opposite charged particles - charge separation occurs. The simplest characterization for
these events would be in terms of decaying strings emitting particles of opposite charge
from their ends. Conventional models do not predict anything like this.
TGD approach strongly suggests the existence scaled up variants of ordinary hadron
physics: actually two of them assignable to Mersenne prime M89 and Gaussian Mersenne
MG,79 respectively should make them visible at LHC and there are indications about
the predicted anomalies. This picture allows to consider the possibility that instead of
de-confinement a quantum phase transition from the ordinary M107 hadron physics to
a dark variant of M89 hadron physics would occur.
By quantum criticality M89 hadron physics would be characerized by the value of effective Planck constant hef f = n × h. n ' 29 − 210 guarantees that the sizes the scaled up
sizes of M89 hadrons are of the size scale of nucleons or even nuclei. Quantum coherence
in this scale explains the unexpected properties of what was expected to be quark-gluon
plasma and explains charge asymmetries in terms of decay of string like color magnetic
flux tubes associated with M89 pions.
Some background
The masses of current quarks are very small - something like 5-20 MeV for u and d.
These masses explain only a minor fraction of the mass of proton. The old fashioned
quark model assumed that quark masses are much bigger: the mass scale was roughly
one third of nucleon mass. These quarks were called constituent quarks and - if they
are real - one can wonder how they relate to current quarks.
Sigma model provide a phenomenological decription for the massivation of hadrons in
confined phase. The model is highly analogous to Higgs model. The fields are meson
fields and baryon fields. Now neutral pion and sigma meson develop vacuum expectation
values and this implies breaking of chiral symmetry so that nucleon become massive.
The existence of sigma meson is still questionable.
In a transition to quark-gluon plasma one expects that mesons and protons disappear
totally. Sigma model however suggests that pion and proton do not disappear but
become massless. Hence the two descriptions might be inconsistent.
The authors of the article assumes that pion continues to exist as a massless particle
in the transition to quark gluon plasma. The presence of massless pions would yield a
small effect at the low energies at which massless pions have stronger interaction with
magnetic field as massive ones. The existence of magnetic wave coherent in rather large
length scale is an additional assumption of the model: it corresponds to the assumption
about large hef f in TGD framework, where color magnetic fields associated with M89
meson flux tubes replace the magnetic wave.
In TGD framework sigma model description is at best a phenomenological description
as also Higgs mechanism. p-Adic thermodynamics replaces Higgs mechanism and the
massivation of hadrons involves color magnetic flux tubes connecting valence quarks to
color singles. Flux tubes have quark and antiquark at their ends and are mesonlike in
this sense. Color magnetic energy contributes most of the mass of hadron. Constituent
quark would correspond to valence quark identified as current quark plus the associated
flux tube and its mass would be in good approximation the mass of color magnetic flux
tube.
There is also an analogy with sigma model provided by twistorialization in TGD sense.
One can assign to hadron (actually any particle) a light-like 8-momentum vector in
tangent space M 8 = M 4 × E 4 of M 4 × CP2 defining 8-momentum space. Massless
implies that ordinary mass squared corresponds to constant E 4 mass which translates
to a localization to a 3-sphere in E 4 . This localization is analogous to symmetry breaking
generating a constant value of π 0 field proportional to its mass in sigma model.
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An attempt to understand charge asymmetries in terms of charged magnetic
wave and charge separation
One of the models trying to explain the charge asymmetries is in terms of what is
called charged magnetic wave effect and charge separation effect related to it. The
experiment [C122] (http://tinyurl.com/y75qndol) discussed by Bee attempts to test
this model.
i. So called chiral magnetic wave effect and charge separation effects are proposed as
an explanation for the linear dependence of the asymmetry of so called elliptic flow
on charge asymmetry. Conventional models explain neither the charge separation
nor this dependence. Chiral magnetic wave would be a coherent magnetic field
generated by the colliding nuclei in a relatively long scale, even the length scale of
nuclei.
ii. Charged pions interact with this magnetic field. The interaction energy is roughly
h × eB/E, where E is the energy of pion. In the phase with broken chiral symmetry
the pion mass is non-vanishing and at low energy one has E = m in good approximation. In chirally symmetric phase pion is massless and magnetic interaction
energy becomes large a low energies. This could serve as a signature distginguishing between chirally symmetric and asymmetric phases.
iii. The experimenters try to detect this difference and report slight evidence for it. This
is change of the charge asymmetry of so called elliptic flow for positively and negatively charged pions interpreted in terms of charge separation fluctuation caused
by the presence of strong magnetic field assumed to lead to separation of chiral
charges (left/righ handedness). The average velocities of the pions are different and
average velocity depends azimuthal angle in the collision plane: second harmonic is
in question (say sin(2φ)).
Phase transition to dark M89 hadron physics instead of deconfinement?
In TGD framework the explanation of the un-expected behavior of should-be quarkgluon plasma is in terms of M89 hadron physics.
i. A phase transition indeed occurs but means a phase transition transforming the
quarks of the ordinary M107 hadron physics to those of M89 hadron physics. They
are not free quarks but confined to form M89 mesons. M89 pion would have mass
about 135 GeV [K22]. A naı̈ve scaling gives half of this mass but it seems unfeasible
that pion like state with this mass could have escaped the attention - unless of course
the unexpected behavior of quark gluon plasma demonstrates its existence! Should
be easy for a professional to check. Thus a phase transition would yield a scaled up
hadron physics with mass scale by a factor 512 higher than for the ordinary hadron
physics.
ii. Stringy description applies to the decay of flux tubes assignable to the M89 mesons
to ordinary hadrons. This explains charge separation effect and the deviation from
the thermal spectrum. The color magnetic flux flux tube corresponds to chiral
magnetic wave in the model tested in the experiment. Effects caused by the presence
of strong color magnetic fields in nuclear length scale could be present also now but
a more feasible interpretation for the observed anomalous effects is in terms of the
decays of M89 pions. Note that in TGD framework color gauge field associated with
single space-time sheet is proportional to induced Kähler form, which contribute
also the classical electromagnetic field as induced gauge field. At QFT limit effective
gauge fields are independent in good approximation.
iii. In the experiments discussed in the article the cm energy for nucleon-nucleon system
associated with the colliding nuclei varied between 27-200 GeV so that the creation
of even on mass shell M89 pion in single collision of this kind is possible at highest
energies. If several nucleons participate simultaneosly even many-pion states are
possible at the upper end of the interval.
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iv. These hadrons must have large hef f = n × h since collision time is roughly 5
femtoseconds, by a factor about 500 (not far from 512!) longer than the time scale
associated with their masses if M89 pion has the proposed mass of 135 MeV for
ordinary Planck constant and scaling factor 2 × 512 instead of 512 in principle
allowed by p-adic length scale hypothesis. There are some indications for a meson
with this mass. The hierarchy of Planck constants allows at quantum criticality to
zoom up the size of much more massive M89 hadrons to nuclear size! The phase
transition to dark M89 hadron physics could take place in the scale of nucleus
producing several M89 pions decaying to ordinary hadrons.
v. The large value of hef f would mean quantum coherence in the scale of nucleus explaining why the value of the viscosity was much smaller than expected for quark
gluon plasma. The expected phase transition was also much smoother than expected. Since nuclei are many-nucleon systems and the Compton wavelength of
M89 pion would be of order nucleus size, one expects that the phase transition can
take place in a wide collision energy range. At lower energies several nucleon pairs
could provide energy to generate M89 pion. At higher energies even single nucleon
pair could provide the energy. The number of M89 pions should therefore increase
with nucleon-nucleon collision energy, and induce the increase of charge asymmetry
and strength of the charge asymmetry of the elliptic flow.
vi. Hydrodynamical behavior is essential in order to have low viscosity classically. Even
more, the hydrodynamics had better to be that of an ideal liquid. In TGD framework the field equations have hydrodynamic character as conservation laws for currents associated with various isometries of imbedding space. The isometry currents
define flow lines. Without further conditions the flow lines do not however integrate
to a coherent flow: one has something analogous to gas phase rather than liquid so
that the mixing induced by the flow cannot be described by a smooth map.
To achieve this given isometry flow must make sense globally - that is to define
coordinate lines of a globally defined coordinate (”time” along flow lines). In this
case one can assign to the flow a continuous phase factor as an order parameter
varying along the flow lines. Super-conductivity is an example of this. The so
called Frobenius conditions guarantee this at least the preferred extremals could
have this complete integrability property making TGD an integrable theory see the
appendix of the article [L24] or section of [K51] (http://tinyurl.com/y89rsq9c).
In the recent case, the dark flux tubes with size scale of nucleus would carry ideal
hydrodynamical flow with very low viscosity.
Large parity breaking effects at RHIC?
Ulla Matfolk reminded me about an old Sciencedaily article (see http://tinyurl.com/
yzo6ptx) [C7] telling about discovery of large parity breaking effects at RHIC studying
collisions of relativistic heavy ions at energies at which QCD suggests the formation
of quark gluon plasma. Somehing exotic is observed but it seems to be something
different from quark gluon plasma in that long range correlations not characteristic for
plasma phase are present and the particle production does not look like black body
radiation. Similar findings are made also at LHC and also for proton-proton collisions.
This suggests new physics and M89 hadron physics is the TGD inspired candidate for
it. In any case, I took the article as a hype as I read it for four years ago.
Now I read the article again and started to wonder on what grounds authors claim large
parity violation. What they claim to observed are magnetic fields in which u and d
quarks with charges 2/3 and -1/3 move in opposite directions along the magnetic field
lines (flux tubes in TGD). They assign these motions to the presence of strong parity
breaking, much stronger than predicted by the standard model.
1. Instanton density as origin of parity breaking
What says TGD? In TGD magnetic fields would form flux tubes, even flux tubes carrying
monopole flux are possible. The findings suggests that magnetic field was accompanied
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by electric field and that both were parallel to the flux tubes and each other in average
sense. Helical magnetic and electric fields parallel in average sense could be associated
with flux tubes in TGD.
The helical classical field patterns would break the parity of ground state. Instanton
density for Kähler field, essentially E · B, measuring the non-orthogonality of E and B
would serve as a measure for the strength of parity breaking occurring at the level of
ground state and thus totally different from weak parity breaking. u and d quarks with
opposite signs of em charges would move in opposite directions in the electric force.
2. The origin of instanton density in TGD Universe
What is the origin of these non-orthogonal magnetic and electric fields? Here I must
dig down to a twenty years old archeological layer of TGD. Already at seventies an
anomalous creation of anomalous e+ e− pairs having axion-like properties in heavy ion
collisions near Coulomb wall was observed (for references and TGD based explanation
see [K92] ). Effect was forgotten since it was not consistent with standard model. TGD
explanation is in terms of pairs resulting from the decay of lepto-pion formed as bound
states of color excited electron and positron and created in strong non-orthogonal electric
and magnetic fields of colliding nuclei.
Objection: Color excited leptons do not conform with standard model view about
color. In TGD this is not a problem since colored states correspond to partial waves in
CP2 and both leptons and quarks can move in higher color partial waves but usually
with much higher mass.
Non-vanishing instanton density would mean that the orthogonal E and B created by
colliding protons appear at the *same* space-time sheet so that a coherent instanton
density E · B is created and gives rise to the generation of pairs. Large value of E · B
means large parity breaking at the level of ground state. One expects that in most
collisions the fields of colliding nuclei stay at different space-time sheets and therefore
do not interfere directly (only their effects on charged particles sum up) but that with
some property the fields can enter to the same space-time sheet and generate the physics
not allowed by standard model.
Objection: Standard model predicts extremely weak parity breaking effects: this is
due to the massivation of weak bosons, for massless weak bosons the parity breaking
would be large. Indeed, if the non-orthogonal E and B are at different space-time sheets,
no instantons are generated.
Objection: The existence of new particle in MeV scale would change dramatically the
decay widths of weak bosons. The TGD solution is that colored leptons are dark in TGD
sense (hef f = n × h, n > 1). Large hef f would make weak bosons effectively massless
below scaled up Compton length of weak bosons proportional to hef f and large parity
breaking could be understood also the “conventional” manner.
3. Strong parity breaking as signature of dark variant of M89 hadron physics
This picture would apply also now and also leads to an increased understanding of M89
hadron physics [K22] about which I have been talking for years and which is TGD
prediction for LHC. Very strong non-orthogonal E and B fields would be most naturally
associated with colliding protons rather than nuclei. The energy scale is of course much
much higher than in the heavy ion experiment. Instanton-like space-time sheets, where
the E and B of the colliding nuclei could be formed as magneto-electric flux tubes (a
priori this of course need not occur since fields an remain at different space-time sheets).
The formation of axionlike states is expected to be possible as pairs color excited quarks.
M89 hadron physics is a scaled up copy of the ordinary M107 hadron physics with mass
scale which is by a factor 512 higher. The natural possibility is pions of M89 hadron
physics but with large hef f /h ' 512 so that the size of M89 pions could increase to
a size scales of ordinary hadrons! This would explain why heavy ion collisions involve
energies in TeV range appropriate for M89 hadrons and thus Compton scales of order
weak scale whereas size scales are associated with QCD plasma of M107 hadron physics
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and is by a factor 1/512 smaller. Brings in mind a line from an biblical story: The hands
are Esau’s hands but the voice is Jacob’s voice ! Quite generally, the failure estimates
based on Uncertainty Principle could serve as a signature for non-standard values of
hef f : two great energy scale for effect as compared to its length scale.
To sum up, the strange findings about heavy ion and proton proton collisions at LHC for
which I suggested M89 physics as an explanation would indeed make sense and one also
ends up to a concrete mechanism for the emergence of dark variants of weak physics. The
magnetic flux tubes playing key role in TGD inspired quantum biology [K46] would carry
also electric fields not-orthonal to magnetic fields and the two fields would be twisted.
As a mattter of fact, the observed strong parity breaking would be very analogous to
that observed in biology if one accepts TGD based explanation of chiral selection in
living matter.
4. Could this relate to non-observed SUSY somehow?
Dark matter and spartners have something in common: it is very difficult to observe
them! I cannot resist typing a fleeting crazy idea, which I have managed to forfend
several times but is popping up again and again from the murky depths of subconscious
to tease me. TGD predicts also SUSY albeit different from the standard one: for
instance, separate conservation of lepton and baryon numbers is predicted and fermions
are not Majorana fermions. Whether covariantly constant right-handed neutrino mode
which carries no quantum numbers except spin could be seen as a Majorana lepton is
an open question.
One can however assume that covariantly constant right-handed neutrino, call it νR , and
its antiparticle νR,c span N = 2 SUSY representation. Particles would appear as SUSY
4-plets: particle, particle+νR , particle +νR,c , particle+ νR +νR,c . Covariantly constant
right-handed neutrinos and antineutrino would generate the least broken sub-SUSY.
Sparticles should obey the same mass formula as particles but with possibly different
p-adic mass scale.
But how the mass scales of particles and its spartners can be so different if right handed
does not have any weak interactions? Could it be that sparticles have same p-adic mass
scale as particles but are dark having hef f = n × h so that the observation of sparticle
would mean observation of dark matter! Particle cannot of course transform to its
spartner directly: already angular momentum conservation prevents this. For N = 2
SUSY one can however consider the transformation of particle to the state particle
+νR +νR,c representing a dark variant of particle and having same quantum numbers.
It would have non-standard value hef f = n × h of Planck constant. The resulting dark
particles could interact and generate also states in dark SUSY 4-plet. Dark photons
could be spartners of photons and decay to biophotons. SUSY would be essential for
living matter!
Critical reader asks whether leptopions could be actually pairs of (possibly color excited)
N = 2 SUSY partners of selectron and spositron. The masses of (color) excitations making up electropion must be indeed identical with electron and positron masses. Should
one give up the assumption that color octet excitations of leptons are in question? But if
color force is not present, what would bind the spartners together for form electropion?
Coulomb attraction so that dark susy analog of positronium would be in question? But
why not positronium? If spartner of electron is color excited, one can argue that its mass
need not be the same as that of electron and could be of order CP2 ! The answer comes
out only by calculating. But what happens to leptohadron model if color excitation is
not in question? Nothing dramatic, the mathematical structure of leptohadron model is
not affected since the calculations involve only the assumption that electropion couples
to electromagnetic “instanton” term fixed by anomaly considerations.
If this makes sense, the answers to four questions: What is behind chiral selection in
biology? ; What dark matter is? ; What spartners are and why they are not seemingly
observed? ; What is behind various forgotten axion/pion-like states? would have a lot
in common!
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10.7.5 Exotic Pion Like States: “Infra-Red” Regge Trajectories
Or Shnoll Effect?
TGD based view about non-perturbative aspects of hadron physics (http://tinyurl.
com/y8semjtv) relies on the notion of color magnetic flux tubes. These flux tubes are
string like objects and it would not be surprising if the outcome would be satellite
states of hadrons with string tension below the pion mass scale. One would have kind
of infrared Regge trajectories satisfying in a reasonable approximation a mass formula
analogous to string mass formula. What is amazing that this phenomenon could allow
new interpretation for the claims for a signal interpreted as Higgs at several masses (115
GeV by ATLAS, at 125 GeV by ATLAS and CMS, and at 145 GeV by CDF). They
would not be actually statistical fluctuations but observations of states at IR Regge
trajectory of pion of M89 hadron physics!
IR Regge trajectories
Consider first the mass formula for the hadrons at IR Regge trajectories.
i. There are two options depending on whether the mass squared or mass for hadron
and for the flux tubes are assumed to be additive. p-Adic physics would suggest
that if the p-adic primes characterizing the flux tubes associated with hadron and
hadron proper are different then mass is additive. If the p-adic prime is same, the
mass squared is additive.
ii. The simplest guess is that the IR stringy spectrum is universal in the sense that
m0 does not depend on hadron at all. This is the case if the flux tubes in question
correspond to hadronic space-time sheets characterized by p-adic prime M107 in the
case of ordinary hadron physics. This would give for the IR contribution to mass
the expression
q
m2 = m20 + nm21 .
iii. The net mass of hadron results from the contribution of the “core” hadron
p and the
stringy contribution. If mass squared is additive, one obtains m(Hn ) = m2 (H0 ) + m20 + nm21 ,
where H0 denotes hadron ground state and Hn its excitation assignable to magnetic
flux tube. For heavy hadrons this would give the approximate spectrum
m(Hn ) ' m(H0 ) +

m20 + nm21
.
2m(H0 )

The mass unit for the excitations decreases with the mass of the hadron.
iv. If mass is additive as one indeed expects since the p-adic primes characterizing
heavy quarks are smaller than hadronic p-adic prime, one obtains
q
m(Hn ) = m( H0 ) + m20 + nm21 .
For m20  m21 one has
m(Hn ) = m( H0 ) + m0 + n

m21
.
2m0

If the flux tubes correspond to p-adic prime. This would give linear spectrum which
is same for all hadrons.
There is evidence for this kind of states. The experimental claim (see http://tinyurl.
com/ybq323yy) of Tatischeff and Tomasi-Gustafsson is that pion is accompanied by pion
like states organized on Regge trajectory and having mass 60, 80, 100, 140, 181, 198,
215, 227.5, and 235 MeV. means that besides pion also other pion like states should
be there. Similar satellites have been observed for nucleons with ground state mass
934 MeV: the masses of the satellites are 1004, 1044, 1094 MeV. Also the signal cross
sections for Higgs to gamma pairs at LHC [C58, C74] suggest the existence of several
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pion and spion like states, and this was the reason why I decided to again the search for
data about this kind of states (I remembered vaguely that Tommaso Dorigo had talked
about them but I failed to find the posting). What is their interpretation? One can
imagine two explanations which could be also equivalent.
i. The states could be “infrared” Regge trajectories assignable to magnetic flux tubes
of order Compton length of u and d quark (very long and with small string tension)
could be the explanation. Hadron mass spectrum would have microstructure. This
is something very natural in many-sheeted space-time with the predicted p-adic
fractal hierarchy of physics. This conforms with the proposal that all baryons have
the satellite states and that they correspond to stringy excitations of magnetic flux
tubes assignable to quarks. Similar fine structure for nuclei is predicted for nuclei in
nuclear string model [L5]. In fact, the first excited state for 4 He has energy equal to
20 MeV not far from the average energy difference 17.5 MeV for the excited states
of pion with energies 198, 215, and 227.5 MeV so that this state might correspond
to an excitation of a color magnetic flux tube connecting two nucleons.
This idea should be made more precise. Color magnetic flux tubes would correspond
to ordinary Regge trajectories. The magnetic flux tubes in electro-magnetic sense
would correspond to IR Regge trajectories.
ii. The p-adic model for Shnoll effect [K53] relies on universal modification of the notion of probability distribution based on the replacement of ordinary arithmetics
with quantum arithmetics. Both the rational valued parameters characterizing the
distribution and the integer or rational valued valued arguments of the distribution are replaced with quantum ratinals. Quantum arithmetics is characterized by
quantum phase q = exp(i2π/p) defined by the p-adic prime p. The primes in the
decomposition of integer are replaced with quantum primes except p which remains
as such. In canonical identification powers of p are mapped to their inverses. Quite
generally, distributions with single peak are replaced with many peaked ones with
sub-peak structure having number theoretic origin. A good example is Poisson distribution for which one has P (n) = λn /n!. The quantum Poisson distribution is
obtained by replacing λ and n! with their quantum counterparts. Quantum Poisson distribution could apply in the case of resonance bump for which the number
of count in a given mass squared interval is integer valued variable.
There are objections against Shnoll effect based explanation.
A. If the p-adic prime assignable to quark or hadron characterizes quantum arithmetics it is not distinguishable from ordinary arithmetics since the integers
involved are certainly much smaller than say M107 = 2107 − 1. In the case
of nuclear physics Shnoll effect involves small primes so that this argument is
not water tight. For instance, if p = 107 defines the quantum arithmetics, the
effects would be visible in good enough resolution and one might even expect
variations in the bump structure in the time scale of year.
B. The effect is present also for nucleons but the idea about a state with large
width splitting into narrower bumps does not fit nicely with the stability of
proton.
For Higgs like signals IR-Regge trajectories/Shnoll effect would be visible as a splitting of wide bumps for spion and pion of M89 physics to sub-bumps. This oscillatory
bumpy structure is certainly there but is regarded as a statistical artefact. It would
be really fascinating to see this quantum deformation of the basic arithmetics at
work even in elementary particle physics.
A further piece of evidence for scaled variants of pion comes from two articles by Eef
van Beveren and George Rupp. The first article [C45] is titled First indications of the
existence of a 38 MeV light scalar boson (see http://tinyurl.com/yatlb97o). Second
article [C46] has title Material evidence of a 38 MeV boson (see http://tinyurl.com/
yczo7juy).
The basic observations are following. The rate for the annihilation e+ + e− → uu
assignable to the reaction e+ + e− → π + π − has a small periodic oscillation with a
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period of 78 ± 2 MeV and amplitude of about 5 per cent. The rate for the annihilation
e+ + e− → bb, assignable to the reaction e+ + e− → Υπ + π − has similar oscillatory
behavior with a period of 73 ± 3 MeV and amplitude about 12.5 per cent. The rate for
the annihilation pp → cc assignable to the reaction e+ + e− → J/Ψπ + π − has similar
oscillatory behavior with period of 79 ± 5 MeV and amplitude.75 per cent.
In these examples universal Regge slope is consistent with the experimental findings and
supports additive mass formula and the assignment of IR Regge trajectories to hadronic
flux tubes with fixed p-adic length scale. There is also consistency with the experiments
of Tatitscheff and Tomasi-Gustafsson.
What does one obtain if one scales up the IR Regge trajectories to the M89 which
replaces Higgs in TGD framework?
i. In the case of M89 pion the mass differences 20 MeV and 40 MeV appearing in the
IR Regge trajectories of pion would scale up to 10 GeV and 20 GeV respectively.
This would suggest the spectrum of pion like states with masses 115, 125, 145, 165
GeV. What makes this interesting that ATLAS reported during last year evidence
for a signal at 115 GeV taken as evidence for Higgs and CDF reported before this
signal taken as evidence for Higgs around 145 GeV! 125 GeV is the mass of the
most recent Higgs candidate. Could it be that all these reported signals have been
genuine signals - not for Higgs- but for M89 pion and corresponding spion consisting
of squark pair and its IR satellites?
ii. I the case of M89 hadron physics the naı̈ve scaling of the parameters m0 and m1 by
factor 512 would scale 38 MeV to 19.5 GeV.
New particle having no interpretation in standard model discovered?
A new piece of evidence for IR Regge trajectories years after writing the above text thanks for Wilhelmus de Wilde for a link. The popular article in Schitechdaily (http:
//tinyurl.com/wb98u6u) tells about completely unexpected finding by a team led by
professors Tacemichi Okui and Kohsaku Tobioka. The decay of longlived kaon KL
suggests the existence of new longlived particle with quantum numbers of axion - or
equivalently pion. The finding is published in Physical Review Letters [C156] (http:
//tinyurl.com/v2rwh3e). Standard model cannot explain this kind of particle.
A rough estimate for mass is not far from pion mass. There exists earlier evidence that
pion has mass spectrum. Could an excitation of pion be involved?
This is actually not new. The experimental claim [C212] (see http://tinyurl.com/
ybq323yy) of Tatischeff and Tomasi-Gustafsson is that pion is accompanied by pion like
states organized on Regge trajectory and having mass 60, 80, 100, 140, 181, 198, 215,
227.5, and 235 MeV means that besides pion also other pion like states should be there.
Similar satellites have been observed for nucleons with ground state mass 934 MeV:
the masses of the satellites are 1004, 1044, 1094 MeV. Also the signal cross sections
for Higgs to gamma pairs at LHC suggest the existence of several pion and spion like
states, and this was the reason why I decided to again the search for data about this
kind of states. Their possible interpretation in TGD framework is discussed in [K22]
(http://tinyurl.com/rk7b3dd).
One explanation could be that the states correspond to “infrared Regge trajectories” of
pion related to the structure of its magnetic body. Genuine Regge trajectories would
have slope of about GeV and now the slope less than 10 per cent of this, which conforms
with the ratio of fine structure constant to coupling strength. IR trajectories would
be associated with the electromagnetic body and ordinary Regge trajectories with the
color magnetic body. One can also consider p-adically scaled down variant of color
interactions.
It is interesting to look the situation quantitatively.
i. It is clear that the masses in question do not fit to a single Regge trajectory. One
can however restrict the consideration to Regge trajectory M 2 = M02 +nT (π), where
T (π) denotes string tension. Since the masses obey approximately linear formula
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one can assume linear approximation ∆M 2 = 2M ∆M at pion mass M1 = m(π) =
.140 GeV and consider the mass squared difference for pion and its predecessor with
M0 = .100 GeV so that one has ∆M = .040 GeV.
One obtains ∆M 2 = M12 − M02 = T (π). This would give for the string tension
T (π) = 0.96 × 10−2 TH ' .96 × 10−2 GeV2 , where TH ' 1 GeV2 is hadronic string
tension assignable to color interactions.
ii. What about the value of M02 ? In string models it tends to be negative but one can
assume that the values of mass squared for physical states are negative. Also in
TGD the value is negative in p-adic mass calculations. One must require that several
values for pion mass below m(π) are possible. The formula m(π)2 = M02 + nT (π)
gives formula M02 = (m(π)2 − nT (π). For n(π) = 2, which looks rather reasonable
guess, one has M02 = .04 GeV2 , which corresponds to M0 = 20 MeV.
There is actually a lot of confusion about the value of hadronic string tension.
i. In early models hadronic string tension was taken to be 1 GeV. Much smaller values
for the string tension smaller by a factor or order x × 10−2 GeV2 , x in the range
2-11.1 for mesons and in the range 2.2-4.55 for baryons are however suggested by
the study of hadronic spectrum (http://tinyurl.com/s5jwawx). Intriguingly, the
lower bounds is twice the above estimate T (π) ' .01 GeV2 obtained above. Does
this mean that the p-adic prime involved is about 2 times smaller or is this factor
due to a numerical factor 1/2 related to the difference between N-S and Ramond
type representations of Super-Virasoro algebra.
ii. The reason for the confusion about string tension could be simple: besides the string
tension 1 GeV assignable to color flux tubes there are string tensions assignable to
possible scaled down color flux tubes and possible elecromagnetic and even weak
flux tubes. Several p-adic length scales could be associated coming in powers of 2
by p-adic length scales hypothesis are involved.
Indications for an axion-like state in mass range 1.7 eV from XENON
There was a popular article about bump claimed by XENON group (https://tinyurl.
com/yaqoo2y9) and suggesting the existence of an axion-like state with mass in the range
1-7 keV. Also Jester (https://tinyurl.com/y94hcmdj) discusses the evidence for the
claimed bump.
Originally XENON searched evidence for WIMPs - weak interacting very massive particles. They would have made themselves visible via scattering from ZENON nuclei.
Nothing was found. Second candidate for dark matter particles are very light axions,
which could be produced copiously in Sun. They would not have any detectable effect
on heavy XENON atom but they could scatter from electrons and ionize XENON atom.
The figure in the posting of Jester summarizes the energy spectrum of the observed ionization events. There is approximately constant background below 30 keV down to 1
keV below which it drops abruptly suggesting a threshold. There are also indications
for a peak around 1-2 keV. There is 3.5 sigma excess of events in the range 1-7 keV.
The mass of the dark particle candidate is in the range 1-7 keV. TGD allows to imagine several options but for all of them one would have analog of pion as dark matter
candidate.
i. TGD Universe is fractal and this predicts p-adically scaled variants of hadron
physics and electroweak physics. Mass squared scales would come as powers of 2.
Mersenne primes and Gaussian Mersennes define especially promising candidates.
A. M89 hadron physics [K22] would be scaled up variant of ordinary hadron physics
(M107 ) and would make itself visible at LHC. The masses of M89 hadrons would
be scaled up by factor 512 from those of ordinary hadrons. There is evidence
for bumps with predicted masses and the original proposal as Higgs did not
work and they were forgotten. The mesons of this physics would be dark with
hef f /h0 = n ' 512 so that the Compton lengths would be those of ordinary
mesons and they would appear at quantum criticality for what was expected to
be de-confiment phase transition.
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B. There are indications for the particles of these physics having mass scaled by a
power of 2 from that for say ordinary meson. Could the particle be a scaled down
pion of some kind. There are actually several candidates for scaled variants of
pion. There is evidence for so called X boson with mass around 16-17 MeV
proposed to be spin 1 bosonof a fifth force [L34, C150] (see http://arxiv.
org/abs/1604.07411). In TGD framework the identification as pion-like state
is more natural and provides new insights on the relation between weak and
strong interactions [L34]. There is also quite recent evidence for pionlike exotic
particle with mass not far from that of pion showing itself in the decays of longlived kaon [C156]: there is actually evidence for scaled variants of pion also from
earlier experiments [C45, C212]. These pieces of evidence are discussed from
TGD point of view in [L76] (https://tinyurl.com/y9clyf5y).
C. In biologically important length scales there are as many as 4 Gaussian Mersenne
MG,n = (1 + i)n − 1 with n = 151, 157, 163, 167 defining p-adic length scales in
the range 10 nm (cell membrane thickness) and 2.5 µm (cell nucleus size) and
might involve scaled variants of hadron and electroweak physics..
p-Adic length scale hypothesis also allows the possibility of p-adically scaled variants
of leptons and quarks with mass scaled down or up by a power of 2 and there are
some indications for this kind of states. For instance, the claimed axionlike state
could be a scaled down pion as bound state of scaled down quarks.
ii. Heavy ion collisions near Coulomb wall gave already around seventies indicatons for
a pion-like state of mass 1 MeV decaying to electron positron pair. TGD inspred
interpretation [K92] was in terms of electropion identified as bound state of color
octet electrons. TGD view about color indeed allows colored excitation of leptons
since color is not spin-like but angular momentum like quantum number assignable
to CP2 color partial waves. Later evidence for muon and tau analogs of this state
has emerged. The decay widths of weak bosons do not allow color octet ptons in
MeV scale and this forced the interpretation that they are dark in some sense and
appear ony at quantum criticality - now at collision energies around Coulomb wall.
Leptopion could also be color bound state of quark and antiquark. As noticed,
there is evidence for several bound states of this kind.
iii. The TGD based model for “cold fusion” [K58] [L37, L75] led to a new view about
nuclear physics [L66] in which dark nuclei appear also as intermediate states of
ordinary nuclear reactions. Dark nuclei as nuclear string with distance of about
electron Compton length would be crucial for “cold fusion”.
What is remarkable is they would have scaled down dark nuclear binding energies
in few keV range. This because the binding energy scale of ordinary nuclear physics
about 7 MeV would be scaled down by the ratio 2−10 ' 10−3 of the p-adic length
scales of proton and electron labelled by k = 107 and k = 127 to a value about 7
keV, which represents the upper end of the range 1-7 keV. There is also evidence
that X ray emission with energies of this order of magnitude from Sun affects nuclear
decay rates at Earth.
The pion-like particles could be indeed dark in TGD sense (ordinary particle but
with hef f = n × h0 > h). Could the axion candidate be scaled down variant of
electro-pion with mass 1 MeV with k = 127: if the mass of electro-pion scales down
like the nuclear binding energy, the scaling k = 107 → 127 would take the mass of
electro-pion to 1 keV. Also scaled down pion formed by quarks could be in question.
New view about nuclear physics provided by IR Regge trajectories
This picture led to an unexpected development in the nuclear string model that I constructed more than 2 decades ago [L5] (http://tinyurl.com/rc4umgv). The key assumption - very natural in TGD, where monopole flux tubes prevail in all scales - is that
nucleons form nuclear strings. Nuclear radius satisfies R ∝ A1/3 , A mass number, so that
nuclei have constant density in good approximation (http://tinyurl.com/rtc9jdh) so
that the flux tube would will the entire volume. I have proposed that also blackholes
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and other final states of stars are flux tube spaghettis of this kind [L60].
The basic objection against the model is that the harmonic oscillator model for nuclear
works surprisingly well. The justification for this model is that one can reasonably
well describe nucleus as motion of nucleons in an effective nuclear potential, which in
linearization becomes harmonic. Nucleons themselves have no mutual interactions in
this approximation.
Could nuclear string model allow to understand harmonic oscillator model of nuclei as
an approximation?
i. It is best to start from the problems of the harmonic oscillator model. The first
problem is that the description of nuclear binding energies is poorly understood.
For instance, nuclear binding energies have scale measured in MeVs. The scale
is much smaller than energy scale of hadronic strong interactions for which pion
mass is a natural scale. Rather remarkably, the ratio of the scales is roughly the
ratio of fine structure constant to color coupling strength. Could one imagine that
electromagnetic interactions somehow determine the energy scale of nuclear binding
energies and excitations?
ii. As noticed, also nucleons are reported to have IR Regge trajectories. The first guess
is that the trajectories have same string tension as in the case of pion. TGD suggests
a model of nuclei as three nucleons connected by color flux tubes characterized by
hadronic string tension TH ' 1 GeV2 . Besides color flux tubes hadrons are expected
to have also electromagnetic and perhaps also weak flux tubes with a smaller value
of string tension. Em flux tubes should give a contribution to the energy, which is of
the order of Coulomb energy of nucleon about α/Lc (p) ' 7.5 MeV. Intriguingly, this
is of same order of magnitude as nuclear binding energy: could IR Regge trajectories
correspond to em interaction so that the spectrum of nuclear binding energies and
excitation energies would be determined by electromagnetic interactions?
iii. If the value of p-adic prime p ' 2k corresponds to k = 113 assumed to characterize
nuclei in nuclear string model, hadronic string tension would be scaled down by
factor 2107−113 = 1/64 to TH /64, which corresponds to a mass of 125 MeV, which
is somewhat larger than the value about 96 MeV obtained from the above estimate.
For ∆M 2 ' 2M ∆M = nT (π) this gives ∆M ' 7.8 MeV for ∆n = 1, which
corresponds to the maximal nuclear binding energy per nucleon do be denoted by
eB . This string tension is naturally assignable to em flux tubes assignable nuclei
as 3 -quark states. Color flux tubes would be responsible for the hadronic string
tension TH .
Remark: Flux tubes carry all classical gauge fields, which are induced from the
spinor connection of CP2 but it seems that one can assign to given flux tube quanta
of particular interaction.
iv. In the case of baryons one would have 3 color flux tubes and and 3 em flux tubes.
For large mass excitations one would have in linear approximation for M 2 harmonic oscillator spectrum! Could linearization of mass squared formula replace
linearization of effective potential function leading to harmonic oscillator model?
The dimension D = 3 for the nuclear harmonic oscillators would correspond to the
fact that nucleons consist of 3 quarks. The free nucleon approximation would have
simple justification: in good approximation one can treat the nucleons of nuclear
strings as independent particles!
v. Could the nuclear eB correspond to a reduction of the value of n for the IR Regge
trajectory of free nucleon? The mass squared formula for IR trajectory would be
M 2 = M02 (N ) + nT (π). This mechanism requires that the one has M0 ≤ m(N ) so
that one has n > 0 for nucleons. For ∆n = −1 one has ∆M = T (π)/2m(N ) ' 7.8
MeV.
Could one understand the qualitative features of the nuclear binding energy spectrum
on basis of this picture?
i. eB is below 3 MeV for nuclei lighter than 4 He and has tendency to increase up to
Fe. For the most abundant stable isotope of F e with (Z,A)=(26,56) it is 8.78 MeV.
For heavier nuclei neutron number N increases and eB starts to decrease.
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ii. For D one must have ∆n = 0 and p-n pairing would be somehow responsible for the
binding. For T the total binding energy is 8.478 MeV and could involve ∆n = −1
for one nucleon. 3 He has total binding energy 7.715 MeV and also now one nucleon
could have ∆n = −1. 4 He has eB = 7.07 eV. This suggests that p-n pairing causes
reduction ∆n = −1 for all nucleons in 4 He units proposed to be building bricks of
nuclei.
For nuclei with odd Z and nuclei there are would be also deuteron sub-unit present
and also |A − Z| unpaired neutrons. This would reduce the binding energy. The
prediction is that for nuclei with N=Z with even Z the binding energy exceeds that
for 4 He. For heavier nuclei this can happen also for odd Z and also for N different
from Z.
iii. The pairing of to D subunits should be rise to binding energy 2.223 MeV per
deuteron unit. Why the value is so small? Could deuteron unit correspond to
a smaller string tension: perhaps corresponding to k = 9 instead of k = 6 as
the ratio of 4 He/D binding energies per nucleon would suggest. The ratio of the
maximal binding energy 8.7892 MeV per nucleon to deuteron binding energy is
rather precisely 8, which supports the interpretation.
iv. What causes the increase of eB up to Fe? Attractive potential energy does not
look like an elegant interpretation in TGD framework. Some repulsive interaction
should reduce the binding energy per nucleon for lighter nuclei than F e from the
value 8.8 MeV. The increase from 4 He to F e is about 1 MeV. Why does this repulsive
contribution decrease up to Fe? Does it start to increase after that or is the presence
of surplus neutrons the reason for the reduction? Or are both mechanisms involved?
The IR Regge trajectories considered are not the only ones as already the findings
of Tatischeff and Tomasi-Gustafsson suggest and there might be trajectories with
smaller string tension. The value of k = 9 with string tension T (π)/8 assignable to
D, which corresponds to a eB of about 1 MeV and this is roughly the total variation
of the eB from 4 He to Fe. Could both k = 6 and k = 9 flux tubes be present for
given nucleon. Could the reduction of n for k = 9 flux tubes take place also for 4 He
units as nuclei become heavier. What happens in nuclei heavier than F e? Could
the increase of neutron surplus reduce eB ?
Nuclear string has tension and reduces total binding energy eB a contribution proportional to the length L of the string. Constant density for nuclei gives R = r0 A1/3 ,
r0 = 1.2 fm for the nuclear radius and L ∝ A ∝ R3 for L. From this the contribution of string energy per nucleon is proportion to L/A = constant. The 20 per cent
variation of r0 is due the variation of eB and cannot explain the variation of eB .
To sum up, nuclear string model would reduce nuclear physics that for the magnetic
body of the nucleon - obviously an enormous simplification.

10.7.6

A new twist in proton spin crisis

A new twist has appeared in proton spin crisis (see http://tinyurl.com/yyzaa5ra).
The popular article tells about a rapid communication to Phys Rev d with title ”Measurement of the longitudinal
spin asymmetries for weak boson production in proton√
proton collisions at s = 510GeV” [C121] (see http://tinyurl.com/y34e9y99).
i. u and d sea antiquarks contribute differently to proton spin which looks very strange
if sea quarks originate from the decays of gluons as perturbative QCD predicts.
ii. The amount of d type sea quark is larger than that of u type sea quark. But the
amount of proton spin assignable to d quark is smaller!
TGD based model for the anomaly
In TGD framework these findings give very valuable hints concerning the detailed structure of proton and also the proper interpretation of what are called sea quarks.
First of all, the notion of sea parton is rather fuzzy statistical notion tailored to the
needs of perturbative QCD. Could it be that there could be a much more structured
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description analogous to that of atom or nucleus? In TGD framework nuclear string
model describes nuclei as collection of nucleons connected by flux tubes having quark
and antiquark at ends.
What does one obtain if one applies this picture to the ealier model in which valence
quark space-time sheets are assumed to be connected by color flux tubes having quark
and antiquark at their end forming meson like states. Consider the following picture.
i. uud with standard wave function describes valence quarks which are almost point
like entities assignable to partonic 2-surfaces.
ii. There are 3 color bonds in the triangle like structure formed by valence quarks.
Assign to these
• d − d spin singlet analogous to pion with spin 0,
• d − u spin singlet,
• u − d vector analogous to ρ meson with spin 1.
Identify the quarks and antiquarks of color bonds with the TGD counterpart of the
sea.
iii. Bonds taken together would carry total spin 1. As one forms spin 1/2 state with
valence quarks with spin 1/2 valence quarks carry vanishing spin in the resulting
state: this solves the core part of proton spin puzzle. Given valence quark has
vanishing average spin due to the entanglement with bonds.
iv. Also the observations can be understood qualitatively.
• The amount d in the sea is two times larger than the amount of u.
• The average contribution of d to spin is vanishing in spin singlet bonds and spin
1 bond does not even contain d. Hence the average contribution to sea quark
spin vanishes.
• The contribution of u in u − d spin 1 bond is non-vanishing and experimentally
known to be larger than that d sea quark.
Why Gell-Mann quark model was so successful?
This model could also allow to understand how the old-fashioned Gell-Mann quark
model with constituent quarks having masses of order mp /3 about 310 MeV much
larger than the current quark masses of u and d quark masses of order 10 MeV.
i. I have proposed that the current quark + color flux tube would correspond to constituent quark with the mass of color flux tube giving the dominating contribution
in the case of u and quarks. If the sea quarks at the ends of the flux tubes are light
as perturbative QCD suggests, the color magnetic energy of the flux tube would
give the dominating contribution.
ii. One can indeed understand why the Gell-Mann quark model predicts the masses of
baryons so well using p-adic mass calculations. What is special in p-adic calculations
it is mass squared, which is additive as essentially the eigenvalue of scaling generator
of super-conformal algebra denoted by L0 .
X
m2 =
m2n .
This due to the fact that energy is replaced by mass squared. Mass squared contributions with different p-adic primes cannot be added and must be mapped to their
real counterparts first. On the real side is masses rather than mass squared, which
are additive.
iii. Baryon mass receives contributions from valence quarks and from flux tubes. Flux
tubes have same p-adic prime characterizing hadron but quarks have different padic prime so that the total fluxptube contribution m2 (tube, p) mapped by canonical
identification to mR (tubes) = m2R (tubes)
Pand analogous valence quark contributions to mass add up. mB = mR (tube) + q mR (valence, q). The map m2p → m2R
is by canonical identification defined as
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xp =

X

xn p n → xR =

X

xn p−n

n

mapping p-adic numbers in continuous manner to reals.
iv. Valence quark contribution is very small for baryons containing only u and d quarks
but for baryons containing strange quarks it is roughly 100 MeV per strange quark.
If the dominating constant contribution from flux tubes adds with the contribution
of valence quarks one obtains Gell-Mann formula.

10.7.7

p-Adic mass calculations in flux tube model

The model for the findings about spin crisis led to a modification of the picture behind
p-adic mass calculations. In the following hadron masses and also weak boson meases
are estimated as a check of the model.
Estimating nucleon and pion masses
A detailed estimate for nucleon mass using p-adic mass calculations [?]hows the power
of p-adic arithmetics even in the case that one cannot perform a complete calculation.
i. Flux tube contribution can be assumed to be independent of flux tube in the first
approximation. Its scale is determined by the Mersenne prime Mk = 2k − 1,
k = 107, characterizing hadronic space-time sheets (flux tubes). Electron corresponds to Mersenne prime M127 and the mass scales are therefore related by factor
2(127−107)/2 = 210 : scaling of electron mass me,127 = .5 MeV gives mass me,107 ' .5
GeV, the mass electron had if it would correspond to hadronic p-adic length scale.
p-Adic mass calculations give for the electron mass the expression
me ' √

1
× 2−127/2 × m(CP2 ) .
ne + X

ne = 5 corresponds to the lowest order contribution. X < 1 corresponds to the
higher order contributions.
ii. By additivity √
of mass squared for flux tubes√one has m2 (tubes) = 3m2 (tube, p) and
mR (tubes) = 3m(tube, R): one has factor 3 rather than 3. Irrespective whether
mR (tubes) can be calculated from p-adic thermodynamics or not, it has general
form m2 (tube, p) = np in the lowest order - higher orders are very small contribute
to m2R at most 1/p. k is a small integer so that even one cannot calculate the its
precise value one has only few integers from which to choose. The real mass from
flux tubes is given by
q
q
mR = 3np /M107 × mCP2 = 3np /5 × m(e, 107) .
For np = 6 (for electron one has ne = 5) one has mR (tubes) = 949 MeV to be
compared with proton mass mp = 938 MeV. The prediction is too large by 1 per
cent.
iii. Besides being by 1 per cent too large the mass would leave no room for valence quark
contributions, which are about 1 per cent too (see http://tinyurl.com/7496a6e).
There error would be naturally due to the fact that the formula for electron mass
is approximate since higher order contributions
√
√ have been neglected. Taking tis
√
into account means replacing ne = 5 with
p 5 + X, X < 1, in the formula for
mR . This implies the replacement me,107 → 5/(5 + X)me,107 . The correct mass
consistent with valence quark contribution is obtained for X = .2. The model would
therefore fix also the precise value of m(CP2 ) and CP2 radius.
iv. What about pion mass? The naı̈ve guess as
√ mass of single flux tube assumed to be
same as for proton gives mass equal to mp / 3 ' 542 MeV. Partially conserved axial
current hypothesis assumes that pion is approximately massless. This could mean
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in TGD framework that its p-adic length scale is longer than that associated
√ with
M107 . For p ' 2109 it would be 2 times longer, and one would have mp /2 3 ' 271
MeV, which is twice the mass m(π0 ) = 135 MeV of π0 ! Should one assume p ' 2111 ?
Note that the p-adic length scale assignable to deuteron correspond naturally to
k = 109 and that assignable to nuclei corresponds to k = 113 so that the length
scales would come as octaves.
Masses of other hadrons
I have considered in [?]he description of these effects in terms of a physical model for
various contributions to mass squared. In the case of interactions describable in terms
of contributions to energy - such as Coulomb interaction and spin-spin splitting for em
and color interactions - one can ask whether this description is possible at all for p-adic
mass squared and how to achieve that if it is possible.
One could be modest and start by looking whether an effective description using single padic prime is possible. For given nX the maximal higher order contribution corresponds
to the limit k + X → k + 1. This in principle allows to fit any value of mass but if the
fit is possible for small value of X, one can say that one might have more than a fit.
i. The lightest mesons π, K, η, η 0 have masses (m(π), m(K), m(η), m(η 0 )) = (135, 498, 548, 958)
MeV. One obtains rather nice lowest order fits in terms of parameters (nX , k).
•
•
•
•

(nπ , k) = (6, 111) as already found.
(nK = 5, k) = (5, 107) gives mK = 495 MeV. The error is .8 per cent.
(nη , k) = (6, 107) gives mη = 543 MeV. The error is .9 per cent.
(nη0 , k) = (5, 105) gives mη0 = 886 MeV. Error is 7 per cent. k is taken to be
larger than k = 107 in the fit. For k = 107 one would have nη0 = 23 giving 950
MeV with error .8 per cent.

The mass differences between mesons are usually ascribed to the large mass of
strange quark but if the fit is taken at face value one must as whether strange
quark is very light also in mesons.
ii. What about description of various additional effects such as electromagnetic splittings? Can one describe them effectively in terms of higher order p-adic contributions, which are approximately additive?
The color-magnetic spin-spin splitting in π − ρ, η − ω and K − K ∗ systems is large
and certainly not describable in this manner: can one describe it as first order effect.
For π − ρ system even the p-adic prime of π reduced by two actives. In the case of
baryons color magnetic spin-spin splitting is relatively small.
The above estimates for the lightest mesons give very nice results in the lowest
p-adic order: this suggests that for the lightest hadrons in multiplets differing by
spin value the higher order contributions are very small. Color magnetic spin-spin
splitting must be first order effect for light mesons. Taking (nX , k) as the parameters
to be fitted one obtains
• (nρ , k) = (12, 107) predicting m(ρ) = 768 MeV to be compared with m(ρ) = 770
MeV. Error is .2 per cent. The large value offlux tube contribution conforms
with the idea that color-magnetic interaction energy is in question.
• (nω , k) = (12, 107) giving mω = 768 MeV to be compared with mω = 782 MeV.
The error is 1.8 per cent.
• (nK ∗ , k)(16, 107) giving mK ∗ = 886 MeV to be compared with mK ∗ = 895
MeV. The error is 1.0 per cent.
iii. The only natural description of Regge trajectories is using same value of k for all
states so that the first order contribution gives the dominant contribution. The
value of Regge slope is roughly m2p ∼ 1 GeV2 so that a good guess form the value
of n along trajectory is as a multiple of 3 × 6 = 18.
To my opinion, these observations give good hopes that this model replacing quark sea
with color bonds solve the proton spin crisis.
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What about the masses of Higgs and weak bosons?

p-Adic mass calculations give excellent predictions for the fermion masses but the situation for weak boson masses is less clear although it seems that the elementary fermion
contribution to p-adic mass squared should be sum of mass squared for fermion and
antifermion forming the building bricks of gauge bosons. For W the mass should be
smaller as it indeed is since neutrino contribution to mass squared is expected to be
smaller. Besides this there can be also flux tube contribution and a priori it is not clear
which contribution dominates. Assume in the following that fermion contributions dominate over the flux tube contribution in the mass squared: this is the case if second order
contributions are p-adically O(p2 ).
Just for fun one can ask how strong conclusions p-adic arithmetics allows to draw about
W and Z masses mW = 80.4 GeV and mZ = 91.2 GeV. The mass ratio mW /mZ
allows group theoretical interpretation. The standard model masspformulas in terms
of vacuum expectation v = 246.22 GeVpof Higgs read as mZ = g 2 + (g 0 )2 v/2 and
mW = gv/2 = cos(θw )mZ , cos(θW ) = g/ g 2 + (g 0 )2 .
i. A natural guess is that Higgs expectation v = 246.22 GeV corresponds to a funda√
mental mass scale. The simplest guess for v would be as electron mass ne m127 ,
ne = 5, in the p-adic scale M89 assigned to weak bosons: this would give v =
219 × me p
' 262.1 GeV: the error is 6 per cent. For ne = 4 one would obtain
v = 219 × 4/5me ' 234.5 GeV: the error is now 5 per cent.
For n = 1 the mass scale would correspond to the lower bound mmin = 117.1 GeV
considerably higher than Z mass. Higgs mass is consistent with this bound. nh = 1
is the only possible identification and the second order contribution to mass squared
in m2h ∝ nh +Xh must explain the discrepancy. This gives Xh = (mh /mmin )2 −1 '
.141,
Higgs mass can be understood but gauge boson masses are a real problem. Could
the integer characterizing the p-adic prime of W and Z be smaller than k = 89 just
as k(π) = 111 = k(p) − 4 is smaller than kp?
p
ii. Could one understand cos(θw ) = mW /mZ ' .8923 as a ratio nW /nZ obtained
using p-adic mass formulas for mW and mZ characterizing the masses in the lowest
order by integer n? For np
W = 4 and nZ = 5 one would obtain using first order
mass formulas cos(θW ) = nW /nZ = .8944..: the error is .1 per cent. For kZ =
89 one would√however have mZ = v = me,89 , which is quite too high. k = 86
using m
√e ∝ 5 would give mZ = 92.7 GeV: the mass is 1.6 per cent high. For
5 + Xe , Xe ' .2 deduced from proton mass, the mass is scaled down by
m
∝
pe
5/(5 + Xe ) giving 90.0 GeV which is smaller than 91.2 GeV: the mass is two large
by 2 per cent. Higher order corrections via XZ = .05 give a correct mass.
k = 86 is however not consistent with the octave rule so that one must kZ = kW =
85 with (nW , nZ ) = (8, 10). This strongly suggests that p-adic mass squared is
sum of two identical contributions labelled by nW = 4 and nZ = 5: this is what
one indeed expects from p-adic thermodynamics and the representation of gauge
bosons as fermion-antifermion bound states. Recall that also for hadrons proton and
baryonic space-time sheet correspond to M107 and pion to k(π) = k(p) − 4 = 111.
iii. There can be also corrections characterized by different p-adic prime: electromagnetic binding energy between fermion and anti-fermion forming Z boson could
be such a correction and would reduce Z 0 mass and therefore increase Weinberg angle since W boson does not receive this correction. Higher order corrections to m
pW and mZ however replace the expression of Weinberg angle with
cos(θW ) = nW + XW /(nZ + XZ ) and allow to obtain correct Weinberg angle.
Note that canonical identification allows this if the second order correction is of
form rp2 /s, s small integer.
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10.8

Still about quark gluon plasma and M89 physics

I heard an excellent finnish radio program about the experimentation done by ALICE collaboration at LHC. ALICE (see http://tinyurl.com/ybbhw2vj) studies quark
gluon plasma (QGP, see http://tinyurl.com/yb9l6ege) believed to be created in p-p,
p-A, and A-A high energy collisions. Here p denotes proton and A heavy nucleus such
as Au or Pb chosen so that it has spherical shape - this just to simplify the data analysis.
In the first approximation the nuclei are expected to go through each other but for
high enough collision energy QGP is predicted to be created. The kinetic energy of the
incoming beams would materialize to quarks and gluons giving rise to QGP. The high
density of this phase would be one of its key signatures.
The existence of this high density phase was first shown at RHIC and at LHC its
existence has been shown for p-p, p-A, and A-A collisions at ALICE. The plasma appears
around T ∼ .17 GeV (pion mass is about .14 GeV). The plasma region is cylindrical
(see http://tinyurl.com/ybbnx8sa). In the case of Au nuclei the longitudinal radius
is in the range of 7-8 fm. Transversal radii orthogonal to beam direction and orthogonal
or parallel to the scattering plane are same and about 6-7 fm. All radii decrease as the
transverse momentum of the jet from which it is deduced increases. The energy density
of plasma is about GeV/fm3 . The total energy of plasma would be about 288 GeV.

10.8.1

What QCP should look like?

If QGP is what QCD predicts it to be it should have certain signatures.
i. QCD predicts that QGP is non-Abelian analog of ordinary electromagnetic plasma:
non-Abelianity implies color confinement at large distances and asymptotic freedom
at small distances. These are due to the growth of color coupling strength αs as
function of the length scale.
ii. Color confinement means that QQP has vanishing total color charges. Asymptotic
freedom implies that the interaction becomes weak at short distances. As in ordinary plasma, color charges are screened within a sphere, whose radius is known as
Debye radius.
iii. Quark jets do not propagate in the plasma it which has explanation in terms of long
ranged color interactions not present in hadronic phase. QGP phase is predicted
to appear in high enough temperature T ∼ .17 GeV. This temperature is higher
than the rest mass of strange quarks about 100 MeV and this makes possible the
production of strange hadrons.
These predictions have been verified. The QGP at criticality is however something
between hadronic phase and quark gluon gas and impies new effects.
i. In QCD one expects critical phase associated with the transition from hadronic gas
with very short ranged interactions to QGP having gas like behavior. The intermediate phase would be analogous to that encountered in phenomena like freezing
and boiling and involve criticality meaning long range correlations and fluctuations.
The transition is analogous to the formation of the ordinary electromagnetic plasma
consisting of charged particles from a gas of neutral particles by ionization at some
critical temperature.
ii. I heavy ion collisions one expects that the formation takes place in the volume
containing the nucleons of colliding nuclei so that about 400 nucleons are involved.
The intermediate phase would have quite large size, and one expects that the quarks
originally inside nucleons are de-localized to this volume, which is quite large and
should define the size scale of QGP in the transition region. Somewhat surprisingly,
also p-A collisions have show unexpected phenomena characterizing A-A collisions.
iii. Could criticality and long range fluctuations appear in the scale of the entire collision region? In TGD framework one can even ask whether quantum criticality
rather than only thermodynamical criticality could be considered in the scale of the
collision region. This would bring in totally new quantum effects.
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Unexpected findings

Several unexpected phenomena have been found.
i. An extremely low shear viscosity (see http://tinyurl.com/y7kekmzm) to entropy
ratio η/s ∼ ~x/4π, x ∈ (1, 3) have been observed. This ratio is essentially the ratio
of entropy to the particle number density. Shear viscosity describes how effectively
the velocity gradient orthogonal to flow velocity dissipates momentum. Water has
low η/s, honey has high η/s.
Hadronic gas consisting in good approximation of mesons π, ρ, K, K ∗ predicts η/s
ratio by a factor 2 or 3 higher than the observed ratio. One expects that at higher
temperatures gas behavior emerges and has higher η/s ratio proportional to ~/αs2
as a signature. αs ∼ .1 implies that η/s is quite large. Low value of η/s should
thus relate to the criticality of the transition somehow.
η/s = ~/4π is a prediction of many theories such as N = 4 SUSY but also lower
values are known to be possible theoretically. Low η/s ratio means that viscosity
has a small effect and one has almost ideal liquid. Liquid property means that
one can speak about flow of quarks and hydrodynamics (see http://tinyurl.com/
y9nwyawg) should allow a good description of the situation.
Ideal liquid like behavior suggested by the low value of η/s conforms with the long
range correlations expected at criticality. In gas phase the particles would move
randomly and one could not speak about flow. What is essential is that one can
assign to a system a distributed order parameter - now the flow velocity - in the scale
of the plasma region. At quantum criticality this distributed parameter would be
analogous to wave function characterizing quantum state and defined in the entire
plasma volume.
ii. Double ridge structure detected in p-Pb collisions (see http://tinyurl.com/y8lcqbjq
and also in other collisions came as a total surprise and has no explanation in pure
QCD picture. To explain what is involved, one must introduce (η, φ) plane, where
η denotes the hyperbolic angle of 2-D Minkowski plane M 2 determined by time axis
and the momentum direction of the detected particle and tells the velocity of the
particle, and φ is the azimutal angle in the scattering plane.
One assumes that the first particle moves in direction specified by the value of φ
and determines the distribution of particles moving in direction φ + ∆φ. One finds
that there is high probability finding a particle in the same direction having thus
∆φ = 0 and also that the particle can have widely different value of η so that one
obtains a ridge like structure in (η, φ)-plane with a length ∆η ∼ ±5 units. This is
the nearside ridge. One observes also completely symmetric ridge with ∆φ ∼ π and
particles moving to opposite direction - the awayside ridge. I have already earlier
proposed that correlations reflect creation of pairs of particles in a decay of M89
pion modellable as a string like like object - color magnetic flux tube with length
of order of the Compton length of ordinary pion.
iii. In QCD picture charmoniums are expected to be produced with a slow rate since
the high temperature higher than the binding energy scale should melt them. It
seems that this prediction is not true in heavy ion collisions. A possible QCD
based explanation would be regeneration of charmoniums or a large number of
charmoniums in the initial state.
I have already earlier proposed explanation in terms of a creation of dark pions (and
possibly also heavier mesons) of M89 hadron physics with Planck constant hef f =
512 × h. M89 pions would be flux tube like structures having mass 512 times that of
ordinary pion but having the same Compton length as ordinary pion and being of the
same size as heavy nuclei. The unexpected features of QGP, in particular long range
correlations, would reflect quantum criticality. Double ridge structure would reflect the
decay of dark mesons to ordinary hadrons. In the sequel this proposal is discussed in
more detail.
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10.8.3 Could criticality of QGP correspond to quantum criticality and dark variant of M89 hadron physics?
Consider first the key ideas relevant for the TGD based model.
i. p-Adic length scaled hypothesis is the first building brick of the model. TGD
strongly suggests the existence of fractally scaled variants of hadron physics at padic length scales which correspond to Mersenne primes Mn = 2n − 1 or Gaussian
Mersennes MG,n = (1 + i)n − 1. M89 hadron physics is especially interesting from
the point of view of LHC. Bumps with masses which are obtained by scaling masses
of ordinary mesons by factor 512 have been reported and could be see indications
for the production of also heavier M89 mesons.
ii. Second key notion is quantum criticality characterized by hef f /h0 = n [K62]. on
basis of quantum criticality, which is basic aspect of TGD based physics at the
level of single space-time sheet. Many-sheeted space-time is replaced at QFT limit
by a region of Minkowski space since the sheets are lumped together. Therefore
quantum criticality is in general lost at this liit.
Quantum criticality at QFT limit requires that single sheet dominates the dynamics.
More generally, single sheet can correspond to n-sheeted covering of M 4 with sheets
related by Galois symmetry and characterized by hef f /h0 = n telling the order of
the extension of rationals involved and the order of the Galois groups in case of
Galois extension. By Galois symmetry one has single sheet but h is replaced with
hef f = nh0 .
iii. Twistor lift of TGD is the third key element. N = 4 SUSY predicting η/s = 1/4π
is characterized by Yangian symmetry, which more or less dictates the twistorial
scattering amplitudes [K91, L47]. Twistor Grassmann approach generalizes in TGD
framework as also the twistorial construction of scattering amplitudes, which suggests that it might be possible to understand the low value of η/s.
iv. The notion of magnetic body (MB) carrying dark matter is central in the applications of quantum TGD. For instance, in cosmology the Kähler magnetic energy
of flux tubes carrying monopole flux would decay to ordinary matter during cosmic expansion and this process would be analogous to the decay of the vacuum
expectation value of inflaton field.
In the case of hadrons MB would correspond to a color magnetic body carrying
most of the energy of hadron with quarks contributing only a tiny fraction to the
rest energy. Also the parton sea could give only a small fraction to the rest energy
of hadron. As a matter of fact, all elementary particles correspond in TGD to closed
flux tubes carrying monopole flux and also dark M89 meson would be such flux tube
like structure.
Could the entities overlapping in the collisions above critical temperature be color
magnetic body associated with the colliding systems possibly formed during the
collision? Could the color magnetic bodies of nucleons fuse together to form a
larger color magnetic body having size of order pion Compton length consisting
of M89 mesons? Could the decay of the color magnetic energy of M89 mesons
materialized from the collision energy of the nuclei to ordinary quarks and leptons
produce QGP?
Could dark M89 hadron physics explain the strange findings about QGP
candidate?
Could the phase transition correspond to a transition to M89 quantum critical phase
decaying to ordinary QGP predicted by QCD?
i. The mass of M89 pion is estimated to be mπ89 = 512 × mπ ∼ 70 GeV so that
the mass 288 GeV of the plasma region of volume about 288 fm3 created in AuAu collisions would correspond to about 4 M89 pions. This allows to consider the
possibility that a few meson state of M89 hadrons is formed at quantum criticality
and decays to the ordinary quark gluon plasma.
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The strange properties of the observed state could be induced from the properties
of this quantum critical quantum state. The unexpectedly low value of η/s indeed
suggests the existence of an order parameter in the scale of colliding nuclei and the
wave function for the quantum critical M89 few-meson state would correspond to
this parameter.
ii. M89 dark particles must however have so large value of n = hef f /h that their scaled
up Compton length λ89,n = n × λ89 = n × λ107/512 of M89 pion is of the order of
the transversal size of the colliding particles. One can argue that for p-p collisions
the scaled up Compton length could of the order of the Compton length of the
ordinary pion about 8 fm: this would give n = 2(107−89)/2 = 512. The radius of
Gold nucleus about 7 fm. Heaviest nuclei have radius about 7.5 fm so that this
seems to make sense.
The simplest assumption is that λ89,512 characterizes also p-A collisions and perhaps
even p-p collisions. This could explain the observation of effects expected to be
present only for A-A collisions also in p-p and p-A collisions. One must however
remember that also other values of n can be considered and the long range quantum
fluctuations realized at quantum criticality could corresponds to a spectrum for n.
One could also consider A-A collisions and argue that heavy nuclei are characterized
by the nuclear p-adic length scale L(113) = 2(127−113)/2 L(127) = 128L(127). If
one identifies L(127) as electron Compton length Le ∼ 2.4 × 10−12 m this gives,
L(113) = 19 fm. If Compton length corresponds to diameter geometrically then
this would give scale 9.5 fm marginally consistent with the above estimate.
One could visualize dark M89 pion as 512 ordinary pions on top of each other (in
CP2 degrees of freedom) and forming 512-sheeted structure as ca overing of M 4
defined by the space-time surface.
iii. The observed ridges would reflect the decays of M89 pion identified as a string
like object (color magnetic flux tube) with length of order ordinary pion Compton
length but with mass of about 70 GeV to ordinary quarks and gluons. There are
also indications for the bumps assignable to other M89 mesons [K22].
iv. There is a general order of magnitude estimate for η/s (see http://tinyurl.com/
y9nwyawg) as
η/s = τR T = ~τR /τq ,
where τR is particle relaxation time and τq = ~/T is thermodynamial quantum time
scale: it should be difficult to transfer energy with rate higher than 1/τq .
The estimate for η/s is proportional to ~. If τR is assignable to dark M89 phase,
it should be proportional to ~ef f and ~ef f = 512~ would make η/s very large.
Therefore the quantum critical state cannot correspond to the observed plasma
state. Rather, the observed state (as ordinary matter) would correspond to ordinary
matter produced in the phase transition reducing the value of hef f and giving rise
to ordinary quarks and gluons transforming to hadrons.
The interpretation of τR could be as a time scale for the decay of the dark quantum
critical M89 few meson state to ordinary quarks and gluons.
v. The production of charmoniums in p-A and A-A collisions is in conflict with the
QCD expectations. A possible explanation is suggested by TGD based explanation
of family replication phenomenon in terms of generation-genus correspondence [K10,
K22]. Fermion generations would correspond to the topologies of orientable partonic
2-surfaces with genera g = 0, 1, 2 distinguished from the higher genera because
they allow always global Z2 as conformal symmetry. Different fermion genera form
effectively a triplet representation of a dynamical gauge group U (3)g .
Ordinary gauge bosons as fermion-antifermion pairs would correspond to a singlet
of U (3)g . Besides this there would be also an octet consisting of two SU (3)g neutral
gauge bosons and 3+3 SU (3)g charged gauge bosons assumed to be heavy. The
U (3)g charge matrices of SU (3)g boson generations are orthogonal to that assignable
to the ordinary gauge bosons (unit matrix implying the universality of standard
model interactions). This predicts breaking of universality for which there are some
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indications as also for the predicted 2 SU (3)g neutral generations of electroweak
gauge boson [K22].
M89 gluons need not be exact fractally scaled up copies of ordinary gluons but could
correspond to second generation gluons and therefore break the universality of the
ordinary color interactions - there are indications also for this [K22]. This could
lead to a higher rate for the production of higher quark generations in the decay of
M89 pions if it involves M89 gluons as intermediate states and could perhaps explain
higher rate for charmonium production. The quarks forming M89 mesons should
be ordinary quarks and only the color magnetic energy (the counterpart of gluonic
ground state energy in QCD) would distinguish them from the ordinary mesons.
The proposed option is perhaps the simplest one found hitherto. On can consider also
different options.
i. Could the quantum coherence in the scale of colliding nuclei correspond to the
formation of dark M107 hadronic phase with n = 2(113−107)/2 = 8 corresponding to
the ratio of nuclear and hadronic scales? Amusingly, this would scale up nuclear
volume by a factor 512. Could one imagine in many-sheeted space-time that also
M107,8 dark level is present besides M89,512 ?
ii. I have earlier [K22] considered the possibility that peripheral collisions as quantum
critical events could give rise to the generation of M89 mesons with mass above
70 GeV. However, in peripheral collisions ordinary ordinary short range strong
interactions are absent, and one can argue that the energy transfers involved are so
small that the formation of plasma phase with total energy of about 288 GeV from
the kinetic energy of the colliding particles is highly implausible.
The formation of dark quantum critical phase in the length scale defined by the
volume of the colliding nuclei would be required and this looks infeasible unless
new physics is involved. The miracle would require that the color magnetic bodies
of the colliding nuclei overlap considerably also in the peripheral collisions. This
would predict the detection of QGP also in peripheral collisions. This prediction
very probably kills this idea using the existing data.

10.9

About parity violation in hadron physics

Strong interactions involve small CP violation revealing itself as small differences in the
properties of neutral kaon and its anti-kaon. An interesting question is whether CP
violation and also P violation could be seen also in hadronic reactions.
In QCD framework the de-confinement phase transition from a phase in which quarks
are confined inside hadrons to quark-gluon plasma consisting of free quarks and gluons
is believed to occur. This transition would be also accompanied by a phase transition in
which chiral symmetry is restored. The breaking of chiral symmetry is due to the mass
of quarks: one cannot assign definite chirality to massive quarks. When the massive
quarks become massless or at least effectively massless, the chiral symmetry should be
restored. What really happens in this transition is however not well-understood.
There are several effects associated with the de-confinement phase transition.
i. The so called chiral magnetic effect (CME) in which Poles receive opposite charges
(Equator is defined by scattering plane) is proposed to be associated with the transition and would involve also P violation.
ii. One also expects chiral separation effect (CSE) meaning separation of quarks and
antiquarks having opposite chiralites along the magnetic axis. There are some
experimental indications for CME and CSE.
iii. Chiral magnetic wave (CMW) appearing in quark-gluon plasma is a combination
of CME and CSE. In CWM Poles get a positive charge increment and Equator a
negative charge increment. Chiral magnetic wave (CMW) is a combination of CME
and CSE associated with the chirally symmetric phase. CMW involves transformation of electric dipole to quadrupole. I must admit that I do not really understand
the mechanism giving rise to CMW.
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To get an intuitive view about CME consider what happens in HN-HN collision, which
is not head-on.
i. One can speak of scattering plane and the system possesses angular momentum
transformed to a rotational angular momentum of quarks as the colliding nuclei
fuse together. There is large positive charge density involved. Therefore rotating
quarks create a magnetic field parallel to the rotation axis. The positive charge
density creates radial electric field parallel to the magnetic field due to the quarks
swirling in the reaction plane. Quarks and antiquarks flow to to opposite directions
in the electric field and charge separation takes place.
ii. The prediction would be that oppositely charged pions tend to flow to opposite
directions orthogonal to the scattering plane. CME would occur near criticality for
the formation of quark-gluon plasma and would be quantum critical phenomenon
involving macroscopic quantum coherence. The experimental signature is a surplus
of positive pions over negative pions in either hemisphere defined by scattering plane
and surplus of negative pions over positive pions in the opposite hemisphere. CME
means also P breaking.
iii. CME should appear in heavy nucleus (HN-HN-) collisions and there are indications
that something like this indeed takes place. CME should not occur in protonnucleus collisions since the proton now goes through the nucleus and most collisions
are central and there is no angular momentum so that no magnetic field is generated.
Therefore the recent discovery of evidence for the charge separation also in protonPb collisions challenges CME (see http://tinyurl.com/lt5reno and http://
tinyurl.com/kkx4x2y) and motivates the attempt to understand whether CME
and related effects have analogs in TGD.

10.9.1

Timeline for CME

It is appropriate to begin with a brief time-line about CME.
i. 2005: Dimitry Kharzeev proposed that de-confinement transition involves chiral
magnetic effect (CME). For a brief Wikipedia summary of CME see http://
tinyurl.com/lt93ve4). The article Parity violation in hot QCD: why it can happen, and how to look for it [C186] (see http://tinyurl.com/lwkl7cu) considers a
theoretical model based on QCD.
ii. 2009: STAR collaboration found the first evidence for CME [C168].
iii. 2015: STAR collaboration working at RHIC found evidence for the emerged evidence for CMW in heavy nucleus collisions. The popular article Scientists see
ripples of a particle-separating wave in primordial plasma (see http://tinyurl.
com/mus4xz9) might help to get an idea about what was found. The technical article Observation of charge asymmetry dependence of pion elliptic flow and
the possible chiral magnetic wave in heavy-ion collisions [C186] can be found at
http://tinyurl.com/lwkl7cu.
iv. 2016: Evidence for CME is reported also in condensed matter physics (see Chiral magnetic effect generates quantum current at http://tinyurl.com/mmet3h4).
Quarks are however replaced with quasiparticles which can be positively and negatively charged. What was found that when material called zirconium pentatellurite
is placed in parallel electric and magnetic fields, it responds with an imbalance in
the number of right and left handed quasiparticles - a chiral imbalance pushing
opposite charged particles in opposite directions and creating an electric current.
The current would not dissipate because it is topological. This suggests a new kind
of super-conductivity, which does not involve spontaneous symmetry breaking.
v. 2017: Evidence for CME was discovered in proton-nucleus collisions. This was not
expected. Rice physicists Wei Li and Zhoudunming (Kong) Tu proposed a new
approach for studying CME and found that it is present also for proton-nucleon
collision. This does not conform with the theoretical expectations. See the popular
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article Proton-nuclei smashups yield clues about ’quark gluon plasma’ at http:
//tinyurl.com/lt5reno.
The article Observation of Charge-Dependent Azimuthal Correlations in p-Pb Collisions and Its Implication for the Search for the Chiral Magnetic Effect [C165] by
V. Khachatryan et al gives a representation for specialists (see http://tinyurl.
com/kkx4x2y). I glue the abstract of the article here.
Charge-dependent azimuthal particle correlations with respect to the second-order
event plane in p-Pb and Pb-Pb collisions at a nucleon-nucleon center-of-mass energy
of 5.02 TeV have been studied with the CMS experiment at the LHC. The measurement is performed with a three-particle correlation technique, using two particles
with the same or opposite charge within the pseudo-rapidity range |η| < 2.4, and
a third particle measured in the hadron forward calorimeters (4.4 < |η| < 5). The
observed differences between the same and opposite sign correlations, as functions
of multiplicity and η gap between the two charged particles, are of similar magnitude in p-Pb and Pb-Pb collisions at the same multiplicities. These results pose a
challenge for the interpretation of charge-dependent azimuthal correlations in heavy
ion collisions in terms of the chiral magnetic effect.
CME is not directly observed for p-Pb collisions but the three-particle correlations as
functions of particle multiplicity and η gap for two charged particles are deduced. The
differences between the same and opposite sign correlations interpreted as signatures of
CME are found to be of similar magnitude in p-Pb and Pb-Pb collisions. Note that
pseudorapidity η = −log((|p| + pL )/(|p| − pL )) (see http://tinyurl.com/lg3goeh)
characterizes the angle θ between beam direction and particle momentum. η changes
sign when longitudinal momentum pL changes sign.

10.9.2

About CME and related effects in QCD framework

In the sequel I review briefly my non-specialist undestanding about strong CP breaking
and CME and related effects.
Strong CP problem
QCD in principle allows strong CP violation. The origin of CP violation is the possibility of multi-instanton solutions in QCD. Instantons are either self-dual or anti-self-dual
exact solutions of Yang-Mills equations. Instantons break the conservation of axial currents expected to hold true in massless theories. The divergence of the axial current is
proportional to the instanton density, which reduces to a total divergence, whose spacetime integral is however non-vanishing and integer valued and gives the change of total
axial charge.
Atyiah-Singer index theorem (see http://tinyurl.com/k6daqco) implies that the change
of axial charge is identifiable as the difference for the numbers of fermions with righthanded and left handed chirality. The fermions are assumed to be massless, and the
argument is somewhat questionable when fermions are massive.
The vacuum can be written as a superposition of ground states with varying number of
instantons. By simple argument one can conclude that the ground state with instanton
number n has weight exp(inθ), where θ is an angle parameter about which QCD does not
tell anything. One can describe the situation in a simple manner by adding to the QCD
YM action, whose exponential defines the theory, an instanton term, which is θ times
the integer valued instanton charge. In principle one must perform perturbation theory
in instanton background for each value of n and sum up the results. The instanton
term modifies the scattering amplitudes, and the evaluation of these non-perturbative
effects is difficult mathematically since in instanton background one loses momentum
conservation for the basic vertices and one must perform path integral over different
instanton configurations.
Also the modification of Dirac action is possible. In this case one has second angle θ0 - replacing mass m with exp(iγ5 θ0 ) × m in massive Dirac action action. In massless
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case the modification is trivial. The factor exp(iγ5 θ0 ) can be however absorbed to the
definition of gamma matrices. The modification of YM action is non-trivial even in
massless case. If at least one quark is massless, θ is claimed to become unobservable for
a reason that I failed to understand. Unfortunately, there are no massless quarks.
The big problem of QCD is that strong CP violation have not been observed (see
http://tinyurl.com/phju9lj): one has θ < 3 × 10−13 from the electric dipole moment of neutron. Peccei-Quinn axion (see http://tinyurl.com/q9p56ke and http:
//tinyurl.com/k2xlh6d) has been proposed as a solution of the problem. θ is made a
dynamical field - axion - coupling to the instanton density linearly. Several axion candidates have been proposed and excluded. Axion could be also very weakly interacting
particle and thus dark matter: the mass scale should be between 50-1500 µeV from
various constraints.
Remark: Pseudoscalar-instanton coupling appears also in other anomaly considerations. For instance, coupling of neutral pion to electromagnetic counterpart of instanton term appears in the model predicting the pion life-time from partial conservation
of axial current hypothesis (PCAC).
Kharzeev’s model for CME
For ordinary QCD vacuum the parameter θ characterizing strong CP breaking is essentially zero. The proposal of Kharzeev [C186] (see http://tinyurl.com/lwkl7cu) is
that in de-confinement phase transition a metastable regions θ domains - with position
dependent θ are formed and they induce separation of quark chiralities - chiral separation effect (CSE) - and charge separation by CME. The interpretation of θ(x) is left
open. Could it correspond to some variant of Peccei-Quinn axion field?
For given value of instanton number n a chiral asymmetry is generated and instanton
number tells the change of the chiral flips for fermions. Massless quark and antiquark
have opposite chiralities and the transition can also generate asymmetry as asymmetric
production of quarks and antiquarks. The model predicts fluctuations since the sign
and value of n can vary so that the effect is not easily restable.
A net chirality generated by instanton defining the metastable state in question. The net
chirality could be realized either by the spin flips for quarks and antiquarks in magnetic
field and by opposite directions of motion for quarks and antiquarks. Kharzeev assumes
that a mass field m × exp(iθ(x)) scattering quarks is present. I failed to understand why
one does not have m × exp(iγ5 θ) as in the original representation of the axial anomaly.
The definition of chirality for massive quarks is problematic since spinors are not eigenstates of γ5 . The idea is to assume that spin direction in some fixed frame defining spin
quantization axis defines chirality: this is intuitively plausible if the quarks/antiquarks
move parallel/antiparallel to this axis. In non-head-on collision the magnetic field generated by the incoming heavy nuclei defines the preferred spin quantization axis. For
p-HN head on collison this is not the case.

10.9.3

CP breaking in TGD Universe

Chiral magnetic effect (CME) is very interesting effect from TGD point of view since
it involves breaking of CP and P possibly relating to the breaking of CP in hadron
physics.
Kähler form of M 4
Twistor lift of TGD [L29, L30, L47] forces to assume the analog of self-dual covariantly
constant Kähler form J(M 4 ) for Minkowski space M 4 contributing to the Kähler form
(or rather for causal diamond of M 4 ). J(CD) corresponds to the presence of parallel
constant U (1) electric and magnetic fields coupling to fermion number. This is the just
prerequisite for charge separation in CME!
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i. Does the M 4 Kähler form contribute to the U (1) of em field or does it represent
a classical field of its own? J(CD) couples to fermion number. In particular,
it has also a coupling to right-handed neutrinos! Since neutrinos are em neutral
this allows only the interpretation as an additional U (1) field coupling to fermion
number. Right-handed neutrinos are known to be extremely weakly interacting,
which demands that the preferred extremals are such that the electric component
of J(CD) is small. Alternatively, the corresponding gauge coupling is very small:
a reasonable guess inspired by the size of CP breaking of K mesons is that the
coupling is some power of lP2 /R2 [L47].
ii. In TGD the induced J(CD) field created by the density of nuclear baryonic number
replaces the electromagnetic field created by a constant charge density in HN-HN
collisions. For the canonical imbedding of M 4 the induced J(CD) would be selfdual and charge separation would be forced by J(CD) in the direction defined by
the M 4 = M 2 × E 2 decomposition defined by J(CD). There is strong temptation
to think that matter-antimatter asymmetry is basically due to CME along U (1)
magnetic flux tubes connecting the regions containing matter and antimatter.
iii. J(CD) couples to fermion number defined as F = B + L. Since leptons and and
baryons have opposite fermion numbers, U (1) flux tubes as counterparts of field lines
can connect baryons and leptons. Note that atoms have vanishing U (1) charge F .
iv. What is important that space-time surfaces themselves satisfy the analogs of field
equations for point like particles in U (1) field. They are obtained by replacing
point like particles 3-D objects. This is one of the key predictions of twistor lift
of TGD predicting that 4-D action contains a volume term besides Kähler action.
The volume term alone would give the analog of geodesic motion and Kähler action
adds coupling to U (1) force. Asymptotic state are minimal surfaces analogous to
geodesics having vanishing U (1) force. U (1) force appears only in transient situations like particle scattering events. The first interpretation of volume term would
be in terms of cosmological constant. It however seems that the more plausible
interpretation of the entire action is in terms of cosmological constant.
v. Atomic nuclei have baryon number equal the sum B = Z +N of proton and neutron
numbers and neutral atoms have B = N . Only hydrogen atom would be also U (1)
neutral. The dramatic prediction of U (1) force would be that neutrinos need not
be so weakly interacting particles as has been though. If the quanta of U (1) force
are not massive, a new long range force is in question. U (1) quanta could of course
become massive via U (1) super-conductivity causing Meissner effect.
Suppose that U (1) force is long ranged. Could B = N be neutralized by neutrinos?
Could the cosmic background of neutrinos neutralize the U (1) charge of matter?
Could this occur even at the level of single atom or does one have plasma like state?
I have earlier considered Z 0 atoms but these are are excluded in the recent model
of elementary particle in which weak isospin is screened by neutrinos in the scale
of Compton length of particle. Interestingly, for Z 0 force neutrino Bohr radius
would be of order a0 = ~/αZ mν and for mν = .1 eV it would be of 12 µm, which
corresponds to cell length scale.
What about U (1) force? Suppose α1 is of order of α1 = lP /R = 2−12 (lP is Planck
length and R is CP2 radius as the arguments related to cosmological constant
[L30] and to the size scale of CP breaking [L47] suggest. The Bohr radius of the
neutrino atom would be for mν = .1 eV about a0 = .8 mm. Ground state binding
energy would be about E0 = α12 mν /2 giving E0 = .34 × 10−8 eV: this is below the
thermal energy of cosmic neutrinos estimate to be about 1.95×10−4 eV (see http://
tinyurl.com/ldu95o9). Thus matter would be U (1) plasma. U (1) superconductor
would be second option. If right-handed neutrinos generate N = 2 SUSY then U (1)
charge would break this symmetry.
One could neutralize U (1) charge in atomic scale using also electrons giving exotic
ions. For α1 = 2−12 Bohr radius would be something like cell membrane size scale
a0 = 43 nm. Note that the diameter would roughly L(157) ' 8 nm, M G, 157 =
(1 + i)157 − 1 is one of the miraculous Gaussian Mersennes associated with k =
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151, 157, 163, 167 in the range of biologically most important length scales between
10 nm and 2.5 µm. The resulting state would be negatively charged and one can
ask whether the negative charges of DNA and cell could relate to the formation of
U (1) neutral states. Binding energy for would be around E0 = .03 eV, which rather
near to membrane potential. These exotic ions could be thermally stable for Z ≥ 2
due to the presence of N 2 factor.
One can represent an objection against the assumption that only covariantly constant
J(CD) are allowed: one can imagine also spherically and cylindrically symmetric and
Lorentz invariant J(CD)s. Consider the U (1) Coulomb field of point charge.
i. Should one assign the U (1) electric flux with radial flux tubes? One would assign
to each flux tube M 4 Kähler form J(CD) for which the directions of electric and
magnetic fields are in the direction of the flux tube. Every flux tube would be
accompanied by its own CD and J(CD)! A lot of CDs, which also overlap! Isn’t
this too complex? Also the simple minimal surface solutions serving as models for
stellar objects are lost if only covariantly constant J(CD)s are allowed and can
appear as approximations only.
One should have a good explanation for why so much CDs are allowed. The proposed explanation is that CD represents the perceptive field of a conscious entity
and the preferred directions of CD fix the rest system and spin quantization axis
associated with it [L48]. CDs would represent the analog for the covering by open
sets defining topological space or manifold. In TGD the notion of adelic/monadic
manifold requires an analogous covering with CDs associated with the discrete set
of points of space-time surface with the property that the coordinates belong to an
extension of rationals [L43].
ii. Or should one accept also non-covariantly constant self-dual J(CD)s with radial
electric and magnetic fields necessarily having electric charge and magnetic monopole
at the time-like line connecting the tips of CD? Self-dual J(CD) with Jθφ ∝ sin(θ)
√
and J 0r = 0rθφJθφ (note that0rθφ is permutation symbol divided by 1/ g4 having em charge and magnetic monopole charge at the line connecting the tips of
CD would satisfy the conditions. Genuine monopole singularity is not an attractive idea. Lorentz invariant solution in Robertson-Walker coordinates (a, r, θ, φ) is
completely analogous. Cylindrically symmetric variant would have fermion charge
density along 2-D surface within CD M 2 and is unphysical.
Clearly, the first option suggesting deep connection between the notions of topological
space and manifold, number theory, and consciousness is the more plausible one.
Strong CP problem disappears in TGD
Does strong CP problem appear in TGD framework? Can one have analogs of instanton
solutions in TGD?
i. M 4 chirality is replaced in TGD with H-chirality with different chiralities corresponding to leptons and quarks. 8-D chiral invariance is exact in TGD and all
particles are massless in 8-D sense: this makes possible for the twistorialization
of TGD to overcome the problems of ordinary twistor approach cause by particle
masses [L30, L47]. 8-D chiral invariance does not have axial anomaly.
ii. One can talk about M 4 -chirality but axial current conservation is broken already
at the level of the action since particles are not massless in M 4 sense and induced
gamma matrices, which are mixtures of M 4 and CP2 gamma matrices lead to the
breaking of chiral invariance: particle with definite H-chirality does not possess welldefined M 4 chirality - this serves as a space-time signature form M 4 -massivation.
iii. One can argue that since intantons are topological objects they can be present at the
QFT limit of TGD only if they are present at the level of many-sheeted space-time.
Instantons would has analogs the maps M 4 → CP2 with non-vanishing winding
number (CP2 itself is gravitational instanton). One can regard these surfaces also
as multi-valued maps CP2 → M 4 .
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Self-duality poses strong conditions on the induced metric and self duality seems
implausible. Instantons should be also vacuum extremals with 4-D M 4 and CP2
projections. This is not possible. Note however that CP2 type extremals with
light-like geodesic as M 4 projection and 4-D CP2 projection are however possible
[K57, K54]. There is no strong CP problem in TGD.
One can of course argue that J(CD) is a potential problem for TGD since it can
imply large CP violation for both quarks and leptons. Why the breaking is so small
experimentally? I have already earlier considered this problem and made a quantitative
estimate based on the observation that the CP breaking should be characterized by a
power of G/R2 . If CP breaking is small, one can however wonder why the associated
P breaking is visible in HN-HN and even p-HN collisions [L47]?
Could a large value of hef f implying “macroscopic” quantum coherence amplify the CP
violation by a factor N 2 , where N is essentially the total baryon number of colliding
nuclei? For canonically imbedded M 4 the induced J(CD) is non-vanishing but the
action and energy momentum tensor vanish by self-duality. If M 4 projection of spacetime surface is lower than 4-D, also then the J(CP ) action vanishes.
Quantitative picture about CP breaking in TGD
One must specify the value of α1 and the scaling factor transforming J(CD) having
dimension length squared as tensor square root of metric to dimensionless U (1) gauge
field F = J(CD)/S. This leads to a series of questions.
How to fix the scaling parameter S?
i. The scaling parameter relating J(CD) and F is fixed by flux quantization implying
that the flux of J(CD) is the area of sphere S 2 for the twistor space M 4 × S 2 . The
gauge field is obtained as F = J/S, where S = 4πR2 (S 2 ) is the area of S 2 .
ii. Note that in Minkowski coordinates the length dimension is by convention shifted
from the metric to linear Minkowski coordinates so that the magnetic field B1 has
dimension of inverse length squared and corresponds to J(CD)/SL2 , where L is
naturally be taken to the size scale of CD defining the unit length in Minkowski
coordinates. The U (1) magnetic flux would the signed area using L2 as a unit.
How R(S 2 ) relates to Planck length lP ? lP is either the radius lP = R of the twistor
sphere S 2 of the twistor space T = M 4 × S 2 or the circumference lP = 2πR(S 2 ) of the
geodesic of S 2 . Circumference is a more natural identification since it can be measured
in Riemann geometry whereas the operational definition of radius requires imbedding
to Euclidian 3-space.
How can one fix the value of U (1) coupling strength α1 ? As a guideline one can use CP
breaking in K and B meson systems and the parameter characterizing matter-antimatter
symmetry.
i. The recent experimental estimate for so called Jarlskog parameter characterizing
the CP breaking in kaon system is J ' 3.0 × 10−5 . For B mesons CP breading
is about 50 times larger than for kaons and it is clear that Jarlskog invariant does
not distinguish between different meson so that it is better to talk about orders of
magnitude only.
ii. Matter-antimatter asymmetry is characterized by the number r = nB )/(nγ ∼ 10−10
telling the ratio of the baryon density after annihilation to the original density.
There is about one baryon 10 billion photons of CMB left in the recent Universe.
Consider now various options for the identification of α1 .
i. Since the action is obtained by dimensional reduction from the 6-D Kähler action,
one could argue α1 = αK . This proposal leads to unphysical predictions in atomic
physics since neutron-electron U (1) interaction scales up binding energies dramatically.
ii. One can also consider the guess α1 = R2 (S 2 )/R2 (CP2 ), the ratio of the areas of
twistor spheres of T (M 4 ) and T (CP2 ). There are two options corresponding to
lP = R(S 2 ) and lP = 2πR(S 2 ).
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A. For lP = R one would have α1 = 2−24 ' 6 × 10−8 [L47]. For lP = R α1
is more than one order of magnitude smaller than the parameter r ' 10−10
above. The
√ CP breaking parameter for K and B system could be proportional
to g1 = 4πα1 ' 2 × 10−4 and by order of magnitude larger than the Jarlskog
parameter J ' 3.0 × 10−5 for K system.
B. For lP = 2πR(S 2 ) one would have α1 = R2 (S 2 )/R2 (CP2 ) = (1/4π 2 ) × lP2 '
3.8×10−11 , which is of the same order of magnitude as the √
parameter r ' 10−10
characterizing matter-antimatter asymmetry. For g1 = 4π × α1 one would
obtain g1 ' 6.9 × 10−5 to be compared with J ' 3.0 × 10−5 for K system. This
is the more plausible option - also in the sense that it involves only length scales
quantities determined by the Riemann geometry of the twistor space.
iii. There is an intriguing numerical co-incidence involved. hef f = ~gr = GM m/v0 in
solar system corresponds to v0 ' 2−11 and appears as coupling constant parameter
in the perturbative theory obtained in this manner [K84]. What is intriguing that
one has α1 = v02 /4π 2 in this case. Where does the troublesome factor (1/2π)2 come
from? Could the p-adic coupling constant evolutions for v0 and α1 correspond to
each other and could they actually be one and the same thing? Can one treat
gravitational force perturbatively either in terms of gravitational field or J(CD)?
Is there somekind of duality involved?

10.9.4

Is the analog of CME possible in TGD?

CME and related QCD effects involve violation of CP and P . The Kähler form of
J(M 4 ) is Abelian self-dual covariantly constant self-dual U (1) field coupling to fermion
number with B and E parallel and breaking both CP , P , and T . This field satisfy just
the conditions pose on em field assigned to CME.
One can consider the situation at the level of space-time surface itself or at the level of
string world sheets if one believes in strong form of holography (SH) predicting that the
information about dynamics is coded by string world sheets and that action reduces to
2-D bosonic and fermionic action associated with them.
Description at space-time level
Consider first the model at space-time level.
i. In TGD framework SH implies and induced field concept imply that the set of
field patterns representable as induced fields at single space-time sheet is extremely
limited. Various gauge fields of standard model correspond to sums of the induced
gauge fields associated with space-time sheets with which particle is in contact
(touches them). QFT limit is obtained by replacing the sheets with single curved
region of M 4 and identifying gauge potentials with the sum of the induced gauge
potentials: similar recipe applies to the deviation of induced metric from Minkowski
metric.
There is also topological field quantization. For instance, the classical em fields
of colliding protons are at different space-time sheets. Furthermore, the fields are
topologically quantized. For instance, electric flux from point charge flows along
radial flux tubes if only covariantly constant J(CD)s are allowed.
ii. At space-time surface itself J(M 4 ) associated with flux tube gives rise both E and
B and they are parallel to each other in the approximation that space-time surface
is just a piece of M 4 . The Abelian instanton density is non-vanishing. Quarks and
antiquarks moving in this field rotate along the magnetic field and move in opposite
directions and charge separation occurs.
In HN-HN angular momentum conservation forces quarks swirl around circles in
the scattering plane in the collision region. This creates closed magnetic flux tubes
analogous to those associated with dipole field. There is net baryon number involved
and if it serves as a source for J(M 4 ). U (1) field with roughly parallel E and B
is generated and CME becomes possible. Quarks and antiquarks are driven to the
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opposite poles. This means that there is surplus of U and D type quarks at North
Pole and their antiquarks at South Pole. North/South Pole have positive/negative
em charge if the numbers of U and D type quarks are roughly the same. Baryon
number separation would would give also separation of em charge.
iii. What about p-HN collisions? Now the angular momentum conservation does not
force generation of U (1) magnetic field. If U (1) field has fermion number as source,
the U (1) electric field is present since one has large baryonic number in the collision
region. By self-duality U (1) electric field is necessarily accompanied by magnetic
field if the flux tube in question is near to canonically imbedded M 4 .
iv. Can one have say anything interesting about possible TGD counterpart of CMW?
CMW would would be a charge wave adding positive charge to poles and negative
charge to Equator. Negative charge at Equator would mean excess of U and D
at equator and excess of U and D at Poles. There would be asymmetry in em
charge but not baryon number. Therefore this phenomenon would be related to em
field. The minimum condition is that the total Eem and Bem as sum of em fields of
colliding nuclei are not orthogonal. The instanton density for em field measures the
non-orthogonality. This kind of situation is encountered in collisions, which tend
to be peripheral.
A couple of remarks are in order.
i. I have proposed that electromagnetic instanton density serves as source of what I
call lepto-pions, which are analogs of hadrons possible in TGD if the color octet
excitations of leptons are light [K92]. Lepto-pions would have mass of ∼ 1 MeV
and would explain the anomaly observed in heavy ion collisions already at seventies. TGD strongly suggested the existence of several p-adically scaled up copies of
hadron physics. One of them would be M89 hadron physics.
The same mechanism could apply to the production of pseudo-scalar mesons of
M89 hadron physics in peripheral HN-HN collisions and p-HN collisions [K22] [L42].
There are indeed two handfuls of bumps identifiable as M89 mesons with masses
by factor 512 higher than those for ordinary mesons. Unfortunately, these bumps
have been forgotten since it was not possible to identify them as Higgses of SUSY:
one can find only what one wants to find!
The possible TGD counterparts of CSE, CME, and CMW and the emergence of dark
variants of M89 hadrons would be quantum critical phenomena [K62] assignable to a
phase transition (whatever it might be in TGD framework, where quark gluon plasma
need not exist at all!). The quarks at the flux tubes would be dark with hef f = n×h. The
value of n would be determined by the condition that the p-adic length scale associated
with M89 hadrons is same order of magnitude as that associated with the ordinary M107
hadrons. Therefore n = 29 = 512 is a good guess. Note that “macroscopic” quantum
coherence and analog of super-conductivity suggested to accompany also CME would
be possible.
Description at the level of string world sheets
SH suggests a complementary of 4-D description with 2-D description based on string
world sheets and quarks moving along their boundaries. At string world sheets quarks
see the induced U (1) field. One cannot speak about self-dual U (1) field anymore.
Maxwellian intuition suggests that also point like quarks see the U (1) force. This is
indeed the case. The world lines defined by string boundaries at the boundaries of
string world sheet located at light-like 3-surfaces correspond to the orbits of fermions.
They solve the equations of motion for a particle in U (1) force field. The light-likeness
of the word line (otherwise the world line is space-like) suggests that the total force due
to J(M 4 ) + J(CP2 ) vanishes.
Since the induced field is 2-dimensional both U (1) electric and magnetic fields might be
seen only in very special situations at string world sheets. If the M 4 projection of the
string world sheet represented as surface in M 2 × E 2 is such that one can represent it
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as graph M 2 → E 2 both B and E in M 4 contribute to the net field to which quarks
couple.

10.9.5
GRT?

How the QFT-GRT limit of TGD differs from QFT and

Yesterday evening I got an intereting idea related to both the definition and conservation
of gauge charges in non-Abelian theories. First the idea popped in QCD context but
immediately generalized to electro-weak and gravitational sectors. It might not be
entirely correct: I have not yet checked the calculations.
QCD sector
I have been working with possible TGD counterparts of so called chiral magnetic effect
(CME) and chiral separation effect (CSE)proposed in QCD to describe observations
at LHC and RHIC suggesting relatively large P and CP violations in hadronic physics
associated with the deconfinement phase transition.
The QCD based model for CME and CSE is not convincing as such. The model assumes
that the theta parameter of QCD is non-vanishing and position dependent. It is however
known that theta parameter is extremal small and seems to be zero: this is so called
strong CP problem of QCD caused by the possibility of istantons. The axion hypothesis
could make θ(x) a dynamical field and θ parameter would be eliminated from the theory.
Axion has not however been however found: various candidates have been gradually
eliminated from consideration!
What is the situation in TGD? In TGD instantons are impossible at the fundamental
space-time level. This is due to the induced space-time concept. What this means for
the QFT limit of TGD?
i. Obviously one must add to the action density a constraint term equal to Lagrange
multiplier θ times the instanton density . If θ is constant the variation with respect
to it gives just the vanishing of instanton number.
ii. A stronger condition is local and states that instanton density vanishes. This differs
from the axion option in that there is no kinetic term for θ so that it does not
propagate and does not appear in propagators.
Consider the latter option in more detail.
i. The variation with respect to θ(x) gives the condition that instanton density rather
than only instanton number vanishes for the allowed field configurations. This
guarantees that axial current having instanton term as divergence is conserved if
fermions are massless. There is no breaking of chiral symmetry at the massless limit
and no chiral anomaly which is mathematically problematic.
ii. The field equations are however changed. The field equations reduce to the statement that the covariant divergence of YM current - sum of bosonic and fermionic
contributions - equals to the covariant divergence of color current associated with
the constraint term. The classical gauge potentials are affected by this source term
and they in turn affect fermionic dynamics via Dirac equation. Therefore also the
perturbation theory is affected.
iii. The following is however still uncertain: This term seems to have vanishing ordinary
total divergence by Bianchi identities - one has topological color current proportional
to the contraction of the gradient of θ and gauge field with 4-D permutation symbol!
I have however not checked yet the details.
If this is really true then the sum of fermionic and bosonic gauge currents not
conserved in the usual sense equals to a opological color current conserved in the
usual sense! This would give conserved total color charges as topological charges
- in spirit with ”Topological” in TGD! This would also solve a problem of nonabelian gauge theories usually put under the rug: the gauge total gauge current is
not conserved and a rigorous definition of gauge charges is lost.
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iv. What the equations of motion of ordinary QCD would mean in this framework?
First of all the color magnetic and electric fields can be said to be orthogonal
with respect to the natural inner product. One can have also solutions for which
θ is constant. This case gives just the ordinary QCD but without instantons and
strong CP breaking. The total color current vanishes and one would have local color
confinement classically! This is true irrespective of whether the ordinary divergence
of color currents vanishes.
v. This also allows to understand CME and CSE believed to occur in the deconfinement phase transition. Now regions with non-constant θ(x) but vanishing instanton
density are generated. The sum of the conserved color charges for these regions
- droplets of quark-gluon plasma - however vanish by the conservation of color
charges. One would indeed have non-vanishing local color charge densities and deconfinement in accordance with the physical intuition and experimental evidence.
This could occur in proton-nucleon and nucleon-nucleon collisions at both RHIC
and LHC and give rise to CME and CSE effects. This picture is however essentially
TGD based. QCD in standard form does not give it and in QCD there are no
motivations to demand that instanton density vanishes.
Electroweak sector
The analog of θ(x) is present also at the QFT limit of TGD in electroweak sector
since instantons must be absent also now. One would have conserved total electroweak
currents - also Abelian U(1) current reducing to topological currents, which vanish for
θ(x) = constant but are non-vanishing otherwise. In TGD the conservation of em
charge and possibly also Z 0 charge is understood if strong form of holography (SH) is
accepted: it implies that only electromagnetic and possibly also Z 0 current are conserved
and are assignable to the string world sheets carrying fermions. At QFT limit one would
obtain reduction of electroweak currents to topological currents if the above argument
is correct. The proper understanding of W currents at fundamental level is however still
lacking.
It is now however not necessary to demand the vanishing of instanton term for the U(1)
factor and chiral anomaly for pion suggest that one cannot demand this. CP2 actually
represents a Kähler instanton. Also the TGD inspired model for so called leptohadrons
is based on the non-vanishing elecromagnetic instanton density. In TGD also M 4 Kähler
form J(CD) is present and same would apply to it. If one applies the condition empty
Minkowski space ceases to be an extremal.
Gravitational sector
Could this generalize also the GRT limit of TGD? In GRT momentum conservation
is lost - this one of the basic problems of GRT put under the rug. At fundamental
level Poincare charges are conserved in TGD by the hypothesis that the space-time is
4-surface in M 4 × CP2 . Space-time symmetries are lifted to those of M 4 .
What happens at the GRT limit of TGD? The proposal has been that covariant conservation of energy momentum tensor is a remnant of Poincare symmetry. But could one
obtain also now ordinary conservation of 4- momentum currents by adding to the standard Einstein-YM action a Lagrange multiplier term guaranteing that the gravitational
analog of instanton term vanishes?
i. First objection: This makes sense only if vier-bein is defined in the M 4 coordinates
applying only at GRT limit for which space-time surface is representable as a graph
of a map from M 4 toCP2 .
ii. Second objection: If metric tensor is regarded as a primary dynamical variable, one
obtains a current which is symmetry 2-tensor like T and G. This cannot give rise
to a conserved charges.
iii. Third objection: Taking vielbein vectors eA
µ as fundamental variable could give
rise to a conserved vector with vanishing covariant divergence. Could this give
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rise to conserved currents labelled by A and having interpretation as momentum
components? This does not work. Since eA
µ is only covariantly constant one does
not obtain genuine conservation law except at the limit of empty Minkowski space
since in this case vielbein vectors can be taken to be constant.
Despite this the addition of the constraint term changes the interpretation of GRT
profoundly.
i. Curvature tensor is indeed essentially a gauge field in tangent space rotation group
when contracted suitably by two vielbein vectors eA
µ and the instanton term is
formally completely analogous to that in gauge theory.
ii. The situation is now more complex than in gauge theories due to the fact that
second derivatives of the metric and - as it seems - also of vielbein vectors are
involved. They however appear linearly and do not give third order derivatives
in Einstein’s equations. Since the physics should not depend on whether one uses
metric or vielbein as dynamical variables, the conjecture is that the variation states
that the contraction of T −kG with vielbein vector equals to the topological current
coming from instanton term and proportional to the gradient of θ
Aµ
(T − kG)µν eA
.
ν =j

The conserved current j Aµ would be contraction of the instanton term with respect
to eA
µ with the gradient of θ covariantized. The variation of the action with respect to
the gradient of eA
µ would give it. The resulting current has only vanishing covariant
divergence to which vielbein contributes.
The multiplier term guaranteing the vanishing of the gravitational instanton density
would have however highly non-trivial and physically desirable consequences.
i. The covariantly conserved energy momentum current would be sum of parts corresponding to matter and gravitational field unlike in GRT where the field equations
say that the energy momentum tensors of gravitational field and matter field are
identical. This conforms with TGD view at the level of many-sheeted space-time.
ii. In GRT one has the problem that in absence of matter (pure gravitational radiation)
one obtains G=0 and thus vacuum solution. This follows also from conformal
invariance for solutions representing gravitational radiation. Thanks to LIGO we
however now know that gravitational radiation carries energy! Situation for TGD
limit would be different: at QFT limit one can have classical gravitational radiation
with non-vanishing energy momentum density thanks the vanishing of instanton
term.

10.10 Phase transition from M107 hadron physics to
M89 hadron physics as counterpart for de-confinement
phase transition?
Quark gluon plasma assigned to de-confinement phase transition predicted by QCD
has turned out to be a problematic notion. The original expectation was that quark
gluon plasma (QGP) would be created in heavy ion collisions. A candidate for QGP
was discovered already at RHIC but did not have quite the expected properties such as
black body spectrum [C101, C102, C114, C130] but behaved like an ideal liquid with long
range correlations between charged particle pairs created in the collision. Then LHC
discovered that this phase is created even in proton-heavy nucleus collisions [C165] (see
http://tinyurl.com/lt5reno and http://tinyurl.com/kkx4x2y). Now this phase
have been discovered even in proton-proton collisions [C53]. This does not conform with
the expectations. The details for the enhanced production of strange mesons deviate
form QCD predictions.
A second anomaly has been discovered by LHCb collaboration [C167] (see http://
tinyurl.com/mjucnwl).
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i. The production of J/Ψ mesons in proton-proton collisions in the Large Hadron
Collider (LHC) at CERN does not agree with the predictions made by a widely used
computer simulation, Pythia. The result comes from CERN’s LHCb experiment
studying the jets of hadrons created as protons collide at 13 TeV cm energy.
ii. These jets contain large numbers of J/Ψ mesons consisting of charmed quark and
a charmed anti-quark. The LHCb measured the ratio of the momentum carried by
the J/Ψ mesons to the momentum carried by the entire jet. They were also able to
discriminate between J/Ψ mesons created promptly (direct/prompt production) in
the collision and J/Ψ mesons that were created after the collision by the decay of
charmed hadrons produced by jets (jet production).
iii. Analysis of the data demonstrates that PYTHIA - a Monte Carlo simulation used
to model high-energy particle collisions - does not predict correctly the momentum
fraction carried by prompt J/Ψ mesons. The conclusion is that the apparent shortcomings of PYTHIA could have a significant effect on how particle physics is done
because the simulation is used both in the design of collider detectors and also to
determine which measurements are most likely to reveal information about physics
beyond the Standard Model of particle physics. Heretic could go further and ask
whether the problem is really with Pythia: could it be with QCD?
These discoveries are unexpected and both a challenge and opportunity to TGD.
i. In TGD framework QGP is replaced with quantum critical state appearing in the
transition from ordinary hadron physics characterized by Mersenne prime M107
to dark variant of M89 hadron physics characterized by hef f /h = n = 512. At
quantum criticality partons are hybrids of M89 and M107 partons with Compton
length of ordinary partons and mass m(89) ≤ 512m(107) since also 1/n-fractional
quarks and gluons are possible.
ii. TGD predicts besides ordinary bosons two additional boson generations, whose
family charge matrices in the space of fermion families are hermitian, diagonal
and orthogonal to each other to the unit charge matrix for ordinary bosons, and
most naturally same for all bosons. The charge matrices for higher generations
necessarily break the universality of fermion couplings. The model for strangeness
enhancement and the violation of lepton universality in B-meson decays predicts
that the bosonic family charge matrix for second generation favours decays to third
generation quarks and dis-favors decays to quarks of first and second generation.
iii. The observed strangeness enhancement can be understood as a violation of quark
universality if the gluons of M89 hadron physics correspond to second generation
of gluons whose couplings necessarily break quark universality. This also predicts
that the rate for prompt production of J/Ψ is lower and jet production rate from
b-hadron decays is higher than predicted by QCD.

10.10.1

Some background about TGD

In hope of making the representation more comprehensible, I list some of the basic ideas
and notions of TGD involved.
Some Basic concepts and ideas
Here is a concise list about the basic notions and ideas of TGD related to particle
physics.
i. There are several new geometric notions involved. Many-sheeted space-time (surface
in M 4 × CP2 ) and topological field quantization implying the notions of field body
and magnetic body and of magnetic flux tubes carrying monopole flux. The twistor
lift of TGD replaces M 4 × CP2 to the Cartesian product of twistor spaces of M 4
and CP2 . The spaces are completely unique in the sense that they have Kähler
structure [L29, L30, L47]. The analog of Kähler structure for M 4 predicts CP, P, and
T violation in all scales having far reaching implications in many fields of physics,
in particular in hadron physics [L35] and cosmology and galaxy models [L36].
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ii. Zero energy ontology (ZEO) is also crucial in the formulation of scattering amplitudes and in the interpretation of TGD, in particular of TGD inspired theory of
consciousness. In ZEO causal diamond (CD) defines the perceptive field of conscious
entity. Zero energy states coding scattering amplitudes are constructed using the
data associated with preferred extremals of the action principle defined by twistor
lift inside CD. CDs for a fractal hierarchy. ZEO leads to a generalization of quantum
measurement theory giving rise to a theory of consciousness.
iii. Strong holography (SH) following from strong form of general coordinate invariance
(GCI) is a central notion [K40, K51].
SH allows effective localization of fermions at string world sheets carrying vanishing
induced W boson fields in the sense that effective action can be formulate in terms of
induces spinor fields at string world sheets having sources at their boundaries. String
world sheets would code for the data needed to construct scattering amplitudes and
their boundaries at the orbits of partonic 2-surfaces correspond to world-lines of
fundamental fermions serving as building bricks of all elementary particles.
The dual 4-D description would be in terms of induced spinor fields in the interior
of space-time surface having sources at light-like 3-surfaces at which the signature
of the induced metric changes from Minkowskian to Euclidian. SH applies also in
bosonic degrees of freedom meaning that the 4-D action determining space-time
surface reduces to 2-D effective action for string world sheets. The 4-D space-time
surface are obtained by SH from these surfaces in analogy with analytic continuation
process.
iv. Number theoretic vision [K96] leads to the notion of adelic physics [L43] based
on the fusion of real and various p-adic number fields to adeles. Adeles form a
hierarchy labelled by extensions of rationals inducing extensions of p-adic number
fields. The interpretation is as an evolutionary hierarchy with levels characterized
by the complexity of extension.
Various p-adic physics are interpreted as physics of cognition. p-Adic length scale
hypothesis states that elementary particles are labelled by certain p-adic primes
p ' 2k . The most important p-adic length scales correspond to Mersenne primes
and Gaussian Mersennes. Preferred p-adic primes p ' 2k could correspond to so
called ramified primes for the extensions, which are winners in the fight for number
theoretical survival.
The hierarchy of Planck constants hef f /h = n defining a hierarchy of phases of
ordinary matter identifiable as dark matter hierarchy. Both hypothesis reduce in
adelic physics to the number theory associated with extensions of rationals inducing
extensions of p-adic number fields. For instance, hef f /h = n corresponds to the
dimension of the Galois group of the extension giving the number of sheets of
space-time surface as covering. A natural hypothesis is that second quantization in
this discrete space of sheets is possible for fermions so that has fractional quarks,
gluons, leptons and hadrons. One has extensions of extensions so that one should
write hef f,f /hef f,i = nif to be precise.
TGD view about elementary particles
The TGD view of elementary particle relies crucially on many-sheeted space-time.
i. Elementary particles are 2-sheeted structures forming closed flux tubes carrying
monopole flux assignable to the induced Kähler form of CP2 . Flux tube has shape
of very long flattened square and has wormhole contacts at its turning points:
wormhole contacts are regions with Euclidian induced metric. For fundamental
fermions a neutrino pair at the throat of wormhole contact is assumed to neutralize
weak spin. This neutralization would take place for all fermions and would be
analogous to electroweak confinement.
ii. To consider gauge bosons and TGD counterpart of Higgs, one can label the wormhole contacts as Wi , i = 1, 2 and the corresponding throats Ti,± . One could have
at opposite throats q ∈ Ti,+ and q ∈ Ti,− , i = 1 or i = 2. Neutrino-antineutrino
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pars neutralizing weak isopin would reside at opposite throats. Also more general
configurations with q ∈ T1,± and q ∈ T2,± are possible: they allow the decay of
boson to fermion antifermion pair by re-connection of the flux tube splitting it.
The quantum state should be superposition of these various states.
iii. For mesons one can consider two different models.
A. Quark and antiquark are at different wormhole contacts of the same closed flux
tube.
B. Meson consists of closed flux tubes associated with quark and antiquark feeding
part of the color magnetic fluxes to hadronic space-time sheet, where they sum
up to zero.
The model for strangeness enhancement suggest that latter option is the more
natural: the mesons would consist of quark antiquark represented as fermionic
strings and also the magnetic flux tube at the hadronic space-time sheet would
have stringy character.
The topological explanation of family replication phenomenon is essential piece of the
picture [K10, K25] .
i. The boundaries of string world sheets are lines at the light-like orbits of partonic
2-surfaces. Partonic 2-surfaces at the boundaries of CD carrying fermions have
topology characterized by genus g. Quantum states are superpositions of 3 lowest
topologies for partonic 2-surfaces having genus g = 0, 1, 2 (sphere, torus, sphere
with two handles) and topological mixing matrices U and D describe the mixing.
These genera are exceptional that they are always hyper-elliptic allowing Z2 global
conformal symmetry. For higher genera this symmetry is possible only for special
values of conformal moduli. The proposal is that the handles form at them free
particles or bound states of at most 2 handles. Therefore higher genera would be
many-particle states. The different mixings for U and D type quarks imply that
CKM matrix appearing in W boson vertices is non-trivial.
ii. Family replication phenomenon is predicted also for bosons. One has dynamical
family-SU(3) with quarks and lepton generations defining triplets of this group.
Bosons belong to singlet and octet representation of this group. Ordinary bosons
correspond to singlet and have universal couplings. Only the two neutral members
of octet representation (analogous to neutral pion and η in Gell-Mann’s SU(3)) are
light and have charged matrices orthogonal to that for singlet and therefore their
couplings violate universality.
iii. The TGD based model is based on the predicted higher generations of electroweak
bosons, whose charge matrices necessarily break fermion universality since they are
orthogonal with each other and orthogonal to the singlet charge matrix which is
unit matrix and thus universal.
Quarks, gluons, and hadrons
The TGD view about color quantum numbers differs from the QCD view. One must
consider both imbedding space level and space-time level.
i. At the level of imbedding space spinor harmonics define the ground states of supersymplectic representations. Color corresponds to CP2 color partial waves and is
not spin-like quantum number except approximately in length scales much longer
than CP2 size scale. This view about color makes possible separate conservation of
baryon and lepton numbers that one must give up in GUTs. Note that no evidence
for the decay of protons predicted by GUTs have been found.
ii. Quantum classical correspondence (QCC) requires a correlate for color also at the
level of space-time surfaces. Induced spinors do not have color as spin like quantum
number and one cannot talk about color partial waves at space-time level.
Color magnetic flux emanating from quark, which is identified as 2-sheeted structure, flows to a larger hadronic space-time sheet through wormhole contact and
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could define the correlate for color hyper charge. The flux of color magnetic hypercharge is defined by Kähler form multiplied by hyper-charge Hamiltonian which is
determined up to additive constant. This constant term should give the color flux
as proportional to Kähler magnetic flux.
The sum of Kähler magnetic fluxes (homology charges) must vanish for orientable
surfaces and thus for hadronic space-time sheet must vanish unless one allows nonorientable 3-surfaces in which case it would vanish only modulo 2. Orientability is
required by the well-definedness of induced gauge fields.
Vanishing occurs if the values of Kähler magnetic charge are 2 and -1, -1 and would
correspond to the values 2/3, −1/3, −1/3 of color hyper charge for color triplet of
quarks. For higher color partial waves color confinement condition requires large
values of Kähler magnetic flux and this might prevent higher color partial waves
for leptons and quarks or make them very massive. This is actually very inportant
point since there is no evidence for higher color partial waves.
iii. QCC suggests also space-time correlates for isospin and spin. Two-sheeted covering
space structure for elementary particles could correspond to this. One would have
2-sheeted covering space completely analogously to how SU(2) serves as 2-sheeted
covering of SO(3). The rotations would would lead from the point of wormhole
throat to the point at opposite throat. This would apply to both color, spin, and
electroweak spin, in which case parallel translation would define the transformation.
Galois group permutes the space-time sheets and an attractive idea is that Galois
group could represent discrete subgroups of the these symmetry groups.
A more precise view about gluons and hadrons is needed.
i. The general structure of bosons was already considered. The presence of configuration with q ∈ T1,± and q ∈ T2,± makes possible decays of gluon to qq pairs by
splitting of the closed gluon flux tube by reconnection to closed flux tubes representing quark and antiquark. In this process a neutrino pair neutralizing weak isospin is
created at the emerging wormhole contacts. Similar superposition for weak bosons
makes possible their decays to lepton and quark pairs.
ii. Hadronic space-time sheet is the third space-time sheet involved and is present
always and could corresponds to color magnetic body. Quarks and gluons feed color
magnetic fluxes to hadronic spacetime sheet defining field body/magnetic body of
hadron. The color magnetic flux entering along flux enter here and sum up to zero.
iii. QCC would be analogous to electric-magnetic duality. At quark space-time sheets
color and other quantum numbers would be quantum numbers. At the larger
hadronic space-time sheet color hypercharge would correspond to Kähler magnetic
charge for effective monopole like entity.
iv. Hadronization would occur at hadronic space-time sheet as a formation combinations of quark flux tubes with vanishing total Kähler magnetic charge. Gluon flux
tubes decay to pairs of quark and antiquark flux tubes and quarks as closed flux
tubes. They feed color magnetic fluxes to hadronic space-time sheets and form
in hadronization bound states of color magnetic monopoles with vanishing total
color magnetic charge. The magnetic confinement process would occur at the level
of hadronic space-time sheet since only magnetic singlets can escape the reactor
volume.
If this picture is correct, color confinement would reduce to second homology of CP2
and hadronization would have a concrete topological description whereas in QCD
it involves introduction of statistical jet hadronization functions characterization
hadronization.

10.10.2 TGD based model for the enhanced strangeness production
With above prerequisites one can consider explicit model for the enhanced strangeness
production.
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What has been found?
The discovery of QGP candidate in proton proton collisions is discussed in popular
article at http://tinyurl.com/mcmekne and in the article [C53] at http://tinyurl.
com/kse8p3t). I glue below the abstract of the research article.
At sufficiently high temperature and energy density, nuclear matter undergoes a transition to a phase in which quarks and gluons are not confined: the quark–gluon plasma
(QGP). Such an exotic state of strongly interacting quantum chromodynamics matter
is produced in the laboratory in heavy nuclei high-energy collisions, where an enhanced
production of strange hadrons is observed. Strangeness enhancement, originally proposed as a signature of QGP formation in nuclear collisions7, is more pronounced for
multi-strange baryons. Several effects typical of heavy-ion phenomenology have been observed in high-multiplicity proton–proton (pp) collisions, but the enhanced production of
multi-strange particles has not been reported so far.
Here we present the first observation of strangeness enhancement in high-multiplicity
proton–proton collisions. We find that the integrated yields of strange and multi-strange
particles, relative to pions, increases significantly with the event charged-particle multiplicity. The measurements are in remarkable agreement with the p–Pb collision results,
indicating that the phenomenon is related to the final system created in the collision. In
high-multiplicity events strangeness production reaches values similar to those observed
in Pb–Pb collisions, where a QGP is formed.
Some comments are in order.
i. The enhanced production of hadrons containing strange quarks is taken as a signature for the production of the QGP candidate: why this enhancement should occur
is not however obvious. In the case of nucleus-nucleus collisions this interpretation
was justified as a first guess but not so in the case for proton-nucleus collisions and
even less in the case of p-p collisions. Something exotic is produced and it is better
to just ask what this something might be. One must be even ready to challenge the
status of QCD.
ii. The enhancement depends on the final state and only weakly on the initial state
suggesting that some phase new phase is indeed created and responsible for the
enhancement. Already in the case of nucleus-nucleus collisions the unexpected correlations associated with charged particle pairs in the final state led to ask whether
string like objects decaying to quark pair, which eventually decaying eventually to
ordinary hadrons, might be created. Also the presence of some kind of macroscopic
quantum phase is suggested by long range correlations and also by chiral magnetic
effect (CME) and chiral separation effect (CSE) for which a TGD inspired model
is discussed in [L35] [K22].
iii. The ratios of differential cross sections for pairs of strange particles K, λ, Ω to the
cross section for production of pions are very similar to those in proton-nucleus collisions suggesting that also in this case proton-nucleus collision is the basic mechanism
for creating the new unidentified phase (see http://tinyurl.com/kse8p3t)).
iv. The integrated yields of strange particles increase with charged particle multiplicity.
This is an hint about the production mechanism: the first step could be the decay of
gluon like states to quark-antiquark pairs. Ordinary quarks need not be in question.
The enhancement of strangeness production increases with the number of strange
quarks in the hadron produced. According to the article, the existing models are
not able to reproduce this behavior. Hence there might be the place for a new
physics.
Enhanced strangeness production as a violation of quark universality
The TGD based explanation [K22] [L38] is in terms of topological explanation of family
replication phenomenon using genus-generation correspondence [K10].
i. A natural starting point is another anomalous finding by LHC: the decays of B and
K mesons seem to violate lepton universality. The observations are summarized
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at http://tinyurl.com/m7gahup and the analysis of data is explained at http:
//tinyurl.com/ml335qf. This suggests the existence of heavy variants of W resp.
Z bosons, which prefer to decay to τ ν resp. τ + τ − pairs. Also the anomaly for the
anomalous magnetic moment of muon suggests a violation of lepton universality
as do also the different values of proton charge radii deduced from hydrogen and
muonium atom [L38].
ii. Ordinary electroweak bosons would correspond to Mersenne prime M89 . The Gaussian Mersenne MG,79 would characterize the second generation of weak bosons and
one prediction is enhanced production of τ pairs due to the larger coupling of second generation weak bosons to τ pairs. If the charge matrices of second generation
gluons in the space defined by triplet of fermion generations are same for triplets
electroweak bosons and gluons, the decays of second generation gluons should produce more g = 2 quark pairs (t or b pairs) than g < 2 pairs. The decay of g = 2
quarks to c and s quarks followed by the decay of c quarks to s and u plus the long
lifetime of s would lead to strangeness enhancement.
The weak boson families would correspond to subsequent (possibly Gaussian) Mersennes
M89 , MG,79 , M61 .
iii. The model for enhanced strangeness production is implied by e TGD based model
for the violation of lepton universality. Also gluons and even gravitons should
possess higher generations and this suggests that strangeness enhancement is a
signal about violation of flavor universality due to second generation gluons.
Two additional gluon families are predicted and the 3 gluon generations would
naturally correspond to subsequent Mersennes M107 , M89 , MG,79 . Their couplings
to quarks would violate universality. The simplest hypothesis is that the charge
matrices for family-SU(3) are same for gluons and ew bosons and maybe even
gravitons of which only the singlet graviton is expected to be massless.
iv. What charge matrices could look like? Ordinary gauge bosons correspond by universality to charge matrix (1, 1, 1). All charge matrices are orthogonal to each other
and thos for second and third generation bosons are hermitian, diagonalmatrices
with vanishing trace. The simplest proposal for second generation charge matrix
is as matrix proportional to hyper charge matrix Y = (−1/3, −1/3, 2/3). Third
generation charge matrix is proportional to I3 = (1/2, −1/2, 0). The coupling by
hypercharge matrix would be two times stronger than by isospin matrix and favor
decays of gluons to third generation quarks. This guess might hold true in absence
of topological mixing of the partonic topologies with genus g = 0, 1, 2.
Topological mixing for fermions would cause mixing of fermion families depending
on the charge state of fermion: U resp. D type quarks are mixed by unitary matrix
U resp D. For first generation neutral weak bosons and gluons the charge matrices
are not affected. For higher generations one has Qi → U QU † and Qi → DQi D† . For
charge weak bosons one has Qi → U Qi D† giving for the lowest generation CKM
matrix CKM = U D† and its along for higher generations. CKM matrix would
therefore show itself in the couplings. If one accepts the identification of charge
matrices as Y and I3 the model predicts the couplings apart from the normalization
of these matrices.
A similar 3-levelled hierarchy of hadron physics is highly suggestive.
i. A more precise formulation of M89 hadron physics emerges [K22]. The original
hypothesis was that M89 hadron physics is just a copy of the usual M107 hadron
physics with masses scale by a factor 512 in the first approximation.
ii. In the refined vision M89 gluons would be actually second generation gluons, whose
couplings violate universality by preferring to decay to g = 2 quark pairs (t, and
b pairs) just as second generation of weak bosons prefer to decay to g = 2 lepton
pairs. The explanation for the appearance of bumps with masses of ordinary mesons
scaled by factor 512 provides the basic support for the presence of M89 hadron
physics [L42] [K22].
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Is QGP replaced with criticality for the phase transition from M107 hadron
physics to M89 hadron physics?
The view about quantum criticality assigned to quark-gluon plasma also sharpens.
Quantum criticality would be associated with the phase transition from M107 (standard gluons) to M89 hadron physics associated with the second generation gluons.
i. I have proposed that the dark variants of M89 mesons appear at quantum criticality for a phase transition usually interpreted as formation of QGP. The long range
correlations associated with quantum criticality would correspond to hef f /h = n
phases with Compton lengths scaled up by factor n. By quantum classical correspondence (QCC) also the scales of space-time sheets would be scaled up in this
manner.
This quantum criticality might be also associated with the collision producing the
bumps with the masses of M89 mesons for which there is evidence [L42] [K22] but
forgotten as it turned out that the interpretation in terms of SUSY is not possible.
One possibility is peripheral collisions since for these the electromagnetic instanton
density would be large and give rise to a generation of M89 pseudo scalars coupling
to it. For hef f /h = 512t dark M89 hadrons and ordinary hadrons would have the
same size scale.
ii. For gluons these n = 512-sheeted structures would be analogous to Bose-Einstein
condensates of ordinary hadrons and gluons. At the level of quarks Fermi sphere is
a better analogy. If all sheets are occupied the mass would n = 512 the mass of the
ordinary hadron. The simplest option is 1/512-fractionization for spins and other
quantum numbers.
An attractive idea is that also partly filled Fermi spheres are possible and that the
fractional quarks thrown out from full Fermi spheres correspond to sea quarks. If
one has this kind of 512-sheeted dark M89 gluon preferring to decay to t and b quark
pairs, one indeed obtains strangeness enhancement. TGD Universe is quantum
critical and the idea that quantum criticality would be realized in this manner is
attractive.
A comment about a long standing problem related to the fractionization of quantum
numbers is in order although it is not absolutely relevant for the recent situation. One
can consider two interpretations for what hef f /n = n means depending on whether the
quantum numbers are fractionized or not. The first option works for the above model
and second option leads to strange results.
i. Charge fractionization means that the unit of charge (say spin) is scaled down by
1/n, hef f /h = n. The dark matter fermion with all n sheets of covering containing
1/n-fractional fermion is analogous to a full Fermi sphere and has non-fractional
quantum numbers. Also fractional filling is possible. Total quantum numbers must
be however fractional and one has anyonic states consisting of several fractional
particles [K80]. The transition to ordinary phase at single particle level is possible
only for a particle with full Fermi sphere. Otherwise anyons with complementary
Fermi spheres must fuse to give ordinary particles.
For years ago I proposed that pairs formed by dark fractional particle and its
complement assignable to a pair of biomolecules could have meant the emergence
of symbolic dynamics at molecular level and of what might be called molecular
sex [K67, K62]. This could correspond to the assignment of fractional proton triplets
to DNA codon and its complementary fractional triplet to conjugate codon. DNA
double strand would represent the visible part of molecular marriage of dark DNA
sequences.
ii. Half-odd integer value of the total angular momentum for the many-anyon system
guarantees that the action of 2π rotation in Minkowski space is consistent with the
ordinary statistics. One can also consider rotations a the level of space-time surface.
For n-fold covering only the M 4 rotation of n × 2π acting on point of space-time
surface has the usual effect and one can say that the particle has fractional spin at
space-time level.
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iii. There is however an objection to fractionization. The original idea behing hierarchy
of Planck constants was that the energy E = hf associated with frequency f is
scaled up to E = hef f f . For cyclotron frequencies fc ∝ qB/m. Suppose transition
to dark phase occurs and all sheets are filled. The fractionizations of q and m
compensate each other. If B has the original values at all n sheets, the cyclotron
energies increases by factor n as required. One has n copies of the original spacetime sheet carrying the original magnetic field so that a kind of space-time correlate
for Bose-Einstein condensation is in question.
Deconfinement phase transition does not make sense in TGD framework. Only the scale
in which magnetic monopoles are free, can increase.
i. M107 gluons of first generation would become dark M89 dark gluons of second
generation in number theoretic phase transition increasing the dimension of Galois
group identified as hef f /h = n with the sheets of n-sheeted objects permuted by
Galois group. Kind of Bose-Einstein condensation of ordinary gluons to n-sheeted
structures would be in question. Ordinary M89 hadron would result in the decay
reducing the value of hef f /h by factor 2−9 . Alternatively bunches of m ≤ n M107
hadrons could result in the decay.
ii. At quantum criticality one would have hybrids of M107 and M89 hadrons. M89
dark particles the spatial scale would correspond to M107 but mass scale to M89 .
Voice would be Jacob’s voice but the hands wold be Esau’s hands. Large size scale
for them would correspond to quantum fluctuations and long range correlations
associated with M107 → M89 phase transition. Instead of liberation of ordinary
quarks one would have almost-liberation of M89 quarks having size scale of ordinary
hadrons equal 512 times their ordinary Compton length.
Model for strangeness enhancement
Consider now the mechanism for strangeness enhancement.
i. If gluons consist dominantly of g = 2 quark pairs (t and b), they prefer to decay
to g = 2 quark pairs. These in turn prefer to decay via W boson emission to g = 1
pairs (c and s). c quarks in turn decay to s and u quark. The lifetimes of strange
mesons are so long that they are not detected in the reactor volume. The outcome
is strangeness enhancement. Note however that CKM mixing is involved, which
allows to produce also d quarks in the decays of c quarks.
ii. Why the enhancement of strange baryons would increase with the number of strange
quarks in hadron? Could M89 gluon define the volume in which process occurs?
The density of ordinary gluons would very small in this volume, and the probability
that hadronization produces hadrons containing u and d quarks would be due to
the decay products of second generation gluons and therefore small.
Hadronization would correspond to the formation of color bound/magnetically
bound states of quarks coming from the decays of second generation gluons to
quark pairs with t and b pairs preferred. These quarks forming effectively magnetic
monopoles at throats of wormhole contacts would then form mesons and baryons
as color bound states and the probability for the hadron to contain first generation
quarks would be the lower the higher the number of them is. This would explain
why the production rate for hadrons decreases with the number of non-strange light
quarks.
iii. Could the region containing very few light ordinary quarks correspond to dark M89
gluon occupying the volume with a size scale of ordinary hadron? This could be
the case if the decay of dark M89 gluon to quark pairs occurs first and is followed
by the decay of this M89 512 × 2-sheeted structure to dark M89 quark pairs in turn
decay decay to 512 ordinary quarks and antiquarks. If the partonic 2-surface tends
to have g = 2 then all the decay products would tend to have also g > 0 and consist
of strange quarks.
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10.10.3

Anomalous J/Ψ production and TGD

A new anomaly [C167] (see http://tinyurl.com/l3xnxtj) has been discovered by
LHCb collaboration. For popular summary see http://tinyurl.com/mjucnwl. The
production of J/Ψ mesons in proton-proton collisions in the Large Hadron Collider
(LHC) at CERN does not agree with the predictions made by a widely used computer
simulation, Pythia. The result comes from CERN’s LHCb experiment studying the jets
of hadrons created as protons collide at 13 TeV cm energy.
These jets contain large numbers of J/Ψ mesons consisting of charmed quark and a
charmed anti-quark. The LHCb measured the ratio of the momentum carried by the J/Ψ
mesons to the momentum carried by the entire jet. They were also able to discriminate
between J/Ψ mesons created promptly (direct/prompt production) in the collision and
J/Ψ mesons that were created after the collision by the decay of charmed hadrons
produced by jets (jet production).
Analysis of the data demonstrates that PYTHIA - a Monte Carlo simulation used to
model high-energy particle collisions - does not predict correctly the momentum fraction
carried by prompt J/Ψ mesons. The conclusion is that the apparent shortcomings of
PYTHIA could have a significant effect on how particle physics is done because the
simulation is used both in the design of collider detectors and also to determine which
measurements are most likely to reveal information about physics beyond the Standard
Model of particle physics. Heretic could go further and ask whether the problem is
really with Pythia: could it be with QCD?
The TGD explanation for the finding is same as that for strangeness enhancement in p-p
collisions [L44] in the same energy range at which the de-confinement phase transition
is predicted to occur in QCD. In TGD one would have quantum criticality for a phase
transition from the ordinary M107 hadron physics to M89 hadron physics with hadronic
mass scale by a factor 512 higher than for ordinary hadrons. The gluons and quarks
at quantum criticality would be dark in the sense of having hef f /h = n = 512. Also
1/n-fractional quarks and gluons are possible.
TGD predicts besides ordinary bosons two additional boson generations, whose family
charge matrices in the space of fermion families are hermitian, diagonal and orthogonal
to each other to the unit charge matrix for ordinary bosons, and most naturally same for
all bosons. The charge matrices for higher generations necessarily break the universality
of fermion couplings. The model for strangeness enhancement and the violation of lepton
universality in B-meson decays predicts that the bosonic family charge matrix for second
generation favours decays to third generation quarks and dis-favors decays to quarks of
first and second generation. This predicts that the rate for prompt production of J/Ψ
is lower and jet production rate from b-hadron decays is higher than predicted by QCD.
The prediction for prompt production of J/Ψ does not conform with the
Pythia simulation
The abstract of the article [C167] published in Phys Rev Letters (see http://tinyurl.
com/l3xnxtj) gives a more technical summary about the discovery.
The production of J/Ψ mesons in jets is studied in the forward region of proton-proton
collisions using data collected with the LHCb detector at a center-of-mass energy of 13
TeV. The fraction of the jet transverse momentum carried by the J/Ψ meson, z(J/Ψ) ≡
pT (J/Ψ)/pT (jet), is measured using jets with pT (jet) ≥ 20 GeV in the pseudorapidity
range 2.5 ≤ η(jet) ≤ 4.0. The observed z(J/Ψ ) distribution for J/Ψ mesons produced
in b-hadron decays is consistent with expectations.
However, the results for prompt pT (J/Ψ) production do not agree with predictions based
on fixed-order non-relativistic QCD. This is the first measurement of the pT fraction
carried by prompT J/Ψ mesons in jets at any experiment.
Some explanation about the basic notions are needed before continuing.
i. Pythia is a simulator producing QCD predictions in p-p, p-N, and N-N collisions.
The collisions are extremely complex so that this kind of simulation involves uncer-
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tainties. QCD model involves distribution functions for partons inside hadron and
fragmentation functions for jets telling the probabilities for production of various
hadrons from the jet initiated by quark or gluon. Furthermore, at energy range
believed to correspond to the transition from confined phase of quarks and gluons
to quark-gluon plasma the modelling becomes especially difficult. Situation is made
even more difficult by the fact that the quark-gluon plasma (QGP) does not look
like plasma but more like ideal fluid with long range correlations. The problem
might with QCD itself.
ii. There are two mechanisms for J/Ψ production.
A. In direct/prompt production J/Ψ is produced in gluon annihilation. Two gluons
from the colliding nucleons annihilate to quark pair either via intermediate gluon
or by quark exchange. For this mechanism the production is fast, there is large
transverse polarization of J/Ψ reflecting the polarization of gluon pair fusing
to cc pair, and J/Ψ events are isolated in the momentum space. For z(J/Ψ) =
pT (J/Ψ)/pT (jet) > .6 normalized distribution dσ/dz(J/Ψ)/σ is considerably
smaller than predicted by QCD (see Fig. 4 of http://tinyurl.com/l3xnxtj).
B. In jet production of J/Ψ mesons come from the decays of b-hadrons (hadrons
containing b-quarks) resulting in the fragmentation of b-jets to hadrons. The
mechanism is slow since c quark results from the weak decay of b quark. Pythia
simulation gives a good fit in this case (see Fig. 4 of http://tinyurl.com/
l3xnxtj)
iii. LHCb team measures the ratio of the transversal momentum of the part of jet
consisting of J/Ψ mesons to the transverse momentum of the jet. This is consistent
with the jet model. The team manages also to separate the jet production from
prompt production and concludes that prompt production is smaller than predicted
by Pythia.
The heretic questions are following. Could the direct production be smaller than predicted by QCD? Could b-quarks giving rise to jets containing more b-hadrons than QCD
predicts?
TGD inspired model
Before going to the model it is good to explain some background.
i. Rather recently I proposed a TGD inspired model explaining the enhanced strangeness
production observed in p-p collisions [L44] [K22]. TGD predicts 3 generations for
all bosons and the family charge matrices act in the triplet representation defined
by 3 fermion families for what could be called family-SU(3) acting as a spectrum
generating group.
The additional two boson generations necessarily violate the universality of standard
model interactions since they must be orthogonal with each other and with the
charge matrix of ordinary bosons. The strongest assumption is that the charge
matrices are identical for all bosons (including Higgs, photon, and even graviton).
I have talked for years about scaled-up copy of hadrons assignable to the Mersenne
prime M89 = 289 − 1 (ordinary hadron physics would correspond to M127 ). The
mass scale for the hadrons of M89 hadron physics would 512 times that for ordinary
hadron physics and in the first approximation the masses of the scaled up hadron
physics would be 512 those of the ordinary hadron physics. There are indications
for roughly 10 bumps identifialbe as M89 hadrons and having the predicted masses.
If second generation gluons prefer to decay to a quark pair of third generation (t
or b pair), strangeness enhancement can be understood qualitatively since the third
generation quarks would decay to c and s quarks by weak boson emission and c
quarks in turn would decay to s quarks, which are rather long-lived.
ii. The violation of the universality would take place also for weak interactions. Second generation of weak bosons in turn explain the anomalous CP violation and the
violation of the lepton universality observed in the decays b-mesons. Also now it
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is essential that the second generation of weak bosons prefers to decay to a pair
of third generation leptons, that is τ pair. Also the anomaly of muon’s anomalous
magnetic moment and different values of charge proton radius deduced from hydrogen atom and muoniums atom could be understood in terms of the violation of
lepton universality induced by the same mechanism [L38].
For these reasons and also because both c quark and s quark correspond to the second
quark generation, it is interesting to see whether the too low yield of prompt c quarks
and perhaps too high yield of c quarks from jets could be understood in terms of second
generation of gluons preferring to decay to b quark pair and having reduced coupling to
first and second fermions.
Let us look what the assumptions of this model could be.
i. Second generation gluons are somehow created in the collision, and they fuse to
quark pair. t quark pairs (if kinematically possible) and b quark pairs are preferred
due to their charge matrix in family-space for fermions. The decay to first and
second generation quark pairs would disfavored by the properties of the charge
matrix. This could be enough to explain why direct production is reduced and jet
production enhanced. Situation would be very similar to strangeness enchancement
which should be due to the jet production.
ii. De-confinement phase transition is believed to produce QGP. The behavior of the
QGP candidaate produced at RHIC and LHC is however not that of QGP. The
presence of this phase even in p-p collisions looks rather strange. The TGD based
model for enhanced production of strange hadrons assumes that the quantum criticality for deconfinement corresponds to that for the transition to QCD for second
generation gluons. Quantum criticality for a phase transition from M107 hadron
physics to M89 hadron physics would be in question.
Quantum criticality corresponds to a creation of phase with non-standard value
hef f /n = n of Planck constant, and n = 512 would imply that the Compton length
of second generation gluons with given energy 512 longer than for ordinary gluons:
this would be a counterpart for long range quantum fluctions at quantum criticality.
The counterpart for the mass scale ΛQCD wuld be by a factor 512 higher than its
value in ordinary QCD and correspond to a mass scale about 75 GeV slightly higher
tham the mass of M89 pion.
iii. If quantum criticality is accepted and family-charge matrices are universal , the
fusion mechanism would produce from dark M89 gluons a pair of dark M89 quarks
with preferring to decay to b or t quark pair and disfavoring decays to lower generation quark pairs. These quarks would transform to ordinary quarks and after that
the situation would be as in ordinary QCD.
How the second generation gluons could be generated at quantum criticality?
i. Could ordinary gluons make a direct single particle transition to dark second generation gluons with ordinary quantum numbers or could they decay to dark fractional
gluons of second generation? For both options the gluon distributions of incoming
nucleons appear in the convolution giving the cross section for gluon fusion as function of collision energy. If this assumption is not made, the distribution functions
would be replaced by their analogs for the intermediate state created in the collision and having weak dependence on colliding particles. This might be tested
experimentally.
ii. Depending on whether one approaches critical energy range from below or above,
M107 −M89 quantum criticality means that either the ordinary M107 or M89 hadron
physics becomes unstable. Long range quantum fluctuations correspond to the
scaling of the correlation length by hef f /h = n = 512. The quantum critical phase
would be hybrid of these two hadron physics. This hybrid nature would resolve the
paradox due to the fact that two distinct phases become single phase at criticality.
There should exist some critical parameters such as collision energy, whose variation
induces the transition and the bosonic counterparts of elementary particle vacuum
functionals [K10] in the moduli space of partonic 2-surfaces should change in the
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transition. What would happen at the level of partonic 2-surfaces? Certainly their
size for ordinary M89 hadrons would be by a factor 1/512 smaller.

10.10.4 Could ordinary nuclei contain dark MG,113 variants of
ordinary nucleons?
It is usually assumed that nuclear nucleons do not differ from free nucleons. The above
proposal however raises questions about their true identity. What one can say about
quarks and gluons inside atomic nuclei for which Gaussian Mersenne MG,113 characterizes nuclear space-time sheet as an analog of hadronic space-time sheet?
Could ordinary M107 gluon and quarks be replaced with their dark variants with hef f /h =
n = 26 = 64 inside nuclei. I have consider TGD view about nuclear physics in
[K86, L5, K64] and developed what I call nuclear string modeld. I have also considered the possibility that MG,113 hadron physics could be involved with atomic nuclei [L33, L34] but have not proposed that they could be dark and correspond to the
p-adic length scale MG,113 of nuclei requiring hef f /h = n = 26 .
One can imagine several options.
i. Option I: Nuclear string model [L5] assumes that ordinary nuclei consist of nucleons
bound together by MG,113 meson-like flux tubes to form strings. The mass of MG,113
pion would be about m(π)/64 ' 2.8 MeV, which corresponds to the scale of binding
energy per nucleon for nuclear strong interactions. Nucleus could consist of strings
formed by nucleons connected by meson-like flux tubes. There is an obvious analogy
with the pearl-in-necklace model of galaxies. The galaxies would be ordinary matter
suggesting that also the nuclear nucleons are ordinary nucleons.
ii. Option II: Meson-like flux tubes are dark 64-sheeted structures with m ≤ 64-sheeted
fractional quarks-antiquark pairs at ends. For m = 64 the flux tube has mass of
ordinary pion, which does not make sense. Fractionization would be necessary. The
total quantum numbers should be non-fractional. For baryon number this gives no
constraint since it vanishes for mesons. Neither does spin give constraints if the
bonds are pion-like spin singlets.
iii. Option III: Also nuclear nucleons are dark having Compton lengths of order nuclear size inside nuclei and give rise to a kind of superfluid. Could one have
distinct superfluids for protons and neutrons? MG,113 nuclei would have masses
m = mN /64 ' 14.9 MeV and dark variants of ordinary M107 nucleons would contain at most 64 for of them - at most one at each sheet of the Galois covering and
have fractionized spin and other quantum numbers. The analog with partially filled
Fermi sphere is suggestive.
An interesting question is whether the decay of nuclei could produce a bunch of
64 M113 nuclei with ordinary value of hef f . This kind of events would be rather
spectacular. The rate for them should be however very small.
What about free nucleons and colliding nucleons?
i. In collisions of hadron with proton target the nucleons of target would be dark
MG,113 nucleons. What about proton-proton and proton-antiproton collisions. Would
the protons in this case be ordinary? Or could a phase transition to dark MG,113
phase take place so that the quarks making nucleon become fractional and one would
have more than 3 genuinely fractional quarks such that the total baryon number is
one. Could the resulting quarks carrying small fraction of baryon number and spin
be assigned with parton sea? Could this allow to explain the proton spin puzzle.
ii. What happens lepton proton collisions allow to see proton as consisting of ordinary
valence quarks only? This does not look plausible. Could one think that in accordance with quantum criticality of TGD, nucleons are quantum critical systems
and that even electromagnetic interaction with leptons generates the dark MG,113
phase?
What about quark masses? One can imagine two options.
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i. If dark current quark with mass of say 5 MeV consists of 64 MG,113 fractional
quarks, the fractional variant with minimal mass has mass .08 MeV. This option
conforms with the view that most of the mass of hadron is due the energy of the
color magnetic body of the hadron. Note that one would have spectrum of quark
masses between .08 MeV and 5 MeV.
ii. If current quark with mass of 5 MeV actually corresponds to dark MG,113 fractional
quark with minimal mass, ordinary quark would have 64 times larger mass of 320
MeV, quite near to one third of proton mass identified as mass of constituent quark
in the quark model proposed by Gell-Mann at sixties.
This identification might make sense if the dark nucleus like state is generated also
in proton-proton and proton-antiproton collisions as intermediate state. One could
also imagine free proton is dark MG,113 proton. Is the mass of 5 MeV too high to
allow realistic masses for the meson like bonds correcting the nucleons? The scaled
down pion mass is a reasonable estimate and would give a mass of 2.8 MeV, which
looks realistic.
One can wonder about the TGD description for the mechanism giving rise to the nuclear
binding energy. Could it be understood at deeper level in terms of splitting of nucleon
to fractional nucleons and re-organization of color magnetic fluxes?
Are there any experimental findings justifying these speculative questions?
i. EMC (see http://tinyurl.com/mvj5vwj) observed around 1980 that the nucleons
inside deuterium and iron behave differently as polarized targets and could have
different quark sub-structures. The presence of color flux tube bonds between ordinary nucleons alone could explain this effect but also the possible 64-sheetedness
of flux tubes and even the possible darkness of nuclear nucleons themselves could
relate to the effect.
ii. EMC also discovered the spin crisis of proton: quark model explains only a faction of
proton’s spin (see http://tinyurl.com/n6ghs6v). In the experiment, a polarized
muon beam collided with polarized proton target, whose protons are nuclear protons
and could thus be dark variants of ordinary protons.
The first guess would be that the presence of ρ meson like flux tube bonds carrying
spin could solve the spin crisis: there would be no need for dark nucleons.
Dark nucleons and fractionization of quark quantum numbers suggests second explanation. If also the colliding nucleons are dark and genuinely fractional, the
fractionization baryon number and dark quark spin as n/64 ≤ 1-multiple of ~/2
could transfer part of dark quark spin to the parton sea. Fermi sphere provides a
good analogy. Ideal nuclear nucleon has all 64 levels filled with fractional MG,113
quarks. Interacting and even free nucleons could have lost some fraction of baryon
number and spin from full Fermi sphere. These additional fractional nucleons could
be part of parton sea besides gluons and the quark pairs from their decays.
The phase transition to dark phase should occur also for proton-proton collisions
suggesting the existence of a kind of intermediate nucleus.
One can wonder about the TGD description for the mechanism giving rise to the nuclear
binding energy.
i. One expects that the fundamental description involves Yangian extension of supersymplectic symmetry assigning to the system multi-local algebra generators giving
hopes about first principle description of bound states [?] Since fractionization of
quantum numbers is associated also with the Yangians and various quantum groups,
one might expect that there is a close relationship between adelic physics and fractionization due to hef f /h = n hierarchy associated with the extensions of rationals.
Super-conformal invariance allows to express mass squared operator in terms of
Casimir operator in vibrational degrees of freedom of Super-Virasoro algebra represented in terms of local Kac-Moody algebra generators. One might expect something analogous but for the Yangian algebra of super-symplectic algebra multilocal
with respect to partonic 2-surfaces. Multilocal generators in the mass squared operator could serve as the analog of interaction Hamiltonian. I am however unable
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to say anything more detailed about this idea. One can however be less ambitious
and make questions.
ii. Somehow the nucleons lose some of their mass. Could one imagine a description
of this loss without phenomenological notions like potential energy or interaction
Hamiltonian? Adelic physics suggests that the formation of bound states represents
an evolutionary step identifiable as emergence of number theoretical complexity.
That is extension of rationals with a larger Galois group with order identifiable
as hef f /h = n. n represents the number of sheets of covering and the natural
hypothesis is that second quantization in this discrete space of sheets is possible for
fermions so that one indeed has fractional quarks, gluons, and nucleons.
Could the binding energy be understood in terms of splitting of nucleon to fractional nucleons and re-organization of color magnetic fluxes? Quantum classical
correspondence suggests the possibility of classical description in terms of colormagnetic energy and one can check whether this could make any sense.
iii. Suppose that color magnetic energy explains the energy of nucleus apart from a
small 1 per cent contribution of quarks. Idealize this energy by associating it with
single color-magnetic flux tube carrying constant Kähler magnetic field. Suppose
that the nucleon splits into (64 − m)/64-fractional nucleon and m/64-fractional nucleon such that the total color flux is conserved and that color flux is fractionize
unlike Kähler flux. This requires that the additive constants in the color hypercharge Hamiltonian become scaled by (64 − m)/64 and m/64. Suppose also that
the thickness of flux tubes is scaled up by S/S0 = 64. Kähler magnetic field scales
as (S0 /S)2 : the reason is that there are 64 sheets in the covering. Kähler magnetic
energy scales as (S0 /S) = 1/64.
iv. What happens to the color magnetic energy in the splitting? Suppose that color
2
.
magnetic energy is integral I of BY2 and same order of magnitude as integral of BK
2
The division to two flux tubes gives E as sum of integrals E1 = [(64 − m)/64] X
and E2 = [m/64]2 × X, X = (S0 /S) × I, giving E = E1 + E2 = (1 − m/32) × X.
The change of the color magnetic energy is ∆E = −mX/211 for S0 /S = 1/64. If
the energy of constituent quarks makes about 1 per cent of hadron mass, one has
I ' 930 MeV for proton and ∆E/I = −m/211 . One would have ∆E ' −m × .47
MeV . For m = 1 this is considerably smaller than the typical binding energy
per nucleon. 5 MeV binding energy per nucleon would require m ∼ 10. m could
characterize the binding energy of nucleon. Note that color bonds between nucleons
give a positive contribution to the energy per nucleon in nuclear string model. Scaled
down pion mass is only 2.6 MeV. This contribution must be smaller in size that the
contribution from fractionization.

10.11

Cosmic Rays And Mersenne Primes

Sabine Hossenfelder has written two excellent blog postings about cosmic rays. The
first one is about the GKZ (see http://tinyurl.com/ybdflmgl) cutoff for cosmic ray
energies and second one about possible indications for new physics above 100 TeV (see
http://tinyurl.com/ydewc2ug). This inspired me to read what I have said about
cosmic rays and Mersenne primes- this was around 1996 - immediately after performing
for the first time p-adic mass calculations. It was unpleasant to find that some pieces
of the text contained a stupid mistake related to the notion of cosmic ray energy. I had
forgotten to take into account the fact that the cosmic ray energies are in the rest system
of Earth- what a shame! The recent version should be free of worst kind of blunders.
Before continuing it should be noticed I am now living year 2012 and this section was
written for the first time for around 1996 - and as it became clear - contained some
blunders due to the confusion with what one means with cosmic ray energy. The recent
version should be free of worst kind of blunders.
TGD suggests the existence of a scaled up copy of hadron physics associated with
each Mersenne prime Mn = 2n − 1, n prime: M107 corresponds to ordinary hadron
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physics. Also lepto-hadrons are predicted. Also Gaussian Mersennes (1 + i)k − 1,
could correspond to hadron physics. Four of them (k = 151, 157, 163, 167) are in the
biologically interesting length scale range between cell membrane thickness and the
size of cell nucleus. Also leptonic counterparts of hadron physics assignable to certain
Mersennes are predicted and there is evidence for them (see http://tinyurl.com/
ybfkptns) [K92].
The scaled up variants of hadron physics corresponding to k < 107 are of special interest.
k = 89 defines the interesting Mersenne prime at LHC, and the near future will probably
tell whether the 125 GeV signal corresponds to Higgs or a pion of M89 physics. Also
cosmic ray spectrum could provide support for M89 hadrons and quite recent cosmic
ray observations [C203] are claimed to provide support for new physics around 100 TeV
(see http://tinyurl.com/y8s8swa5). M89 proton would correspond to.5 TeV mass
considerably below 100 TeV but this mass scale could correspond to a mass scale of
a scaled up copy of a heavy quark of M107 hadron physics: a naı̈ve scaling of top
quark mass by factor 512 would give mass about 87 TeV. Also the lighter hadrons of
M89 hadron physics should contribute to cosmic ray spectrum and there are indeed
indications for this.
The mechanisms giving rise to ultra high energy cosmic rays are poorly understood.
The standard explanation would be acceleration in huge magnetic fields. TGD suggests
a new mechanism based on the decay cascade of cosmic strings. The basis idea is that
cosmic string decays cosmic string → M2 hadrons → M3 hadrons ....→ M61 → M89
→ M107 hadrons could be a new source of cosmic rays. Also variants of this scenario with
decay cascade beginning from larger Mersenne prime can be considered. One expects
that the decay cascade leads rapidly to extremely energetic ordinary hadrons, which
can collide with ordinary hadrons in atmosphere and create hadrons of scaled variants
of ordinary hadron physics. These cosmic ray events could serve as a signature for the
existence of these scale up variants of hadron physics.
i. Centauro events and the peculiar events associated with E > 105 GeV radiation
from Cygnus X-3. E refers to energy in Earth’s
rest frame and for a collision with
√
proton the cm energy would be Ecm = 2EM > 10 TeV in good approximation
whereas M89 variant of proton would have mass of.5 TeV. These events be understood as being due to the collisions of energetic M89 hadrons with ordinary hadrons
(nucleons) in the atmosphere.
ii. The decay πn → γγ produces a peak in the spectrum of the cosmic gamma rays
n)
at energy m(π
. These produce peaks in cosmic gamma ray spectrum at energies
2
which depend on the energy of πn in the rest system of Earth. If the pion is at rest
in the cm system of incoming proton and atmospheric proton one can estimate the
energy of the peak if the total energy of the shower can be estimated reliably.
iii. The slope in the hadronic cosmic ray spectrum changes at E = 3 · 106 GeV. This
corresponds to the energy Ecm = 2.5 TeV in the cm system of cosmic ray hadron
and atmospheric proton. This is not very far from M89 proton mass .5 TeV. The
creation of M89 hadrons in atmospheric collisions could explain the change of the
slope.
iv. The ultra-higher energy cosmic ray radiation having energies of order 109 GeV in
Earth’s rest system apparently consisting of protons and nuclei not lighter than Fe
might be actually dominated by gamma rays: at these energies γ andp
p induced
showers have same muon content. E = 109 GeV corresponds to Ecm = 2Emp =
4 × 104 GeV. M89 nucleon would correspond to mass scale 512 GeV.
v. So called GKZ cutoff should take place for cosmic gamma ray spectrum due to the
collisions with the cosmic microwave background. This should occur around E = 6×
1010 GeV, which corresponds to Ecm = 3.5×105 GeV. Cosmic ray events above this
cutoff (see http://tinyurl.com/y75jho96) are however claimed. There should be
some mechanism allowing for ultra high energy cosmic rays to propagate over much
longer distances as allowed by the limits. Cosmic rays should be able to propagate
without collisions. Many-sheeted space-time suggests manners for how gamma rays
could avoid collisions with microwave background. For instance, gamma rays could
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be dark in TGD sense and therefore have large value of Planck constant. One
can even imagine exotic variants of hadrons, which differ from ordinary hadrons
in that they do not have quarks and therefore no interactions with the microwave
background.
vi. The highest energies of cosmic rays are around E = 1011 GeV, which corresponds
to Ecm = 4 × 105 GeV. M61 nucleon and pion correspond to the mass scale of
6 × 106 GeV and 8.4 × 105 GeV. These events might correspond to the creation of
M61 hadrons in atmosphere.
The identification of the hadronic space-time sheet as super-symplectic mini blackhole [K25] suggests the science fictive possibility that part of ultra-high energy cosmic
rays could be also protons which have lost their valence quarks. These particles would
have essentially same mass as proton and would behave like mini black-holes consisting of
dark matter. They could even give a large contribution to the dark matter. Since electroweak interactions are absent, the scattering from microwave background is absent, and
they could propagate over much longer distances than ordinary particles. An interesting
question is whether the ultrahigh energy cosmic rays having energies larger than the
GZK cut-off of 5 × 1010 GeV in the rest system of Earth are super-symplectic mini
black-holes associated with M107 hadron physics or some other copy of hadron physics.

10.11.1

Mersenne Primes And Mass Scales

p-Adic mass calculations lead to quite detailed predictions for elementary particle masses.
In particular, there are reasons to believe that the most important fundamental elementary particle mass scales correspond to Mersenne primes Mn = 2n − 1, n =
2, 3, 7, 13, 17, 19, ...

m2n

=

m20
,
Mn

m0

'

10−4
1.41 · √
,
G

(10.11.0)

√
where G is Planck length. The lower bound for n can be of course larger than n = 2.
The known elementary particle mass scales were identified as mass scales associated
identified with Mersenne primes M127 ' 1038 (leptons), M107 (hadrons) and M89 (intermediate gauge bosons). Of course, also other p-adic length scales are possible and it is
quite possible that not all Mersenne primes are realized. On the other hand, also Gaussian Mersennes could be important (muon and atomic nuclei corresponds to Gaussian
Mersenne (1 + i)k − 1 with k = 113).
Theory predicts also some higher mass scales corresponding to the Mersenne primes
Mn for n = 89, 61, 31, 19, 17, 13, 7, 3 and suggests the existence of a scaled up copy of
hadron physics with each of these mass scales. In particular, masses should be related
by simple scalings to the masses of the ordinary hadrons.
An attractive first working hypothesis hypothesis is that the color interactions of the
particles of level Mn can be described using the ordinary QCD scaled up to p
the level Mn
so that masses and the confinement mass scale Λ is scaled up by the factor Mn /M107 .
r
Λn

=

Mn
Λ .
M107

(10.11.1)

In particular, the naı̈ve scaling prediction for the masses of the exotic pions associated
with Mn is given by
r
m(πn )

=

Mn
mπ .
M107

(10.11.2)
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Here mπ ' 135 M eV is the mass of the ordinary pion. This estimte is of course
extremely naı̈ve and the recent LHC data suggests that the 125 GeV Higgs candidate
could be M89 pion. The mass would√be two times higher than the naı̈ve estimate gives.
p-Adic scalings by small powers of 2 must be considered in these estimates.
The interactions between the different level hadrons are mediated by the emission of
electro-weak gauge bosons and by gluons with cm energies larger than the energy defined
by the confinement scale of level with smaller p. The decay of the exotic hadrons at level
Mnk to exotic hadrons at level Mnk+1 must take place by a transition sequence leading
from the effective Mnk -adic space-time topology to effective Mnk+1 -adic topology. All
intermediate p-adic topologies might be involved.

10.11.2

Cosmic Strings And Cosmic Rays

Cosmic strings are fundamental objects in quantum TGD and dominated during early
cosmology.

Cosmic strings
Cosmic strings (not quite the same thing in TGD as in GUTs) are basic objects in TGD
inspired cosmology [K61, K85].
i. In TGD inspired galaxy model galaxies are regarded as mass concentrations around
cosmic strings and the energy of the string corresponds to the dark energy whereas
the particles condensed at cosmic strings and magnetic flux tubes resulting from
them during cosmic expansion correspond to dark matter [K61, K85]. The galactic
nuclei, often regarded as candidates for black holes, are the most probable seats for
decaying highly entangled cosmic strings.
ii. Galaxies are known to organize to form larger linear structures. This can be understood if the highly entangled galactic strings organize around long strings like pearls
in necklace. Long strings could correspond to galactic jets and their gravitational
field could explain the constant velocity spectrum of distant stars in the galactic
halo.
iii. In [K61, K85, K84] it is suggested that decaying cosmic strings might provide a
common explanation for the energy production of quasars, galactic jets and gamma
ray bursters and that the visible matter in galaxies could be regarded as decay
products of cosmic strings. The magnetic and Z 0 magnetic flux tubes resulting
during the cosmic expansion from cosmic strings allow to assign at least part of
gamma ray bursts to neutron stars. Hot spots (with temperature even as high as
−3,5
T ∼ 10√G ) in the cosmic string emitting ultra high energy cosmic rays might be
created under the violent conditions prevailing in the galactic nucleus.
The decay of the cosmic strings provides a possible mechanism for the production of
the exotic hadrons and in particular, exotic pions. In [C142] the idea that cosmic
strings might produce gamma rays by decaying first into “X” particles with mass of
order 1015 GeV and then to gamma rays, was proposed. As authors notice this model
has some potential difficulties resulting from the direct production of gamma rays in
the source region and the presence of intensive electromagnetic fields near the source.
These difficulties are overcome if cosmic strings decay first into exotic hadrons of type
Mn0 , n0 ≥ 3 of energy of order 2−n0 +2 1025 GeV , which in turn decay to exotic hadrons
corresponding to Mk , k > n0 via ordinary color interaction, and so on so that a sequence
of Mk : s starting some value of n0 in n = 2, 3, 7, 13, 17, 19, 31, 61, 89, 107 is obtained.
The value of n remains open at this stage and depends on the temperature of the hot spot
and much smaller temperatures than the T ∼ m0 are possible: favored temperatures
are the temperatures Tn ∼ mn at which Mn hadrons become unstable against thermal
decay.
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Decays of cosmic strings as producer of high energy cosmic gamma rays
In [C191] the gamma ray signatures from ordinary cosmic strings were considered and
a dynamical QCD based model for the decay of cosmic string was developed. In this
model the final state particles were assumed to be ordinary hadrons and final state
interactions were neglected. In the recent case the string decays first to Mn0 hadrons
and the time scale of for color interaction between Mn0 hadrons is extremely short
(given by the length scale defined by the inverse of πn0 mass) as compared to the time
time scale in case of ordinary hadrons. Therefore the interactions between the final
state particles must be taken into account and there are good reasons to expect that
thermal equilibrium sets on and much simpler thermodynamic description of the process
becomes possible.
A possible description for the decaying part of the highly tangled cosmic string is as a
“fireball” containing various Mn0 (n ≥ 3) partons in thermal equilibrium at Hagedorn
−4
√ , k ' 1.288. The experimental
temperature Tn0 of order Tn0 ∼ mn0 = 2−2+n0 10
k G
discoveries made in RHIC suggest [C187] that high energy nuclear collisions create
instead of quark gluon plasma a liquid like phase involving gluonic BE condensate
christened as color glass condensate. Also black hole like behavior is suggested by the
experiments.
RHIC findings inspire a TGD based model for this phase as a macroscopic quantum
phase condensed on a highly tangled color magnetic string at Hagedorn temperature.
The model relies also on the notion of dynamical but quantized ~ [K63] and its recent
form to the realization that super-symplectic many-particle states at hadronic spacetime sheets give dominating contribution to the baryonic mass and explain hadronic
masses with an excellent accuracy.
This phase has no direct gauge interactions with ordinary matter and is identified in
TGD framework as a particular instance of dark matter. Quite generally, quantum
coherent dark matter would reside at magnetic flux tubes idealizable as string like
objects with string tension determined by the p-adic length scale and thus outside the
“ordinary” space-time. This suggests that color glass condensate forms when hadronic
space-time sheets fuse to single long string like object containing large number of supersymplectic bosons.
Color glass condensate has black-hole like properties by its electro-weak darkness and
there are excellent reasons to believe that also ordinary black holes could by their
large density correspond to states in which super-symplectic matter would form single
connected string like structure (if Planck constant is larger for super-symplectic hadrons,
this fusion is even more probable).
This inspires the following mechanism for the decay of exotic boson.
i. The tangled cosmic string begins to cool down and when the temperature becomes
smaller than m(πn0 ) mass it has decayed to Mn1 matter which in turn continues
to decay to Mn2 matter. The decay to Mn1 matter could occur via a sequence
n0 → n0 − 1 → ...n1 of phase transitions corresponding to the intermediate p-adic
length scales p ' 2k , n1 ≥ k > n0 . Of course, all intermediate p-adic length scales
are in principle possible so that the process would be practically continuous and
analogous to p-adic length scale evolution with p ' 2k representing more stable
intermediate states.
ii. The first possibility is that virtual hadrons decay to virtual hadrons in the transition k → k − 1. The alternative option is that the density of final state hadrons is
so high that they fuse to form a single highly entangled hadronic string at Hagedorn temperature Tk−1 so that the process would resemble an evaporation of a
hadronic black hole staying in quark plasma phase without freezing to hadrons in
the intermediate states. This entangled string would contain partons as “color glass
condensate”.
iii. The process continues until all particles have decayed to ordinary hadrons. Part of
the Mn low energy thermal pions decay to gamma ray pairs and produce a charn)
acteristic peak in cosmic gamma ray spectrum at energies En = m(π
(possibly
2
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red-shifted by the expansion of the Universe). The decay of the cosmic string generates also ultra high energy hadronic cosmic rays, say protons. Since the creation
of ordinary hadron with ultra high energy is certainly a rare process there are good
hopes of avoiding the problems related to the direct production of protons by cosmic strings (these protons produce two high flux of low energy gamma rays, when
interacting with cosmic microwave background [C142] ).
Topologically condensed cosmic strings as analogs super-symplectic blackholes?
Super-symplectic matter has very stringy character. For instance, it obeys stringy mass
formula due the additivity and quantization of mass squared as multiples of p-adic mass
scale squared [K25]. The ensuing additivity of mass squared defines a universal formula
for binding energy having no independence on interaction mechanism. Highly entangled
strings carrying super-symplectic dark matter are indeed excellent candidates for TGD
variants of black-holes. The space-time sheet containing the highly entangled cosmic
string is separated from environment by a wormhole contact with a radius of black-hole
horizon. Schwartschild radius has also interpretation as Compton length with Planck
constant equal to gravitational Planck constant ~/~0 = 2GM 2 . In this framework the
proposed decay of cosmic strings would represent nothing but the TGD counterpart of
Hawking radiation. Presumably the value of p-adic prime in primordial stage was as
small as possible, even p = 2 can be considered.
Exotic cosmic ray events and exotic hadrons
One signature of the exotic hadrons is related to the interaction of the ultra high energy
gamma rays with the atmosphere. What can happen is that gamma rays in the presence
of an atmospheric nucleus decay to virtual exotic quark pair associated with Mnk ,
which in turn produces a cascade of exotic hadrons associated with Mnk through the
ordinary scaled up color interaction. These hadrons in turn decay Mnk+1 type hadrons
via mechanisms to be discussed later. At the last step ordinary hadrons are produced.
The collision creates in the atmospheric nucleus the analog of quark gluon plasma which
forms a second kind of fireball decaying to ordinary hadrons. RHIC experiments have
already discovered these fireballs and identified them as color glass condensates [C187].
It must be emphasized that it is far from clear whether QCD really predicts this phase.
These showers differ from ordinary gamma ray showers in several respects.
i. Exotic hadrons can have small momenta and the decay products can have isotropic
angular distribution so that the shower created by gamma rays looks like that
created by a massive particle.
ii. The muon content is expected to be similar to that of a typical hadronic shower
generated by proton and larger than the muon content of ordinary gamma ray
shower [C179].
iii. Due to the kinematics of the reactions of type γ + p → HMn + ... + p the only
possibility at the available gamma ray energies is that M89 hadrons are produced at
gamma ray energies above 10 T eV . The masses of these hadrons are predicted to be
above 70 GeV and this suggests that these hadrons might be identified incorrectly
as heavy nuclei (heavier than 56 F e). These signatures will be discussed in more
detail in the sequel in relation to Centauro type events, Cygnus X-3 events and
other exotic cosmic ray events. For a good review for these events and models form
them see the review article [C115].
Some cosmic ray events [C170, C100] have total laboratory energy as high as 3000
TeV which suggests that the shower contains hadron like particles, which are more
penetrating than ordinary hadrons.
i. One might argue that exotic hadrons corresponding Mk , k > 107with interact only
electro-weakly (color is confined in the length scale associated with Mn ) with the
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atmosphere one might argue that they are more penetrating than the ordinary
hadrons.
ii. The observed highly penetrating fireballs could also correspond super-symplectic
dark matter part of incoming, possibly exotic, hadron fused with that for a hadron
of atmosphere. Both hadrons would have lost their valence quarks in the collision just as in the case of Pomeron events. Large fraction of the collision energy
would be transformed to super-symplectic quanta in the process and give rise to a
large color spin glass condensate. These condensates would have no direct electroweak interactions with ordinary matter which would explain their long penetration
lengths in the atmosphere. Sooner or later the color glass condensate would decay
to hadrons by the analog of blackhole evaporation. This process is different from
QCD type hadronization process occurring in hadronic collisions and this might
allow to understand the anomalously low production of neutral pions.
Exotic mesons can also decay to lepton pairs and neutral exotic pions produce gamma
pairs. These gamma pairs in principle provide a signature for the presence of exotic
pions in the cosmic ray shower. If M89 proton is sufficiently long-lived enough they
might be detectable.The properties of Centauro type events however suggest that M89
protons are short lived.
Jester (see http://tinyurl.com/y78flpbw) told in his blog ”Resonaances” about an
evidence for anomalies in the decays of B meson to K meson and lepton pair. There
exist several anomalies.
i. The 3.7 sigma deviation from standard model predictions in the differential distribution of the B → K ∗ µ+ µ− decay products (see http://tinyurl.com/ycwc5t9k)
[C91].
ii. The 2.6 sigma violation of lepton flavor universality in B + → K + l+ l− decays (see
http://tinyurl.com/n7nbgrk) [C76].
The reported violation of lepton universality (, which need not be real) is especially
interesting. The branching ratio B(B + → K + e+ e− )/B(B + → K + µ+ µ− ) ' .75 holds
true. Standard model expectation is very near to unity.
Scalar lepto-quark (see http://tinyurl.com/y8vafz6v) [C77] has been proposed as
an explanation of the anomaly. The lowest order diagram for lepton pair production
in standard model is penguin diagram (see http://tinyurl.com/ycqrafo5) obtained
from the self energy diagram for b quark involving tW − intermediate in which W emits
γ/Z decaying to lepton pair. Lepton universality is obvious. The penguin diagram
involves 4 vertices and 4 propagators and the product of CKM matrix elements Vtb Vst∗ .
In TGD framework, and very probably also in the model studied in the article, the
diagram involving lepto-quark is obtained from the tW − self-energy loop by allowing
W − to decay to virtual antineutrino ν µ ≡ ν(g = 1) and on mass shell charged lepton
L− (g1P
). Virtual antineutrino in turn decays to on-shell s quark and lepto-quark of
+
type
g D(g)ν(g), which combines with t quark to form l (g2 ). The amplitude is
∗
proportional to the product Vtb VtD(g2 ) implying breaking of lepton universality. The
amplitude for production of e+ l− pair is considerably smaller than that for µ+ l− and
τ + l− . If neutrino CKM mixing is taken into account, there is also a proportionality
L
to the matrix element Vl(g
. In absence of leptonic CKM mixing only µ− l+ (g)
1 )νg=1
pairs are produced and the possibility to have g 6= 1 is also a characteric of lepton
non-universality which is however induced by the hadronic CKM mixing: lepto-quark
couplings are universal. The penguin diagram is expected to be proportional to the
resonance factors m2t /(m2t − m2W ) and m2X /(m2X − m2t ) so that the dependence on the
mass of X is not expected to be strong.
−
The diagram would induce the reported effective four-fermion coupling bL γ µ sL µ+
L γµ µL
representing neutral current breaking universality. Authors propose a heavy scalar boson exchanges with quantum numbers of lepto-quark and mass of order 10 TeV to explain why no anomalous weak interactions between leptons and quarks by lepto-quark
exchange have not been observed. Scalar nature would suggest Higgs type coupling
proportional to mass of the lepton and this could explain why the effect of exchange
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is smaller in the case of electron pair. The effective left-handed couplings would however suggest vector lepto-quarks with couplings analogous to W boson coupling. Note
that the effect should reduce the rate: the measured rate for Bs → µ− µ+ is .79 ± .20:
reduction would be due to destructive interference of amplitudes.

10.11.3

General Ideas

Some general ideas about TGD [K22] are needed in the model and are listed in order
to avoid the impression that the model is just ad hoc construct.
i. In TGD all elementary particle can be regarded as pairs of wormhole contacts
through which monopole magnetic flux flows: two wormhole contacts are necessary
to get closed magnetic field lines. Monopole flux in turn guarantees the stability
of the wormhole contact. In the case of weak bosons second wormhole contact
carries fermion and antifermion at opposite throats giving rise to the net charges of
the boson. The neutrino pair at the second wormhole contact neutralize the weak
charges and guarantees short range of weak interactions.
ii. The TGD inspired explanation of family replication phenomenon [K10] is in terms
of the genus of the partonic 2-surfaces (wormhole throat) at the end of causal
diamond. There is topological mixing of partonic topologies which depend on weak
quantum numbers of the wormhole throat leading to CKM mixing. Lepton and
quark families obvious correspond to each other: L(g) ↔ q(g) and this is important
in the model to be considered.
The genera of the opposite wormhole throats are assumed to be identical for bosonic
wormhole contacts. This can be assumed also for fermionic wormhole contacts for
which only second throat carries fermion number. The universality of standard
model couplings inspires the hypothesis that bosons are superpositions of the three
lowest genera forming singlets with respect effective symmetry group SU (3)g associated with the 3 lowest genera. Gauge bosons involve also superpositions of various
fermion pairs with coefficients determined by the charge matrix.
iii. p-Adic length scale hierarchy is one of the key predictions of TGD [K19]. p-Adic
length scale hypothesis (to be used in the sequel) stating that p-adic primes are near
powers of of 2: p ' 2k , k integer, relies on the success of p-adic mass calculations.
p-Adic length scale hypothesis poses strong constraints on particle mass scales and
one can readily estimate the mass of possible p-adically scaled up variants of masses
of known elementary particles.
One of the basic predictions is the possibility of p-adically scaled up variants of
ordinary hadron physics and also of weak interaction physics. One such prediction
is M89 hadron physics, which is scaled up variant of the ordinary M107 hadron
physics with mass scale which is by a factor 512 higher and corresponds to the energy
scale relevant at LHC. Hence LHC might eventually demonstrate the feasibility of
TGD.
Quite generally, one can argue that one should speak about M89 physics [K22] in
which exotic variants of weak bosons and scaled up variants of hadrons appear.
There would be no deep distinction between weak bosons and M89 hadrons and
elementary particles in general: all of them would correspond to string like objects
involving both magnetic flux tubes carrying monopole flux between two wormhole
throats and string world sheets connecting the light-like orbits of wormhole throats
at which the signature of the induced metric changes.
iv. TGD predicts dark matter hierarchy based on phases with non-standard value
hef f = n × h of Planck constant [K65]. The basic applications are to living matter
but I have considered also particle physics applications.
A. Dark matter in TGD sense provides a possible explanation for the experimental
absence of super partners of ordinary particles: sparticles would be dark and
would be characterized by the same p-adic mass scales as sparticles [K45].
B. TGD predicts also colored leptons and there is evidence for meson like bound
states of colored leptons [K92]. Light colored leptons are however excluded by
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the decay widths of weak bosons but also now darkness could save the situation.
C. I have also proposed that RHIC anomaly observed in heavy ion collisions and its
variant for proton heavy ion collisions at LHC suggesting string like structures
can be interpreted in terms of low energy M89 hadron physics but with large
value of hef f meaning that the M89 p-adic length scale increases to M107 p-adic
length scale (ordinary hadronic length scale) [K22].
One can consider also the adventurous possibility that vector lepto-quarks are dark
in TGD sense.
v. TGD view about gauge bosons allows to consider also lepto-quark type states.
These bosons would have quark and lepton at opposite wormhole throats. One can
consider bosons which are SU (3)g singlets defined by superpositions of L(g)q(g) or
L(g)q(g). These states can be either M 4 vectors or scalars (all bosons are vectors
in 8-D sense in TGD by 8-D chiral symmetry guaranteeing separate conservation
of B and L). Left handed couplings to quarks and leptons analogous to those of
W bosons are suggested by the model for the anomalies. Vector lepto-quarks can
be consistent with what is known about weak interactions only if they are dark in
TGD sense. Scalar lepto-quarks could have ordinary value of Planck constant.

10.11.4 A TGD Based Model For The B Anomaly In Terms Of
Lepto-Quarks
It is natural to approach also the anomaly under discussion by assuming the basic
framework just described. The anomaly in the decay amplitude of B → Kµ− µ+ could
be due to an additional contribution based on a simple modification for the standard
model amplitude.
i. In TGD framework, and very probably also in the model studied in the article, the
starting point is the penguin diagram (see http://tinyurl.com/ycqrafo5) [C213]
for lepton pair production in B → Kµ− µ+ decay involving only the decay b → sl+ l−
by virtual tW state emitting virtual γ/Z decaying to lepton pair and combining with
t to form s.
A. The diagram for lepton pair production involving virtual lepto-quark is obtained
from the tW − self-energy loop for b. One can go around the W − branch of the
loop to see what must happen. The loop starts with b → tW − followed by
W − → l− (g1 )ν(g1 ) producing on mass shell charged lepton l− (g1 ). This is
followed by ν(g1 ) → sX(Dν) producing on mass shell s. The genus of the
virtual neutrino must ge g = 1 unless leptonic CKM mixing is allow in the W
decay vertex.
P
After this one has X =
D(g)ν(g) → D(g2 )ν(g2 ). Any value of g2
is
possible. Finally, one has tD → W + and W + ν(g2 ) → l+ (g2 ). There are two
loops involved and four lines contain a heavy particle (two W bosons, t, and
X). The diagram contains 6 electroweak vertices whereas the standard model
diagram has 4 vertices.
B. All possible lepton pairs can be produced. The amplitude is proportional to
∗
the product Vtb VtD(g
implying breaking of lepton universality. The amplitude
2)
for production of e+ µ− pair is considerably smaller than that for µ+ µ− and
τ + µ− as the experimental findings suggest. If neutrino CKM mixing is taken
L
into account, there is also a proportionality to the matrix element Vl(g
.
1 )νg=1
In absence of leptonic CKM mixing (mixing explains the recently reported production of µ+ e− pairs in the decays of Higgs) only µ− l+ (g) pairs are produced.
The possibility to have g2 6= 1 is also a characteristic of lepton non-universality,
which is however induced by the hadronic CKM mixing: lepto-quark couplings
are universal.
Note that flavour universality of the gauge couplings means in the case of leptoquarks that Lq pairs superpose to single SU (3)g singlet as for ordinary gauge
bosons. If L(g)q(g) would appear as separate particles, only µ+ µ− pairs would
be produced in absence of leptonic CKM mixing.
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ii. A rough estimate for the ratio r of lepto-quark amplitude A(b → sl− (g1 )l+ (g2 ) to
the amplitude A(b → sl− (g)l+ (g) involving virtual photon decaying to l+ l− pair is
z=

X1
X2

×

F1 (xX ,xt )
F2 (xt )

P
∗
2 2
∗ 2
X1 = VtD(g2 ) VlL
[ g VlL
,
− (g )ν(g) VD(g)t ]gX gW , X2 = Vdt e
1 ν(g=1)
2
xX =

m2 (X)
m2 (W )

, xt =

m2 (t)
m2 (W )

.

The functions Fi correspond come from the loop integral and depend on mass ratios
appearing as the argument. The factors Xi collect various coupling parameters
together.
The functions Fi correspond come from the loop integral and depend on mass ratios
appearing as the argument.
iii. The objection is that the model predicts a contribution to the scattering of leptons
and quarks of the same family (L(g) − q(g) scattering) by the exchange of leptoquark, which is of the same order of magnitude as for ordinary weak interactions.
This should have been observed in high precision experiments testing standard
model if the mass of the lepto-quark is of the same magnitude as weak boson mass.
10 TeV mass scale for lepto-quarks should guarantee that this is not the case and is
probably the basic motivation for the estimate of [C77]. This requires that the ratio
of the loop integrals appearing in z is of the order of unity. For a processional it
should be easy to check this. Since the loop integral in the case of scalar lepto-quark
studied in [C77] has the desired property and should not depend on the spin of the
particles in the loops, one has good reasons to expect that the same holds true also
for vector lepto-quarks.
Without a precise numerical calculation one cannot be sure that the loop integral
ratio is not too large. In this case one could reduce the gauge coupling to leptoquarks (expected to be rather near to weak coupling constant strength) but this
looks like ad hoc trick. A more adventurous manner to overcome the problem
would be to assume that lepto-quarks represent dark matter in TGD sense having
effective Planck constant hef f = n × h. Therefore they would not be visible in
the experiments, which do not produce dark matter in elementary particle length
scales.
iv. The proposal of the article is that lepto-quark is scalar so that its coupling strength
to leptons and quarks would increase with mass scale. If I have understood correctly,
the motivation for this assumption is that only in this manner the effect on the
rate for e+ e− production is smaller than in the case of µ+ µ− pair. As found, the
presence of CKM matrix elements in lepto-quark emission vertices at which quark
charge changes, guarantees that both anomalous contributions to the amplitude are
for electron pair considerably smaller than for muon pair.
v. Can one say something interesting about the mass of the lepto-quark using p-adic
length scale hypothesis?
Consider first a mass estimate for dark vector lepto-quark expected to have weak
boson mass scale. Even the estimate m(X) ∼ m(W ) is much higher than the very
naı̈ve estimate as a sum of µ− and s masses would suggest. Quite generally, if weak
bosons, lepto-quarks, and M89 hadrons are all basic entities of same M89 physics,
the mass scale is expected to be that of M89 hadron physics and of the order of
weak mass scale. A very naı̈ve scaling estimate for the mass would be by factor 512
and give an estimate around 50 GeV. If µ− mass is scaled by the same factor 512,
one obtains mass of order 100 GeV consistent with the estimate for the magnitude
of the anomaly.
Second p-adic mass scale estimate assumes vector or scalar lepto-quark with mass
scale not far from 10 TeV. Ordinary µ− corresponds to Gaussian Mersenne MG,k ,
k = 113. If p-adically scaled up variant of lepton physics is involved, the electron
of the p-adically scaled up lepton physics could correspond to M89 . If muons correspond to Gaussian primes then the scaled up muon would correspond to the smallest
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Gaussian Mersenne prime below M89 , which is MG,79 . The mass of the scaled up
muon would be obtained from muon mass by scaling by a factor 2(113−79)/2 = 217 =
1.28 × 105 giving mass of order 10 TeV, which happens to be consistent with the
conservative estimate of the article (see http://tinyurl.com/y8vafz6v) [C77].
vi. An interesting possibility is that light leptoquarks (using CP2 mass scale as unit)
actually consist of quark and lepton, which is right-handed neutrino apart from
possible mixing with left-handed antineutrino, whose addition to the one-particle
state generates broken N = ∈ supersymmetry in TGD. The above model could be
consistent with this interpretation since the scalar leptoquark is assumed to consist
of right-handed neutrino and quark (DνR ). This would resolve the long-standing
issue about the p-adic mass scale of sparticles in TGD. I have made also other
proposals - in particular the idea that sparticles could have same p-adic mass scales
as particles but appear only as dark in TGD sense- that is having non-standard
value of Planck constant.
Leptoquarks have received considerable attention in blogs. Both Jester (see http://
tinyurl.com/yd6jksu3) and Lubos (see http://tinyurl.com/ybosxc93) have written
about the topic. Jester lists 3 B-meson potential anomalies, which leptoquarks could
resolve:
• A few sigma deviation in differential distribution of B → K ∗ µ+ µ− decays.
• 2.6 sigma violation of lepton flavor universality in B → Dµ+ µ− vs. K → De+ e−
decays.
• 3.5 sigma violation of lepton flavor universality, but this time in B → Dτ ν vs.
B → Dµν decays.
There is also a 3 sigma discrepancy of the experimentally measured muon magnetic
moment, one of the victories of QED. And old explanation has been in terms of radiative
corrections brought in by SUSY. In TGD framework one can consider an explanation
in terms of N = 2 SUSY generated by right-handed neutrino. It has been claimed
(see http://tinyurl.com/ycd7ghca) that leptoquark with quantum numbers of DνR ,
where D denotes D type quark actually s quark, which in TGD framework corresponds to
genus g = 1 for the corresponding partonic 2-surface, could explain all these anomalies.

10.11.5 A TGD Based Model For The B Anomaly In Terms Of
Higher Weak Boson Generations
An alternative model would explain the breaking of lepton universality in terms of
bosonic analogs of higher fermion generations. The charge matrix of ordinary gauge
boson is unit matrix in the 3-D state space assignable with the three generations representing various fermion families. Gauge bosons correspond to charge 3 × 3 matrices,
which must be orthogonal with respect to the inner product defined by trace. Hence
fermion universality is broken for the 2 higher gauge boson generations. The first guess
is that the mass scale of the second boson generation corresponds to Gaussian Mersenne
MG,79 [K22] [L27].
The model for the breaking of universality in lepton pair production is in terms of MG,79
bosons. In standard model the production of charged lepton pairs would be due to the
decay of virtual W bosons appearing in self-energy loop of penguin diagram. W emits
Z 0 or γ decaying to a charged lepton pair. If a virtual higher generation W79 boson
0
appears in self energy loop, it can transform to W by emitting Z79
or γ79 decaying to
lepton pair and inducing a breaking of lepton universality. Direct decays of W79 to lν L
pairs imply a breaking of lepton universality in lepton-neutrino pair production.
The breaking of the universality is characterized by charge matrices of weak bosons for
the dynamical SU(3) assignable with family replication. The first generation corresponds
to unit matrix whereas higher generation charge matrices can be expressed as orthogonal
combinations of isospin and hypercharge matrices I3 and Y . I3 distinguishes between tau
and lower generations (third experiment) but not between the lowest two generations.
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There is however evidence for this (the first two experiments above). Therefore a mixing
the I3 and Y should occur.
The coupling to second generation Z boson could thus explain the breaking of universality in the decays of B boson. In TGD Z0 would correspond to second generation Z
boson. p-Adic length scale hypothesis plus assumption that new Z boson corresponds
to Gaussian Mersenne MG,79 = (1 + i)79 − 1 predicts that its mass is by factor 32 higher
than mass of ordinary Z boson making 2.9 TeV for 91 GeV mass for Z. There are indications for a bump at this mass value. Leptoquark made of right handed neutrino and
quark is less plausible explanation but predicted by TGD as squark.
Recently additional more direct evidence for the existence of this kind of weak boson
has emerged (see http://tinyurl.com/gqrg9zt). If I understood correctly, the average
angle between the decay products of B meson is not quite what it is predicted to be.
This is interpreted as an indication that Z0 type boson appears as an intermediate state
in the decay.
Does the breaking of universality occurs also for color interactions? If so, the predicted
M89 and MG,79 hadron physics would break universality in the sense that the couplings
of their gluons to quark generations would not be universal. This also forces to consider
to the possibility that there are new quark families associated with these hadron physics
but only new gluons with couplings breaking lepton universality. This looks somewhat
boring at first.
On the other hand, there exist evidence for bumps at masses of M89 hadron physics
predicted by scaling to be 512 time heavier than the mesons of the ordinary M107 hadron
physics. According to the prevailing wisdom coming from QCD, the meson and hadron
masses are however known to be mostly due to gluonic energy and current quarks give
only a minor contribution. In TGD one would say that color magnetic body gives
most of the meson mass. Thus the hypothesis would make sense. One can also talk
about constituent quark masses if one includes the mass of corresponding portion of
color magnetic body to quark mass. These masses are much higher than current quark
masses and it would make sense to speak about constituent quarks for M89 hadron
physics. Constituent quarks of the new hadron physics would be different from those of
the standard hadron physics.
With a lot of good luck both mechanisms are involved and leptoquarks are squarks in
TGD sense. If also M89 and M79 hadron make themselves visible at LCH (there are
several pieces of evidence for this), a breakthrough of TGD would be unavoidable. Or
is it too optimistic to hope that the power of truth could overcome academic stupidity,
which is after all the strongest force of Nature?

10.12 New Indications For The New Physics Predicted By TGD
TGD predicts a lot of physics in LHC scales. Two scaled up copies of hadron physics,
higher families of gauge bosons and Higgs particles, and fundamental sfermions identifiable as bound states of fermions and right handed neutrino or antineutrino or their pair
giving rise to leptoquarks states in quark sector, are suggestive. The predictive power
of TGD approach comes from the p-adic length scale hypothesis allowing to predict the
masses of new states from known ones by simple scaling argument. One knows precisely
what to search for unlike in the case of a typical model containing large number of
unknown parameters. The key prediction are two spectroscopies of new hadrons rather
than a couple of some exotic particles and sooner or later their existence should become
manifest. In this article I summarize the recent indications for the existence of these
states. In particular, the identification of the recently reported bump at 750 GeV as
η(755 GeV ) meson of M89 hadron physics, of the reported 2 TeV bump as pion of
MG,79 physics, and of the reported 4 TeV bump as Higgs of M79 electroweak physics
assignable to the second generation of weak gauge bosons. The existence of M89 neutral
pion with mass around 67.5 GeV is now a rather firm prediction.
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Some Almost Predictions Of TGD

TGD predicts a lot of new physics at LHC energy scale.
i. TGD suggests the existence of two scaled up copies of the ordinary hadron physics
labelled by Mersenne prime M107 = 2107 −1 [K22]. The first copy would corresponds
to M89 with mass spectrum of ordinary hadrons scale by factor 29 = 512 and second
one to Gaussian Mersenne MG,179 = (1 + i)79 − 1 with mass spectrum of ordinary
hadrons scaled by 214 . The signature of the this new physics is the existence of entire
hadronic spectroscopy of new states rather than just a couple of exotic elementary
particles. If this new physics is there it is eventually bound to become visible as
more information is gathered. What is especially interesting that in heavy ion
collisions at RHIC and in proton heavy ion collisions at LHC dark variants of M89
hadrons with Compton length scaled up by hef f /n = n to hadronic or even nuclear
dimensions could have been produced. This might be the case in all collisions of
ordinary hadrons.
ii. TGD also suggests [K22, K10] the existence of copies of various gauge bosons analogous to higher fermion generations assigned to the genus g = 0, 1, 2 of boundary
topology of partonic 2-surface: genus is actually the of partonic 2-surface whose
light-like orbit is the surface at which the induced metric changes its signature from
Minkowskian to Euclidian. Copies of gauge bosons (electroweak bosons and gluons)
and Higgs correspond to octet representations for the dynamical ”generation color”
group SU(3) assignable to 3 fermion generations. The 3 gauge bosons with vanishing ”color” are expected to be the lightest ones: for them the opposite throats
of wormhole contact have same genus. The orthogonality of charge matrices for
bosons implies that the couplings of these gauge bosons (gluons and electroweak
bosons) to fermions break universality meaning that they depend on fermion generations. There are indications for the breaking of the universality. TGD differs from
minimal supersymmetric extension of standard model in that all these Higgses are
almost eaten by weak gauge bosons so that only the neutral Higgses remain.
One can ask whether the three lightest copies of weak and color physics for various
boson families could correspond M89 , MG,79 and M61 .
iii. TGD SUSY is not N = 1 [K45]. Instead superpartners of particle is added by
adding right handed neutrino or antineutrino or pair of them to the state. In quark
sector one obtains leptoquark like states and the recent indications for the breaking
of lepton universality has been also explained in terms of leptoquarks which indeed
have quantum numbers of bound states of quark and right-handed neutrino also
used to explain the indications for the breaking of lepton universality.

10.12.2

Indications For The New Physics

During last years several indications for the new physics suggested by TGD have emerged.
Recently the first LHC Run 2 results were announced and there was a live webcast (see
http://tinyurl.com/p7kwtjy).
i. The great news was the evidence for a two photon bump at 750 GeV about which
there had been rumors. Lubos told earlier about indications for diphoton bump
around 700 GeV. If the scaling factor is the naı̈ve 512 so that M89 pion would
have mass about 70 GeV, there are several meson candidates. The inspection
of the experimental meson spectrum (see http://tinyurl.com/z6ayt2h) shows
that there is quite many resonances with desired quantum numbers. The scaled
up variants of neutral scalar mesons η(1405) and η(1475) consisting of quark pair
would have masses 719.4 GeV and 755.2 GeV and could explain both 700 GeV and
750 bump. There are also neutral exotic mesons which cannot be quark pairs but
pairs of quark pairs (see http://tinyurl.com/gl3nby8) f0 (400), f0 (980), f2 (1270),
f0 (1370), f0 (1500), f2 (1430), f2 (1565), f2 (1640), f? (1710) (the subscript tells the
total spin and the number inside brackets gives mass in MeVs) would have naı̈vely
scaled up masses 204.8, 501.8, 650.2, 701.4, 768.0, 732.2, 801.3, 840.0, 875.5 GeV.
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Thus f0 meson consisting of two quark pairs would be also a marginal candidate.
The charged exotic meson a0 (1450) scales up to 742.4 GeV state.
ii. There is a further mystery involved. Matt Strassler (see http://tinyurl.com/
hvz2qd8) emphasizes the mysterious finding fact that the possible particle behind
the bump does not seem to decay to jets: only 2-photon state is observed. Situation
might of course change when data are analyzed. Jester (http://tinyurl.com/
j7t3ab4) in fact reports that 1 sigma evidence for Zγ decays has been observed
around 730 GeV. The best fit to the bump has rather large width, which means
that there must be many other decay channels than digamma channels. If they are
strong as for TGD model, one can argue that they should have been observed.
As if the particle would not have any direct decay modes to quarks, gluons and
other elementary particles. If the particle consists of quarks of M89 hadron physics
it could decay to mesons of M89 hadron physics but we cannot directly observe
them. Is this enough to explain the absence of ordinary hadron jets: are M89 jets
somehow smoothed out as they decay to ordinary hadrons? Or is something more
required? Could they decay to M89 hadrons leaking out from the reactor volume
before a transition to ordinary hadrons?
Or could a more mundane explanation work? Could 750 GeV states be dark M89
eta mesons decaying only via digamma annihilation to ordinary particles be in
question? For ordinary pion the decays to gamma pairs dominate over the decays
to electron pairs. Decays of ordinary pions to lepton or quark pairs must occur either
by coupling to axial weak current or via electromagnetic instanton term coupling
pseudo-scalar state to two photon state. The axial current channel is extremely slow
due to the large mass of ordinary weak bosons but I have proposed that variants
of weak bosons with p-adically scaled down masses are involved with the decays
recently called X bosons [L34] and perhaps also with the decays of ordinary pion
to lepton pairs). Pseudoscalar can also decay to virtual gamma pair decaying to
fermion pair and for this the rate is much lower than for the decay to gamma pair.
This would be the case also for M89 mesons if the decays to lepton or quark pair
occurs via these channels. This might be enough to explain why the decay products
are mostly gamma pairs.
iii. In the previous section arguments suggesting the production of dark M89 hadrons
with hef f /h = 512 at quantum criticality were developed. The TGD inspired idea
that M89 hadrons are produced at RHIC in heavy ion collisions and in proton heavy
ion collisions at LHC as dark variants with large value of hef f = n × h with scaled
up Compton length of order hadron size or even nuclear size conforms with finding
that the decay of string like objects identifiable as M89 hadrons in TGD framework
explains the unexpected properties of what was expected to be simple quark gluon
plasma analogous to blackbody radiation.
Quantum criticality [K62] suggests that the production of dark M89 mesons (responsible for quantal long range correlations) is significant only near the threshold
for their production (the energy transfer would take place in scale of proton to dark
M89 meson with size of proton). Note that in TGD inspired biology dark EEG photons would have energies in bio-photon energy range (visible and UV) and would
be exactly analogous to dark M89 hadrons. The criticality could correspond to the
phase transition from confined to de-confined phase (at criticality confinement with
much larger mass but with scaled up Compton wavelength!).
The bad news is that the rate for the production of M89 mesons with standard value
of Planck constant at higher LHC energies could be undetectably small. If this is
the case, there is no other way than tolerate the ridicule, and patiently wait that
quantum criticality finds its place in the conceptual repertoire of particles physicists.
There have been “reliable” rumors that 750 GeV bump is disappearing and Lubos
Motl (see http://tinyurl.com/h9gx2ep) announced 5 August in the commentary
ICHEP 2016 conference held in Chicago that the bump has indeed disappeared. If
the bump is real but disappears at higher energies, it would provide support for
quantum criticality.
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This explanation might indeed apply to lighter M89 meson candidates detected in
the earlier runs at lower energies but not to 750 GeV bump as I thought first.
750 GeV bump was announced in December 2015 on basis of the first analysis of
data gathered since May 15 2015 (see http://tinyurl.com/hfvhjtj). Hence the
diphoton bump that I identified as M89 eta meson is lost if one takes the outcome
of the analysis as the final word.
One should not give up so easily. If the production mechanism is same as for
electro-pion [K92] (see http://tinyurl.com/zvk3umn), the production amplitude
is by anomaly considerations proportional to the Fourier transform of the classical
”instanton density” I = E ·B. In head-on collisions one tends to have I = 0 because
E (nearly radial in cylindrical coordinates) and B (field lines rotating around zaxis) for given proton are orthogonal and differ only apart from sign factors when
the protons are in same position. For peripheral collisions in which also strange
looking production of string like configurations parallel to beams was observed in
both heavy ion and proton-proton collisions, E1 > ·B2 can be vanishing as one can
understand by figuring out what the electric and magnetic fields look like in the
cm coordinates. There is clearly a kind of quantum criticality involved also in this
sense. Could these events be lost by posing various reasonable looking constraints
on the production mechanism? But why the first analysis would have shown the
presence of these events? Have some criteria changed?
To find M89 pseudoscalars one should study peripheral collisions in which protons do
not collide quite head-on and in which M89 pseudoscalars could be generated by em
instanton mechanism (see http://tinyurl.com/hxges8w). In peripheral situation
it is easy to measure the energy emitted as particles since strong interactions are
effectively absent - only the E · B interaction plus standard em interaction if TGD
view is right. Unfortunately peripheral collisions are undesired since the beams
are deflected from head-on course! These events are however detected but data
end up to trash bin usually as also deflected protons!! Luckily, the team led by
my finnish colleague Risto Orava (we started as enthusiastic physics students at
the same year and were coffee table friends) is studying just those p-p collisions,
which are peripheral (see http://tinyurl.com/yc8xvvne and http://tinyurl.
com/hxges8w) to find if Cernettes could be found in trashbin! It would be wonderful
if they would find Cernettes and maybe also other M89 pseudo-scalars from the
trashbin!
iv. Lubos mentions in his posting http://tinyurl.com/p7muf9p several excesses, which
could be assigned with the above mentioned states. The bump at 750 GeV could
correspond to scaled up copy of η(1475) or - less probably - f0 (1500). Also the bump
structure around 700 GeV for which there are indications (see http://tinyurl.
com/jjuuuzj) could be explained as a scaled up copy of η(1405) or f0 (1370) with
mass around 685 GeV. Lubos mentions also a 662 GeV bump (see http://tinyurl.
com/jl7sksof). If it turns out that there are several resonances in 700 TeV region
(and also elsewhere) then the only reasonable explanation relies on hadron like
states since one cannot expect a large number of Higgs like elementary particles.
One can of course ask why the exotic states should be seen first.
v. Remarkably, for the somewhat ad hoc scaling factor 2×512 ∼ 103 one does not have
any candidates so that the M89 neutral pion should have the naı̈vely predicted mass
around 67.5 GeV. Old Aleph anomaly [?]ad mass 55 GeV. This anomaly did not
survive. I found from my old writings [K45] that Delphi and L3 have also observed
4-jet anomaly with dijet invariant mass about 68 GeV: M89 pion? There is indeed
an article about search of charged Higgs bosons in L3 (see http://arxiv.org/pdf/
hep-ex/0105057.pdf) telling about an excess in csτ − ν τ production identified in
terms of H + H − annihilation suggesting charged Higgs mass 68 GeV. TGD based
interpretation would in terms of the annihilation of charged M89 pions.
The gammas in 130-140 GeV range detected by Fermi telescope [E1] (see http:
//tinyurl.com/htosagn) were the motivation for assuming that M89 pion has mass
twice the naı̈vely scaled up mass. The digammas could have been produced in the
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vi.

vii.

viii.

ix.

annihilation of a state with mass 260 GeV. The particle would be the counterpart
of the ordinary η meson η(548) with scaled up mass 274 GeV thus decaying to two
gammas with energies 137 GeV. An alternative identification of the galactic gamma
rays in terms of gamma ray pairs resulting in the annihilation of two dark matter
particles nearly at rest. It has been found that this interpretation cannot be correct
(see http://tinyurl.com/zve4fap).
Also scaled up eta prime should be there. Also an excess in the production of
two-jets above 500 GeV dijet mass has been reported (see http://tinyurl.com/
o6hmry4) and could relate to the decays of η 0 (958) with scaled up mass of 479 GeV!
Also digamma bump should be detected.
What about M89 kaon? It would have scaled up mass 250 GeV and could also decay
to digamma. There are indications for a Higgs like state with mass of 250 GeV from
ATLAS (see http://tinyurl.com/z5vzzl4l! It would decay to 125 GeV photons
- the energy happens to be equal to Higgs mass. There are thus indications for both
pion, kaon, all three scaled up η mesons and kaon and η 0 with predicted masses!
The low lying M89 meson spectroscopy could have been already seen!
Lubos mentions (see http://tinyurl.com/hzxsnmy) also indications for 285 GeV
bump decaying to gamma pair. The mass of the eta meson of ordinary hadron
physics is .547 GeV and the scaling of eta mass by factor 512 gives 280.5 GeV : the
error is less than 2 per cent.
Lubos tells (see http://tinyurl.com/jpunanb) about 3 sigma bump at 1.650 TeV
assigned to Kaluza-Klein graviton in the search for Higgs pairs hh decaying to
bb +bb. Kaluza-Klein gravitons are rather exotic creatures and in absence of any
other support for superstring model they are not the first candidate coming into
my mind. I do not know how strong the evidence for spin 2 is but I dare to
consider the possibility of spin 1 and ask whether M89 hadron physics could allow
an identification for this bump.
A. Very naı̈vely the scaled up J/Psi of the ordinary M107 hadron physics having
spin J = 1 and mass equal to 3.1 GeV would have 512 times higher mass 1.585
TeV: error is about 4 per cent. The effective action would be based on gradient
coupling similar in form to Zhh coupling. The decays of scaled up Ψ/J could
take place via hh → bbb + bb also now.
B. This scaling might be too naı̈ve: the quarks of M89 hadron physis might be
same as those of ordinary hadron physics so that only the color magnetic energy
would be scaled up by factor 512. c quark mass is equal 1.29 GeV so that the
magnetic energy of ordinary J/Psi would be equal to .52 GeV. If so, M89 version
of J/Psi would have mass of only 269 GeV. Lubos tells also about evidence for
a 2 sigma bump at 280 GeV identified as CP odd Higgs - this identification
of course reflects the dream of Lubos about standard SUSY at LHC energies.
However, the scaling of η meson mass 547.8 MeV by 512 gives 280.4 GeV so
that the interpretation as η meson proposed already earlier is convincing. The
naı̈ve scaling might be the correct thing to do also for mesons containing heavier
quarks.
In his latest posting Lubos (see http://tinyurl.com/z8np2lc) tells about an excess (I am grateful for Lubos for keeping book about the bumps: this helps enormously), which could have interpretation as the lightest M89 vector meson - ρ89 or
ω89 . Mass is the predicted correctly with 5 per cent accuracy by the familiar p-adic
scaling argument: multiply the mass of ordinary meson with 512.
This 375 GeV excess might indeed represent the lightest vector meson of M89 hadron
physics. ρ and ω of standard hadron physics have mass 775 MeV and the scaled
up mass is about 397 GeV, which is about 5 per cent heavier than the mass of Zγ
excess.
The decay ρ → Z + γ describable at quark level via quark exchange diagram involving emission of Z and γ. The effective action would be proportional to T r(ρ ∗ γ ∗ Z),
where the product and trace are for antisymmetric field tensors. This kind effective
action should describe also the decay to gamma pair. By angular momentum con-
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servation the photons of gamma pairs should be in relative L = 1 state. Since Z is
relativistic, L = 1 is expected to be favored also for Z + γ final state. Professional
could immediately tell whether this is correct view. Similar argument applies to
the decay of ω which is isospin singlet. For charged ρ also decays to W γ and W Z
are possible. Note that the next lightest vector meson would be K* with mass 892
MeV. K∗89 should have mass 457 GeV.
x. Lubos (see http://tinyurl.com/hweqnnu) tells also that ATLAS sees charged boson excess manifesting via decay to tb in the range 200-600 TeV. Here Lubos takes
the artistic freedom to talk about charged Higgs boson excess since Lubos still believes in standard SUSY predicting copies several Higgs doublets. TGD does not
allow them. In TGD framework the excess could be due to the presence of charged
M89 mesons: pion, kaon, ρ, ω.
xi. A smoking gun evidence would be detection of production of pairs of M89 nucleons
with masses predicted by naı̈ve scaling to be around 470 GeV. This would give
rise to dijets above 940 GeV cm energy with jets having total quantum numbers of
ordinary nucleons. Each M89 nucleon consisting of 3 quarks of M89 hadron physics
could also transform to ordinary quarks producing 3 ordinary hadron jets.
What about exotic mesons not allowed by the standard quark model?
i. Lubos Motl told in his blog about very interesting new bumps reported by CMS
in ZZ channel (see http://tinyurl.com/hl9au3p). There is 3-4 sigma evidence in
favor of a 650 GeV boson (see http://tinyurl.com/hd2pcug). Lubos suggests an
interpretation as bulk graviton of Randall-Sundrum model. Lubos mentions also
evidence for a boson of gamma-gamma resonance with mass 975 GeV.
M89 hadron physics explains the masses for a variety of bumps observed hitherto.
The first guess therefore that mesons of M89 hadron physics are in question. By
performing the now boringly familiar scaling down of masses by factor 1/512 for the
masses one obtains the masses of corresponding mesons of ordinary hadron physics:
one obtains 1270 MeV and 1904 MeV corresponding to 650 GeV and 975 GeV. Do
ordinary mesons with these masses exist?
ii. To see that this is the case, one can go to the table of exotic mesons (see http:
//tinyurl.com/gl3nby8). There indeed is exotic graviton like meson f2++ (1270)
with correct mass. There is also exotic meson f2++ (1910): the mass differs from
the predicted 1904 MeV by .15 per cent. Graviton like states understandable as
tetraquark states not allowed by the original quark model would be in question.
The interested reader can scale up the masses of other exotic mesons identifiable as
candidates for tetraquarks to produce predictions for new bumps to be detected at
LHC.
Both states have spin 2 as also Randall-Sundrum bulk gravitons. What distinguishes
the explanations that TGD predicts the masses of these states with an excellent
accuracy and predicts a lot of more: just take the table of mesons and multiply
by 512 and you can tell your grand children that you predicted entire spectroscopy
correctly!
iii. In TGD framework these states are indeed possible. All elementary particles and
also meson like states correspond to pairs of wormhole contacts. There is closed
monopole flux tube with the shape of highly flattened square with long sides of
the order of Compton length in question and short sides of the order of CP2 size.
The wormhole throats of both wormhole contact carry quark and antiquark andone
can see the structure either as a pair of gauge boson like states associated with the
contacts or as a pair of mesonlike states at the two space-time sheets involved.
Is there any evidence for MG,79 hadron physics? Tommaso Dorigo (see http://tinyurl.
com/ngdhwhf) told about indications for a neutral di-boson bump at 2 TeV (see http:
//tinyurl.com/hbevkmx). The mass of M79 pion is predicted to be 2.16 TeV by a
direct scaling of the mass 135 MeV of the ordinary neutral pion!
What about higher generations of gauge bosons?
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i. There has been also a rumour about a bump at 4 TeV. By scaling Higgs mass
125 GeV by 32 one obtains 4 TeV! Maybe the Higgs is there but in different sense
than in standard SUSY! Could one have copy of weak physics with scale up gauge
boson masses and Higgs masses waiting for us! Higgs would be second generation Higgs associated with second generation of weak bosons analogous to that
for fermions predicted by TGD? Actually one would have octet associated with
dynamical ”generation color” symmetry SU(3) but neutral members of the octet
are expected to be the lightest states. This Higgs would have also only neutral
member after massivation and differ from SUSY Higgs also in this respect. The
scaled up weak boson masses would be by scaling with factor 32 from 80.4 GeV
for W and 91 GeV for Z would be 2.6 TeV and 2.9 TeV respectively. Lubos (see
http://tinyurl.com/zjbdn7a) mentions also 2.9 GeV dilepton event: decay of
second generation Z 0 ?!
ii. There is already evidence for second generation gauge bosons from the evidence
for the breaking of lepton universality [K22]. The couplings of second generation
weak bosons depend on fermion generation because their charge matrices must
be orthogonal to those of the ordinary weak bosons. The outcome is breaking of
universality in both lepton and quark sector. An alternative explanation would be in
terms leptoquarks (see http://tinyurl.com/oat538m), which in TGD framework
are super partners of quarks identifiable as pairs of right-handed neutrinos and
quarks.
iii. New evidence for the existence of this kind of weak boson has emerged (see http:
//tinyurl.com/gqrg9ztl). If I understood correctly, the average angle between
the decay products of B meson is not quite what it is predicted to be. This is
interpreted as an indication that Z 0 type boson appears as an intermediate state in
the decay.
iv. Lubos Motl told in his blog (see http://tinyurl.com/jpunanb) about direct evidence for Z0 boson now: earlier the evidence was only indirect: breaking of universality and anomaly in angle distribution in B meson decays. Z0 bump has mass
around 3 TeV. TGD predicts 2.94 TeV mass for second generation Z breaking universality (mass would differ by scaling factor 32 from that of ordinary Z). The
decay width would be by direct scaling .08 TeV and is is larger than deviation .06
TeV from 3 TeV. Lubos reported half year ago (see http://tinyurl.com/zqsdpvw
about excess at 2.9 GeV which is also consistent with TGD prediction.
We are living exciting times! Evidence for three new branches of physics predicted by
TGD is accumulating! As such each bump is not convincing but when large number of
bumps has just the predicted masses, situation changes. If TGD is right, experimenters
and theorists are forced to change their paradigm completely. Instead of trying to
desperately to identify elementary particle predicted by already excluded theories like
SUSY they must realize that there is entire zoo of hadron resonances whose existence
and masses are predicted by scaled up hadron physics. Finding a needle in haystack
is difficult. In the recent situation one does not even know what one is searching for!
Accepting TGD framework one would know precisely what to search for. The enormous
institutional inertia of recent day particle physics community will not make the paradigm
shift easy. The difficult problem is how to communicate bi-directionally with the elite
of particle physics theorists, which refuses to take seriously anyone coming outside the
circles.

10.12.3 Muon surplus in high energy cosmic ray showers as an
indication for new hadron physics
The latest twistor in the story comes from cosmic ray physics. According to the article
“Viewpoint: Cosmic-Ray Showers Reveal Muon Mystery” in APS Physics (see http:
//tinyurl.com/q86hnte) Pierre Auger Observatory reports that there is at least 30
per cent muon surplus in cosmic rays at ultrahigh energy around 1019 eV [C103] (see
http://tinyurl.com/ol8ardk). These events are at the knee of cosmic ray energy
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distribution: at higher energies the flux of cosmic rays should be reduced due to the
loss of energy with cosmic microwave background. There are actually indications that
this does not take place but this is not the point now. The article [C209] at http:
//tinyurl.com/nw5hnqt tells about how these showers are detected and also provides
a simple model for the showers.
This energy is estimated in the rest system of Earth and corresponds to the energy of
130 TeV in cm mass system for a collision with nucleon. This is roughly 10 times the
cm energy of 14 TeV at LHC. The shower produced by the cosmic ray is a cascade in
which high energy cosmic rays gradually loses its energy via hadron production. The
muons are relatively low energy muons resulting in hadronic decays, mostly pion decays,
since most of the energy ends up to charged pions producing muons and electrons and
neutral pions decaying rapidly to gamma pairs. The electron-positron pairs produced in
the electromagnetic showers from neutral pions mask the electrons produced in neutral
pion decay to electrons so that the possible surplus can be detected only for muons.
Since cosmic rays are mostly protons and nuclei the primary collisions should involve a
primary collision of cosmic ray particle with a nucleon of atmosphere. The anomalously
large muon yield suggests an anomalous yield of proton-antiproton pairs produced in the
first few collisions. Protons and antiprotons would then collide with nuclei of atmosphere
and lose their energy and give rise to anomalously large number of pions and eventually
muons.
Unless the models for the production (constrained by LHC data) underestimate muon
yield, new physics is required to explain the source of proton-antiproton pairs is needed.
In TGD framework one can consider two scaled up variants of hadron physics as candidates for the new physics.
i. The first candidate corresponds to M89 hadron physics for which hadron masses
would be obtained by a scaling with factor 512 from the masses of ordinary hadrons
characterized by Mersenne prime M1+07 = 2107 −1. There are several bumps bumps
identifiable as pseudo-scalar mesons with predicted masses also some bumps identifiable as some scaled up vector mesons [L42] (see http://tinyurl.com/o92aq4g).
Also the unexpected properties of what was expected to be quark gluon plasm suggest M89 hadron physics. In particular, the evidence for string like states suggests
M89 mesons. If the situation is quantum critical, M89 have scaled up Compton
length. The natural guess is that it corresponds to the size of ordinary hadrons.
The proton of M89 hadron physics would have mass of 512 GeV so that the production of M89 hadrons could take place at energies, which for ordinary hadrons would
correspond to 260 GeV meaning that perturbative M89 QCD could be used. The
quarks of this hadron physics would hadronize either directly to ordinary M107 or
to M89 hadrons. In both cases a phase transition like process would lead from M89 or M107 -hadrons and produce a surplus of protons and antiprotons, whose collisions
with the nuclei of atmosphere would produce a surplus of pions.
ii. One can also consider M79 hadron physics, where MG,79 corresponds to Gaussian
Mersenne (1 + i)79 − 1. The mass scale would be 32 times higher than that for M89
hadron physics and correspond to 8 GeV for ordinary hadron collisions. Also now
perturbative QCD would apply.
One can argue that M89 and/or MG,79 hadron physics comes in play for collisions with
small enough impact parameter and gives an additive contribution to the total rate of
protons and antiproton production. The additional contribution would be of the same
order of magnitude as that from M107 hadron physics.
Could quantum criticality play some role now?
i. What is the situation is quantum critical with hef f /h > 1? The first naı̈ve guess is
that at the level of tree diagrams corresponding to classical theory the production
rate has has no dependence on Planck constant so that nothing happens. A less
naı̈ve guess is that something similar to that possibly taking place at LHC happens.
Quantum critical collisions in which protons just pass by each other could yield dark
pseudo-scalar mesons.
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ii. If quantum criticality corresponds to peripheral collisions, the rate for pseudo-scalar
production would be large unlike for central collisions. The instanton action determined to a high degree by anomaly considerations would be determined the rate
of production for pseudo-scalar mesons. Vector boson dominance would allow to
estimate the rate for the production of vector bosons. Peripherality could make
the observation of these collisions difficult: especially so if the peripheral collisions
are rejected because they are not expected to involve strong interactions and be
therefore uninteresting. This might explain the disappearance of 750 GeV bump.
iii. Suppose that quantum criticality for peripheral collisions at LHC and RHIC enters
into game arbove the mass scale of M89 pion with mass about 65×; mp ' 65 GeV
and leads to creation of M89 mesons. By a simple scaling argument the same would
happen in the case of MG,79 hadron physics above 65 × mp (89) = 3.3 × 104 TeV
to be compared with the collision energy of ultrahigh energy cosmic rays about
13 × 104 TeV.

10.12.4

Newest indications for dark M89 hadrons

I received a link to a quite interesting popular article (see http://tinyurl.com/khm6qbp)
telling about surplus of antiprotons from cosmic rays interpreted in terms of dark matter
particles decays to protons and antiprotons. The article mentions two articles summarizing essentially similar experimental findings.
The first article Novel Dark Matter Constraints from Antiprotons in Light of AMS-02
is published in Phys Rev Letters (see http://tinyurl.com/kn44zce). The abstract of
the article is here.
We evaluate dark matter (DM) limits from cosmic-ray antiproton observations using
the recent precise AMS-02 measurements. We properly take into account cosmic-ray
propagation uncertainties, fitting DM and propagation parameters at the same time and
marginalizing over the latter. We find a significant indication of a DM signal for DM
masses near 80 GeV, with a hadronic annihilation cross section close to the thermal
value, hσvi ∼ 2 × 10−26 cm3 /s. Intriguingly, this signal is compatible with the DM
interpretation of the Galactic center gamma-ray excess. Confirmation of the signal
will require a more accurate study of the systematic uncertainties, i.e., the antiproton
production cross section, and the modeling of the effect of solar modulation. Interpreting
the AMS-02 data in terms of upper limits on hadronic DM annihilation, we obtain strong
constraints excluding a thermal annihilation cross section for DM masses below about 50
GeV and in the range between approximately 150 and 500 GeV, even for conservative
propagation scenarios. Except for the range around ∼ 80 GeV, our limits are a factor
of ∼ 4 stronger than the limits from gamma-ray observations of dwarf galaxies.
The second article Possible Dark Matter Annihilation Signal in the AMS-02 Antiproton
Data is also published in Phys Rev Letters (see http://tinyurl.com/m3uhnam). The
abstract is here.
Using the latest AMS-02 cosmic-ray antiproton flux data, we search for a potential
dark matter annihilation signal. The background parameters about the propagation,
source injection, and solar modulation are not assumed a priori but based on the results
inferred from the recent B/C ratio and proton data measurements instead. The possible
dark matter signal is incorporated into the model self-consistently under a Bayesian
framework. Compared with the astrophysical background-only hypothesis, we find that a
dark matter signal is favored. The rest mass of the dark matter particles is ∼ 20 − 80
GeV, and the velocity-averaged hadronic annihilation cross section is about (0.2 − 5) ×
10−26 cm3 /s, in agreement with that needed to account for the Galactic center GeV
excess and/or the weak GeV emission from dwarf spheroidal galaxies Reticulum 2 and
Tucana III. Tight constraints on the dark matter annihilation models are also set in a
wide mass region.
The proposal is that decay of dark matter particles possibly arriving from the Galactic
center produce proton-antiproton pairs. The mass of the decaying particles would be
between 40-80 GeV. I have been talking for years about M89 hadron physics - a scaled up
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copy of ordinary hadron physics with mass scale 512 times higher than that of ordinary
hadron physics. The pion of this physics would have mass about 69 GeV (by scaling
from the mass of ordinary pion by factor 512). There are indications for two handfuls
of bumps with masses of mesons of ordinary hadron physics scaled up by 512 [L42] (see
http://tinyurl.com/o92aq4g).
These scaled up pions could be produced abundantly in collisions of cosmic rays in
atmosphere (situation would be analogous to that at LHC). It would not be surprising
if they would produce also proton and antiproton pairs in their decays? This view about
the origin of the dark pions is different from the usual view about dark matter. Dark
pions would be created by the cosmic rays arriving from galactic center and colliding
with nuclear matter in the Earth’s atmosphere rather than arriving from the galactic
center.
Can one say that they represent dark matter and in what sense? The TGD based
proposal explaining various bumps observed at LHC and having masses 512 times those
of ordinary mesons assumes that they are produced at quantum criticality [K62] and
are dark in TGD sense meaning that the value of effective Planck constant for them is
hef f = n × h, n = 512. Scaled up Compton length would realize long range quantum
correlations at criticality. Dark mesons at criticality would be hybrids of ordinary and
scaled up mesons: Compton length would same as for ordinary mesons but mass would
512 times higher: Esau’s hands and Jacob’s voice. This would give a precise meaning
to what it means for two phases to be same at quantum criticality: half of both.
The new element of the model for M89 hadron physics [L44] is that the gluons would be
second generation gluons with charge matrices in the space of fermion families orthogonal to the similar charge matrix for ordinary gluons. This implies violation of quark
universality. The violation of universality for second generation electroweak bosons
could explain breaking of lepton universality. Family charge matrices could depend on
em charge of the boson as do also the topological mixing matrices for fermion families
(genus corresponds to the handle number for partonic 2-surface [K10]. The first guess
is that family charge matrices are universal.

10.12.5

Is the new physics really so elementary as believed?

I think that many colleagues have been thinking about the situation in particle physics.
Is it really true that the “nightmare scenario” is realized: no deviations from the standard model. The basic disappointment of course comes from the fate 750 GeV Cernette,
which does not exist anymore officially. I am personally puzzled. Various bumps about
which Lubos have kept count fit nicely to the spectrum of mesons of M89 hadron physics
(almost)-predicted by TGD [L42]. They have precisely the predicted masses differing by
a factor 512 from those of M107 hadron physics, the good old hadron physics. Is it really
possible that Universe has made a conspiracy to create so many statistical fluctuations
just to the correct places? Could it be that something is wrong in the basic philosophy
of experimental particle physics, which leads to the loss of information?
First of all, it is clear that new physics is badly needed to solve various theoretical
problems such as fine tuning problem for Higgs mass to say nothing about the problem
of understanding particle mass scales. New physics is necessary but it is not found.
What goes wrong? Could it be that we are trying to discover wrong type of new
physics?
Particle physics is thought to be about elementary objects. There would be no complications like those appearing in condensed matter physics: criticality or even quantum
criticality, exotic quasiparticles, ... This simplifies the situation enormously but still one
is dealing with a gigantic complexity. The calculation of scattering rates is technically
extremely demanding but basically application of well-defined algorithms; Monte Carlo
modelling of the actual scattering experiments such as high energy proton-proton collisions is also needed. One must also extract the signal from a gigantic background. These
are extremely difficult challenges and LHC is a marvellous achievement of collaboration
and coherence: like string quartet but with 10,000 players.
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What one does is however not to just look what is there. There is no label in the particle
telling “I am the exotic particle X that you are searching for”. What one can do is to
check whether the small effects - signatures - caused by a given particle candidate can
be distinguished from the background noise. Finding a needle in haystack is child’s play
when compared with what one must achieve. If some totally new physics not fitting
into the basic paradigms behind search algorithms is there, it is probably lost.
Returning to the puzzle under consideration: the alarming fact is that the colliding
protons at LHC form a many-particle system! Could it happen that the situation is
even more complex than believed and that phenomena like emergence and criticality
encountered in condensed matter physics could be present and make life even more
difficult?
As a matter of fact, already the phase transition from confined phase to perturbative
QCD involving thermodynamical criticality would be example of this complexity. The
surprise from RHIC and later LHC was that something indeed happened but was different than expected. The transition did not seem to take place to perturbative QCD
predicting thermal ”forgetfulness” and isotropic particle distributions from QCD plasma
as black body radiation. For peripheral collisions - colliding particles just touching - indications for string like objects emerged. The notion of color glass was introduced and
even AdS/CFT was tried (strings in 10-D space-time!) but without considerable success.
As if a new kind of hadron physics with long range correlation in proton scale but with
energy scale of hundreds of proton masses would have been present. This is mysterious
since Compton lengths for this kind of objects should be of order weak boson Compton
length.
In TGD Universe this new phase would be M89 hadron physics with large value hef f =
n × h, with n = 512 to scale up M89 hadron Compton length to proton size scale
to give long range correlations and fluctuation in proton scale characterizig quantum
criticality. Instanton density I ∝ E · B for colliding protons would appear as a state
variable analogous to say pressure in condensed matter and would be large just for the
peripheral collisions. The production amplitude for pseucoscalar mesons of new hadron
physics would by anomaly arguments be obtained as Fourier transform of I. The value of
I would be essentially zero for head-on collisions and large only for peripheral collisions particles just touching - in regions where E and B tend to be parallel. This would mean
criticality. There could be similar criticality with respect to energy. If experimenter
poses kinematical cutoffs - say pays attention only to collisions not too peripheral - the
signal would be lost.
This would not be new. Already at seventies anomalous production of electron-positron
pairs perhaps resulting from pseudoscalar state created near collision energy allowing
to overcome Coulomb wall where reported: criticality again. The TGD model was in
terms of leptopions (electro-pions) [K92] and later evidence for their muonic and tau
counterparts have been reported. The model had of course a bad problem: the mass
of leptopion is essentially twice that of lepton and one expects that colored lepton is
also light. Weak boson decay widths do not allow this. If the leptopions are dark in
TGD sense, the problem disappears. These exotic bumps where later forgotten: a good
reason for this is that they are not allowed by the basic paradigms of particle physics
and if they appear only at criticality they are bound to experience the fate of being
labelled as statistical fluctuations.
This has served as an introduction to a heretic question: Could it be that LHC did
not detect 750 GeV bosons because the kinematical cuts of the analysis eliminate the
peripheral collisions for which protons just touch each other? Could these candidates for
pseudo-scalars of M89 hadron physics be created by the instanton anomaly mechanism
and only in periphery? And more generally, should particle physicists consider the
possibility that they are not anymore studying collisions of simple elementary systems?
One can make this more concrete (I am repeating what I already wrote once because
I see this as really important). To find M89 pseudoscalars one should study peripheral
collisions in which protons do not collide quite head-on and in which M89 pseudoscalars
could be generated by em instanton mechanism. In peripheral situation it is easy to
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measure the energy emitted as particles since strong interactions are effectively absent only the E·B interaction plus standard em interaction if TGD view is right (note that for
neutral vector mesons the generalization of vector meson dominance based on effective
action coupling neutral vector boson linearly to em gauge potential is highly suggestive).
Unfortunately peripheral collisions are undesired since beams are deflected from head-on
course! These events are however detected but the data end up to trashbin usually as also
the deflected protons! Luckily, Risto Orava’s team (see http://tinyurl.com/yc8xvvne
and http://tinyurl.com/hxges8w) is studying just those p-p collisions, which are
peripheral! It would be wonderful if they would find Cernettes and maybe also other
M89 pseudo-scalars from the trashbin! Same is true in gravitational sector: reductionism
demands that string model leads to GRT and the various anomalies challenging GRT
are simply forgotten.
Large statistical fluctuation certainly occurred. The interpretation for the large statistical fluctuation giving rise to Cernette boom could be as the occurrence of un-usually
large portion of peripheral events allowing the production of M89 mesons, in particular
Cernettes.
To sum up, the deep irony is that particle physicists are trying desperately to find new
physics although it has been found long ago but put under the rug since it did not
conform with QCD and standard model. The reductionistic dogma dictates that the
acceptable new physics must be consistent with the standard model: no wonder that
everything indeed continues to be miraculously consistent with standard model and
no new physics is found! Same is true in gravitational sector: reductionism demands
that string model leads to GRT and the various anomalies challenging GRT are simply
forgotten.

10.12.6 96 GeV bump (2019) as electroweak pseudoscalar predicted by TGD?
Lubos had a second posting mentioning new bump at about 96 GeV discovered at LHC
(see http://tinyurl.com/yyqwlh44) slightly above the masses of weak bosons and
tells that physicists seem to take it very seriously. Lubos of course wants to interpret it
as a Higgs predicted by standard SUSY already excluded at the energies considered.
What about TGD interpretation?
i. TGD predicts besides weak gauge bosons, Higgs, and pseudoscalar: about the prediction of pseudoscalar I became aware only now. This follows taking tensor products for spin-isospin representations formed by quarks but for some reason I had
not noticed this. The mass scale of pseudoscalar Higgs is most naturally the same
as that of scalar Higgs or of weak bosons and p-adic mass calculations allow to
estimate its mass. Higgs mass 125 GeV is very nearly the minimal mass for k = 89.
The minimal mass for k = 90 defining also the p-adic mass scale of weak bosons
would be 88 GeV so that the interpretation as pseudo-scalar with k = 90 might
make sense [L69] (see http://tinyurl.com/y4pdb2xz).
ii. This lower bound is somewhat smaller than 96 GeV but the estimate neglects effects
related to isospin: doublet and complex doublet are actually predicted (or triplet
and singlet when SU(2)w action is by automorphism on the 2 × 2 matrix defined
by the doublets rather than as left or right action on the doublets appearing as its
rows/columns). Mass splitting looks natural and the neutral state might be the
heavier one as in case of W,Z splitting.
The situation is extremely interesting, since after decades of efforts I finally managed
to formulate and understand SUSY in TGD framework.
i. First of all, SUSY is there but it is very different from standard N=1 SUSY predicting Majorana fermions. The reason is that due to fermion number conservation
theta parameters appearing in super-field must be replaced with fermionic - actually
quark-like - oscillator operators. The simplest model predicts that theta parameters and their conjugates appearing in the super-fied correspond to quark oscillator
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ii.

iii.

iv.

v.

vi.

operators in a number theoretic discretization of space-time surface. They thus anticommute non-trivially. Anticommutators are finite for cognitive representations
for which space-time surface is replaced with a discrete set of points with preferred
imbedding space coordinates in an extension of rationals.
Super-spinor field is odd polynomial of creation operators and its conjugate is odd
function of annihilation operators whereas the imbedding space coordinates appearing in bosonic action (Kahler action plus volume term) and modified super-Dirac
action are replaced by imbedding space super-coordinates, which are polynomials
in which super-monomials have vanishing total quark number and appear as sums
of monomial and its conjugate to guarantee the hermiticity of the super-coordinate.
These assumptions guarantee that super-Dirac field describes local states with odd
fermion number and propagators have the behavior required by statistics.
In continuum variant of the theory the bosonic Wick contractions would give rise
to infinities: this vanishing conforms with the vanishing of loops required quite
generally by the number theoretical vision and implying discrete coupling constant
evolution. This simplifies the analogs of Feynman diagrams appearing at the level of
discrete ”cognitive representations” to mere tree diagrams. In twistor approach the
vanishing of loops means enormous simplification and implies behavior analogous
to that in dual resonance models which initiated superstring models.
The vanishing of Wick contractions from super-space-time parts of the modified
Dirac action and super-counterpart of classical action gives rise to conserved Noether
currents having interpretation in terms of symmetries: the most natural interpretation is in terms of gigantic super-symplectic symmetries predicted by TGD. TGD
predicts also their Yangian analogs multi-local symmetries.
Super-symmetric vertices are just vacuum expectations of the action. In this picture leptons would be spartners of quarks as local 3-quarks composites. This little
discovery I could have made four decades ago. The allowance of only quarks as
fundamental fermions follows from SO(1,7) triality in number theoretic vision: here
M 8 − H (H = M 4 × CP2 ) duality and the part of number theoretic vision involving
classical number fields is needed. We would have been staring at super-symmetries
for more than century! My heart bleeds for the unlucky colleagues still trying to
find standard SUSY at LHC. I can only pray that these lost lambs of experimental
and theoretical physics could find their way back to their shepherd.
The quark numbers or protons and leptons would be opposite and matter antimatter asymmetry would mean preference of antiquarks to arrange into local triplets leptons- whereas quarks would arrange to non-local triplets- baryons. Both (quark)
matter and antimatter would have been in front of eyes all the time we have been
producing literature about mechanisms possibly explaining the absence of antimatter.
CP breaking is necessary for this picture and twistor lift of TGD indeed predicts
CP breaking term which would be due to the Kaehler structure of Minkowski space
required by twistor lift of TGD - also non-commutative quantum field theories
predict it.
What about SUSY breaking. It has been clear for a long time that the mass
formulas could be same for the members of super-multiplet but that p-adic length
scale could differ. I realized few weeks ago that the breaking of SUSY is universal
and has very little to do with the details of dynamics. In the general case zero
energy states are superpositions (mixtures) of states with different mass squared
eigenvalues and M 8 − M 4 × CP2 duality allows to find an imbedding of M 4 to M 8
making mass squared vanishing for states without this mixing. For mixtures p-adic
thermodynamics predicts the masses. That Minkowski space is a relative notion
means obviously new view about the notion of mass.

It is fair to say, that as far as particle physics is considered, TGD is done. The simplicity
and elegance of the picture is so stunning that it is difficult to imagine alternatives.
Already earlier, I realized that the breaking of SUSY is universal and has very little
to do with the details of dynamics. Zero energy states are superpositions (mixtures) of
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states with different mass squared eigenvalues and M 8 − H duality allows to find an
imbedding of M 4 to M 8 making mass squared vanishing for states without this mixing.
For mixtures p-adic thermodynamics predicts the masses.

Chapter 11

New Physics Predicted by
TGD: Part II
11.1

Introduction

In this chapter the focus is on the hadron physics. The applications are to various
anomalies discovered during years.

11.1.1 Application Of The Many-Sheeted Space-Time Concept
In Hadron Physics
The many-sheeted space-time concept involving also the notion of field body can be
applied to hadron physics to explain findings which are difficult to understand in the
framework of standard model
i. The spin puzzle of proton [C132, C127] is at the time of writing a two decades
old mystery with no satisfactory explanation in QCD framework. The notion of
hadronic space-time sheet which could be imagined as string like rotating object
suggests a possible approach to the spin puzzle. The entanglement between valence
quark spins and the angular momentum states of the rotating hadronic space-time
sheet could allow natural explanation for why the average valence quark spin vanishes.
ii. The notion of Pomeron was invented during the Bootstrap era preceding QCD to
solve difficulties of Regge approach. There are experimental findings suggesting
the reincarnation of this concept [C148, C138, C160]. The possibility that the
newly born concept of Pomeron of Regge theory might be identified as the sea of
perturbative QCD in TGD framework is considered. Geometrically Pomeron would
correspond to hadronic space-time sheet without valence quarks.
iii. The discovery that the charge radius of proton deduced from the muonic version
of hydrogen atom is about 4 per cent smaller than from the radius deduced from
hydrogen atom [C177, C181] is in complete conflict with the cherished belief that
atomic physics belongs to the museum of science. The title of the article Quantum
electrodynamics-a chink in the armour? of the article published in Nature [C159]
expresses well the possible implications, which might actually go well extend beyond
QED. TGD based model for the findings relies on the notion of color magnetic body
carrying both electromagnetic and color fields and extends well beyond the size scale
of the particle. This gives rather detailed constraints on the model of the magnetic
body.
iv. The soft photon production rate in hadronic reactions is by an average factor of
about four higher than expected [?] In the article soft photons assignable to the
decays of Z 0 to quark-antiquark pairs. This anomaly has not reached the attention
of particle physics which seems to be the fate of anomalies quite generally nowadays:
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large extra dimensions and black-holes at LHC are much more sexy topics of study
than the anomalies about which both existing and speculative theories must remain
silent. TGD based model is based on the notion of electric flux tube.

11.1.2

Quark Gluon Plasma

QCD predicts that at sufficiently high collision energies de-confinement phase transitions for quarks should take place leading to quark gluon plasma. In heavy ion
collisions at RHIC [C134] something like this was found to happen. The properties
of the quark gluon plasma were however not what was expected. There are long
range correlations and the plasma seems to behave like perfect fluid with minimal
viscosity/entropy ratio. The lifetime of the plasma phase is longer than expected
and its density much higher than QCD would suggest. The experiments at LHC
for proton proton collisions suggest also the presence of quark gluon plasma with
similar properties.
TGD suggests an interpretation in terms of long color magnetic flux tubes containing the plasma so that additional support for the notion of field would would
emerge. The confinement to color magnetic flux tubes would force higher density.
The preferred extremals of Kähler action have interpretation as defining a flow of
perfect incompressible fluid and the perfect fluid property is broken only by the
many-sheeted structure of space-time with smaller space-time sheets assignable to
sub-CDs representing radiative corrections. The phase in question corresponds to
a non-standard value of Planck constant: this could also explain why the lifetime
of the phase is longer than expected.

11.1.3

Breaking Of Discrete Symmetries

Zero energy ontology provides a fresh approach to discrete symmetries and provides
also a general mechanism for their breaking. A general vision about breaking of
discrete symmetries relies on quantum measurement theory: the quantum jump
selecting the quantization axes induces localization to a single CD and therefore induces breaking of discrete symmetries due to the choice of quantization axes. The
time scale of CD is excellent candidate for defining mass and time scales characterizing the symmetry breaking. Entropic gravity idea has a variant in TGD framework
resulting from the fact that in ZEO quantum theory is a square root of thermodynamics in a well-defined sense. This suggests that thermodynamical stability forces
the generation of the arrow of time and forces it to be different for matter and
antimatter inducing in this manner matter antimatter asymmetry and breaking of
discrete symmetries like CP. Also CPT can be broken spontaneously and there are
experimental indications that this takes place for top quark with mass difference
which is surprisingly large- few per cent of top mass.
The anomalously large direct CP breaking in KL → ππ decays is included as old
application of TGD. The breaking is explained in terms of loop corrections due to the
predicted 2 exotic gluons having masses around 33.6 GeV. It will be also found that
the TGD version of the chiral field theory believed to provide a phenomenological
low energy description of QCD differs from its standard model version in that quark
masses are replaced in TGD framework with shifts of quark masses induced by the
vacuum expectation values of the scalar meson fields. This conforms with the TGD
view about Higgs mechanism as causing only small mass shifts. It must be however
emphasized that there is an argument suggesting that the vacuum expectation value
of Higgs in fermionic case does not even make sense.

11.1.4 Are Exotic Super Virasoro Representations Relevant
For Hadron Physics?
The last section of the chapter can be taken as miscellaneous material, which I
have not been able to throw away yet. In p-adic context exotic representations of
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Super Virasoro with M 2 ∝ pk , k = 1, 2, ..m are possible. For k = 1 the states
of these representations have same mass scale as elementary particles although in
real context the masses would be gigantic. This inspires the question whether nonperturbative aspects of hadron physics could be assigned to the presence of these
representations.
The prospects for this are promising. Pion mass is almost exactly equal to the mass
of lowest state of the exotic representation for k = 107 and Regge slope for rotational excitations of hadrons is predicted with three per cent accuracy assuming
that they correspond to the states of k = 101 exotic Super Virasoro representations. This leads to the idea that hadronization and fragmentation correspond
to phase transitions between ordinary and exotic Super Virasoro representations
and that there is entire fractal hierarchy of hadrons inside hadrons and QCD:s
inside QCD:s corresponding to p-adic length scales L(k), k = 107, 103, 101, 97, ....
Some intriguing numerical co-incidences suggest that the exotic representations of
Super-Virasoro should be assigned with hadron and whereas ordinary Virasoro representations could be assigned with the quark-gluon plasma or possibly sea partons.
The appendix of the book gives a summary about basic concepts of TGD with illustrations. Pdf representation of same files serving as a kind of glossary can be found at
http://tgdtheory.fi/tgdglossary.pdf [L22].

11.2

New Space-Time Concept Applied To Hadrons

11.2.1

A New Twist In The Spin Puzzle Of Proton

The so called proton spin crisis or spin puzzle of proton was an outcome of the experimental finding that the quarks contribute only 13-17 per cent of proton spin [C132, C127]
whereas the simplest valence quark model predicts that quarks contribute about 75 per
cent to the spin of proton with the remaining 25 per cent being due to the orbital motion
of quarks. Besides the orbital motion of valence quarks also gluons could contribute to
the spin of proton. Also polarized sea quarks can be considered as a source of proton
spin.
Quite recently, the spin crisis got a new twist [C144]. One of the few absolute predictions
of perturbative QCD (pQCD) is that at the limit, when the momentum fraction of
quark approaches unity, quark spin should be parallel to the proton spin. This is due
to the helicity conservation predicted by pQCD in the lowest order. The findings are
consistent with this expectation in the case of protonic u quarks but not in the case of
protonic d quark. The discovery is of a special interest from the point of view of TGD
since it might have an explanation involving the notions of many-sheeted space-time, of
color-magnetic flux tubes, the predicted super-symplectic “vacuum” spin, and also the
concept of quantum parallel dissipation.
The experimental findings
In the experiment performed in Jefferson Lab [C144] neutron spin asymmetries An1 and
n
polarized structure functions g1,2
were deduced for three kinematic configurations in
the deep inelastic region from e-3 He scattering using 5.7 GeV longitudinally polarized
n
were deduced for x = .33, .47,
electron beam and a polarized 3 He target. An1 and g1,2
2
2
n
and .60 and Q = 2.7, 3.5 and 4.8 (GeV/c) . A1 and g1n at x = .33 are consistent with
the world data. At x = .47 An1 crosses zero and is significantly positive at x = 0.60.
This finding agrees with the next-to-leading order QCD analysis of previous world data
without the helicity conservation constraint. The trend of the data agrees with the
predictions of the constituent quark model but disagrees with the leading order pQCD
assuming hadron helicity conservation.
By isospin symmetry one can translate the result to the case of proton by the replacement u ↔ d. By using world proton data, the polarized quark distribution functions
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were deduced for proton using isospin symmetry between neuron and proton. It was
found that ∆u/u agrees with the predictions of various models while ∆d/d disagrees
with the leading-order pQCD.
Let us denote by q(x) = q ↑ +q ↓ (x) the spin independent quark distribution function. The
difference ∆q(x) = q ↑ −q ↓ (x) measures the contribution of quark q to the spin of hadron.
The measurement allowed to deduce estimates for the ratios (∆q(x) + ∆q(x))/(q(x) +
q(x)).
The conclusion of [C144] is that for proton one has
∆u(x) + ∆u(x)
' .737 ± .007 , for x = .6 .
u(x) + u(x)
This is consistent with the pQCD prediction. For d quark the experiment gives
∆d(x) + ∆d(x)
' −.324 ± .083 for x = .6 .
d(x) + d(x)
The interpretation is that d quark with momentum fraction x > .6 in proton spends a
considerable fraction of time in a state in which its spin is opposite to the spin of proton
so that the helicity conservation predicted by first order pQCD fails. This prediction is
of special importance as one of the few absolute predictions of pQCD.
The finding is consistent with the relativistic SU (6) symmetry broken by spin-spin
interaction and the QCD based model interpolated from data but giving up helicity
conservation [C144]. SU (6) is however not a fundamental symmetry so that its success
is probably accidental.
It has been also proposed that the spin crisis might be illusory [C190] and due to the
fact that the vector sum of quark spins is not a Lorentz invariant quantity so that the
sum of quark spins in infinite-momentum frame where quark distribution functions are
defined is not same as, and could thus be smaller than, the spin sum in the rest frame.
The correction due to the transverse momentum of the quark brings in a non-negative
numerical correction factor which is in the range (0, 1). The negative sign of ∆d/d is
not consistent with this proposal.
TGD based model for the findings
The TGD based explanation for the finding involves the following elements.
i. TGD predicts the possibility of vacuum spin due to the super-symplectic symmetry.
Valence quarks can be modelled as a star like formation of magnetic flux tubes
emanating from a vertex with the conservation of color magnetic flux forcing the
valence quarks to form a single coherent structure. A good guess is that the supersymplectic spin corresponds classically to the rotation of the the star like structure.
ii. By parity conservation only even values of super-symplectic spin J are allowed
and the simplest assumption is that the valence quark state is a superposition of
ordinary J = 0 states predicted by pQCD and J = 2 state in which all quarks have
spin which is in a direction opposite to the direction of the proton spin. The state
of J = 1/2 baryon is thus replaced by a new one:
1
1
3 3
|B, , ↑i = a|B, 1/2, i|J = Jz = 0i + b|B, , − i|J = Jz = 2i ,
2
2
2 2
X
1
↑ ↑ ↓
|B, 1/2, i =
cq1 ,q2 ,q3 q1 q2 q3 ,
2
q ,q ,q
1

2

3

3 3
|B, , − i = dq1 ,q2 ,q3 q1↓ q2↓ q3↓ .
(11.2.-1)
2 2
|B, 1/2, 12 i is in a good approximation the baryon state as predicted by pQCD. The
coefficients cq1 ,q2 ,q3 and dq1 ,q2 ,q3 depend on momentum fractions of quarks and the
states are normalized so that |a|2 + |b|2 = 1 is satisfied: the notation p = |a|2 will be
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used in the sequel. The quark parts of J = 0 and J = 2 have quantum numbers of
proton and ∆ resonance. J = 2 part need not however have the quark distribution
functions of ∆.
iii. The introduction of J = 0 and J = 2 ground states with a simultaneous use of
quark distribution functions makes sense if one allows quantum parallel dissipation.
Although the system is coherent in the super-symplectic degrees of freedom which
correspond to the hadron size scale, there is a de-coherence in quark degrees of
freedom which correspond to a shorter p-adic length scale and smaller space-time
sheets.
iv. Consider now the detailed structure of the J = 2 state in the case of proton. If
the d quark is at the rotation axis, the rotating part of the triangular flux tube
structure resembles a string containing u-quarks at its ends and forming a di-quark
like structure. Di-quark structure is taken to mean correlations between u-quarks
in the sense that they have nearly the same value of x so that x < 1/2 holds true
for them whereas the d-quark behaving more like a free quark can have x > 1/2.
A stronger assumption is that di-quark behaves like a single colored hadron with
a small value of x and only the d-quark behaves as a free quark able to have large
values of x. Certainly this would be achieved if u quarks reside at their own string
like space-time sheet having J = 2.
From these assumptions it follows that if u quark has x > 1/2, the state effectively
reduces to a state predicted by pQCD and u(x) → 1 for x → 1 is predicted. For the d
quark the situation is different and introducing distribution functions q J) (x) for J = 0, 2
separately, one can write the spin asymmetry at the limit x → 1 as

Ad

≡

p(∆d0 + ∆d0 ) + (1 − p)(∆d2 + ∆d2 )
∆d(x) + ∆d(x)
=
,
d(x) + d(x)
p(d0 + d0 ) + (1 − p)(d2 + d2 )

p

=

|a|2 .

(11.2.-1)

Helicity conservation gives ∆d0 /d0 → 1 at the limit x → 1 and one has trivially
∆d2 /d2 = −1. Taking the ratio
y=

d2
d0

as a parameter, one can write

→

Ad

p − (1 − p)y
p + (1 − p)y

(11.2.0)

at the limit x → 1. This allows to deduce the value of the parameter y once the value
of p is known:

y

=

p
1 − Ad
×
.
1 − p 1 + Ad

(11.2.1)

From the requirement that quarks contribute a fraction Σ =
to proton spin, one can deduce the value of p using
p×

1
2

− (1 − p) ×
1
2

3
2

=

Σ

P

q

∆q ∈ (13, 17) per cent

(11.2.2)

giving p = (3 + Σ)/4 ' .75.
Eq. 11.2.1 allows estimate the value of y. In the range Σ ∈ (.13, .30) defined by the
lower and upper bounds for the contribution of quarks to the proton spin, Ad = −.32
gives y ∈ (6.98, 9.15). d2 (x) would be more strongly concentrated at high values of x
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than d0 (x). This conforms with the assumption that u quarks tend to carry a small
fraction of proton momentum in J = 2 state for which uu can be regarded as a string
like di-quark state.
A further input to the model comes from the ratio of neutron and proton F2 structure
functions expressible in terms of quark distribution functions of proton as

Rnp

≡

F2n
u(x) + 4d(x)
=
.
F2 p
4u(x) + d(x)

(11.2.3)

According to [C144] Rnp (x) is a straight line starting with Rnp (x → 0) ' 1 and dropping
below 1/2 as x → 1. The behavior for small x can be understood in terms of sea quark
dominance. The pQCD prediction for Rnp is Rnp → 3/7 for x → 1, which corresponds
to d/u → z = 1/5. TGD prediction for Rnp for x → 1

Rnp

≡
=

pu0 + 4(pd0 + (1 − p)d2 )
F2n
p =
F2
4pu0 + pd0 + (1 − p)d2
p + 4z(p + (1 − p)y
.
4p + z(p + (1 − p)y)

(11.2.3)

In the range Σ ∈ (.13, .30) which corresponds to y ∈ (6.98, 9.15) for Ad = −.32 Rnp =
1/2 gives z ' .1, which is 20 per cent of pQCD prediction. 80 percent of d-quarks with
large x predicted to be in J = 0 state by pQCD would be in J = 2 state.

11.2.2

Strange spin asymmetry at RHIC

The popular article “Surprising result shocks scientists studying spin” (see athttp:
//tinyurl.com/y9zk8xa6) tells about a peculiar effect in p-p and p-N (N for nucleus)
observed at Relativistic Heavy Ion Collider (RHIC). In p-p scattering with polarized
incoming proton there is asymmetry in the sense that the protons with vertical polarization with respect to scattering plane give rise to more neutrons slightly deflected to
right than to left (see the figure of the article). In p-N scattering of vertically polarized
protons the effect is also observed for neutrons but is stronger and has opposite sign
for heavier nuclei! The effect came as a total surprise and is not understood. It seems
however that the effects for proton and nuclear targets must have different origin since
otherwise it is difficult to understand the change of the sign.
The abstract of the original article [C124] (see http://tinyurl.com/y72px42v) summarizes what has been observed.
During 2015 the Relativistic Heavy Ion Collider (RHIC) provided collisions of transversely polarized protons with Au and Al nuclei for the first time, enabling the exploration of transverse-single-spin asymmetries with heavy nuclei. Large single-spin
asymmetries in very forward neutron production have been previously observed in transversely polarized p+p collisions at RHIC, and the existing theoretical framework that
was successful in describing the single-spin asymmetry in p+p collisions predicts only a
moderate atomic-mass-number (A) dependence. In contrast, the asymmetries observed
at RHIC in p+A collisions showed a surprisingly strong A dependence in inclusive forward neutron production. The observed asymmetry in p+Al collisions is much smaller,
while the asymmetry in p+Au collisions is a factor of three larger in absolute value and
of opposite sign. The interplay of different neutron production mechanisms is discussed
as a possible explanation of the observed A dependence.
Since a diffractive effect in forward direction is in question, one can ask whether strong
interactions have anything to do with the effect. This effect can take place at the
level of nucleons and a quark level and these two effects should have different signs.
Could electromagnetic spin orbit coupling (see http://tinyurl.com/y7akvgns) cause
the effect both at the level of nucleons in p-N collisions and at the level of quarks in p-p
collisions? If so, the explanation would not involved new physics. Note however that
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the proposed generation of dark variants of M89 mesons is associated with peripheral
collisions to which one can assign quantum criticality [K22]. Therefore one must keep
mind open.
i. Spin-orbit interaction effect is relativistic effect: the magnetic field of target nucleus
in √
the reference frame of projectile proton is nonvanishing: B = −γv × E, γ =
1/ 1 − v 2 . The spin-orbit interaction Hamiltonian is
HL−S = −µ · B ,
where
µ = gp µN S ,

µN =

e
2mp

is the magnetic moment of polarized proton proportional to spin S, which no has
definite direction due to the polarization of incoming proton beam. The gyromagnetic factor gp equals to gp = 2.79284734462(82) holds true for proton.
ii. Only the component of E orthogonal to v is involved and the coordinates in this direction are unaffected by the Lorentz transformations. One can express the transversal component of electric field as gradient
Er = −∂r V

r
.
r

Velocity v can be expressed as v = p/mp so the spin-orbit interaction Hamiltonian
reads as
HL−S = γ

gp e 1
1
L · S ∂r V .
2mp mp
r

For polarised proton the effect of this interaction could cause the left-right asymmetry. The reason is that the sign of the interaction Hamiltonia is opposite at left and
right sides of the target since the sign of L = r ×p is opposite at left- and right-hand
sides. One can argue as in non-relativistic case that this potential generates a force
which is radial and proportional to ∂r [(∂r V (r))/r)].
Consider first the scattering on nucleus.
i. Inside the target nucleus one can assume that the potential is of the form V = kr2 /2:
the force vanishes! Hence the effect must indeed come from peripheral collisions.
At the periphery responsible for almost forward scattering one as V (r) = Ze/r and
one has ∂r (∂r V (r))/r) = 3Ze/r4 , r = R, R the nuclear radius. One has R = kA1/3
for a constant density nucleus so that one has ∂r (∂r V (r))/r) = 3k −4 eZA−4/3 .
The force decreases with A roughly like A−1/3 but the scattering proton can give its
momentum to a larger number of nucleons inside the target nucleus. If all neutrons
get their share of the transversal momentum, the effect is proportional to neutron
number N = A − Z one would obtain the dependence Z(A − Z)A−4/3 ∼ A2/3 . If no
other effects are involved one would have for the ratio r of Al and Au asymmetries
r=

Al
Z(Al)N (Al)
A(Au) 4/3
∼
×[
]
.
Au
Z(Au)A(u)
A(Al)

Using (Z, A) = (13, 27) for Al and (Z, A) = (79, 197) for Au one obtains the prediction r = .28. The actual value is r ' .3 by estimating from Fig. 4 of [C124] (see
http://tinyurl.com/y72px42v) is not far from this.
ii. This effect takes place only for protons but it deviates proton at either side to the
interior of nucleus. One expects that the proton gives its transversal momentum
components to other nucleons - also neutrons. This implies that sign of the effect
is same as it would be for the spin-orbit coupling when the projectile is neutron.
This could be the basic reason for the strange sign of the effect.
Consider next what could happen in p-p scattering.
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i. One must explain why neutrons with R-L asymmetry with respect to the scattering
axis are created. This requires quark level consideration.
ii. The first guess is that one must consider spin orbit interaction for the quarks of
the polarized proton scattering from the quarks of the unpolarized proton. What
comes in mind is that one could in a reasonable approximation treat the unpolarized
proton as single coherent entity. In this picture u and d quarks of polarized proton
would have asymmetric diffractive scattering tending to go to the opposite sides of
the scattering axis.
iii. The effect for d quarks would be opposite to that for u quarks. Since one has
n = udd and p = uud, the side which has more d quarks gives rise to neutron
excess in the recombination of quarks to hadrons. This effect would have opposite
sign than the effect in the case of nuclear target. This quark level effect would be
present also for nuclear targets but nucleon level effect would be possible only for
nuclei with A − Z > 0.
As found, the model does not involve directly many-sheeted space-time except possibly via the assumption that polarized proton scatters from the entire target proton in
electromagnetic sense.

11.2.3

Topological Evaporation And The Concept Of Pomeron

Topological evaporation provides an explanation for the mysterious concept of Pomeron
originally introduced to describe hadronic diffractive scattering as the exchange of
Pomeron Regge trajectory [C198]. No hadrons belonging to Pomeron trajectory were
however found and via the advent of QCD Pomeron was almost forgotten. Pomeron has
recently experienced reincarnation [C148, C138, C160]. In Hera [C148] e − p collisions,
where proton scatters essentially elastically whereas jets in the direction of incoming
virtual photon emitted by electron are observed. These events can be understood by
assuming that proton emits color singlet particle carrying small fraction of proton’s momentum. This particle in turn collides with virtual photon (antiproton) whereas proton
scatters essentially elastically.
The identification of the color singlet particle as Pomeron looks natural since Pomeron
emission describes nicely diffractive scattering of hadrons. Analogous hard diffractive
scattering events in pX diffractive scattering with X = p̄ [C138] or X = p [C160] have
also been observed. What happens is that proton scatters essentially elastically and
emitted Pomeron collides with X and suffers hard scattering so that large rapidity gap
jets in the direction of X are observed. These results suggest that Pomeron is real and
consists of ordinary partons.
TGD framework leads to two alternative identifications of Pomeron relying on same
geometric picture in which Pomeron corresponds to a space-time sheet separating from
hadronic space-time sheet and colliding with photon.
Earlier model
The earlier model is based on the assumption that baryonic quarks carry the entire
four-momentum of baryon. p-Adic mass calculations have shown that this assumption
is wrong. The modification of the model requires however to change only wordings so
that I will represent the earlier model first.
The TGD based identification of Pomeron is very economical: Pomeron corresponds to
sea partons, when valence quarks are in vapor phase. In TGD inspired phenomenology
events involving Pomeron correspond to pX collisions, where incoming X collides with
proton, when valence quarks have suffered coherent simultaneous (by color confinement)
evaporation into vapor phase. System X sees only the sea left behind in evaporation
and scatters from it whereas valence quarks continue without noticing X and condense
later to form quasi-elastically scattered proton. If X suffers hard scattering from the
sea the peculiar hard diffractive scattering events are observed. The fraction of these
events is equal to the fraction f of time spent by valence quarks in vapor phase.
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Dimensional argument can be used to derive a rough order of magnitude estimate for
f as f ∼ 1/α = 1/137 ∼ 10−2 for f : f is of same order of magnitude as the fraction
(about 5 per cent) of peculiar events from all deep inelastic scattering events in Hera.
The time spent in condensate is by dimensional arguments of the order of the p-adic
length scale L(M107 ), not far from proton Compton length. Time dilation effects at
high collision energies guarantee that valence quarks indeed stay in vapor phase during
the collision. The identification of Pomeron as sea explains also why Pomeron Regge
trajectory does not correspond to actual on mass shell particles.
The existing detailed knowledge about the properties of sea structure functions provides
a stringent test for the TGD scenario. According to [C138] Pomeron structure function
seems to consist of soft ((1 − x)5 ), hard ((1 − x) ) and super-hard component ( delta
function like component at x = 1). The peculiar super hard component finds explanation
in TGD based picture. The structure function qP (x, z) of parton in Pomeron contains
the longitudinal momentum fraction z of the Pomeron as a parameter and qP (x, z) is
obtained by scaling from the sea structure function q(x) for proton qP (x, z) = q(zx).
The value of structure function at x = 1 is non-vanishing: qP (x = 1, z) = q(z) and
this explains the necessity to introduce super hard delta function component in the fit
of [C138].
Updated model
The recent developments in the understanding of hadron mass spectrum involve the
realization that hadronic k = 107 space-time sheet is a carrier of super-symplectic
bosons (and possibly their super-counterparts with quantum numbers of right handed
neutrino) [K25]. The model leads to amazingly simple and accurate mass formulas
for hadrons. Most of the baryonic momentum is carried by super-symplectic quanta:
valence quarks correspond in proton to a relatively small fraction of total mass: about
170 MeV. The counterparts of string excitations correspond to super-symplectic manyparticle states and the additivity of conformal weight proportional to mass squared
implies stringy mass formula and generalization of Regge trajectory picture. Hadronic
string tension is predicted correctly. Model also provides a solution to the proton spin
puzzle.
In this framework valence quarks would naturally correspond to a color singlet state
formed by space-time sheets connected by color flux tubes having no Regge trajectories
and carrying a relatively small fraction of baryonic momentum. In the collisions discussed valence quarks would leave the hadronic space-time sheet and suffer a collision
with photon. The lightness of Pomeronandelectro-weak neutrality of Pomeron support
the view that photon stripes valence quarks from Pomeron, which continues its flight
more or less unperturbed. Instead of an actual topological evaporation the bonds connecting valence quarks to the hadronic space-time sheet could be stretched during the
collision with photon.
The large value of αK = 1/4 for super-symplectic matter suggests that the criterion for
a phase transition increasing the value of Planck constant [K65] and leading to a phase,
where αK ∝ 1/hbar is reduced, could occur. For αK to remain invariant, ~0 → 26~0
would be required. In this case, the size of hadronic space-time sheet, “color field body
of the hadron”, would be 26 × L(107) = 46 fm, roughly the size of the heaviest nuclei.
Hence a natural expectation is that the dark side of nuclei plays a role in the formation
of atomic nuclei. Note that the sizes of electromagnetic field bodies of current quarks u
and d with masses of order few MeV is not much smaller than the Compton length of
electron. This would mean that super-symplectic bosons would represent dark matter
in a well-defined sense and Pomeron exchange would represent temporary separation of
ordinary and dark matter.
Note however that the fact that super-symplectic bosons have no electro-weak interactions, implies their dark matter character even for the ordinary value of Planck constant:
this could be taken as an objection against dark matter hierarchy. My own interpretation is that super-symplectic matter is dark matter in the strongest sense of the world
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whereas ordinary matter in the large ~ phase is only apparently dark matter because
standard interactions do not reveal themselves in the expected manner.
Astrophysical counterpart of Pomeron events
Pomeron events have direct analogy in astrophysical length scales. In the collision of
two galaxies dark and visible matter parts of the colliding galaxies have been found to
separate by Chandra X-ray Observatory [C192].
Imagine a collision between two galaxies. The ordinary matter in them collides and
gets interlocked due to the mutual gravitational attraction. Dark matter, however, just
keeps its momentum and keeps going on leaving behind the colliding galaxies. This kind
of event has been detected by the Chandra X-Ray Observatory by using an ingenious
manner to detect dark matter. Collisions of ordinary matter produces a lot of X-rays
and the dark matter outside the galaxies acts as a gravitational lens.

11.2.4

The Incredibly Shrinking Proton

The discovery by Pohl et al (2010) [C159] was that the charge radius of proton deduced
from detuerium - the muonic version of hydrogen atom - is .842 fm and about 4 per cent
smaller than .875 fm than the charge radius deduced from hydrogen atom [C177, C181] is
in complete conflict with the cherished belief that atomic physics belongs to the museum
of science (for details see the Wikipedia article http://tinyurl.com/jkt2mkv). The
title of the article Quantum electrodynamics-a chink in the armour? of the article
published in Nature [C159] expresses well the possible implications, which might actually
go well extend beyond QED.
Quite recently (2016) new more precise data has emerged from Pohl et al [C169] (see
http://tinyurl.com/jd2hwuq). Now the reduction of charge radius of muonic variant
of deuterium is measured. The charge radius is reduced from 2.1424 fm to 2.1256 fm
and the reduction is .012 fm, which is about .8 per cent (see http://tinyurl.com/
j4z3yp9). The charge radius of proton deduced from it is reported to be consistent
with the charge radius deduced from deuterium. The anomaly seems therefore to be
real. Deuterium data provide a further challenge for various models. The finding is a
problem of QED or to the standard view about what proton is. Lamb shift [C12] is
the effect distinguishing between the states hydrogen atom having otherwise the same
energy but different angular momentum. The effect is due to the quantum fluctuations
of the electromagnetic field. The energy shift factorizes to a product of two expressions.
The first one describes the effect of these zero point fluctuations on the position of
electron or muon and the second one characterizes the average of nuclear charge density
as “seen” by electron or muon. The latter one should be same as in the case of ordinary
hydrogen atom but it is not. Does this mean that the presence of muon reduces the
charge radius of proton as determined from muon wave function? This of course looks
implausible since the radius of proton is so small. Note that the compression of the
muon’s wave function has the same effect.
Before continuing it is good to recall that QED and quantum field theories in general
have difficulties with the description of bound states: something which has not received
too much attention. For instance, van der Waals force at molecular scales is a problem.
A possible TGD based explanation and a possible solution of difficulties proposed for
two decades ago is that for bound states the two charged particles (say nucleus and
electron or two atoms) correspond to two 3-D surfaces glued by flux tubes rather than
being idealized to points of Minkowski space. This would make the non-relativistic
description based on Schrödinger amplitude natural and replace the description based
on Bethe-Salpeter equation having horrible mathematical properties.
In the following two models of the anomaly will be discussed.
i. The basic idea of the original model is that muon has some probability to end up to
the magnetic flux tubes assignable to proton. In this state it would not contribute
to the ordinary Schrödinger amplitude. The effect of this would be reduction of |Ψ|2
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near origin and apparent reduction of the charge radius of proton. The weakness of
the model is that it cannot make quantitative prediction for the size of the effect.
Even the sign is questionable. Only S-wave binding energy is affected considerably
but does the binding energy really increase by the interaction of muon with the
quarks at magnetic flux tubes? Is the average of the charge density seen by muon
in S wave state larger, in other words does it spend more time near proton or do
the quarks spend more time at the flux tubes?
ii. Second option is inspired by data about breaking of universality of weak interactions
in neutral B decays possibly manifesting itself also in the anomaly in the magnetic
moment of muon. Also the different values of the charge radius deduced from
hydrogen atom and muonium could reflect the breaking of universality. In the
original model the breaking of universality is only effective.
iii. TGD indeed predicts a dynamical U(3) gauge symmetry whose 8+1 gauge bosons
correspond to pairs of fermion and antifermion at opposite throats of wormhole
contact. Throats are characterized by genus g = 0, 1, 2, so that bosons are superpositions of states labelled by (g1 , g2 ). Fermions correspond to single wormhole throat
carrying fermion number and behave as U(3) triplet labelled by g.
The charged gauge bosons with different genera for wormhole throats are expected
to be very massive. The 3 neutral gauge bosons with same genus at both throats are
superpositions of states (g, g) are expected to be lighter. Their charge matrices are
orthogonal and necessarily break the universality of electroweak interactions. For
the lowest boson family - ordinary gauge bosons - the charge matrix is proportional
to unit matrix. The exchange of second generation bosons Z10 and γ1 would give
rise to Yukawa potential increasing the binding energies of S-wave states. Therefore
Lamb shift defined as difference between energies of S and P waves is increased and
the charge radius deduced from Lamb shift becomes smaller.
iv. The model thus predicts a correct sign for the effect but the size of the effect from
naı̈ve estimate assuming only γ1 contribution and α1 = α ad M = 2.9 TeV is
almost by an order of magnitude too small. The values of the gauge couplings
α1 and α1 Z, 1 are free parameters as also the mixing angles between states (g, g).
The effect is also proportional to the ratio (mµ /M (boson)2 . It turns out that the
inclusion of Z10 contribution and assumption α1 and α1 Z, 1 are near color coupling
strength αs gives a correct prediction.
Basic facts and notions
In this section the basic TGD inspired ideas and notions - in particular the notion of
field body - are introduced and the general mechanism possibly explaining the reduction
of the effective charge radius relying on the leakage of muon wave function to the flux
tubes associated with u quarks is introduced. After this the value of leakage probability
is estimated from the standard formula for the Lamb shift in the experimental situation
considered.
1. Basic notions of TGD which might be relevant for the problem
Can one say anything interesting about the possible mechanism behind the anomaly if
one accepts TGD framework? How the presence of muon could reduce the charge radius
of proton? Let us first list the basic facts and notions.
i. One can say that the size of muonic hydrogen characterized by Bohr radius is by
factor me /mµ = 1/211.4 = 4.7 × 10−4 smaller than for hydrogen atom and equals
to 250 fm. Hydrogen atom Bohr radius is .53 Angstroms.
ii. Proton contains 2 quarks with charge 2e/3 and one d quark which charge -e/3.
These quarks are light. The last determination of u and d quark masses [C145] (see
http://tinyurl.com/zqbj7x4) gives masses, which are mu = 2 MeV and md = 5
MeV (I leave out the error bars). The standard view is that the contribution of
quarks to proton mass is of same order of magnitude. This would mean that quarks
are not too relativistic meaning that one can assign to them a size of order Compton
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wave length of order 4 × re ' 600 fm in the case of u quark (roughly twice the Bohr
radius of muonic hydrogen) and 10 × re ' 24 fm in the case of d quark. These
wavelengths are much longer than the proton charge radius and for u quark more
than twice longer than the Bohr radius of the muonic hydrogen. That parts of
proton would be hundreds of times larger than proton itself sounds a rather weird
idea. One could of course argue that the scales in question do not correspond to
anything geometric. In TGD framework this is not the way out since quantum
classical correspondence requires this geometric correlate.
iii. There is also the notion of classical radius of electron and quark. It is given by
r = α~/m and is in the case of electron this radius is 2.8 fm whereas proton charge
radius is .877 fm and smaller. The dependence on Planck constant is only apparent
as it should be since classical radius is in question. For u quark the classical radius
is .52 fm and smaller than proton charge radius. The constraint that the classical
radii of quarks are smaller than proton charge radius gives a lower bound of quark
masses: p-adic scaling of u quark mass by 2−1/2 would give classical radius .73 fm
which still satisfies the bound. TGD framework the proper generalization would
be r = αK ~/m, where αK is Kähler coupling strength defining the fundamental
coupling constant of the theory and quantized from quantum criticality. Its value
is very near or equal to fine structure constant in electron length scale.
iv. The intuitive picture is that light-like 3-surfaces assignable to quarks describe random motion of partonic 2-surfaces with light-velocity. This is analogous to zitterbewegung assigned classically to the ordinary Dirac equation. The notion of braid
emerges from the localization of the modes of the induced spinor field to 2-D surfaces - string world sheets and possibly also partonic 2-surfaces carrying vanishing
W fields and Z 0 field at least above weak scale. It is implied by well-definedness of
em charge for the modes of Kähler-Dirac action. The orbits of partonic 2-surface
effectively reduces to braids carrying fermionic quantum numbers. These braids in
turn define higher level braids which would move inside a structure characterizing
the particle geometrically. Internal consistency suggests that the classical radius
r = αK ~/m characterizes the size scale of the zitterbewegung orbits of quarks.
I cannot resist the temptation to emphasize the fact that Bohr orbitology is now
reasonably well understood. The solutions of field equations with higher than 3-D
CP2 projection describing radiation fields allow only generalizations of plane waves
but not their superpositions in accordance with the fact it is these modes that are
observed. For massless extremals with 2-D CP2 projection superposition is possible
only for parallel light-like wave vectors. Furthermore, the restriction of the solutions
of the Chern-Simons Dirac equation at light-like 3-surfaces to braid strands gives
the analogs of Bohr orbits. Wave functions of -say electron in atom- are wave
functions for the position of wormhole throat and thus for braid strands so that
Bohr’s theory becomes part of quantum theory.
v. In TGD framework quantum classical correspondence requires -or at least strongly
suggests- that also the p-adic length scales assignable to u and d quarks have geometrical correlates. That quarks would have sizes much larger than proton itself
how sounds rather paradoxical and could be used as an objection against p-adic
length scale hypothesis. Topological field quantization however leads to the notion
of field body as a structure consisting of flux tubesandthe identification of this geometric correlate would be in terms of Kähler (or color-, or electro-) magnetic body
of proton consisting of color flux tubes beginning from space-time sheets of valence
quarks and having length scale of order Compton wavelength much longer than the
size of proton itself. Magnetic loops and electric flux tubes would be in question.
Also secondary p-adic length scale characterizes field body. For instance, in the
case of electron the causal diamond assigned to electron would correspond to the
time scale of .1 seconds defining an important bio-rhythm.
2. Could the notion of field body explain the anomaly?
The large Compton radii of quarks and the notion of field body encourage the attempt to
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imagine a mechanism affecting the charge radius of proton as determined from electron’s
or muon’s wave function.
i. Muon’s wave function is compressed to a volume, which is about 8 million times
smaller than the corresponding volume in the case of electron. The Compton radius
of u quark more that twice larger than the Bohr radius of muonic hydrogen so that
muon should interact directly with the field body of u quark. The field body of d
quark would have size 24 fm which is about ten times smaller than the Bohr radius
so that one can say that the volume in which muons sees the field body of d quark
is only one thousandth of the total volume. The main effect would be therefore due
to the two u quarks having total charge of 4e/3.
One can say that muon begins to “see” the field bodies of u quarks and interacts
directly with u quarks rather than with proton via its electromagnetic field body.
With d quarks it would still interact via protons field body to which d quark should
feed its electromagnetic flux. This could be quite enough to explain why the charge
radius of proton determined from the expectation value defined by its wave function
is smaller for muonium than for hydrogen. One must of course notice that this brings
in also direct magnetic interactions with u quarks.
ii. What could be the basic mechanism for the reduction of charge radius? Could it
be that the muon is caught with some probability into the flux tubes of u quarks
and that Schrödinger amplitude for this kind state vanishes near the origin? If so,
this portion of state would not contribute to the charge radius and the since the
portion ordinary state would smaller, this would imply an effective reduction of the
charge radius determined from experimental data using the standard theory since
the reduction of the norm of the standard part of the state would be erratically
interpreted as a reduction of the charge radius.
iii. This effect would be of course present also in the case of electron but in this case
the u quarks correspond to a volume which million times smaller than the volume
defined by Bohr radius so that electron does not in practice “see” the quark substructure of proton. The probability P for getting caught would be in a good
approximation proportional to the value of |Ψ(ru )|2 and in the first approximation
one would have
Pe
∼ (aµ /ae )3 = (me /mµ )3 ∼ 10−7 .
Pµ
3/2

from the proportionality Ψi ∝ 1/ai , i=e,µ.
3. A general formula for Lamb shift in terms of proton charge radius
The charge radius of proton is determined from the Lamb shift between 2S- and 2P
states of muonic hydrogen. Without this effect resulting from vacuum polarization of
photon Dirac equation for hydrogen would predict identical energies for these states.
The calculation reduces to the calculation of vacuum polarization of photon inducing to
the Coulomb potential and an additional vacuum polarization term. Besides this effect
one must also take into account the finite size of the proton which can be coded in terms
of the form factor deducible from scattering data. It is just this correction which makes
it possible to determine the charge radius of proton from the Lamb shift.
i. In the article [C39] the basic theoretical results related to the Lamb shift in terms
of the vacuum polarization of photon are discussed. Proton’s charge density is in
this representation is expressed in terms of proton form factor in principle deducible
from the scattering data. Two special cases can be distinguished corresponding to
the point like proton for which Lamb shift is non-vanishing only for S wave states
and non-point like proton for which energy shift is present also for other states. The
theoretical expression for the Lamb shift involves very refined calculations. Between
2P and 2S states the expression for the Lamb shift is of form
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F =2
F =1
∆E(2P3/2
2S1/2
= a − brp2 + crp3 = 209.968(5)5.2248 × rp2 + 0.0347 × rp3 meV .

(11.2.3)
where the charge radius rp = .8750 is expressed in femtometers and energy in meVs.
ii. The general expression of Lamb shift is given in terms of the form factor by
Z
E(2P − 2S)

=

X

=

Z

d3 q
F (q 2 ) Π(q 2 )
×
(−4πα)
×X ,
2π)3
q2
q2
(|Ψ2P (r)|2 − |Ψ2S (r)|2 )exp(iq · r)dV .
(11.2.2)

Here Π is is a scalar representing vacuum polarization due to decay of photon to
virtual pairs.
The model to be discussed predicts that the effect is due to a leakage from “standard”
state to what I call flux tube state. This means a multiplication of |Ψ2P |2 with the
normalization factor 1/N of the standard state orthogonalized with respect to flux tube
state. It is essential that 1/N is larger than unity so that the effect is a genuine quantum
effect not understandable in terms of classical probability.
The modification of the formula is due to the normalization of the 2P and 2S states.
These are in general different. The normalization factor 1/N is same for all terms in
the expression of Lamb shift for a given state but in general different for 2S and 2P
states. Since the lowest order term dominates by a factor of ∼ 40 over the second one,
one one can conclude that the modification should affect the lowest order term by about
4 per cent. Since the second term is negative and the modification of the first term is
interpreted as a modification of the second term when rp is estimated from the standard
formula, the first term must increase by about 4 per cent. This is achieved if this state
is orthogonalized with respect to the flux tube state. For states Ψ0 and Ψtube with unit
norm this means the modification

Ψ0

→

C

=

1
× (Ψi − CΨtube ) ,
1 − |C|2
hΨtube |Ψ0 i .

(11.2.2)

In the lowest order approximation one obtains
a − brp2 + crp3

→ (1 + |C|2 )a − brp2 + crp3 .

(11.2.3)

Using instead of this expression the standard formula gives a wrong estimate rp from
the condition
a − br̂p2 + cr̂p3 → (1 + |C|2 )a − brp2 + crp3 .

(11.2.4)

This gives the equivalent conditions

r̂p2
Ptube

|C|2 a
,
b
b
(rp − rˆp )
|C|2 ' 2 × rp2 ×
) .
a
rp

= rp2 −
≡

(11.2.4)

The resulting estimate for the leakage probability is Ptube ' .0015. The model should
be able to reproduce this probability.
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A model for the coupling between standard states and flux tube states
Just for fun one can look whether the idea about confinement of muon to quark flux
tube carrying electric flux could make sense.
R
i. Assume
that the quark is accompanied by a flux tube carrying electric flux EdS =
R
− ∇Φ · dS = q, where q = 2e/3 = ke is the u quark charge. The potential created
by the u quark at the proton end of the flux tube with transversal area S = πR2
idealized as effectively 1-D structure is
ke
|x| + Φ0 .
(11.2.5)
πR2
The normalization factor comes from the condition that the total electric flux is q.
The value of the additive constant V0 is fixed by the condition that the potential
coincides with Coulomb potential at r = ru , where ru is u quark Compton length.
This gives
Φ

= −

ke2
e2
.
(11.2.6)
+ Kru , K =
ru
πR2
ii. Parameter R should be of order of magnitude of charge radius αK ru of u quark
is free parameter in some limits. αK = α is expected to hold true in excellent
approximation. Therefore a convenient parameterization is
eΦ0

R

=

= zαru .

(11.2.7)

This gives
4k
k 1
, eΦ0 = 4(πα + )
.
(11.2.8)
αru2
α ru
iii. The requirement that electron with four times larger charge radius that u quark
can topologically condensed inside the flux tube without a change in the average
radius of the flux tube (and thus in a reduction in p-adic length scale increasing its
mass by a factor 4!) suggests that z ≥ 4 holds true at least far away from proton.
Near proton the condition that the radius of the flux tube is smaller than electron’s
charge radius is satisfied for z = 1.
K

=

1. Reduction of Schrödinger equation at flux tube to Airy equation
The 1-D Schrödinger equation at flux tube has as its solutions Airy functions and the
related functions known as “Bairy” functions.
i. What one has is a one-dimensional Schrödinger equation of general form
~2 d2 Ψ
ke2
+ (Kx − eΦ0 )Ψ = EΨ , K =
.
2
2mµ dx
πR2
By performing a linear coordinate change
−

u =

(

2mµ K 1/3
−|E| + eΦ0
) (x − xE ) , xE =
,
2
~
K

(11.2.9)

(11.2.10)

one obtains
d2 Ψ
− uΨ = 0 .
(11.2.11)
du2
This differential equation is known as Airy equation (or Stokes equation) and defines
special functions Ai(x) known as Airy functions and related functions Bi(x) referred
to as “Bairy” functions [B1] . Airy functions characterize the intensity near an
optical directional caustic such as that of rainbow.
ii. The explicit expressions for Ai (u) and Bi(u) are is given by
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Z
1 ∞
1
Ai(u) =
cos( t3 + ut)dt ,
π 0
3

Z ∞
1 3
1 3
1
exp(− t ) + sin( t + ut)dt .
(11.2.11)
Bi(u) =
π 0
3
3
Ai(u) oscillates rapidly for negative values of u having interpretation in terms of
real wave vector and goes exponentially to zero for u > 0. Bi(u) oscillates also
for negative values of x but increases exponentially for positive values of u. The
oscillatory behavior and its character become obvious by noticing that stationary
phase approximation is possible for x < 0.
The approximate expressions of Ai(u) and Bi(u) for u > 0 are given by
2
1
exp(− u3/2 )u−1/4 ,
3
2π 1/2
1
2 3/2 −1/4
exp( u )u
.
3
π 1/2

Ai(u) ∼
Bi(u) ∼

(11.2.11)

For u < 0 one has
1
2
sin( (−u)3/2 )(−u)−1/4 ,
3
π 1/2
2
1
cos( (−u)3/2 )(−u)−1/4 .
(11.2.11)
Bi(u) ∼
3
π 1/2
iii. u = 0 corresponds to the turning point of the classical motion where the kinetic
energy changes sign. x = 0 and x = ru correspond to the points
Ai(u) ∼

umin ≡ u(0)

2mµ K 1/3
) xE ,
~2
2mµ K 1/3
(
) (ru − xE ) ,
~2
−|E| + eΦ0
.
K

= −(

umax ≡ u(ru )

=

xE

=

(11.2.10)

iv. The general solution is
Ψ

= aAi(u) + bBi(u) .

(11.2.11)

The natural boundary condition is the vanishing of Ψ at the lower end of the flux
tube giving
b
Ai(u(0))
= −
.
(11.2.12)
a
Bi(u(0))
A non-vanishing value of b implies that the solution increases exponentially for positive values of the argument and the solution can be regarded as being concentrated
in an excellent approximation near the upper end of the flux tube.
Second boundary condition is perhaps most naturally the condition that the energy is same for the flux tube amplitude as for the standard solution. Alternative
boundary conditions would require the vanishing of the solution at both ends of
the flux tube and in this case one obtains very large number of solutions as WKB
approximation demonstrates. The normalization of the state so that it has a unit
norm fixes the magnitude of the coefficients a and b since one can choose them to
be real.
2. Estimate for the probability that muon is caught to the flux tube
The simplest estimate for the muon to be caught to the flux tube state characterized by
the same energy as standard state is the overlap integral of the ordinary hydrogen wave
function of muon and of the effectively one-dimensional flux tube. What one means
with overlap integral is however not quite obvious.
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i. The basic condition is that the modified “standard” state is orthogonal to the flux
tube state. One can write the expression of a general state as
Ψnlm

→

N × (Ψnlm − C(E, nlm)Φnlm ) ,

Φnlm

=

Ylm ΨE ,

C(E, nlm) = hΨE |Ψnlm i .
(11.2.11)
Here Φnlm depends a flux tube state in which spherical harmonics is wave function
in the space of orientations of the flux tube and ΨE is flux tube state with same
energy as standard state. Here an inner product between standard states and flux
tube states is introduced.
ii. Assuming same energy for flux tube state and standard state, the expression for
the total total probability for ending up to single flux tube would be determined
from the orthogonality condition as
|C(E, nlm)|2
.
(11.2.12)
1 − |C(E, lmn)|2
Here E refers to the common energy of flux tube state and standard state. The fact
that flux tube states vanish at the lower end of the flux tube implies that they do not
contribute to the expression for average charge density. The reduced contribution
of the standard part implies that the attempt to interpret the experimental results
in “standard model” gives a reduced value of the charge radius. The size of the
contribution is given by Pnlm whose value should be about 4 per cent.
Pnlm

=

One can consider two alternative forms for the inner product between standard states
and flux tube states. Intuitively it is clear that an overlap between the two wave
functions must be in question.
i. The simplest possibility is that one takes only overlap at the upper end of the flux
tube which defines 2-D surface. Second possibility is that the overlap is over entire
flux tube projection at the space-time sheet of atom.
Z
hΨE |Ψnlm i =

Ψr Ψnlm dS (Option I) ,
Zend

hΨE |Ψnlm i =

Ψr Ψnlm dV (Option II) .

(11.2.12)

tube

ii. For option I the inner product is non-vanishing only if ΨE is non-vanishing at the
end of the flux tube. This would mean that electron ends up to the flux tube
through its end. The inner product is dimensionless without introduction of a
dimensional coupling parameter if the inner product for flux tube states is defined
by 1-dimensional integral: one might criticize this assumption as illogical. Unitarity
might be a problem since the local behaviour of the flux tube wave function at the
end of the flux tube could imply that the contribution of the flux tube state in
the quantum state dominates and this does not look plausible. One can of course
consider the introduction to the inner product a coefficient representing coupling
constant but this would mean loss of predictivity. Schrödinger equation at the
end of the flux tubes guarantees the conservation of the probability current only if
the energy of flux tube state is same as that of standard state or if the flux tube
Schrödinger amplitude vanishes at the end of the flux tube.
iii. For option II there are no problems with unitary since the overlap probability is
always smaller than unity. Option II however involves overlap between standard
states and flux tube states even when the wave function at the upper end of the
flux tube vanishes. One can however consider the possibility that the possible flux
tube states are orthogonalized with respect to standard states with leakage to flux
tubes. The interpretation for the overlap integral would be that electron ends up
to the flux tube via the formation of wormhole contact.
3. Option I fails
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The considerations will be first restricted to the simpler option I. The generalization of
the results of calculation to option II is rather straighforward. It turns out that option
II gives correct order of magnitude for the reduction of charge radius for reasonable
parameter values.
i. In a good approximation one can express the overlap integrals over the flux tube
end (option I) as
Z
C(E, nlm)

ΨE Ψnlm dS ' πR2 × Ylm × C(E, nl) ,

=
tube

C(E, nl)

ΨE (ru )Rnl (ru ) .

=

(11.2.12)

An explicit expression for the coefficients can be deduced by using expression for
ΨE as a superposition of Airy and Bairy functions. This gives
C(E, nl)

= ΨE (ru )Rnl (ru ) ,
Bi(uE (0))
aE
=−
,
bE
Ai(uE (0))
|E| − eΦ0
2mµ K 1/3
) (x − xE ) , xE =
(
,
2
~
K
2
ke2
, R = zαK ru , k =
.
πR2
3

ΨE (x)

= aE Ai(uE ) + bBi(uE ) ,

uE (x)

=

K

=

(11.2.9)
The normalization of the coefficients is fixed from the condition that a and b chosen
in such a manner that Ψ has unit norm. For these boundary conditions Bi is
expected to dominate completely in the sum and the solution can be regarded as
exponentially decreasing function concentrated around the upper end of the flux
tube.
In order to get a quantitative view about the situation one can express the parameters
umin and umax in terms of the basic dimensionless parameters of the problem.
i. One obtains


k 1/3
z
1
)
1 + π α2 (1 − αr) × r1/3 ,
zα
k
2
k
umax ≡ u(ru ) = u(0) + 2
× r1/3 ,
zα
mµ
r =
, R = zαru .
(11.2.8)
mu
Using the numerical values of the parameters one obtains for z = 1 and α = 1/137
the values umin = −33.807 and umax = 651.69. The value of umax is so large that
the normalization is in practice fixed by the exponential behavior of Bi for the
suggested boundary conditions.
ii. The normalization constant is in good approximation defined by the integral of the
approximate form of Bi2 over positive values of u and one has
umin ≡ u(0)

N

2

'

dx
×
du

= −2(

Z

umax

Bi(u)2 du ,

umin

dx
1 z 2 α 1/3
= (
) × r1/3 ru ,
du
2 k
(11.2.8)

By taking t =
Z

umax

exp( 34 u3/2 )

as integration variable one obtains

umin

=

Z

umax

4
exp( u3/2 )u−1/2 du
3
umin
Z tmax
3/2
4
dt
1 exp( 34 umax )
( )2/3 π −1
'
. (11.2.8)
2/3
3
π
umax
tmin log(t)

Bi(u)2 du ' π −1
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This gives for the normalization factor the expression
1 z 2 α 2/3 1/3 1/2
2
(
) r ru exp( u3/2
) .
2 k
3 max
iii. One obtains for the value of ΨE at the end of the flux tube the estimate
N

'

(11.2.9)

k 2/3 1/3 −1/2
ru
) r ru
, r=
. (11.2.10)
z2α
rµ
iv. The inner product defined as overlap integral gives for the ground state
ΨE (ru )

=

Bi(umax )
N

'

2π −1/2 × (

ΨE (ru ) × Ψ1,0,0 (ru ) × πR2
k
1
)1/2 × exp(−αr) × πz 2 α2 ru2
= 2π −1/2 ( 2 )2/3 r1/3 ru−1/2 × (
z α
πa(µ)3

CE,00

=

2π 1/2 k 2/3 z 2/3 r11/6 α17/6 exp(−αr) .

=

(11.2.9)
2
CE,00
.

The relative reduction of charge radius equals to P =
For z = 1 one obtains
2
P = CE,00
= 5.5 × 10−6 , which is by three orders of magnitude smaller than the
2
value needed for Ptube = CE,20
= .0015. The obvious explanation for the smallness
2
is the α factor coming from the area of flux tube in the inner product.
4. Option II could work
The failure of the simplest model is essentially due to the inner product. For option
II the inner product for the flux tube states involves the integral over the area of flux
tube so that the normalization
√ factor for the state is obtained from the previous one
by the replacement N → N/ πR2 . In the integral over the flux tube the exponent
function is is in the first approximation equal to constant since the wave function for
ground state is at the end of the flux tube only by a factor .678 smaller than at the
origin and the wave function is strongly concentrated near the end of the flux tube. The
inner product defined by the overlap integral over the flux tube implies N → N S 1/2 ,
S = πR2 = z 2 α2 ru2 . In good approximation the inner product for option II means the
replacement

CE,n0

→ A × B × CE,n0 ,

A

=

B

=

dx
1
√ du = √ z −1/3 k −1/3 α−2/3 r1/3 ,
2
2 π
RπR
Bi(u)du
−1/4 1/2 −1/4 1/4 −1/12
p
= u−1/4
z k
α r
.
max = 2
Bi(umax )

(11.2.8)

Using the expression

R20 (ru )

=

1
r
1
√ × ( )3/2 × (2 − rα) × exp(−rα) , r = u
aµ
rµ
2 2

(11.2.9)

one obtains for CE,20 the expression
CE,20

=

2−3/4 z 5/6 k 1/12 α29/12 r25/12 × (2 − rα) × exp(−rα) .

(11.2.10)

By the earlier general argument one should have Ptube = |CE,20 |2 ' .0015. Ptube = .0015
is obtained for z = 1 and N = 2 corresponding to single flux tube per u quark. If the
flux tubes are in opposite directions, the leakage into 2P state vanishes. Note that this
leakage does not affect the value of the coefficient a in the general formula for the Lamb
shift. The radius of the flux tube is by a factor 1/4 smaller than the classical radius of
electron and one could argue that this makes it impossible for electron to topologically
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condense at the flux tube. For z = 4 one would have Ptube = .015 which is 10 times
too large a value. Note that the nucleus possess a wave function for the orientation of
the flux tube. If this corresponds to S-wave state then only the leakage beween S-wave
states and standard states is possible.
Are exotic flux tube bound states possible?
There seems to be no deep reason forbidding the possibility of genuine flux tube states
decoupling from the standard states completely. To get some idea about the energy
eigenvalues one can apply WKB approximation. This approach should work now: in
fact, the study on WKB approximation near turning point by using linearization of the
potential leads always to Airy equation so that the linear potential represents an ideal
situation for WKB approximation. As noticed these states do not seem to be directly
relevant for the recent situation. The fact that these states have larger binding energies
than the ordinary states of hydrogen atom might make possible to liberate energy by
inducing transitions to these states.
i. Assume that a bound state with a negative energy E is formed inside the flux tube.
This means that the condition p2 = 2m(E − V ) ≥ 0, V = −eΦ, holds true in the
region x ≤ xmax < ru and p2 = 2m(E − V ) < 0 in the region ru > x ≥ xmax . The
expression for xmax is
1
kru
πR2 |E|
(− 2 +
)~ .
+
k
e
ru
πR2
< ru holds true if one has
xmax

xmax

(11.2.11)

=

e2
= Emax .
(11.2.12)
ru
The ratio of this energy to the ground state energy of muonic hydrogen is from
E(1) = e2 /2a(µ) and a = ~/αm given by
|E|

<

Emax
2mu
=
' 5.185 .
(11.2.13)
E(n = 1)
αmµ
This encourages to think that the ground state energy could be reduced by the
formation of this kind of bound state if it is possible to find a value of n in the
allowed range. The physical state would of course contain only a small fraction of
this state. In the case of electron the increase of the binding energy is even more
dramatic since one has
Emax
2mu
8
=
= ' 1096 .
(11.2.14)
E(n = 1)
αme
α
Obviously the formation of this kind of states could provide a new source of energy.
There have been claims about anomalous energy production in hydrogen [D6] . I
have discussed these claims from TGD viewpoint in [K38]
ii. One can apply WKB quantization in the region where the momentum is real to get
the condition
Z

xmax

dx
1
=n+
.
~
2
0
By performing the integral one obtains the quantization condition
p

I

=

I

= k −1 (8πα)1/2 ×

A

=

x

=

2m(E + eΦ)

R2
3/2
ru rµ

× A3/2 = n +

|E|ru
,
e2
ru
2
~
, k=
, ri =
.
R
3π
mi

(11.2.15)

1
,
2

1 + kx2 −

(11.2.14)

666

Chapter 11. New Physics Predicted by TGD: Part II

iii. Parameter R should be of order of magnitude of charge radius αK ru of u quark
is free parameter in some limits. αK = α is expected to hold true in excellent
approximation. Therefore a convenient parameterization is
R = zαru .
(11.2.15)
This gives for the binding energy the general expression in terms of the ground state
binging energy E(1, µ) of muonic hydrogen as
|E| = C × E(1, µ) ,
= D × (1 + Kz −2 α−2 − (

C

y 2/3
) × (n + 1/2)2/3 ) ,
z2

K 2 1/3
)
,
8πα
2
mu
, K=
.
(11.2.13)
y =
mµ
3π
iv. There is a finite number of bound states. The above mentioned consistency conditions coming from 0 < xmax < rµ give 0 < C < Cmax = 5.185 restricting the
allowed value of n to some interval. One obtains the estimates
D

2y × (

=

z2
Cmax 3/2 1
(1 + Kz −2 α−2 −
) −
,
y
D
2
z2
1
nmax =
(1 + Kz −2 α−2 )3/2 −
.
(11.2.13)
y
2
Very large value of n is required by the consistency condition. The calculation gives
nmin ∈ {1.22 × 107 , 4.59 × 106 , 1.48 × 105 } and nmax ∈ {1.33 × 107 , 6.66 × 106 , 3.34 ×
106 } for z ∈ {1, 2, 4}. This would be a very large number of allowed bound states
-about 3.2 × 106 for z = 1.
The WKB state behaves as a plane wave below xmax and sum of exponentially decaying
and increasing amplitudes above xmax :
nmin

1

'


Z
Aexp(i

x

Z

x



p
k(y)dy) + Bexp(−i
k(y)dy) ,
k(x)
0
0


Z x
Z x
1
p
Cexp(−
κ(y)dy + Dexp(
κ(y)dy ,
κ(x)
xmax
xmax
p
p
k(x) = 2m(−|E| + eΦ) , κ(x) 2m(|E| − eΦ) .

(11.2.10)

At the classical turning point these two amplitudes must be identical.
The next task is to decide about natural boundary conditions. Two types of boundary
conditions must be considered. The basic condition is that genuine flux tube states are
in question. This requires that the inner product between flux tube states and standard
states defined by the integral over flux tube ends vanishes. This is guaranteed if the
Schrödinger amplitude for the flux tube state vanishes at the ends of the flux tube so
that flux tube behaves like an infinite potential well. The condition Ψ(0) = 0 at the
lower end of the flux tube would give A = −B. Combined with the continuity condition
at the turning point these conditions imply that Ψ can be assumed to be real. The
Ψ(ru ) = 0 gives a condition leading to the quantization of energy.
The wave function over the directions of flux tube with a given value of n is given by
the spherical harmonics assigned to the state (n, l, m).
Could second generation of weak bosons explain the reduction of proton
charge radius?
The above proposed speculative model is not the only one that one can imagine. The
observation could be explained also as breaking of the universality of weak interactions.
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Also other anomalies challenging the universality exists. The decays of neutral Bmeson to lepton pairs should be same apart from corrections coming from different
lepton masses by universality but this does not seem to be the case [K22]. There is
also anomaly in muon’s magnetic moment discussed briefly in [K45]. This leads to
ask whether the breaking of universality could be due to the failure of universality of
electroweak interactions.
The proposal for the explanation of the muon’s anomalous magnetic moment and
anomaly in the decays of B-meson is inspired by a recent very special di-electron event
and involves higher generations of weak bosons predicted by TGD leading to a breaking
of lepton universality. Both Tommaso Dorigo (http://tinyurl.com/pfw7qqm) and Lubos Motl (http://tinyurl.com/hqzat92) tell about a spectacular 2.9 TeV di-electron
event not observed in previous LHC runs. Single event of this kind is of course most
probably just a fluctuation but human mind is such that it tries to see something deeper
in it - even if practically all trials of this kind are chasing of mirages.
Since the decay is leptonic, the typical question is whether the dreamed for state could
be an exotic Z boson. This is also the reaction in TGD framework. The first question
to ask is whether weak bosons assignable to Mersenne prime M89 have scaled up copies
assignable to Gaussian Mersenne M79 . The scaling factor for mass would be 2(89−79)/2 =
32. When applied to Z mass equal to about .09 TeV one obtains 2.88 TeV, not far from
2.9 TeV. Eureka!? Looks like a direct scaled up version of Z!? W should have similar
variant around 2.6 TeV.
TGD indeed predicts exotic weak bosons and also gluons.
i. TGD based explanation of family replication phenomenon in terms of genus-generation
correspondence forces to ask whether gauge bosons identifiable as pairs of fermion
and antifermion at opposite throats of wormhole contact could have bosonic counterpart for family replication. Dynamical SU(3) assignable to three lowest fermion
generations labelled by the genus of partonic 2-surface (wormhole throat) means
that fermions are combinatorially SU(3) triplets. Could 2.9 TeV state - if it would
exist - correspond to this kind of state in the tensor product of triplet and antitriplet? The mass of the state should depend besides p-adic mass scale also on
the structure of SU(3) state so that the mass would be different. This difference
should be very small.
ii. Dynamical SU(3) could be broken so that wormhole contacts with different genera
for the throats would be more massive than those with the same genera. This would
give SU(3) singlet and two neutral states, which are analogs of η0 and η and π 0 in
Gell-Mann’s quark model. The masses of the analogs of η and π 0 and the analog
of η0, which I have identified as standard weak boson would have different masses.
But how large is the mass difference?
iii. These 3 states are expected top have identical mass for the same p-adic mass scale,
if the mass comes mostly from the analog of hadronic string tension assignable
to magnetic flux tube. connecting the two wormhole contacts associates with any
elementary particle in TGD framework (this is forced by the condition that the flux
tube carrying monopole flux is closed and makes a very flattened square shaped
structure with the long sides of the square at different space-time sheets). p-Adic
thermodynamics would give a very small contribution genus dependent contribution
to mass if p-adic temperature is T = 1/2 as one must assume for gauge bosons
(T = 1 for fermions). Hence 2.95 TeV state could indeed correspond to this kind of
state.
Could the exchange of massive MG,79 photon and Z 0 give rise to additional electromagnetic interaction inducing the breaking of Universality?
i. The additional contribution in the effective Coulomb potential is Yukawa potential.
In S-wave state this would give a contribution to the binding energy in a good
approximation given by the expectation value of the Yukawa potential, which can
be parameterized as
V (r) = g 2 e

−M r

r

,

g 2 = 4πkα .

(11.2.11)
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. The expectation differs from zero significantly only in S-wave state characterized
by principal quantum number n. Since the exponent function goes exponentially to
zero in the p-adic length scale associated with 2.9 TeV mass, which is roughly by
a factor 32 times shorter than intermediate boson mass scale, hydrogen atom wave
function is constant in excellent approximation in the effective integration volume.
This gives for the energy shift
= g 2 |Ψ(0|2 × I ,
1
22 1
, a0 =
,
|Ψ(0|2 =
3
2
n a0
mα
Z −M r
4π
e
I =
r2 drdΩ = 2 .
r
M
For the energy shift and its ratio to ground state energy
∆E

α2
×m
2n2
on obtains the expression
En =

64π 2 α 3 m 2
α ( ) ×m ,
n2
M
∆En
7 2 2 2 m 2
= 2 π α k ( ) .
En
M
For k = 1 and M = 2.9 TeV one has ∆En /En ' 8.9 × 10−11 for muon.
∆En

(11.2.10)

(11.2.11)

=

(11.2.11)

Consider next Lamb shift.
i. Lamb shift as difference of energies between S and P wave states (see http://
tinyurl.com/y99ctyn4) is approximately given by
∆n (Lamb)
13α3
.
(11.2.12)
=
En
2n
For n = 2 this gives ∆2 (Lamb)/E2 = 4.9 × 10−7 .
ii. Recall that the previous parameterization for the theoretical Lamb shift reads as
∆E(rp (th)) = a − brp2 + crp3 = 209.968(5)5.2248 × rp2 + 0.0347 × rp3 meV .
(11.2.12)
where the charge radius rp = .8750 is expressed in femtometers and energy in meVs.
iii. The reduction of rp by 3.3 per cent allows to estimate the reduction of Lamb shift
(attractive additional potential reduces it). The relative change of the Lamb shift
is
x

=

∆E(rp (th)) − ∆E(rp (exp))
∆E(rp (th))

=

5.2248 × (rp2 (th) − rp2 (exp)) + 0.0347 × (rp3 (th) − rp3 (exp))
. (11.2.12)
209.968(5)5.2248 × rp2 (th) + 0.0347 × rp3 (th)

The estimate gives x = 1.2 × 10−3 .
This value can be compared with the prediction. For n = 2 ratio of ∆En /∆En (Lamb)/
is

x=

29 π 2
m
∆En
= k2 ×
× ( )2 .
∆En (Lamb)
13α
M

(11.2.13)

For M = 2.9 TeV the numerical estimate gives x ' k 2 × 10−4 . The value of x deduced
from experimental data is x ' 1.2 × 10−3 . For k = 3 a correct order of magnitude is
obtained. There are thus good hopes that the model works.

11.2. New Space-Time Concept Applied To Hadrons

669

The contribution of Z10 exchange is neglected in the above estimate. Is it present and
can it explain the discrepancy?
i. In the case of deuterium the weak isospins of proton and deuterium are opposite
so that their contributions to the Z10 vector potential cancel. If Z10 contribution for
proton can be neglected, one has ∆rp = ∆rd .
One however has ∆rp ' 2.75∆rd . Hence Z10 contribution to ∆rp should satisfy
∆rp (Z10 ) ' 1.75 × ∆rp (γ1 ). This requires αZ,1 > α1 , which is true also for the
ordinary gauge bosons. The weak isospins of electron and proton are opposite so
that the atom is weak isospin singlet in Abelian sense, and one has Ip3 Iµ3 = −1/4
and attractive interaction. The condition relating rp and rZ suggests
28
1
αZ,1
'
=4+
.
α1
6
3
In standard model one has αZ /α = 1/[sin2 (θW )cos2 (θW )] = 5.6 for sin2 (θW ) = .23.
One has upper bound αZ,1 /α1 ≥ 4 saturated for sin2 (θW,1 ) = 1/2. Weinberg angle
can be expressed as


r
α1
1
1− 1−4
.
sin2 (θW,1 ) =
2
αZ,1
p
αZ,1 /α1 ' 28/6 gives sin2 (θW,1 ) = 21 [1 − 1/7] ' .31.
The contribution to the axial part of the potential depending on spin need not
cancel and could give a spin dependent contribution for both proton and deuteron.
ii. If the scale of α1 and αZ,1 is that of αs ' .1 at TeV energy scale and if the factor
2.75 emerges in the proposed manner, one has k 2 ' 2.75 × 10 = 27.5 rather near to
the rough estimate k 2 ' 27 from data for proton. This would give α1 ' 1/13.7.
Note however than there are mixing angles involved corresponding to the diagonal hermitian family charge matrix Q = (a, b, c) satisfying a2 + b2 + c2 = 1 and
the condition a + b + c = 0√expressing the orthogonality with the electromagnetic charge matrix (1, 1, 1)/ 3 expressing electroweak universality for
√ ordinary
electroweak bosons. For instance, one could have
(a,
b,
c)
=
(0,
1,
−1)/
2 for the
√
second generation and (a, b, c) = (2, −1, −1)/ 6 for the third generation. In this
case the above estimate would would be scaled down: α1 → 2α1 /3 ' 1/20.5.
To sum up, the proposed model is successful at quantitative level allowing to understand the different changes for charge radius for proton and deuteron and estimate the
values of electroweak couplings of the second generation of weak bosons apart from the
uncertainty due to the family charge matrix. Muon’s magnetic moment anomaly and
decays of neutral B allow to test the model and perhaps fix the remaining two mixing
angles.

11.2.5

Misbehaving b-quarks and the magnetic body of proton

Science news tells about misbehaving bottom quarks (see http://tinyurl.com/jpkwey4
and ICHEP conference talk at http://tinyurl.com/z4lqtvz). Or perhaps one should
talk about misbehaving b-hadrons - hadrons containing b- quarks. The mis-behavior
appears in proton-proton collisions at LHC. This is not the only anomaly associated
with proton. The spin of proton is still poorly understood and proton charge radius if
quite not what it should be. Now we learn that there are more b-containing hadrons
(b-hadrons) in the directions deviating considerably from the direction of proton beam:
discrepancy factor is of order two.
How this could reflect the structure of proton? Color magnetic flux tubes are the new
TGD based element in the model or proton: could they help? I assign to proton color
magnetic flux tubes with size scale much larger than proton size - something like electron
Compton length: most of the mass of proton is color magnetic energy associated with
these tubes and they define the non-perturbative aspect of hadron physics in TGD
framework. For instance, constituent quarks would be valence quarks plus their color
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flux tubes. Current quarks just the quarks whose masses give rather small contribution
to proton mass.
What happens when two protons collide? In cm system the dipolar flux tubes get
contracted in the direction of motion by Lorentz contraction. Suppose b-hadrons tend
to leave proton along the color magnetic flux tubes (also ordinary em flux tubes could
be in question). Lorentz contraction of flux tubes means that they tend to leave in
directions orthogonal to the collision axis. Could this explain the misbehavior of bhadrons?
But why only b-hadrons or some fraction of them should behave in this manner? Why
not also lighter hadrons containing c and s? Could this relate to the much smaller
size of b-quark defined by its Compton length L = ~/m(b) , m(b) = 4.2GeV , which
is much shorter than the Compton length of u-quark (the mass of constituent u quark
is something like 300 MeV and the mass of current u quark is few MeVs. Could it be
that lighter hadrons do not leave proton along flux tubes? Why? Are these hadrons
or corresponding quarks too large to fit (topologically condense) inside protonic flux
tube? b-quark is much more massive and has considerably smaller size than say cquark with mass m(c) = 1.5 GeV and could be able to topologically condense inside
the protonic flux tube. c quark should be too large, which suggests that the radius
of flux tubes is larger than proton Compton length. This picture conforms with the
view of perturbative QCD in which the primary processes take place at parton level.
The hadronization would occur in longer time scale and generate the magnetic bodies
of outgoing hadrons. The alternative idea that also the color magnetic body of hadron
should fit inside the protonic color flux tube is not consistent with this view.

11.2.6 Explanation For The Soft Photon Excess In Hadron Production
There is quite a recent article entitled “Study of the Dependence of Direct Soft Photon
Production on the Jet Characteristics in Hadronic Z0 Decays” (see http://tinyurl.
com/ybbd7tfy) discussing one particular manifestation of an anomaly of hadron physics
known for two decades: the soft photon production rate in hadronic reactions is by an
average factor of about four higher than expected. In the article soft photons assignable
to the decays of Z 0 to quark-antiquark pairs. This anomaly has not reached the attention
of particle physics which seems to be the fate of anomalies quite generally nowadays:
large extra dimensions and blackholes at LHC are much more sexy topics of study than
the anomalies about which both existing and speculative theories must remain silent.
Soft photon anomaly
The general observations are summarized by the abstract of the paper.
An analysis of the direct soft photon production rate as a function of the par ent jet
characteristics is presented, based on hadronic events collected by the DELPHI experiment at LEP1. The dependences of the photon rates on the jet kinematic characteristics
(momentum, mass, etc.) and on the jet charged, neutral and total hadron multiplicities
are reported. Up to a scale factor of about four, which characterizes the overall value of
the soft photon excess, a similarity of the observed soft photon behaviour to that of the
inner hadronic bremsstrahlung predictions is found for the momentum, mass, and jet
charged multiplicity dependences. However for the dependence of the soft photon rate
on the jet neutral and total hadron multiplicities a prominent difference is found for the
observed soft photon signal as compared to the expected bremsstrahlung from final state
hadrons. The observed linear increase of the soft photon production rate with the jet total hadron multiplicity and its strong dependence on the jet neutral multiplicity suggest
that the rate is proportional to the number of quark pairs produced in the fragmentation
process, with the neutral pairs being more effectively radiating than the charged ones.
I try to abstract the essentials of the article.
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i. One considers soft photon production in kinematic range .2 GeV< E < 1 GeV,
pT < .08 GeV, where pT is photon transverse momentum with respect to the
parent jet direction. The soft photon excess is associated with hadron production
only and does not appear in leptonic sector. As one subtracts the photon yield due
to the decays of hadrons (mainly neutral pions), one finds that what remains is on
the average 4 times larger than the photon yield by inner hadronic brehmstrahlung,
which means bremsstrahlung by charged final state hadrons. This suggests that the
description in terms of charged hadron bremstrahlung is not correct and one must
go to quark level.
ii. Up to the scale factor with average value four, the dependence of soft photon production on jet momentum, mass, and jet charged multiplicity is consistent with the
inner hadronic bremsstrahlung predictions.
iii. The dependence of the soft photon rate on jet neural and total hadron multiplicities differs from the expected bremsstrahlung from final state hadrons. The linear
increase of the rate with the jet total hadron multiplicity and strong dependence on
the jet neutral multiplicity does not conform with internal hadron bremsstrahlung
prediction which suggests that the anomalous soft photon production is proportional
to the number of neutral quark pairs giving rise to neutral mesons. For some reason
neutral pairs would thus radiate more effectively than the charged ones. Therefore
the hypothesis that sea quarks alone are responsible for anomalous brehmstrahlung
cannot hold true as such.
The article discusses the data and also the models that has been proposed. Incoherent
production of photons by quarks predict satisfactorily the linear dependence of total
intensity of brehmstrahling on total number of jet particle if the number of quarks in
jet is assumed to be proportional to the number jet particles (see Fig. 7 of http:
//tinyurl.com/ybbd7tfy). The model cannot however explain the deviations from
the model based on charged hadron inner brehmstrahling: the problems are produced
by the sensitive dependence on the number of neutral hadrons (see Fig. 6 of the same
article.
The models assuming that jet acts as a coherent structure fail also and it is proposed
that somehow neutral quark pairs must act as electric dipoles generating dipole radiation
at low energies. The dipole moments assignable to neutral quark pairs U U and DD.
U D, DU with given respect to center of mass are proportional to the difference of the
quark charges 4/3, 2/3, 1/3, −1/3 so that one might argue that the dipole radiation from
neutral pairs is by a factor 16 resp. 4 stronger than from charged pair and authors argue
that this might be part of the explanation. This would suggest that the excess radiation
comes from dipole radiation from quarks inside neutral hadrons. The dipole radiation
intensity is expected to be weaker than monopole radiation by a factor 1/λ2 roughly so
that this line of thought does not look promising.
TGD based explanation of the anomaly
Could one find an explanation for the anomaly in TGD framework? The following model
finds its inspiration from TGD inspired models for two other anomalies.
i. The first model explains the reported deviation of the charge radius of muonic
hydrogen from the predicted radius. Key role is played by the electric flux tubes
associated with quarks and having size scale of order quark Compton radius and
therefore extending up to the Bohr radius of muonic hydrogen in the case of u
quark.
ii. Second model explains the observed anomalous behavior of the quark-gluon plasma.
What is observed is almost perfect fluid behavior instead of gas like behavior reflecting itself as small viscosity to entropy ratio. The findings suggest coherence in
rather long length scales and also existence of string like objects. Color magnetic
(or color electric or both) flux tubes containing quarks and antiquarks are proposed
as a space-time correlate for the quark gluon plasma.

672

Chapter 11. New Physics Predicted by TGD: Part II

Electric flux tubes as basic objects provide a promising candidate for the counterparts
of dipoles now. In the case of neutral hadrons color flux tubes and em flux tubes
can be one and the same thing. In the case of charged hadrons this cannot be the case
and em flux tubes connect oppositely charged hadrons. This could explain the difference
between neutral and charged hadrons. If the production amplitude is coherent sum over
amplitudes for quarks and antiquarks inside hadron and if also sea quarks contribute,
only neutral hadrons would contribute to the brehmstrahlung at long wave length limit
and the excess would correspond to the contribution of sea quarks inside neutral hadrons.
A more precise argument goes as follows.
i. The first guess would be that the production amplitude of photons is sum over
incoherent contributions of valence and sea quarks. This cannot be the case since
both charged and neutral hadrons would contribute equally.
ii. Quantum classical correspondence requires some space-time correlate for the classical electric fields. In TGD electric flux is carried by flux tubes and this suggests
that flux tubes serve as this correlate. These flux tubes must begin from quark
and end to an anti-quark of opposite charge. One must distinguish between the
flux tubes assignable to electric field and gluon field. The flux tubes connecting
charged hadrons cannot correspond to color flux tubes. For electromagnetically
neutral hadrons color flux tubes and em flux tubes can be one and the same thing:
this conforms with the fact that classical color fields are proportional to the induced Kähler form as is also the U(1) part of the classical em field. This will be
assumed so that only the flux tubes associated with neutral quark pairs (hadrons)
can contribute to the coherent dipole radiation. In particular, the sea quarks at
these flux tubes can contribute. The flux tubes connecting different hadrons of the
final state would not carry color gauge flux making possible materialization of sea
quarks from vacuum. If the sea quarks at flux electric flux tubes are responsible for
the anomaly, the excess is present only for the neutral hadrons.
iii. Low energy phenomenon is in question. This means that the description of quark
pairs as coherently scattering pairs of charges (dipole approximation is not necessary) should make sense only when the photon wavelength is longer than the
size scale of the dipole: the relevant length scale could be expressed in terms of
the distance d between the quark and antiquark of the pair. The criterion can be
written as λ ≥ xd/2, where x is a numerical constant of order unity whose value,
which should be fixed by the precise criterion of coherence length which should be
few wave lengths. For higher energies description as incoherently radiating quarks
should be a good approximation. The quark and antiquark with opposite charges
can belong to the same to-be-hadron or different charged to-be-hadrons. In the first
case there distance remains more or less the same during fragmentation process. In
the latter case it increases. In the first case the treatment of the flux tube as a
coherently radiating unit makes sense for wavelengths λ ≥ xd/2.
iv. The assumption that the brehmstrahlung amplitude is a coherent sum over the amplitudes for the quarks and antiquarks inside to-be-hadron gives a heuristic estimate
for the radiation power. Consider first the situation in which the ends of the flux
tube contain quark and antiquark. Denoting by A value of the photon emission amplitude for free quark, this would give amplitude squared |A|2 |(1−exp(exp(ik ·d))|2 ,
whose maximum value is by a factor 4 larger than that for a single particle. The
maxima would correspond to λ = 2dcos(θ)/(2n + 1), where θ is the angle between
the wave vector of photon and d. n = 0 would correspond to λ = 2dcos(θ). For
given value of λ one would obtain a diffraction pattern with maxima at cos(θ) =
(n+1/2)λ/d. This cannot however give large enough radiation power: the angle average of the factor |1 − exp(iφ)|2 is 2 instead of 4 and corresponds to the incoherent
sum of production rates.
v. More complex model would assume that the flux tubes contain quarks and antiquarks also in their interior so that one would have coherent sum of a larger
number of amplitudes which would give diffraction conditions for λ analogous to
those above. In this case the maximum of the diffractive factor would be N 2 , where
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N = 2n is total number of quarks and antiquarks for mesons. For neutral baryons
flux tube would contain odd number of quarks. The angle average would be in
this case be equal to N . If all quarks and antiquarks inside the flux tube appear as
valence quarks of the final state hadron, one obtains just the result predicted by the
independent quark model. Therefore the only possible interpretation for additional
contribution is in terms of sea quarks.
Consider now a more detailed quantitative estimate. Assume that the emission inside
flux tubes is incoherent. Assume that the sea quarks with charges ±2/3 and ±1/3
appear with same probabilities and this is true also for valence quarks for energetic
enough jets. Therefore the average quark charge squared is hQ2q i = 5/18.
i. The model based on incoherent brehmstrahlung on quarks mentioned in [C88] assumes that the number of partons in jet is proportional to the hadrons in the jet:
R ∝ (Nsea,neu + Nval,neu + Nsea,ch + Nval,ch ) ∝ Ntot .
(11.2.14)
According to [C88] the model explains the excess as a a linear function of jet total
hadron multiplicity Ntot (see Fig. 7 of http://tinyurl.com/ybbd7tfy). This
behavior is obtained if the production rate satisfies
R ∝ (Nsea,neu + Nval,neu + Nsea,ch + Nval,ch )hQ2q i .
One however considers inclusive distribution meaning integration over the various
combinations (Nneu , Nch ) and also other jet variables weighted by differential cross
section so that similar result is obtained under much weaker conditions.
ii. Indeed, if sea quarks and valence quarks have same p-adic mass scale, one has
R ∝ (Nsea,neu + Nval,neu + Nval,ch )hQ2q i
(11.2.15)
p-Adic length cale hypothesis however allows the sea quarks to be considerably
lighter than valence quarks so that their contribution to the brehmstrahlung can
be larger. This would mean the proportionality
∝ (xNsea,neu + Nval,neu + Nval,ch )hQ2q i ,
mval 2
) .
(11.2.15)
x = (
msea
p-Adic length scale hypothesis predicts that x is power of two: x = 2k , k ∈
{0, 1, 2, ..}.
The above constraint gives rise to the consistency condition
R

hRi ∝ hxNsea,neu + Nval,neu + Nval,ch i ∝ Ntot .
(11.2.16)
iii. The data [C88] support the the appearance of Nsea,neu in the rate.
A. The dependence on xNsea could explain the exceptionally large deviation (by
factor of 8, see Fig. 5 of http://tinyurl.com/ybbd7tfy) from hadronic inner bremsstrahlung for smallest charged multiplicity meaning large number sea
quarks assignable to neutral hadrons. For large values of charged multiplicity the contribution of xNsea,neu + Nval,neu becomes small and the one should
obtain approximate factor 4.
B. The linear fit of the distribution in the form R = a1 Nch + a2 Nneu gives a2 /a1 '
6 so that the dependence on neutral multiplicity is six time stronger than
on charged multiplicity (see table 6 of [C88]). This suggests that xNsea,neu
dominates in the formula. The first possibility is that the parameter r =
Nsea,neu /Nval,neu is considerably larger than unity. Second possibility is that
one has x > 1.
C. The ratio of signal to bremsstrahlung prediction increases rapidly as a function of neutral jet multiplicity nneu and increases from 2.5 to about 16 in the
range [0, 6] for the neutral multiplicity (see Fig. 6 of http://tinyurl.com/
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ybbd7tfy). This conforms with the dependence on Nsea,neu . Also the dependence of the signal to brehmstrahlung ratio on the core charged multiplicity is
non-trivial being largest for vanishing core charge and decreasing with core nch .
Also this confirms with the proposal.
To sum up, the model depends crucially on the notion of induced gauge field and
proportionality of the classical color fields and U(1) part of em field to the induced
Kähler form and therefore the anomaly gives support for the basic prediction of TGD
distinguishing it from QCD. It is possible that two times lighter p-adic mass scale for
sea quarks than for valence quarks is needed in order to explain the findings.

11.3

Simulating Big Bang In Laboratory

Ultra-high energy collisions of heavy nuclei at Relativistic Heavy Ion Collider (RHIC)
can create so high temperatures that there are hopes of simulating Big Bang in laboratory. The experiment with PHOBOS detector [C135] probed the nature of the strong
nuclear force by smashing two Gold atoms together at ultrahigh energies. The analysis
of the experimental data has been carried out by Prof. Manly and his collaborators at
RHIC in Brookhaven, NY [C134]. The surprise was that the hydrodynamical flow for
non-head-on collisions did not possess the expected longitudinal boost invariance.
This finding stimulates in TGD framework the idea that something much deeper might
be involved.
i. The quantum criticality of the TGD inspired very early cosmology predicts the flatness of 3-space as do also inflationary cosmologies. The TGD inspired cosmology
is “silent whisper amplified to big bang” since the matter gradually topologically
condenses from decaying cosmic string to the space-time sheet representing the cosmology. This suggests that one could model also the evolution of the quark-gluon
plasma in an analogous manner. Now the matter condensing to the quark-gluon
plasma space-time sheet would flow from other space-time sheets. The evolution of
the quark-gluon plasma would very literally look like the very early critical cosmology.
ii. What is so remarkable is that critical cosmology is not a small perturbation of
the empty cosmology represented by the future light cone. By perturbing this
cosmology so that the spherical symmetry is broken, it might possible to understand qualitatively the findings of [C134]. Maybe even the breaking of the spherical
symmetry in the collision might be understood as a strong gravitational effect on
distances transforming the spherical shape of the plasma ball to a non–spherical
4
shape without affecting the spherical shape of its M+
projection.
iii. The model seems to work at qualitative level and predicts strong gravitational
effects in elementary particle length scales so that TGD based gravitational physics
would differ dramatically from that predicted by the competing theories. Standard
cosmology cannot produce these effects without a large breaking of the cherished
Lorentz and rotational symmetries forming the basis of elementary particle physics.
Thus the PHOBOS experiment gives direct support for the view that Poincare
symmetry is symmetry of the imbedding space rather than that of the space-time.
iv. This picture was completed a couple of years later by the progress made in hadronic
mass calculations [K25]. It has already earlier been clear that quarks are responsible
only for a small part of the mass of baryons (170 GeV in case of nucleons). The
assumption that hadronic k = 107 space-time sheet carries a many-particle state of
super-symplectic particles with vanishing electro-weak quantum numbers (meaning
darkness in the strongest sense of the word.)
v. TGD allows a model of hadrons predicting their masses with accuracy better than
one per cent. In this framework color glass condensate can be identified as a state
formed when the hadronic space-time sheets of colliding hadrons fuse to single long
stringy object and collision energy is transformed to super-symplectic hadrons.
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What I have written above reflects the situation around 2005 when RHIC was in blogs.
After 5 years later (2010) LHC gave its first results suggesting similar phenomena in
proton-proton collisions. These results provide support for the idea that the formation
of long entangled hadronic strings by a fusion of hadronic strings forming a structure
analogous to black hole or initial string dominated phase of the cosmology are responsible
for the RHIC findings. In the LHC case the mechanism leading to this kind of strings
must be different since initial state contains only two protons. I would not anymore
distinguish between hadrons and super-symplectic hadrons since in the recent picture
super-symplectic excitations are responsible for most of the mass of the hadron. The
view about dark matter as macroscopic quantum phase with large Planck constant has
also evolved a lot from what it was at that time and I have polished reference to some
short lived ideas for the benefit of the reader and me. I did not speak about zero energy
ontology at that time and the understanding of the general mathematical structure of
TGD has improved dramatically during these years.

11.3.1

Experimental Arrangement And Findings

Heuristic description of the findings
In the experiments using PHOBOS detector ultrahigh energy Au+Au collisions at center
√
of mass energy for which nucleon-nucleon center of mass energy is sN N = 130 GeV,
were studied [C135].
i. In the analyzed collisions the Au nuclei did not collide quite head-on. In classical
picture the collision region, where quark gluon plasma is created, can be modelled
as the intersection of two colliding balls, and its intersection with plane orthogonal
to the colliding beams going through the center of mass of the system is defined
by two pieces of circles, whose intersection points are sharp tips. Thus rotational
symmetry is broken for the initial state in this picture.
ii. The particles in quark-gluon plasma can be compared to a persons in a crowded
room trying to get out. The particles collide many times with the particles of the
quark gluon plasma before reaching the surface of the plasma. The distance d(z, φ)
from the point (z, 0) at the beam axis to the point (0, φ) at the plasma surface
depends on φ. Obviously, the distance is longest to the tips φ = ±π/2 and shortest
to the points φ = 0, φ = φ of the surface at the sides of the collision region. The
time τ (z, φ) spent by a particle to the travel to the plasma surface should be a
monotonically increasing function f (d) of d:
τ (z, φ) = f (d(z, φ)) .
For instance, for diffusion one would have τ ∝ d2 and τ ∝ d for a pure drift.
iii. What was observed that for z = 0 the difference
∆τ = τ (z = 0, π/2) − τ (z = 0, 0)
was indeed non-vanishing but that for larger values of z the difference tended to
zero. Since the variation of z correspond that for the rapidity variable y for a given
particle energy, this means that particle distributions depend on rapidity which
means a breaking of the longitudinal boost invariance assumed in hydrodynamical
models of the plasma. It was also found that the difference vanishes for large values
of y: this finding is also important for what follows.
A more detailed description
Consider now the situation in a more quantitative manner.
i. Let z-axis be in the direction of the beam and φ the angle coordinate in the plane E 2
orthogonal to the beam. The kinematical variables are the rapidity of the detected
particle defined as y = log[E + pz )/(E − pz )]/2 (E and pz denote energy and
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ii.

iii.

iv.

v.

√
longitudinal momentum), Feynman scaling variable xF ' 2E/ s, and transversal
momentum pT .
By quantum-classical correspondence, one can translate the components of momentum to space-time coordinates since classically one has xµ = pµ a/m. Here a
is proper time for a future light cone, whose tip defines the point where the quark
gluon plasma begins to be generated, and v µ = pµ /m is the four-velocity of the
particle. Momentum space is thus mapped to an a = constant hyperboloid of the
future light cone for each value of a.
In this correspondence the rapidity variable y is mapped to y = log[(t + z)/(t − z)],
|z| ≤ t and non–vanishing values for y correspond to particles which emerge, not
from the collision point defining the origin of the plane E 2 , but from a point above
or below E 2 . |z| ≤ t tells the coordinate along the beam direction for the vertex,
where the particle was created. The limit y → 0 corresponds to the limit a → ∞
and the limit y → ±∞ to a → 0 (light cone boundary).
Quark-parton models predict at low energies an exponential cutoff in transverse
momentum pT ; Feynman scaling dN/dxF = f (xF ) independent of s; and longitudinal boost invariance, that is rapidity plateau meaning that the distributions
of particles do not depend on y. In the space-time picture this means that the
space-time is effectively two-dimensional and that particle distributions are Lorentz
invariant: string like space-time sheets provide a possible geometric description of
this situation.
In the case of an ideal quark-gluon plasma, the system completely forgets that it was
created in a collision and particle distributions do not contain any information about
the beam direction. In a head-on collision there is a full rotational symmetry and
even Lorentz invariance so that transverse momentum cutoff disappears. Rapidity
plateau is predicted in all directions.
The collisions studied were not quite head-on collisions and were characterized by
an impact parameter vector with length b and direction angle ψ2 in the plane E 2 .
The particle distribution at the boundary of the plane E 2 was studied as a function
of the angle coordinate φ − ψ2 and rapidity y which corresponds for given energy
distance to a definite point of beam axis.

The hydrodynamical view about the situation looks like follows.
i. The particle distributions N (pµ ) as function of momentum components are mapped
to space-time distributions N (xµ , a) of particles. This leads to the idea that one
could model the situation using Robertson-Walker type cosmology. Co-moving
Lorentz invariant particle currents depending on the cosmic time only would correspond in this picture to Lorentz invariant momentum distributions.
ii. Hydrodynamical models assign to the particle distribution d2 N/dydφ a hydrodynamical flow characterized by four-velocity v µ (y, φ) for each value of the rapidity
variable y. Longitudinal boost invariance predicting rapidity plateau states that
the hydrodynamical flow does not depend on y at all. Because of the breaking of
the rotational symmetry in the plane orthogonal to the beam, the hydrodynamical
flow v depends on the angle coordinate φ − ψ2 . It is possible to Fourier analyze this
dependence and the second Fourier coefficient v2 of cos(2(φ − ψ2 ) in the expansion
dN
dφ

'

1+

X

vn cos(n(φ − ψ2 ))

(11.3.1)

n

was analyzed in [C134].
iii. It was found that the Fourier component v2 depends on rapidity y, which means
a breaking of the longitudinal boost invariance. v2 also vanishes for large values
of y. If this is true for all Fourier coefficients vn , the situation becomes effectively
Lorentz invariant for large values of y since one has v(y, φ) → 1.
Large values of y correspond to small values of a and to the initial moment of
big bang in cosmological analogy. Hence the finding could be interpreted as a
cosmological Lorentz invariance inside the light cone cosmology emerging from the
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collision point. Small values of y in turn correspond to large values of a so that
the breaking of the spherical symmetry of the cosmology should be manifest only
at a → ∞ limit. These observations suggest a radical re-consideration of what
happens in the collision: the breaking of the spherical symmetry would not be a
property of the initial state but of the final state.

11.3.2

TGD Based Model For The Quark-Gluon Plasma

Consider now the general assumptions the TGD based model for the quark gluon plasma
region in the approximation that spherical symmetry is not broken.
i. Quantum-classical correspondence supports the mapping of the momentum space
of a particle to a hyperboloid of future light cone. Thus the symmetries of the
particle distributions with respect to momentum variables correspond directly to
space-time symmetries.
4
4
ii. The M+
projection of a Robertson-Walker cosmology imbedded to H = M+
× CP2
is future light cone. Hence it is natural to model the hydrodynamical flow as
a mini-cosmology. Even more, one can assume that the collision quite literally
creates a space-time sheet which locally obeys Robertson-Walker type cosmology. This assumption is sensible in many-sheeted space-time (see Fig. http:
//tgdtheory.fi/appfigures/manysheeted.jpg or Fig. 9 in the appendix of this
book) and conforms with the fractality of TGD inspired cosmology (cosmologies
inside cosmologies).
iii. If the space-time sheet containing the quark-gluon plasma is gradually filled with
matter, one can quite well consider the possibility that the breaking of the spherical
symmetry develops gradually, as suggested by the finding v2 → 1 for large values of
|y| (small values of a). To achieve Lorentz invariance at the limit a → 0, one must
assume that the expanding region corresponds to r = constant “coordinate ball”
in Robertson-Walker cosmology, and that the breaking of the spherical symmetry
for the induced metric leads for large values of a to a situation described as a “not
head-on collision”.
iv. Critical cosmology is by definition unstable, and one can model the Au+Au collision
as a perturbation of the critical cosmology breaking the spherical symmetry. The
shape of r = constant sphere defined by the induced metric is changed by strong
gravitational interactions such that it corresponds to the shape for the intersection
of the colliding nuclei. One can view the collision as a spontaneous symmetry breaking process in which a critical quark-gluon plasma cosmology develops a quantum
fluctuation leading to a situation described in terms of impact parameter. This kind
of modelling is not natural for a hyperbolic cosmology, which is a small perturbation
4
of the empty M+
cosmology.
The imbedding of the critical cosmology
4
Any Robertson-Walker cosmology can be imbedded as a space-time sheet, whose M+
projection is future light cone. The line element is

ds2

= f (a)da2 − a2 (K(r)dr2 + r2 dΩ2 ) .

(11.3.2)

Here a is the scaling factor of the cosmology and for the imbedding as surface corresponds
to the future light cone proper time.
This light cone has its tip at the point, where the formation of quark gluon plasma starts.
(θ, φ) are the spherical coordinates and appear in dΩ2 defining the line element of the
0
unit sphere.
p a and r are related to the spherical Minkowski coordinates (m , rM , θ, φ)
2
0
2
by (a = (m ) − rM , r = rM /a). If hyperbolic cosmology is in question, the function
K(r) is given by K(r) = 1/(1 + r2 ). For the critical cosmology 3-space is flat and one
has K(r) = 1.
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4
i. The critical cosmologies imbeddable to H = M+
× CP2 are unique apart from a
single parameter defining the duration of this cosmology. Eventually the critical
cosmology must transform to a hyperbolic cosmology. Critical cosmology breaks
Lorentz symmetry at space-time level since Lorentz group is replaced by the group
of rotations and translations acting as symmetries of the flat Euclidian space.
ii. Critical cosmology replaces Big Bang with a silent whisper amplified to a big but
not infinitely big bang. The silent whisper aspect makes the cosmology ideal for
the space-time sheet associated with the quark gluon plasma: the interpretation
is that the quark gluon plasma is gradually transferred to the plasma space-time
sheet from the other space-time sheets. In the real cosmology the condensing matter
corresponds to the decay products of cosmic string in “vapor phase”. The density
of the quark gluon plasma cannot increase without limit and after some critical
period the transition to a hyperbolic cosmology occurs. This transition could, but
need not, correspond to the hadronization.
4
iii. The imbedding of the critical cosmology to M+
× S 2 is given by

sin(Θ)
Φ

a
,
am
= g(r) .
=

(11.3.2)
2

Here Θ and Φ denote the spherical coordinates of the geodesic sphere S of CP2 .
One has
R2 k 2
,
(1 − (a/am )2 )
a2m
r2
(∂r Φ)2 =
×
.
(11.3.2)
2
R
1 + r2
Here R denotes the radius of S 2 . From the expression for the gradient of Φ it is
clear that gravitational effects are very strong. The imbedding becomes singular
for a = am . The transition to a hyperbolic cosmology must occur before this.
This model for the quark-gluon plasma would predict Lorentz symmetry and v = 1
(and vn = 0) corresponding to head-on collision so that it is not yet a realistic
model.
f (a)

=

1−

TGD based model for the quark-gluon plasma without breaking of spherical
symmetry
There is a highly unique deformation of the critical cosmology transforming metric
spheres to highly non–spherical structures purely gravitationally. The deformation can
be characterized by the following formula

sin2 (Θ)

=

(

a 2
) × (1 + ∆(a, θ, φ)2 ) .
am

(11.3.3)

i. This induces deformation of the grr component of the induced metric given by


r2
−a2 1 + ∆2 (a, θ, φ)
.
(11.3.4)
1 + r2
Remarkably, grr does not depend at all on CP2 size and the parameter am determining the duration of the critical cosmology. The disappearance of the dimensional
parameters can be understood to reflect the criticality. Thus a strong gravitational
effect independent of the gravitational constant (proportional to R2 ) results. This
4
implies that the expanding plasma space-time sheet having sphere as M+
projection differs radically from sphere in the induced metric for large values of a. Thus
one can understand why the parameter v2 is non-vanishing for small values of the
rapidity y.
grr

=
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ii. The line element contains also the components gij , i, j ∈ {a, θ, φ}. These components are proportional to the factor
1
,
1 − (a/am )2 (1 + ∆2 )
which diverges for

(11.3.5)

am
.
(11.3.6)
1 + ∆2
Presumably quark-gluon plasma phase begins to hadronize first at the points of the
plasma surface for which ∆(θ, φ) is maximum, that is at the tips of the intersection
region of the colliding nuclei. A phase transition producing string like objects is
one possible space-time description of the process.
am (θ, φ)

11.3.3

=

√

Further Experimental Findings And Theoretical Ideas

The interaction between experiment and theory is pure magic. Although experimenter
and theorist are often working without any direct interaction (as in case of TGD),
I have the strong feeling that this disjointness is only apparent and there is higher
organizing intellect behind this coherence. Again and again it has turned out that just
few experimental findings allow to organize separate and loosely related physical ideas
to a consistent scheme. The physics done in RHIC has played completely unique role
in this respect.
Super-symplectic matter as the TGD counterpart of CGC?
The model discussed above explained the strange breaking of longitudinal Lorentz invariance in terms of a hadronic mini bang cosmology. The next twist in the story was
the shocking finding, compared to Columbus’s discovery of America, was that, rather
than behaving as a dilute gas, the plasma behaved like a liquid with strong correlations between partons, and having density 30-50 times higher than predicted by QCD
calculations [C116]. When I learned about these findings towards the end of 2004, I
proposed how TGD might explain them in terms of what I called conformal confinement [K19]. This idea - although not wrong for any obvious reason - did not however
have any obvious implications. After the progress made in p-adic mass calculations of
hadrons leading to highly successful model for both hadron and meson masses [K25], the
idea was replaced with the hypothesis that the condensate in question is Bose-Einstein
condensate like state of super-symplectic particles formed when the hadronic space-time
sheets of colliding nucleons fuse together to form a long string like object.
A further refinement of the idea comes from the hypothesis that quark gluon plasma is
formed by the topological condensation of quarks to hadronic strings identified as color
flux tubes. This would explain the high density of the plasma. The highly entangled
hadronic string would be analogous to the initial state of TGD inspired cosmology with
the only difference that string tension is extremely small in the hadronic context. This
structure would possess also characteristics of blackhole.
Fireballs behaving like black hole like objects
The latest discovery in RHIC is that fireball, which lasts a mere 10−23 seconds, can
be detected because it absorbs jets of particles produced by the collision [C118]. The
association with the notion black hole is unavoidable and there indeed exists a rather
esoteric M-theory inspired model “The RHIC fireball as a dual black hole” by Hortiu
Nastase [C175] for the strange findings.
The Physics Today article [C187] “What Have We Learned From the Relativistic Heavy
Ion Collider?” gives a nice account about experimental findings. Extremely high collision energies are in question: Gold nuclei contain energy of about 100 GeV per nucleon: 100 times proton mass. The expectation was that a large volume of thermalized
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Quark-Gluon Plasma (QCP) is formed in which partons lose rapidly their transverse
momentum. The great surprise was the suppression of high transverse momentum collisions suggesting that in this phase strong collective interactions are present. This has
inspired the proposal that quark gluon plasma is preceded by liquid like phase which
has been christened as Color Glass Condensate (CGC) thought to contain Bose-Einstein
condensate of gluons.
The theoretical ideas relating CGC to gravitational interactions
Color glass condensate relates naturally to several gravitation related theoretical ideas
discovered during the last year.
1. Classical gravitation and color confinement
Just some time ago it became clear that strong classical gravitation might play a key
role in the understanding of color confinement [K89]. Whether the situation looks
confinement or asymptotic freedom would be in the eyes of beholder: this is one example
of dualities filling TGD Universe. If one looks the situation at the hadronic spacetime sheet or one has asymptotic freedom, particles move essentially like free massless
particles. But - and this is absolutely essential- in the induced metric of hadronic
space-time sheet. This metric represents classical gravitational field becoming extremely
strong near hadronic boundary. From the point of view of outsider, the motion of quarks
slows down to rest when they approach hadronic boundary: confinement. The distance
to hadron surface is infinite or at least very large since the induced metric becomes
singular at the light-like boundary! Also hadronic time ceases to run near the boundary
and finite hadronic time corresponds to infinite time of observer. When you look from
outside you find that this light-like 3-surface is just static surface like a black hole
horizon which is also a light-like 3-surface. This gives confinement.
2. Dark matter in TGD
The evidence for hadronic black hole like structures is especially fascinating. In TGD
Universe dark matter can be (not always) ordinary matter at larger space-time sheets in
particular magnetic flux tubes. The mere fact that the particles are at larger space-time
sheets might make them more or less invisible.
Matter can be however dark in much stronger sense, should I use the word “black” ! The
findings suggesting that planetary orbits obey Bohr rules with a gigantic Planck constant
[K84] , [E2] would suggest quantum coherence of dark matter even in astrophysical
length scales and this raises the fascinating possibility that Planck constant is dynamical
so that fine structure constant. Dark matter would correspond to phases with nonstandard value of Planck constant. This quantization saves from black hole collapse
just as the quantization of hydrogen atom saves from the infrared catastrophe.
The basic criterion for the transition to this phase would be that it occurs when some
coupling strength - say fine structure constant multiplied by appropriate charges or
gravitational constant multiplied by masses- becomes so large that the perturbation
series for scattering amplitudes fails to converge. The phase transition increases Planck
constant so that convergence is achieved. The attempts to build a detailed view about
what might happen led to a generalization of the imbedding space concept by replacing
M 4 (or rather the causal diamond) and CP2 with their singular coverings. During 2010
it turned out that this generalization could be regarded as a conventional manner to
describe a situation in which space-time surface becomes analogous to a multi-sheeted
Riemann surface. If so, then Planck constant would be replaced by its integer multiple
only in effective sense.
The obvious questions are following. Could black hole like objects/magnetic flux tubes/cosmic
strings consist of quantum coherent dark matter? Does this dark matter consist dominantly from hadronic space-time sheets which have fused together and contain supersymplectic bosons and their super-partners (with quantum numbers of right handed
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neutrino) having therefore no electro-weak interactions. Electro-weak charges would be
at different space-time sheets.
i. Gravitational interaction cannot force the transition to dark phase in a purely
hadronic system at RHIC energies since the product GM1 M2 characterizing the
interaction strength of two masses must be larger than unity (~ = c = 1) for the
phase transition increasing Planck constant to occur. Hence the collision energy
should be above Planck mass for the phase transition to occur if gravitational interactions are responsible for the transition.
ii. The criterion for the transition to dark phase is however much more general and
states that the system does its best to stay perturbative by increasing its Planck
constant in discrete steps and applies thus also in the case of color interactions and
governs the phase transition to the TGD counterpart of non-perturbative QCD. Criterion would be roughly αs Q2s > 1 for two color charges of opposite sign. Hadronic
string picture would suggests that the criterion is equivalent to the generalization of
the gravitational criterion to its strong gravity analog nL2p M 2 > 1, where Lp is the
p-adic length scale characterizing color magnetic energy density (hadronic string
tension) and M is the mass of the color magnetic flux tube and n is a numerical
constant. Presumably Lp , p = M107 = 2107 − 1, is the p-adic length scale since
Mersenne prime M107 labels the space-time sheet at which partons feed their color
gauge fluxes. The temperature during this phase could correspond to Hagedorn
temperature (for the history and various interpretations of Hagedorn temperature
see the CERN Courier article [B23] ) for strings and is determined by string tension
and would naturally correspond also to the temperature during the critical phase
determined by its duration as well as corresponding black-hole temperature. This
temperature is expected to be somewhat higher than hadronization temperature
found to be about ' 176 MeV. The density of inertial mass would be maximal
during this phase as also the density of gravitational mass during the critical phase.
Lepto-hadron physics [K92], one of the predictions of TGD, is one instance of a similar
situation. In this case electromagnetic interaction strength defined in an analogous
manner becomes larger than unity in heavy ion collisions just above the Coulomb wall
and leads to the appearance of mysterious states having a natural interpretation in terms
of lepto-pion condensate. Lepto-pions are pairs of color octet excitations of electron and
positron.
3. Description of collisions using analogy with black holes
The following view about RHIC events represents my immediate reaction to the latest RHIC news in terms of black-hole physics instead of notions related to big bang.
Since black hole collapse is roughly the time reversal of big bang, the description is
complementary to the earliest one.
In TGD context one can ask whether the fireballs possibly detected at RHIC are produced when a portion of quark-gluon plasma in the collision region formed by to Gold
nuclei separates from hadronic space-time sheets which in turn fuse to form a larger
space-time sheet separated from the remaining collision region by a light-like 3-D surface
(I have used to speak about light-like causal determinants) mathematically completely
analogous to a black hole horizon. This larger space-time sheet would contain color glass
condensate of super-symplectic gluons formed from the collision energy. A formation of
an analog of black hole would indeed be in question.
The valence quarks forming structures connected by color bonds would in the first step
of the collision separate from their hadronic space-time sheets which fuse together to
form color glass condensate. Similar process has been observed experimentally in the
collisions demonstrating the experimental reality of Pomeron, a color singlet state having
no Regge trajectory [C148] and identifiable as a structure formed by valence quarks
connected by color bonds. In the collision it temporarily separates from the hadronic
space-time sheet. Later the Pomeron and the new mesonic and baryonic Pomerons
created in the collision suffer a topological condensation to the color glass condensate:
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this process would be analogous to a process in which black hole sucks matter from
environment.
Of course, the relationship between mass and radius would be completely different
with gravitational constant presumably replacement by the the square of appropriate
p-adic length scale presumably of order pion Compton length: this is very natural if
TGD counterparts of black-holes are formed by color magnetic flux tubes. This gravitational constant expressible in terms of hadronic string tension of.9 GeV2 predicted
correctly by super-symplectic picture would characterize the strong gravitational interaction assignable to super-symplectic J = 2 gravitons. I have long time ago in the
context of p-adic mass calculations formulated quantitatively the notion of elementary
particle black hole analogy making the notion of elementary particle horizon and generalization of Hawking-Bekenstein law [K76].
The size L of the “hadronic black hole” would be relatively large using protonic Compton
radius as a unit of length. For instnce, for ~ = 26~0 the size would be 26 × Le (107) = 46
fm and correspond to a size of a heavy nucleus. This large size would fit nicely with
the idea about nuclear sized color glass condensate. The density of partons (possibly
gluons) would be very high and large fraction of them would have been materialized
from the brehmstrahlung produced by the de-accelerating nuclei. Partons would be
gravitationally confined inside this region. The interactions of partons would lead to a
generation of a liquid like dense phase and a rapid thermalization would occur. The
collisions of partons producing high transverse momentum partons occurring inside this
region would yield no detectable high pT jets since the matter coming out from this
region would be somewhat like a thermal radiation from an evaporating black hole
identified as a highly entangled hadronic string in Hagedorn temperature. This spacetime sheet would expand and cool down to QQP and crystallize into hadrons.
4. Quantitative comparison with experimental data
Consider now a quantitative comparison of the model with experimental data. The
estimated freeze-out temperature of quark gluon plasma is Tf ' 175.76 MeV [C187,
C175], not far from the total contribution of quarks to the mass of nucleon, which is
170 MeV [K25]. Hagedorn temperature identified as black-hole temperature should be
higher than this temperature. The experimental estimate for the hadronic Hagedorn
temperature from the transversal momentum distribution of baryons is ' 160 MeV. On
the other hand, according to the estimates of hep-ph/0006020 the values of Hagedorn
temperatures for mesons and baryons are TH (M ) = 195 MeV and TH (B) = 141 MeV
respectively.
D-dimensional bosonic string model for hadrons gives for the mesonic Hagedorn temperature the expression [B23]
√

TH

=

6
,
2π(D − 2)α0

(11.3.7)

For a string in D = 4-dimensional space-time and for the value α0 ∼ 1 GeV−2 of Regge
slope, this would give TH = 195 MeV, which is slightly larger than the freezing out
temperature as it indeed should be, and in an excellent agreement with the experimental
value of [B39]. It deserves to be noticed that in the model for fireball as a dual 10-D
black-hole the rough estimate for the temperature of color glass condensate becomes
too low by a factor 1/8 [C175]. In light of this I would not yet rush to conclude that
the fireball is actually a 10-dimensional black hole.
Note that√the baryonic Hagedorn temperature is smaller than mesonic one by a factor
of about 2. According to [B39] this could be qualitatively understood from the fact
that the number of degrees of freedom is larger so that the effective value of D in the
mesonic formula is larger. Def f = 6 would give TH = 138 MeV to be compared with
TH (B) = 141 MeV. On the other hand, TGD based model for hadronic masses [K25]
assumes that quarks feed their color fluxes to k = 107 space-time sheets. For mesons
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there are two color flux tubes and for baryons three. Using the same logic as in [B39],
one would have Def f (B)/Def f (M ) = 3/2. This predicts TH (B) = 159 MeV to be
compared with 160 MeV deduced from the distribution of transversal momenta in p-p
collisions.

11.3.4 Are Ordinary Black-Holes Replaced With Super-Symplectic
Black-Holes In TGD Universe?
Some variants of super string model predict the production of small black-holes at LHC. I
have never taken this idea seriously but in a well-defined sense TGD predicts black-holes
associated with super-symplectic gravitons with strong gravitational constant defined
by the hadronic string tension. The proposal is that super-symplectic black-holes have
been already seen in Hera, RHIC, and the strange cosmic ray events.
Baryonic super-symplectic black-holes of the ordinary M107 hadron physics would have
mass 934.2 MeV, very near to proton mass. The mass of their M89 counterparts would
be 512 times higher, about 478 GeV if quark massses scale also by this factor. This
need not be the case: if one has k = 113 → 103 instead of 105 one has 434 GeV mass.
“Ionization energy” for Pomeron, the structure formed by valence quarks connected
by color bonds separating from the space-time sheet of super-symplectic black-hole in
the production process, corresponds to the total quark mass and is about 170 MeV for
ordinary proton and 87 GeV for M89 proton. This kind of picture about black-hole
formation expected to occur in LHC differs from the stringy picture since a fusion of
the hadronic mini black-holes to a larger black-hole is in question.
An interesting question is whether the ultrahigh energy cosmic rays having energies
larger than the GZK cut-off of 5 × 1010 GeV are baryons, which have lost their valence
quarks in a collision with hadron and therefore have no interactions with the microwave
background so that they are able to propagate through long distances.
In neutron stars the hadronic space-time sheets could form a gigantic super-symplectic
black-hole and ordinary black-holes would be naturally replaced with super-symplectic
black-holes in TGD framework (only a small part of black-hole interior metric is representable as an induced metric). This obviously means a profound difference between
TGD and string models.
i. Hawking-Bekenstein black-hole entropy would be replaced with its p-adic counterpart given by
M
)2 × log(p) ,
(11.3.8)
m(CP2 )
where m(CP2 ) is CP2 mass, which is roughly 10−4 times Planck mass. M is the
contribution of p-adic thermodynamics to the mass. This contribution is extremely
small for gauge bosons but for fermions and super-symplectic particles it gives the
entire mass.
ii. If p-adic length scale hypothesis p ' 2k holds true, one obtains
Sp

=

(

M
)2 ,
(11.3.9)
m(CP2 )
m(CP2 ) = ~/R, R the “radius” of CP2 , corresponds to the standard value of ~0 for
all values of ~.
iii. Hawking-Bekenstein area law gives in the case of Schwartschild black-hole
Sp

=

klog(2) × (

A
× ~ = πGM 2 × ~ .
(11.3.10)
4G
For the p-adic variant of the law Planck mass is replaced with CP2 mass and
klog(2) ' log(p) appears as an additional factor. Area law is obtained in the case
4
of elementary particles if k
√is prime and wormhole throats have M radius given by
p-adic length scale Lk = kR which is exponentially smaller than Lp . For macroscopic super-symplectic black-holes modified area law results if the radius of the
S

=
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large wormhole throat equals to Schwartschild radius. Schwartschild radius is indeed
natural: in [K94] I have shown that a simple deformation of the Schwartschild exterior metric to a metric representing rotating star transforms Schwartschild horizon
to a light-like 3-surface at which the signature of the induced metric is transformed
from Minkowskian to Euclidian.
iv. The formula for the gravitational Planck constant appearing in the Bohr quantization of planetary orbits and characterizing the gravitational field body mediating
gravitational interaction between masses M and m [K84] reads as
~gr =

GM m
~0 .
v0

v0 = 2−11 is the preferred value of v0 . One could argue that the value of gravitational Planck constant is such that the Compton length ~gr /M of the black-hole
equals to its Schwartshild radius. This would give
GM 2
~0 , v0 = 1/2 .
(11.3.11)
v0
The requirement that ~gr is a ratio of ruler-and-compass integers expressible as
a product of distinct Fermat primes (only four of them are known) and power
of 2 would quantize the mass spectrum of black hole [K84]. Even without this
constraint M 2 is integer valued using p-adic mass squared unit and if p-adic length
scale hypothesis holds true this unit is in an excellent approximation power of two.
v. The gravitational collapse of a star would correspond to a process in which the
initial value of v0 , say v0 = 2−11 , increases in a stepwise manner to some value
v0 ≤ 1/2. For a supernova with solar mass with radius of 9 km the final value of v0
would be v0 = 1/6. The star could have an onion like structure with largest values
of v0 at the core as suggested by the model of planetary system. Powers of two
would be favored values of v0 . If the formula holds true also for Sun one obtains
1/v0 = 3 × 17 × 213 with 10 per cent error.
vi. Black-hole evaporation could be seen as means for the super-symplectic black-hole
to get rid of its electro-weak charges and fermion numbers (except right handed
neutrino number) as the antiparticles of the emitted particles annihilate with the
particles inside super-symplectic black-hole. This kind of minimally interacting
state is a natural final state of star. Ideal super-symplectic black-hole would have
only angular momentum and right handed neutrino number.
vii. In TGD light-like partonic 3-surfaces are the fundamental objects and space-time
interior defines only the classical correlates of quantum physics. The space-time
sheet containing the highly entangled cosmic string might be separated from environment by a wormhole contact with size of black-hole horizon.
~gr

=

This looks the most plausible option but one can of course ask whether the large partonic
3-surface defining the horizon of the black-hole actually contains all super-symplectic
particles so that super-symplectic black-hole would be single gigantic super-symplectic
parton. The interior of super-symplectic black-hole would be a space-like region of
space-time, perhaps resulting as a large deformation of CP2 type vacuum extremal.
Black-hole sized wormhole contact would define a gauge boson like variant of the blackhole connecting two space-time sheets and getting its mass through Higgs mechanism.
A good guess is that these states are extremely light.

11.3.5

Very Cautious Conclusions

The model for quark-gluon plasma in terms of valence quark space-time sheets separated
from hadronic space-time sheets forming a color glass condensate relies on quantum criticality and implies gravitation like effects due to the presence of super-symplectic strong
gravitons. At space-time level the change of the distances due to strong gravitation affects the metric so that the breaking of spherical symmetry is caused by gravitational
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interaction. TGD encourages to think that this mechanism is quite generally at work in
the collisions of nuclei. One must take seriously the possibility that strong gravitation
is present also in longer length scales (say biological), in particular in processes in which
new space-time sheets are generated. Critical cosmology might provide a universal
model for the emergence of a new space-time sheet.
The model supports TGD based early cosmology and quantum criticality. In standard
physics framework the cosmology in question is not sensible since it would predict a large
breaking of the Lorentz invariance, and would mean the breakdown of the entire conceptual framework underlying elementary particle physics. In TGD framework Lorentz
invariance is not lost at the level of imbedding space, and the experiments provide support for the view about space-time as a surface and for the notion of many-sheeted
space-time.
The attempts to understand later strange events reported by RHIC have led to a dramatic increase of understanding of TGD and allow to fuse together separate threads of
TGD.
i. The description of RHIC events in terms of the formation of hadronic black hole and
its evaporation seems to be also possible and essentially identical with description
as a mini bang.
ii. It took some time to realize that scaled down TGD inspired cosmology as a model
for quark gluon plasma predicts a new phase identifiable as color glass condensate
and still a couple of years to realize the proper interpretation of it in terms of
super-symplectic bosons having no counterpart in QCD framework.
iii. There is also a connection with the dramatic findings suggesting that Planck constant for dark matter has a gigantic value.
iv. Black holes and their scaled counterparts would not be merciless information destroyers in TGD Universe. The entanglement of particles having particle like integrity would make black hole like states ideal candidates for quantum computer
like systems. One could even imagine that the galactic black hole is a highly tangled cosmic string in Hagedorn temperature performing quantum computations the
complexity of which is totally out of reach of human intellect! Indeed, TGD inspired
consciousness predicts that evolution leads to the increase of information and intelligence, and the evolution of stars should not form exception to this. Also the
interpretation of black hole as consisting of dark matter follows from this picture.
Summarizing, it seems that thanks to some crucial experimental inputs the new physics
predicted by TGD is becoming testable in laboratory.

11.3.6

Five Years Later

The emergence of the first interesting findings from LHC by CMS collaboration [C70, C6]
provide new insights to the TGD picture about the phase transition from QCD plasma
to hadronic phase and inspired also the updating of the model of RHIC events (mainly
elimination of some remnants from the time when the ideas about hierarchy of Planck
constants had just born).
Anomalous behavior of quark gluon plasma is observed also in proton proton
collisions
In some proton-proton collisions more than hundred particles are produced suggesting
a single object from which they are produced. Since the density of matter approaches
to that observed in heavy ion collisions for five years ago at RHIC, a formation of quark
gluon plasma and its subsequent decay is what one would expect. The observations are
not however quite what QCD plasma picture would allow to expect. Of course, already
the RHIC results disagreed with what QCD expectations. What is so striking is the
evolution of long range correlations between particles in events containing more than 90
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particles as the transverse momentum of the particles increases in the range 1-3 GeV
(see the excellent description of the correlations by Lubos Motl in his blog [C28] ).
One studies correlation function for two particles as a function of two variables. The
first variable is the difference ∆φ for the emission angles and second is essentially the
difference for the velocities described relativistically by the difference ∆η for hyperbolic
angles. As the transverse momentum pT increases the correlation function develops
structure. Around origin of ∆η axis a widening plateau develops near ∆φ = 0. Also a
wide ridge with almost constant value as function of ∆η develops near ∆φ = π. The
interpretation is that particles tend to move collinearly and or in opposite directions. In
the latter case their velocity differences are large since they move in opposite directions
so that a long ridge develops in ∆η direction in the graph.
Ideal QCD plasma would predict no correlations between particles and therefore no
structures like this. The radiation of particles would be like blackbody radiation with
no correlations between photons. The description in terms of string like object proposed
also by Lubos Motl on basis of analysis of the graph showing the distributions as an
explanation of correlations looks attractive. The decay of a string like structure producing particles at its both ends moving nearly parallel to the string to opposite directions
could be in question.
Since the densities of particles approach those at RHIC, I would bet that the explanation
(whatever it is!) of the hydrodynamical behavior observed at RHIC for some years ago
should apply also now. The introduction of string like objects in this model was natural
since in TGD framework even ordinary nuclei are string like objects with nucleons
connected by color flux tubes [L5] , [L5]: this predicts a lot of new nuclear physics for
which there is evidence. The basic idea was that in the high density hadronic color
flux tubes associated with the colliding nucleon connect to form long highly entangled
hadronic strings containing quark gluon plasma. The decay of these structures would
explain the strange correlations. It must be however emphasized that in the recent
case the initial state consists of two protons rather than heavy nuclei so that the long
hadronic string could form from the QCD like quark gluon plasma at criticality when
long range fluctuations emerge.
The main assumptions of the model for the RHIC events and those observed now deserve
to be summarized. Consider first the “macroscopic description”.
i. A critical system associated with confinement-deconfinement transition of the quarkgluon plasma formed in the collision and inhibiting long range correlations would
be in question.
ii. The proposed hydrodynamic space-time description was in terms of a scaled variant of what I call critical cosmology defining a universal space-time correlate for
criticality: the specific property of this cosmology is that the mass contained by
comoving volume approaches to zero at the initial moment so that Big Bang begins
as a silent whisper and is not so scaring. Criticality means flat 3-space instead of
Lobatchevski space and means breaking of Lorentz invariance to SO(4). Breaking
of Lorentz invariance was indeed observed for particle distributions but now I am
not so sure whether it has much to do with this.
iii. The system behaves like almost perfect fluid in the sense that the viscosity entropy ratio is near to its lower bound whose values is predicted by string theory
considerations to be η/s = ~/4π.
The microscopic level the description would be like follows.
i. A highly entangled long hadronic string like object (color-magnetic flux tube) would
be formed at high density of nucleons via the fusion of ordinary hadronic colormagnetic flux tubes to much longer one and containing quark gluon plasma. In
QCD world plasma would not be at flux tube.
ii. This geometrically (and perhaps also quantally!) entangled string like object would
straighten and split to hadrons in the subsequent “cosmological evolution” and yield
large numbers of almost collinear particles. The initial situation should be apart
from scaling similar as in cosmology where a highly entangled soup of cosmic strings
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(magnetic flux tubes) precedes the space-time as we understand it. Maybe ordinary
cosmology could provide analogy as galaxies arranged to form linear structures?
iii. This structure would have also black hole like aspects but in totally different sense
as the 10-D hadronic black-hole proposed by Nastase to describe the findings. Note
that M-theorists identify black holes as highly entangled strings: in TGD 1-D strings
are replaced by 3-D string like objects.
This picture leaves does not yet make the perfect fluid behavior obvious. The following
argument relates it to the properties of the preferred extremals of Kähler action.
Almost perfect fluids seems to be abundant in Nature. For instance, QCD plasma
was originally thought to behave like gas and therefore have a rather high viscosity to
entropy density ratio x = η/s. Already RHIC found that it however behaves like almost
perfect fluid with x near to the minimum predicted by AdS/CFT. The findings from
LHC gave additional conform the discovery [C52]. Also Fermi gas is predicted on basis of
experimental observations to have at low temperatures a low viscosity roughly 5-6 times
the minimal value [D3] . In the following the argument that the preferred extremals of
Kähler action are perfect fluids apart from the symmetry breaking to space-time sheets
is developed. The argument requires some basic formulas summarized first.
The detailed definition of the viscous part of the stress energy tensor linear in velocity
(oddness in velocity relates directly to second law) can be found in [D2] .
i. The symmetric part of the gradient of velocity gives the viscous part of the stressenergy tensor as a tensor linear in velocity. Velocity gradient decomposes to a term
traceless tensor term and a term reducing to scalar.
2
2
∂k v k gij + (∂i vj + ∂j vi − ∂k v k gij ) .
(11.3.12)
3
3
The viscous contribution to stress tensor is given in terms of this decomposition as
∂i vj + ∂j vi

=

2
ζ∂k v k gij + η(∂i vj + ∂j vi − ∂k v k gij ) .
(11.3.13)
3
From dF i = T ij Sj it is clear that bulk viscosity ζ gives to energy momentum tensor
a pressure like contribution having interpretation in terms of friction opposing.
Shear viscosity η corresponds to the traceless part of the velocity gradient often
called just viscosity. This contribution to the stress tensor is non-diagonal and
corresponds to momentum transfer in directions not parallel to momentum and
makes the flow rotational. This term is essential for the thermal conduction and
thermal conductivity vanishes for ideal fluids.
ii. The 3-D total stress tensor can be written as
σvisc;ij

=

σij = ρvi vj − pgij + σvisc;ij .
(11.3.14)
The generalization to a 4-D relativistic situation is simple. One just adds terms
corresponding to energy density and energy flow to obtain
αβ
T αβ = (ρ − p)uα uβ + pg αβ − σvisc
.
(11.3.15)
α
α
Here u denotes the local four-velocity satisfying u uα = 1. The sign factors relate
to the concentrations in the definition of Minkowski metric ((1, −1, −1, −1)).
iii. If the flow is such that the flow parameters associated with the flow lines integrate
to a global flow parameter one can identify new time coordinate t as this flow
parameter. This means a transition to a coordinate system in which fluid is at rest
everywhere (comoving coordinates in cosmology) so that energy momentum tensor
reduces to a diagonal term plus viscous term.
αβ
.
(11.3.16)
T αβ = (ρ − p)g tt δtα δtβ + pg αβ − σvisc
In this case the vanishing of the viscous term means that one has perfect fluid in
strong sense.
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The existence of a global flow parameter means that one has
vi = Ψ∂i Φ .
(11.3.17)
Ψ and Φ depend on space-time point. The proportionality to a gradient of scalar
Φ implies that Φ can be taken as a global time coordinate. If this condition is not
satisfied, the perfect fluid property makes sense only locally.
AdS/CFT correspondence allows to deduce a lower limit for the coefficient of shear
viscosity as
x

=

~
η
≥
.
s
4π

(11.3.18)

This formula holds true in units in which one has kB = 1 so that temperature has unit
of energy.
What makes this interesting from TGD view is that in TGD framework perfect fluid
property in appropriately generalized sense indeed characterizes locally the preferred
extremals of Kähler action defining space-time surface.
i. Kähler action is Maxwell action with U(1) gauge field replaced with the projection
of CP2 Kähler form so that the four CP2 coordinates become the dynamical variables at QFT limit. This means enormous reduction in the number of degrees of
freedom as compared to the ordinary unifications. The field equations for Kähler
action define the dynamics of space-time surfaces and this dynamics reduces to conservation laws for the currents assignable to isometries. This means that the system
has a hydrodynamic interpretation. This is a considerable difference to ordinary
Maxwell equations. Notice however that the “topological” half of Maxwell’s equations (Faraday’s induction law and the statement that no non-topological magnetic
are possible) is satisfied.
ii. Even more, the resulting hydrodynamical system allows an interpretation in terms
of a perfect fluid. The general ansatz for the preferred extremals of field equations
assumes that various conserved currents are proportional to a vector field characterized by so called Beltrami property. The coefficient of proportionality depends on
space-time point and the conserved current in question. Beltrami fields by definition
is a vector field such that the time parameters assignable to its flow lines integrate
to single global coordinate. This is highly non-trivial and one of the implications
is almost topological QFT property due to the fact that Kähler action reduces to
a boundary term assignable to wormhole throats which are light-like 3-surfaces at
the boundaries of regions of space-time with Euclidian and Minkowskian signatures.
The Euclidian regions (or wormhole throats, depends on one’s tastes ) define what
I identify as generalized Feynman diagrams.
Beltrami property means that if the time coordinate for a space-time sheet is chosen
to be this global flow parameter, all conserved currents have only time component.
In TGD framework energy momentum tensor is replaced with a collection of conserved currents assignable to various isometries and the analog of energy momentum
tensor complex constructed in this manner has no counterparts of non-diagonal components. Hence the preferred extremals allow an interpretation in terms of perfect
fluid without any viscosity.
This argument justifies the expectation that TGD Universe is characterized by the
presence of low-viscosity fluids. Real fluids of course have a non-vanishing albeit small
value of x. What causes the failure of the exact perfect fluid property?
i. Many-sheetedness of the space-time is the underlying reason. Space-time surface
decomposes into finite-sized space-time sheets containing topologically condensed
smaller space-time sheets containing.... Only within given sheet perfect fluid property holds true and fails at wormhole contacts and because the sheet has a finite
size. As a consequence, the global flow parameter exists only in given length and
time scale. At imbedding space level and in zero energy ontology the phrasing of
the same would be in terms of hierarchy of causal diamonds (CDs).
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ii. The so called eddy viscosity is caused by eddies (vortices) of the flow. The spacetime sheets glued to a larger one are indeed analogous to eddies so that the reduction
of viscosity to eddy viscosity could make sense quite generally. Also the phase
slippage phenomenon of super-conductivity meaning that the total phase increment
of the super-conducting order parameter is reduced by a multiple of 2π in phase
slippage so that the average velocity proportional to the increment of the phase
along the channel divided by the length of the channel is reduced by a quantized
amount.
The standard arrangement for measuring viscosity involves a lipid layer flowing
along plane. The velocity of flow with respect to the surface increases from v = 0 at
the lower boundary to vupper at the upper boundary of the layer: this situation can
be regarded as outcome of the dissipation process and prevails as long as energy
is fed into the system. The reduction of the velocity in direction orthogonal to
the layer means that the flow becomes rotational during dissipation leading to this
stationary situation.
This suggests that the elementary building block of dissipation process corresponds
to a generation of vortex identifiable as cylindrical space-time sheets parallel to
the plane of the flow and orthogonal to the velocity of flow and carrying quantized
angular momentum. One expects that vortices have a spectrum labelled by quantum
numbers like energy and angular momentum so that dissipation takes in discrete
steps by the generation of vortices which transfer the energy and angular momentum
to environment and in this manner generate the velocity gradient.
iii. The quantization of the parameter x is suggestive in this framework. If entropy
density and viscosity are both proportional to the density n of the eddies, the value
of x would equal to the ratio of the quanta of entropy and kinematic viscosity
η/n for single eddy if all eddies are identical. The quantum would be ~/4π in
the units used and the suggestive interpretation is in terms of the quantization of
angular momentum. One of course expects a spectrum of eddies so that this simple
prediction should hold true only at temperatures for which the excitation energies
of vortices are above the thermal energy. The increase of the temperature would
suggest that gradually more and more vortices come into play and that the ratio
increases in a stepwise manner bringing in mind quantum Hall effect. In TGD
Universe the value of hef f can be large in some situations so that the quantal
character of dissipation could become visible even macroscopically. Whether this
a situation with large hef f is encountered even in the case of QCD plasma is an
interesting question.
The following poor man’s argument tries to make the idea about quantization a little
bit more concrete.
i. The vortices transfer momentum parallel to the plane from the flow. Therefore
they must have momentum parallel to the flow given by the total cm momentum
of the vortex. Before continuing some notations are needed. Let the densities of
vortices and absorbed vortices be n and nabs respectively. Denote by vk resp. v⊥
the components of cm momenta parallel to the main flow resp. perpendicular to the
plane boundary plane. Let m be the mass of the vortex. Denote by S are parallel
to the boundary plane.
ii. The flow of momentum component parallel to the main flow due to the absorbed
at S is
nabs mvk v⊥ S .
(11.3.18)
This momentum flow must be equal to the viscous force
Fvisc = η

vk
×S .
d
(11.3.18)

690

Chapter 11. New Physics Predicted by TGD: Part II

From this one obtains
η = nabs mv⊥ d .
(11.3.18)
If the entropy density is due to the vortices, it equals apart from possible numerical
factors to
s=n
so that one has
η
= mv⊥ d .
s
(11.3.18)
This quantity should have lower bound x = ~/4π and perhaps even quantized in
multiples of x, Angular momentum quantization suggests strongly itself as origin of
the quantization.
iii. Local momentum conservation requires that the comoving vortices are created in
pairs with opposite momenta and thus propagating with opposite velocities v⊥ .
Only one half of vortices is absorbed so that one has nabs = n/2. Vortex has quantized angular momentum associated with its internal rotation. Angular momentum
is generated to the flow since the vortices flowing downwards are absorbed at the
boundary surface.
Suppose that the distance of their center of mass lines parallel to plane is D = d,
 a numerical constant not too far from unity. The vortices of the pair moving in
opposite direction have same angular momentum mv D/2 relative to their center
of mass line between them. Angular momentum conservation requires that the sum
these relative angular momenta cancels the sum of the angular momenta associated
with the vortices themselves. Quantization for the total angular momentum for the
pair of vortices gives
n~
η
=
s

(11.3.18)
Quantization condition would give
 = 4π .
(11.3.18)
One should understand why D = 4πd - four times the circumference for the largest
circle contained by the boundary layer- should define the minimal distance between
the vortices of the pair. This distance is larger than the distance d for maximally
sized vortices of radius d/2 just touching. This distance obviously increases as the
thickness of the boundary layer increases suggesting that also the radius of the
vortices scales like d.
iv. One cannot of course take this detailed model too literally. What is however remarkable that quantization of angular momentum and dissipation mechanism based
on vortices identified as space-time sheets indeed could explain why the lower bound
for the ratio η/s is so small.

11.3.7

Evidence For TGD View About QCD Plasma

The emergence of the first interesting findings from LHC by CMS collaboration [C70, C6]
provide new insights to the TGD picture about the phase transition from QCD plasma
to hadronic phase and inspired also the updating of the model of RHIC events (mainly
elimination of some remnants from the time when the ideas about hierarchy of Planck
constants had just born).

11.3. Simulating Big Bang In Laboratory

691

In some proton-proton collisions more than hundred particles are produced suggesting
a single object from which they are produced. Since the density of matter approaches
to that observed in heavy ion collisions for five years ago at RHIC, a formation of quark
gluon plasma and its subsequent decay is what one would expect. The observations are
not however quite what QCD plasma picture would allow to expect. Of course, already
the RHIC results disagreed with what QCD expectations. What is so striking is the
evolution of long range correlations between particles in events containing more than 90
particles as the transverse momentum of the particles increases in the range 1-3 GeV
(see the excellent description of the correlations by Lubos Motl in his blog [C28] ).
One studies correlation function for two particles as a function of two variables. The
first variable is the difference ∆φ for the emission angles and second is essentially the
difference for the velocities described relativistically by the difference ∆η for hyperbolic
angles. As the transverse momentum pT increases the correlation function develops
structure. Around origin of ∆η axis a widening plateau develops near ∆φ = 0. Also a
wide ridge with almost constant value as function of ∆η develops near ∆φ = π. The
interpretation is that particles tend to move collinearly and or in opposite directions. In
the latter case their velocity differences are large since they move in opposite directions
so that a long ridge develops in ∆η direction in the graph.
Ideal QCD plasma would predict no correlations between particles and therefore no
structures like this. The radiation of particles would be like blackbody radiation with
no correlations between photons. The description in terms of string like object proposed
also by Lubos Motl on basis of analysis of the graph showing the distributions as an
explanation of correlations looks attractive. The decay of a string like structure producing particles at its both ends moving nearly parallel to the string to opposite directions
could be in question.
Since the densities of particles approach those at RHIC, I would bet that the explanation
(whatever it is!) of the hydrodynamical behavior observed at RHIC for some years ago
should apply also now. The introduction of string like objects in this model was natural
since in TGD framework even ordinary nuclei are string like objects with nucleons
connected by color flux tubes [L5] , [L5] : this predicts a lot of new nuclear physics
for which there is evidence. The basic idea was that in the high density hadronic color
flux tubes associated with the colliding nucleon connect to form long highly entangled
hadronic strings containing quark gluon plasma. The decay of these structures would
explain the strange correlations. It must be however emphasized that in the recent
case the initial state consists of two protons rather than heavy nuclei so that the long
hadronic string could form from the QCD like quark gluon plasma at criticality when
long range fluctuations emerge.
The main assumptions of the model for the RHIC events and those observed now deserve
to be summarized. Consider first the “macroscopic description”.
i. A critical system associated with confinement-deconfinement transition of the quarkgluon plasma formed in the collision and inhibiting long range correlations would
be in question.
ii. The proposed hydrodynamic space-time description was in terms of a scaled variant of what I call critical cosmology defining a universal space-time correlate for
criticality: the specific property of this cosmology is that the mass contained by
comoving volume approaches to zero at the initial moment so that Big Bang begins
as a silent whisper and is not so scaring. Criticality means flat 3-space instead of
Lobatchevski space and means breaking of Lorentz invariance to SO(4). Breaking
of Lorentz invariance was indeed observed for particle distributions but now I am
not so sure whether it has much to do with this.
The microscopic level the description would be like follows.
i. A highly entangled long hadronic string like object (color-magnetic flux tube) would
be formed at high density of nucleons via the fusion of ordinary hadronic colormagnetic flux tubes to much longer one and containing quark gluon plasma. In
QCD world plasma would not be at flux tube.
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ii. This geometrically (and perhaps also quantally!) entangled string like object would
straighten and split to hadrons in the subsequent “cosmological evolution” and yield
large numbers of almost collinear particles. The initial situation should be apart
from scaling similar as in cosmology where a highly entangled soup of cosmic strings
(magnetic flux tubes) precedes the space-time as we understand it. Maybe ordinary
cosmology could provide analogy as galaxies arranged to form linear structures?
iii. This structure would have also black hole like aspects but in totally different sense
as the 10-D hadronic black-hole proposed by Nastase to describe the findings. Note
that M-theorists identify black holes as highly entangled strings: in TGD 1-D strings
are replaced by 3-D string like objects.

11.4 Duality Between Low Energy And High Energy
Descriptions Of Hadron Physics
I found the talk of Matthew Schwartz titled The Emergence of Jets at the Large Hadron
Collider (see http://tinyurl.com/y98o9hg4) [C188] belonging to the Monday Colloqium Series at Harward. The talk told about the history of the notion of jet and
how it is applied at LHC. The notion of jet is something between perturbative and
non-perturbative QCD and therefore not a precisely defined concept as one approaches
small mass limit for jets.
The talk inspired some questions relating to QCD and hadron physics in general. I am
of course not competent to say anything interesting about jet algorithms. Hadronization process is however not well understood in the framework of QCD and uses phenomenological fragmentation functions. The description of jet formation in turn uses
phenomenological quark distribution functions. TGD leads to a rather detailed fresh
ideas about what quarks, gluons, and hadrons are and stringy and QFT like descriptions
emerge as excellent candidates for low and high energy descriptions of hadrons. Low
energies are the weakness of QCD and one can well ask whether QCD fails as a physical
theory at infrared. Could TGD do better in this respect?
Only a minor fraction of the rest energy of proton is in the form of quarks and gluons. In
TGD framework these degrees of freedom would naturally correspond to color magnetic
flux tubes carrying color magnetic energy and in proton-proton collisions the color
magnetic energy of p-p system in cm system is gigantic. The natural question is therefore
about what happens to the “color magnetic bodies” of the colliding protons and of quarks
in proton-proton collision.
In the sequel I will develop a simple argument leading to a very concrete duality between two descriptions of hadron reactions manifest at the level of generalized Feynman
graphs. The first description is in terms of meson exchanges and applies naturally in
long scales. Second one is terms of perturbative QCD applying in short scales. The basic ingredients of the argument are the weak form of electric-magnetic duality [K40] and
bosonic emergence leading to a rather concrete view about physical particles, generalized Feynman diagrams reducing to generalized braid diagrams in the framework of zero
energy ontology (ZEO), and reconnection of Kähler magnetic flux tubes having interpretation in terms of string diagrams providing the mechanism of hadronization. Basically
the prediction follows from the dual interpretations of generalized Feynman diagrams
either as stringy diagrams (low energies) or as Feynman diagrams (high energies).
It must be emphasized that this duality is something completely new and a simple
prediction of the notion of generalized Feynman diagram. The result is exact: no limits
(such as large N limit) are needed.

11.4.1 Weak Form Of Electric Magnetic Duality And Bosonic
Emergence
The weak form of electric magnetic duality allows the identification of quark wormhole
throats as Kähler magnetic monopoles with non-vanishing magnetic charges Qm . The
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closely related bosonic emergence effectively eliminates the fundamental BFF vertices
from the theory.
i. Elementary fermion corresponds to single wormhole throat with Kähler magnetic
charge. In topological condensation a wormhole throat is formed and the working
hypothesis is that the second throat is Kähler magnetically neutral. The throats
created in topological condensation (formation of topological sum) are always homologically trivial since purely local process is in question.
ii. In absence of topological condensation physical leptons correspond to string like
objects with opposite Kähler magnetic charges at the ends. Topologically condensed
lepton carries also neutralizing weak isospin carried by neutrino pair at the throats
of the neutralizing wormhole contact. Wormhole contact itself carries no Kähler
magnetic flux. The neutralization scale for Qm and weak isospin could be either
weak length scale for both fermions and bosons. The alternative option is Compton
length quite generally - this even for fermions since it is enough that the weak
isospin of weak bosons is neutralized in the weak scale. The alert reader have of
course asked whether the weak isospin of fermion must be neutralized at all if this
is the case. Whether this really happens is not relevant for the following arguments.
iii. Whether a given quark is accompanied by a wormhole contact neutralizing its weak
isospin is not quite clear: this need not be the case since the Compton length of
weak bosons defines the range of weak interactions. Therefore one can consider the
possibility that physical quarks have non-vanishing Qm and that only hadrons have
Qm = 0. Now the Kähler magnetic flux tubes would connect valence quarks. In
the case of proton one would have three of them. About 31 year old proposal is
that color hyper charge is proportional to Kähler magnetic charge. If so then color
confinement would require Kähler magnetic confinement.
iv. By bosonic emergence bosons correspond to wormhole contacts or pairs of them.
Now wormhole throats have opposite values of Qm but the contact itself carries
vanishing Kähler magnetic flux. Fermion and anti-fermion are accompanied by
neutralizing Kähler magnetic charge at the ends of their flux tubes and neutrino
pair at its throats neutralizes the weak charge of the boson.

11.4.2 The Dual Interpretations Of Generalized Feynman Diagrams In Terms Of Hadronic And Partonic Reaction Vertices
Generalized Feynman diagrams are defined in the framework of zero energy ontology
(ZEO). Bosonic emergence eliminates fundamental BFF vertices and reduces generalized Feynman diagrams to generalized braid diagrams. This is essential for the dual
interpretation of the qqg vertex as a meson emission vertex for hadron. The key idea is
following.
i. Topologically condensed hadron - say proton- corresponds to a double sheeted structure: let us label the sheets by letters A and B. Suppose that the sheet A contains
wormhole throats of quarks carrying magnetic charges. These wormhole throats are
connected by magnetically neutral wormhole contact to sheet B for which wormhole
throats carry vanishing magnetic charges.
ii. What happens when hadronic quark emits a gluon is easiest to understand by considering first the annihilation of topologically non-condensed charged lepton and
antilepton to photon - that is L + L → γ vertex. Lepton and antilepton are accompanied by flux tubes at different space-time sheets A and B and each has single
wormhole throat: one can speak of a pair of topologically condensed deformations
of CP2 type vacuum extremals as a correlate for single wormhole throat. At both
ends of the flux tubes deformations o fCP2 type vacuum extremals fuse via topological sum to form a pair of photon wormhole contacts carrying no Kähler magnetic
flux. The condition that the resulting structure has the size of weak gauge boson
suggests that weak scale defines also the size of leptons and quarks as magnetic flux
tubes. Quarks can however carry net Kähler magnetic charge (the ends of flux tube
do not have opposite values of Kähler magnetic charge.
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iii. With some mental gymnastics the annihilation vertex L + L → γ can be deformed
to describe photon emission vertex L → L + γ: The negative energy antilepton
arrives from future and positive energy lepton from the past and they fuse to a
virtual photon in the manner discussed.
iv. qqg vertex requires further mental gymnastics but locally nothing is changed since
the protonic quark emitting the gluon is connected by a color magnetic flux tube
to another protonic quark in the case of incoming proton (and possibly to neutrino
carrying wormhole contact with size given by the weak length scale). What happens
is therefore essentially the same as above. The protonic quark has become part of
gluon at space-time sheet A but has still flux tube connection to proton. Besides
this there appears wormhole throat at space-time sheet B carrying quark quantum
numbers: this quark would in the usual picture correspond to the quark after gluon
emission and antiquark at the same space-time sheet associated with the gluon.
Therefore one has proton with one quark moving away inside gluon at sheet A
and a meson like entity at sheet B. The dual interpretation as the emission of
meson by proton makes sense. This vertex does not correspond to the stringy
vertex AB + CD → AD + BC in which strings touch at some point of the interior
and recombine but is something totally new and made possible by many-sheeted
space-time. For gauge boson magnetically charge throats are at different spacetime sheets, for meson they at the same space-time sheet and connected by Kähler
magnetic flux tube.
v. Obviously the interpretation as an emission of meson like entity makes sense for
any hadron like entity for which quark or antiquark emits gluon. This is what
the duality of hadronic and parton descriptions would mean. Note that bosonic
emergence is absolutely essential element of this duality. In QCD it is not possible
to understand this duality at the level of Feynman diagrams.

11.4.3

Reconnection Of Color Magnetic Flux Tubes

The reconnection of color magnetic flux tubes is the key mechanism of hadronization
and a slow process as compared to quark gluon emission.
i. Reconnection vertices have interpretation in terms of stringy vertices AB + CD →
AD+BC for which interiors of strings serving as representatives of flux tubes touch.
The first guess is that reconnection is responsible for the low energy dynamics of
hadronic collisions.
ii. Reconnection process takes place for both the hadronic color magnetic flux tubes
and those of quarks and gluons. For ordinary hadron physics hadrons are characterized by Mersenne prime M107 . For M89 hadron physics reconnection process
takes place in much shorter scales for hadronic flux tubes.
iii. Each quarks is characterized by p-adic length scales: in fact this scale characterizes
the length scale of the magnetic bodies of the quark. Therefore Reconnection at
the level of the magnetic bodies of quarks take places in several time and length
scales. For top quark the size scale of magnetic body is very small as is also the
reconnection time scale. In the case of u and d quarks with mass in MeV range the
size scale of the magnetic body would be of the order of electron Compton length.
This scale assigned with quark is longer than the size scale of hadrons characterized
by M89 . Classically this does not make sense but in quantum theory Uncertainty
Principle predicts it from the smallness of the light quark masses as compared to
the hadron mass. The large size of the color magnetic body of quark could explain
the strange finding about the charge radius of proton [K22].
iv. For instance, the formation of quark gluon plasma would involve reconnection process for the magnetic bodies of colliding protons or nuclei in short time scale due to
the Lorentz contraction of nuclei in the direction of the collision axis. Quark-gluon
plasma would correspond to a situation in which the magnetic fluxes are distributed
in such a manner that the system cannot be decomposed to hadrons anymore but
acts like a single coherent unit. Therefore quark-gluon plasma in TGD sense does
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not correspond to the thermal quark-gluon plasma in the naı̈ve QCD sense in which
there are no long range correlations.
Long range correlations and quantum coherence suggest that the viscosity to entropy ratio is low as indeed observed [K22]. The earlier arguments suggest that the
preferred extremals of Kähler action have interpretation as perfect fluid flows [K40].
This means at given space-time sheet allows global time coordinate assignable to
flow lines of the flow and defined by conserved isometry current defining Beltrami
flow. As a matter fact, all conserved currents are predicted to define Beltrami flows.
Classically perfect fluid flow implies that viscosity, which is basically due to a mixing causing the loss of Beltrami property, vanishes. Viscosity would be only due to
the finite size of space-time sheets and the radiative corrections describable in terms
of fractal hierarchy CDs within CDs. In quantum field theory radiative corrections
indeed give rise to the absorbtive parts of the scattering amplitudes.

11.4.4 Hadron-Parton Duality And TGD As A “Square Root”
Of The Statistical QCD Description
The main result is that generalized Feynman diagrams have dual interpretations as QCD
like diagrams describing partonic reactions and stringy diagrams describing hadronic
reactions so that these matrix elements can be taken between either hadronic states or
partonic states. This duality is something completely new and distinguishes between
QCD and TGD.
I have proposed already earlier this kind of duality but based on group theoretical
arguments inspired by what I call M 8 − M 4 × CP2 duality [K40] and two hypothesis
of the old fashioned hadron physics stating that vector currents are conserved and
axial currents are partially conserved. This duality suggests that the group SO(4) =
SU (2)L × SU (2)R assignable to weak isospin degrees of freedom takes the role of color
group at long length scales and can be identified as isometries of E 4 ⊂ M 8 just like
SU (3) corresponds to the isometries of CP2 .
Initial and final states correspond to positive and negative energy parts of zero energy
states in ZEO. These can be regarded either partonic or hadronic many particle states.
The inner products between positive energy parts of partonic and hadronic state basis
define the “square roots” of the parton distribution functions for hadrons. The inner
products of between negative energy parts of hadronic and partonic state basis define
the “square roots” of the fragmentations functions to hadrons for partons. M-matrix
defining the time-like entanglement coefficients is representable as product of hermitian square root of density matrix and S-matrix is not time reversal invariant and this
partially justifies the use of statistical description of partons in QCD framework using
distribution functions and fragmentation functions. Decoherence in the sum over quark
intermediate states for the hadronic scattering amplitudes is essential for obtaining the
standard description.

11.5

Quark Gluon Plasma In TGD Framework

This section was inspired by an an excellent talk by Dam Thanh Son (see http://
tinyurl.com/y9o87jz2) in Harward Monday seminar series [C113]. The title of the
talk was Viscosity, Quark Gluon Plasma, and String Theory. What the talk represents
is a connection between three notions which one would not expect to have much to do
with each other.
In the following I shall briefly summarize the basic points of Son’s talk which I warmly
recommend for anyone wanting to sharpen his or her mental images about quark gluon
plasma.
i. Besides this I discuss a TGD variant of AdS/CFT correspondence (see http:
//tinyurl.com/2zuek8) based on string-parton duality allowing a concrete identi-
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fication of the process leading to the formation of strongly interacting quark gluon
plasma.
“Strongly interacting” means that partonic 2-surfaces are connected by Kähler magnetic flux tubes making the many-hadron system single large hadron in the optimal
case rather than a gas of uncorrelated partons. This allows a concrete generalization
of the formula of kinetic gas theory for the viscosity.
iii. One ends up also to a concrete interpretation for the formula for the η/s ratio
in terms of TGD variant of Einsteinian gravitation and the analogs of black-hole
horizons identified as partonic 2-surfaces. This gravitation is not fictive gravitation
in 10-D space but real sub-manifold gravitation in 4-D space-time.
iv. It is essential that TGD does not assume gravitational constant as a fundamental
constant but as a prediction of theory depending on the p-adic length scale and the
typical value of Kähler action for the lines of generalized Feynman graphs. Feeding
in the notion of gravitational Planck constant, one finds beautiful interpretation
for the lower limit viscosity which is smaller than the one predicted by AdS-CFT
correspondence.

11.5.1

Some Points In Son’s Talk

Son discusses first the notion of shear viscosity at undergraduate level - as he expresses
it. First the standard Wikipedia definition for shear viscosity (see http://tinyurl.
com/6exr4l) is discussed in terms of the friction forces created in a system consisting
two parallel plates containing liquid between them as one moves a plate with respect to
another parallel plate.
Son explains how Maxwell explains the viscosity of gases in terms of kinetic gas theory
and entered with a strange result: the estimate η = ρvlf ree leads to the conclusion that
the viscosity has no pressure dependence: Maxwell himself verified the result experimentally. Imagining that the interaction of gas molecules can be reduced to zero leads
to a paradox: the viscosity of the ideal gas is infinite. The solution of the paradox is
simple: the theory applies only if lf ree is considerably smaller than the size scale of the
system, say the distance between the two plates, one of which is moving.
Son discusses the viscosity for some condensed matter systems and finds that the value
of viscosity increases very rapidly as a function of temperature: does this mean a rapid
increase of lf ree with temperature? Son also notices that the viscosity seems to be
bounded from below. Son discusses also η/s ratio for the condensed matter systems
and finds that it is typically by a factor 10-100 larger than the minimal values ~/4π
suggested by AdS/CFT correspondence (see http://tinyurl.com/2zuek8) [B32].
Son describes gauge-gravity duality briefly. AdS/CFT approach does not allow simple
arguments analogous to those used in the kinetic theory of gases.
i. One central formula is Kubo’s formula giving viscosity as the low frequency limit for
the Fourier component of the component of energy momentum tensor commutation
[T yx (x, t), T yx (0, 0)] as
Z
1
h[T yx (x, t), T yx (0, 0)] d4 xiω→0
η=
2~ω
forN = 4 SUSY defined in M 4 . Now this theory is N = 4 SUSY so that there is
no hope about simple interpretation. Note that the formula is consistent with the
dimensions of viscosity which is M/L3 . I confess that I do not understand the origin of the formula at the level details. Green-Kubo relations (see http://tinyurl.
com/ybzv2kkh) [B5] are certainly the starting point having very general justification as an outcome of fluctuation theorem (see http://tinyurl.com/cs24x4) [B4]
allowing understood relatively easily in Gaussian model for thermodynamics. Since
energy momentum tensor serves as a source of gravitons and is the basic observable
in hydrodynamics, it is clear that this formula is consistent with gauge theorygravity correspondence. ω → 0 limit means that the low energy sector of the gauge
theory is in question so that the perturbative approach fails.
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ii. In TGD framework the analog of this formula need not be useful. If it apply it
should apply to partonic 2-surfaces and AdS5 × S5 should be replaced with spacetime surface. The energy momentum tensor should be the energy momentum tensor
of partonic 2-surface fixed to a high degree by conformal invariance. One should
sum over all partonic 2-surfaces. The partonic 2-surfaces would correspond to both
ends of a braid strands at the opposite light-like boundaries of CD. The integral at
the level of the partonic 2-surface is now only 2-dimensional and the dimension of η
would be 1~/L in this case. In the kinetic gas theory formula this follows from the
fact that mass density has now dimension m/L rather than m/L3 . The summation
over the partonic 2-surfaces could correspond in many particle system integration.
I tend to see this kind of approach as too formal.
AdS/CFT duality [B32] reduces the calculation of the viscosity to that for the graviton
absorption cross section for AdS5 × S5 black hole when the N-stack of branes is replaced
with a brane black hole in AdS5 × S 5 . Viscosity is is reduced essentially to the area of
the black-hole multiplied by Planck constant. Since the dimension of 4-D viscosity is
~/L3 , the area must be measured using Planck length squared G as a unit. Is viscosity
the number density multiplied by this dimensionless quantity? I must admit that I do
not really understand this result.

11.5.2

What Is Known About Quark-Gluon Plasma?

Son sums up some facts about quark-gluon plasma and they are included in the following
summary about what little I know.
i. The first surprise was produced by RHIC (see http://tinyurl.com/y8n2kaxo)
observing that the viscosity to entropy density ratio for quark gluon plasma is near
~/4π -its lower limit as predicted by AdS/CFT duality. The low value of η/s ratio
does not mean that the viscosity would be low. As a matter fact it is gigantic - of
order 1014 centipoise and therefore 14 orders of magnitude higher than for water!
Glass is the the only condensed matter system possessing a higher viscosity in the
list of Son. The challenge is to understand why the ratio is so small in terms of
QCD or perhaps a theory transcending the limitations of QCD at low energies.
From Kubo’s formula it is clear that the low energy limit of QCD is indeed needed
to understand the viscosity.
ii. In the nuclear collisions allowing to deduce information about viscosity the nuclei
do not collide quite head on. The time of collision is short due to the Lorentz
contraction. The projection of the collision region in the plane orthogonal to the
collision axes is almond shaped so that rotational symmetry is lost and implies that
viscous forces enters the game. If the system reaches thermal equilibrium, the notion
of pressure make senses. The force caused by the pressure gradient is stronger in
transversal than longitudinal direction of almond since the almond in transversal
direction is shorter than in longitudinal direction. That jets in this direction are
more energetic supports the view that pressure is a well-defined concept. On the
other hand, the viscous force in the longitudinal direction is large and tends to
compensate this effect. This effect gives hopes of measuring the viscosity.
iii. η/s ratio seems to be near ~/4π for the quark-gluon plasma formed in both heavy
ion collisions and in proton-proton collisions although the energy scales are quite
different. This is not expected on basis of the strong temperature dependence of
viscosity in condensed matter systems.
iv. On basis of RHIC results ee http://tinyurl.com/y8n2kaxo) [C22, C175] for heavy
ion collisions and the LHC results for proton-proton collisions, which unexpectedly
demonstrated similar plasma behavior for proton-proton collisions one can conclude that quark gluon plasma is a strongly interacting system. The temperature
assignable to the quark-gluon plasma possibly formed in proton-proton collisions is
of course must higher than at RHIC. Recently also the results from lead-lead collisions at LHC have emerged: the temperature of the plasma should be about 500
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MeV as compared to the temperature 250 MeV at RHIC. In this case AdS/CFT
duality gives hopes for describing the non-perturbative aspects of the system. This
is just a hope: AdS/CFT correspondence requires many assumptions which might
not hold true for the quark-gluon plasma and there are preliminary indications
(see http://tinyurl.com/or669lc) [C210], which do not support AdS/CFT duality (see http://tinyurl.com/yaseslrn) [C3, C4]. The experiments favor a
model in which the situation is described based old-fashioned Lund model (see
http://tinyurl.com/ycwv5ebe) [C15] treating gluons as strings. This description
is a a simplified version of the description provided by TGD.

11.5.3

Gauge-Gravity Duality In TGD Framework

AdS/CFT duality is one variant of a more general gauge-gravity duality. Gauge-gravity
in turn involves several variants depending on whether one assumes that Einstein’s
curvature scalar provides a good approximation to the description of gravitational sector.
This requires that higher spin excitations of string like objects are very heavy and can
be neglected. It might be that since low energy limit is in question as is clear from
Kubo’s formula, the use of Einstein’s action makes sense very generally.
String-gauge theory duality in TGD framework
If I were enemy of string theory and follower of the usual habits of my species, I would
be very skeptic from the beginning. There are however no rational reasons to be hostile
since string worlds sheets at 4-D space time sheets appear also in TGD and there very
strong reasons to expect duality between QFT like descriptions and stringy description.
I indeed discussed in previous section how this duality can be understood directly at
the level of generalized Feynman diagrams as a kind of combinatorial identity. There
is no need to introduce strings in AdS5 × S 5 as in the usual AdS/CFT approach and
Nc → ∞ implying the vanishing of the contribution of non-planar Feynman diagrams
is not needed.
The reduction to Einsteinian gravity need not take place
String-gauge theory duality need not reduce QCD to Einsteinian gravity allowing modelling in terms of curvature scalar.
i. In TGD framework the physics for small deformations of vacuum extremals - whose
number is gigantic (any Lagrangian sub-manifold of CP2 defines a vacuum sector of
the theory) - would be governed by Einstein’s equations. The value of gravitational
constant is however dynamical and a little dimensional analysis argument suggests
that the gravitational constant satisfies [K76]
Gef f (p) = L2 (k)exp(−2SK ) ,
where Lp is p-adic length scales associated with p-adic prime p ' 2k and SK is the
Kähler action for a deformation of CP2 type vacuum extremal in general smaller
than for full CP2 .
ii. Ordinary gravitational constant would correspond to p = M127 = 2127 −1 assignable
to electron: M127 is the largest Mersenne prime which does not define a completely
super-astrophysical p-adic length scale. The value of SK would be almost maximal
and induce an enormous reduction of the value of G.
iii. For hadron physics SK should not be large and in reasonable approximation this
would give Gef f ' ~L2 (k = 107). The deformations of CP2 type vacuum extremals,
whose M 4 projections are random light-like curves. are assignable to elementary
particles such as gluons. In the case of hadrons these projections are expected to
be short and so that the exponent is expected to be near unity. One might hope
that these contributions dominate in the calculation of viscosity so that Einstein’s
picture indeed works.
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iv. In the case of hadron physics there are no strong reason to expect a general reduction
to Einsteinian gravity. Higher spin states at the hadronic Regge trajectories are
important and hadron physics does not reduce to gravitational theory involving the
exchanges of only spin two strong gravitons.
This requires additional assumption which the lecture of Son tried to clarify. The
assumption is that the coordinate of AdS5 orthogonal to its boundary M 4 representing 4-D Minkowski space represents scaling of the physical system and that
the interactions in the bulk are ultra-local with respect to this coordinate. Only
systems with same scale size interact. This assumption looks very strange to me
but has analog in quantum TGD. Personally I would take this argument with a big
grain of salt.
Reduction to hydrodynamics
The AdS5 /CFT duality in the strong form reduces the dynamics at the boundary of
AdS5 to Einstein’s gravity in the interior of AdS and the N -stack of 3-branes corresponds
to brane black-hole in AdS5 × S5 . There are also good reasons to expect that Einstein’s
gravity in turn reduces to hydrodynamics.
The field equations of TGD are conservation laws for isometry currents and Kähler
currents plus their super counterparts. Also in hydrodynamics the basic equations
reduce to conservation laws. The structural equations of hydrodynamics correspond to
the identification of gauge fields and metrics as induced structures.
The reduction to 4-D hydrodynamics in much stronger sense is suggestive since a large
class of preferred extremals of Kähler action have interpretation as hydrodynamic flows
for which flow lines define coordinate curves of a global coordinate [K40]. Beltrami flows
are in question. For instance, a magnetic field for which Lorentz force vanishes is a good
example of 3-D Beltrami flow. There are good arguments in favor of the existence of a
unique preferred coordinate system defined in terms of light-like local direction and its
dual direction plus two orthogonal local polarization directions.
Could AdS/CFT duality have some interpretation in TGD framework?
In TGD framework the duality between strings and particles replacing AdS/CFT duality
means the replacement of AdS × S5 with space-time surface represented as surface in
M 4 × CP2 . Furthermore M 4 is replaced with partonic 2-surfaces the super-conformal
invariance of N = 4 SUSY in M 4 is replaces with 2-D super-conformal invariance.
Therefore the attempts to build analogies with AdS/CFT duality type description might
be waste of time. The temptation for the search of analogies is however too high.
In the case of AdS/CFT duality for Minkowski space that coordinate of AdS5 orthogonal
to its M 4 boundary is interpreted as a scale parameter for the system and also has
interpretation as a scalar field in M 4 . Could this scaling degree have some sensible
interpretation in TGD framework. What about the N-stack of 3-branes representing a
copy of M 4 identified as the boundary of AdS5 ?
i. In TGD framework the only physically sensible interpretation would be in terms of
the hierarchy of Planck constants [K65]. The quantum size of the particle scales
like ~ and is therefore integer valued. This suggests that the continuous AdS5
coordinate orthogonal to M 4 could be replaced with the integer labeling the effective
values of Planck constant and hence the local coverings of M 4 × CP2 providing a
convenient description for the fact that -due to the enormous vacuum degeneracy of
Kähler action- the time derivatives of the imbedding space coordinates are multivalued functions of the canonical momentum densities. Different coverings that they
effectively correspond to different sectors of the effective imbedding space which can
be seen as a finite covering of M 4 × CP2 . Only the particles with the same value of
Planck constant can appear in the same vertex of generalized Feynman diagrams
and this is nothing but the strange assumption made to guarantee the locality of
AdS dynamics.
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ii. Same collapse of the sheets of the covering actually applies in the directions transversal to space-like and light-like 3-surfaces so that both of them represent branchings
and the total number of branches in the interior os n1 n2 .
iii. One must assume that the sheets of the covering collapse at the partonic 2-surfaces
and perhaps also at the string world sheets. This strange orbifold property brings
strongly in mind the stack of N-branes which collapse to single 3 brane however
remembering its N-stack property: for instance, a dynamical gauge group SU (N ) ×
U (1) describing finite measurement resolution emerges. The loss of the infinitely
thin stack property in the interior guarantees that N -stack property is not forgotten.
I have indeed proposed that similar emergence of gauge groups allowing to represent
finite measurement resolution in terms of gauge symmetry emerges also in TGD
framework.
iv. The effective dimensionless coupling in the perturbative expansion is g 2 N/~ and for
large N limit the series does not converge. If N corresponds to the number of colors
for dynamically generated gauge group labeling colors, the substitution ~ = N ~0
however implies that the expansion parameter does not change at all so that the
limit would be different from the usual N → ∞ limit used to derive AdS/CFT
duality.
An integrable QFT in M 2 identified as hyper-complex plane in number theoretic vision
is necessary for interpreting generalized Feynman diagrams as generalized braids. One
can of course ask whether one would have super-conformal QFT in M 2 and wheter
AdS3 could be replaced with its discrete version with normal coordinate identified as
the integer characterizing the value of Planck constant. To me this approach seems
highly artificial although it might make sense formally.
One can of course ask whether M 4 × CP2 could have some deep connection with AdS5 ×
S5 . This might be the case: CP2 is obtained from S 5 by identifying all points of
its geodesic circles and M 4 is obtained from AdS5 by identifying all points of radial
geodesics in the scaling direction.
Do black-holes in AdS5 × S5 have TGD counterpart?
The black-holes in AdS5 × S5 have very natural counterparts as regions of the spacetime surfaces with Euclidian signature of the induced metric. These regions represent
generalized Feynman diagrams. By holography one could restrict the consideration also
to the partonic 2-surfaces at the ends of CDs and if string world sheets and partonic
2-surfaces are dual to string world sheets coming as Minkowskian and Euclidian variants.
Black-holes in TGD framework would have Euclidian metric and their presence is absolutely essential for reducing the functional integral to a genuine integral. Otherwise one
would have the analog of path integral with the exponential of Kähler action defining a
mere phase factor.
The entropy area law for the black-holes generalizes to p-adic thermodynamics and the
p-adic mass squared value for the particle predicted by p-adic thermodynamics is essentially the p-adic entropy: both are mapped to the real sector by canonical identification.
Also the black hole entropy is proportional to mass squared.
The gigantic value of the gravitational Planck constants brings in additional interpretational issues to be discussed later.

11.5.4

TGD View About Strongly Interacting Quark Gluon Plasma

The magnetic flux tubes/strings connecting quarks make the QCD plasma strongly
interacting in TGD framework.
i. In the hadronic phase the network formed by these flux tubes decomposes to subnetworks assignable to the colliding protons. In the final state the sub-networks are
associated with the outgoing hadrons. In the collision a network is formed in which
the flux tubes can connect larger number of quarks and one obtains much longer
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cycles in the network as in the initial and final states. This can be regarded as a
defining property of strongly interaction quark gluon plasma. In quantum world
one obtains a quantum superposition over networks with different connectedness
structures. The quark-gluon plasma is not ideal in quantum sense.
ii. The presence of plasma blob predicts the reduction of jet production cross section.
Typically a pair of jets is produced. If this occurs in deep interior of the plasma,
the jets cannot escape the plasma. If this occurs near the surface of the plasma,
the other jet escapes. This predicts reduction of the jet production cross section.
iii. The decomposition to connected flux tube networks could explain why the experimentally detected ratio for jet production cross section nucleonic total scattering
cross section is larger than the predicted one: the flux tube network would consist
of disconnected network with a considerably property and for these the jet production cross section would not be so dramatically reduced by the fact that the other
member of the never gets out from the plasma blob.
In TGD context the basic process leading to the formation of the quark-gluon plasma
is reconnection for the flux tubes describable in terms of string diagrams AB − CD →
AD+BC. In the case of ordinary quark gluon plasma the density is so high that nucleons
overlap geometrically and lead to the formation of the plasma. In TGD framework the
magnetic bodies of quarks having size scale characterized by quark Compton length
would overlap. The Compton lengths for light quarks with masses estimated to be of
order 10 MeV are much larger than the size scale of nucleon and even that of nucleus.
What does this mean? Does the reconnection process take place in several scales so
that the notion of quark gluon plasma would be fractal? Note that in the recent protonproton collisions the energy per nucleon is about 200 GeV. Does quark gluon plasma at
LHC involve the fusion of the flux tubes of the color magnetic bodies of nucleons? Do
these form connected structures.
In the kinetic gas theory viscous force in the system of parallel plates is caused by the
diffusion of particles moving with velocity u which depends on the coordinate orthogonal
to the parallel plates. One can imagine a fictive plane through which the particles diffuse
in both directions and the forces is due to that fact that the diffusing particles have
different velocities differing by ∆ux = ∂y ux lf ree on the average. In the case of magnetic
flux tubes the presence of magnetic flux tube connection the two quarks at the opposite
sides of the fictive plane leads to a stretching of the flux tube and this costs energy.
This favors the diffusion of either quark to the other side of the fictive plane and this
induces the transformed of momentum parallel to the plates. Similar argument could
apply also in the case of the ordinary liquids if one allows also electric flux tubes.
Jets and flux tubes structures
Magnetic flux tube provide also a more concrete vision about the notion of jet.
i. Jets are collinear particle like objects producing collinear hadrons. The precise definition of jets is however problematic in QCD framework. TGD suggests a more precise definition of jets as connected sub-networks formed by partons and by definition
having vanishing total Kähler magnetic charge. Jet would be kind of super-hadron
which decays to ordinary nearly collinear hadrons as the flux tube structure decomposes by reconnection process to smaller connected flux tube structures during
hadronization.
ii. Factorization theorems of QCD discussed in very clear manner by Ian Stewart
(see http://tinyurl.com/y9wj55vz) [C176] state that the dynamics at widely
different scales separate for each other so that quantum mechanical interference
effects can be neglected and probabilistic description applies in long length scales
and quantal effects reduce to non-perturbative ones. The initial and final stages
of the collision process proceed slowly as compared to those describable in terms
of perturbative QCD. Hence one can apply partonic distribution functions and
fragmentation functions. These functions should have a description in terms of
reconnection process.
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iii. The presence of different scales means in TGD framework to p-adic length scale
hierarchy assignable to flux tubes gives a much more precise articulation for the
notion of scale. No quantum interference effects can take place between different
p-adic scales if the real amplitudes are obtained from p-adic valued amplitudes by a
generalization of canonical identification discussed in [K77]. For instance, in p-adic
mass calculations the values p-adic mass squared are summed for for given p-adic
prime before the mapping to real mass squared by canonical identification. For
different values of p-adic primes the additive quantities are the real masses.
Possible generalizations of Maxwell’s formula formula for the viscosity
Could one understand the viscosity if one assumes that the reconnection of the magnetic
flux tubes replaces the collisions of particles in the kinetic theory of gases? One can
imagine several alternatives.
i. The free path of the particle appears in the kinetic gas theory estimate η = nmvlf ree
for the viscosity. If this decomposition makes sense now, lf ree should correspond to
the size scale of the magnetic body of light quark and if its size corresponds to the
Compton length of the quark one would have lf ree ∼ ~/m. If one assumes s ∼ n
one has η = nv~. For v = c = 1 this would give η/s ∼ ~/4π apart from numerical
constant.
If ~ indeed appears in lf ree and the magnetic flux tube size scales as ~, the minimum
value for the viscosity would scale as ~. It is difficult to say whether one should
regard this as good or bad prediction from the point of view of the hierarchy of
Planck constants. Over-optimistically one might ask whether large ~ could explain
the non-minimal values of η/s in terms of large ~. Note however that the minimal
value of η/s can be smaller than ~/4π in some systems.
ii. One could consider the replacement of the Compton length rC = ~/mq with the
classical charge radius of quark defined as rcl = g 2 /mq . In this case the size scale of
the magnetic body would not depend on ~. For color coupling strength αs = .1 one
would have rcl /rC = 1.26 so that experimental data do not allow to distinguish between these options. At low energies rcl would grow and therefore also the viscosity
since the lengths of flux tubes would get longer.
iii. One can also purely gravitational view about single partonic 2-surface. Taking the
notion of gravitational Planck constant seriously [K84], one can consider the replacement of v with the velocity parameter v0 (dimensionless in the units used)
appearing in the gravitational Planck constant ~gr = Gef f M 2 /v0 and the identification lf ree = 2rS = 4Gef f M : the diameter of the black hole identified as partonic
2-surface. Note that Schwartchild radius would be equal to Planck length. Entropy
would be given 4π(2Gef f M )2 /~Gef f multiplied by the number N = ~/~0 of the
sheets of the covering. This would give the lower bound ~0 v0 /4π which is smaller
than that provided by AdS/CFT approach. This option looks the most attractive
one.
For all three options one would expect that η/s ratio is same for the quark-gluon plasma
formed in heavy ion collisions and in proton-proton collisions. The critical reader probably wonders what one means with the entropy in the strongly interacting system.
Magnetic flux tubes could be seen as space-time correlates for entanglement. Can one
regard the entropy as a single particle observable? Can one assign to each partonic
2-surfaces an entanglement entropy or does the entropy characterizes pairs of parton
surfaces being analogous to potential energy rather than kinetic energy?
The formula for viscosity based on black-hole analogy
The following argument is a longer version of very concise argument of previous section
suggesting that the notion of gravitational Planck constant allows to generalize the
formula of the kinetic gas theory to give viscosity in the more general case. Partonic
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2-surface is regarded as an analog the horizon of a black-hole. The interior of the blackhole corresponds to a region with an Euclidian signature of the induced metric. The
space-time metric in question could be either the induced metric or the effective metric
defined by the Kähler-Dirac gamma matrices defined by Kähler action [K40]. Induced
metric seems to be the correct option since it is non-trivial for vacuum extremals of
Kähler action but also the effective metric probably has physical meaning. Only the
data at horizon having by definition degenerate four-metric appear in the formula for
η/s.
i. The notion of gravitational Planck constant for space-time sheets carrying self gravitational interaction is given by ~gr = kGM 2 /v0 , where v0 < c = 1 has dimensions
of velocity. The interpretation is in terms of Planck constant assignable with flux
tubes mediating self gravitation and carrying dark energy identified as magnetic
energy. The enormous value of Planck constant means cosmological quantum coherence explaining why this energy density is very slow varying and can be therefore
described in terms of cosmological constant in good approximation. Negative “pressure” corresponds to magnetic tension.
ii. Suppose that v0 is identified as the velocity appearing as typical velocity in the kinetic theory estimate η = M nvlf ree . Suppose that lf ree corresponds to Schwartschild
radius for the effective gravitational constant lf ree = 2rs = 4Gef f√M . Another pos√
sible identification is as the scaled up Planck length lf ree = lP = ~G = GM/ v0 .
Suppose that the formula for black hole entropy holds true and gives for the
entropy of single particle the expression S = 4π(2Gef f M )2 /~Gef f . This gives
η/s = ~v0 /4π for the first option (note that v0 dependence disappears. One obtains
√
η/s = ~/16π v0 for the second option so that v0 dependence remains.
iii. The objection is that black hole entropy goes to zero as ~ increases. One can indeed
argue that the S = 4π(2Gef f M )2 /~Gef f gives only the contribution of single sheet
in the N = hbar/~0 fold covering of M 4 × CP2 so that one must multiply this
entropy with N . This would give
~0
v0
η
=
×
.
S
4π
c
The minimum viscosity can be smaller than ~0 /4π and the essential parameter is the
velocity parameter v0 = v0 < c = 1. This is true also in AdS-CFT correspondence.
This argument suggests that the Einsteinian dark gravity with gravitational gauge coupling having as parameters p-adic length scale and the typical Kähler action of deformed
CP2 type vacuum extremal could allow to understand viscosity in terms of string-QFT
duality in the idealization that the situation reduces to a black-hole physics with partonic 2-surfaces taking the role of black holes. This proposal might make even in the
case of condensed matter if one one gives up the assumption that the basic objects are
more analogous to stars than black-holes.

11.5.5

Ads/CFT Is Not Favored By LHC

As already noticed that the first (see http://tinyurl.com/or669lc) experimental results from LHC (see http://tinyurl.com/or669lc) [C210] do not favor AdS/CFT
duality but are qualitatively consistent with TGD view about gauge-gravity duality.
Because of the importance of the results I add a version of my blog posting (see
http://tinyurl.com/yaseslrn) [C4] about these results.
Sabine Hossenfelder told in BackReaction blog (see http://tinyurl.com/65gkpkj)
about the first results enthusiasts. Or summarizing it in the words of Sabine Hossenfelder:
As the saying goes, a picture speaks a thousand words, but since links and image sources
have a tendency to deteriorate over time, let me spell it out for you: The AdS/CFT
scaling does not agree with the data at all.
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The results
The basic message is that AdS/CFT fails to explain the heavy ion collision data about
jets at LHC. The model should be able to predict how partons lose their momentum in
quark gluon plasma assumed to be formed by the colliding heavy nuclei. The situation
is of course not simple. Plasma corresponds to low energy QCD and strong coupling
and is characterized by temperature. Therefore it could allow description in terms of
AdS/CFT duality allowing to treat strong coupling phase. Quarks themselves have
a high transversal momentum and perturbative QCD applies to them. One has to
understand how plasma affects the behavior of partons. This boils to simple question:
What is the energy loss of the jet in plasma before it hadronizes.
The prediction of AdS/CFT approach is a scaling law for the energy loss E ∝ L3 T ,
where L is the length that parton travels through the plasma and the temperature T is
about 500 MeV is the temperatures of the plasma (at RHIC it was about 350 MeV). The
figure in the posting of Sabine Hossenfelder (see http://tinyurl.com/65gkpkj) [C3]
compares the prediction for the ratio RAA of the predicted nuclear cross section for jets in
lead-lead collisions to those in proton-proton collisions to experimental data normalized
in such a manner that if the nucleus behaved like a collection of independent nucleons
the ratio would be equal to one.
That the prediction for RAA is too small is not so bad a problem: the real problem is that
the curve has quite different shape than the curve representing the experimental data.
In the real situation RAA as a function of the average transversal momentum pT of the
jets approaches faster to the “nucleus as a collection of independent nucleons” situation
than predicted by AdS/CFT approach. Both perturbative QCD and AdS/CFT based
model fail badly: their predictions do not actually differ much.
An imaginative theoretician can of course invent a lot of excuses. It might be that the
number Nc = 3 of quark colors is not large enough so that strong coupling expansion
and AdS/CFT fails. Supersymmetry and conformal invariance actually fail. Maybe the
plasma temperature is too high (higher that at RHIC where the observed low viscocity
of gluon plasma motivated AdS/CFT approach). The presence of both weak coupling
regime (high energy partons) and strong coupling regime (the plasma) might have not
been treated correctly. One could also defend AdS/CFT by saying that maybe one
should take into account higher stringy corrections for strings moving in 10 dimensional
AdS5 × S 5 . Why not branes? Why not black holes? And so on....
Could the space-time be 4-dimensional after all?
What is remarkable that a model called “Yet another Jet Energy-loss Model” (YaJEM)
based on the simple old Lund model (see http://tinyurl.com/ycwv5ebe) [C15] treating gluons as strings in 4-D space-time works best! Also the parameters derived for
RHIC do not need large re-adjustment at LHC.
4-D space-time has been out of fashion for decades and now every-one well-informed
theoretician talks about emergent space-time. Don’t ask what this means. Despite my
attempts to understand I (and very probably any-one) do not have a slightest idea.
What I know is that string world sheets are 2-dimensional and the only hope to get 4-D
space-time is by this magic phenomenon of emergence. In other worlds, 3-brane is what
is wanted and it should emerge “non-perturbatively” (do not ask what this means!).
Since there are no stringy authorities nearby, I however dare to raise a heretic question.
Could it be that string like objects in 4-D space-time are indeed the natural description?
Could strings, branes, blackholes, etc. in 10-D space-time be completely un-necessary
stuff needed to keep several generations of misled theoreticians busy? Why not to start
by trying to build abstraction from something which works? Why not start from Lund
model or hadronic string model and generalize it?
This is what TGD indeed was when it emerged some day in October year 1977: a
generalization of the hadronic string model by replacing string world sheets with spacetime sheets. Another motivation for TGD was as a solution to the energy problem of
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GRT. In this framework the notion of (color) magnetic flux tubes emerges naturally
and magnetic flux tubes are one of the basic structures of the theory now applied in
all length scales. The improved mathematical understanding of the theory has led to
notions like effective 2-dimensionality and stringy worlds sheets and partonic 2-surfaces
at 4-D space-time surface of M 4 × CP2 as basic structures of the theory.
What TGD can say about the situation?
In TGD framework a naı̈ve interpretation for LHC results would be that the colliding
nuclei do not form a complete plasma and this non-ideality becomes stronger as pT
increases. As if for higher pT the parton would traverse several blobs rather than only
single big one and situation would be between an ideal plasma and to that in which
nucleus form collections of independent nucleons. Could quantum superposition of states
with each of them representing a collection of some number of plasma blobs consisting
of several nucleons be in question. Single plasma blob would correspond to the ideal
situation. This picture would conform with the vision about color magnetic flux tubes
as a source of long range correlations implying that what is called quark-gluon plasma is
in the ideal case like single very large hadron and thus a diametrical opposite for parton
gas.
In TGD framework where hadrons themselves correspond to space-time sheets, this
interpretation is suggestive. The increase of the temperature of the plasma corresponds
to the reduction of αs suggesting that with at T=500 GeV at LHC the plasma is more
“blobby” than at T=350 GeV at RHIC. This would conform with the fact that at lower
temperature at RHIC the AdS/CFT model works better. Note however that at RHIC
the model parameters for AdS/CFT are very different from those at LHC [C3]: not a
good sign at all.
I have also discussed the TGD based explanation of RHIC results for heavy ion collisions
and the unexpected behavior of quark-gluon plasma in proton-proton (rather than heavy
ion) collisions at LHC [K23].

11.6

Breaking Of Discrete Symmetries

Zero energy ontology provides a fresh approach to the rather poorly understood breaking
patterns of discrete symmetries. In the following TGD based vision about breaking of
discrete symmetries is discussed and some examples are considered. The old quantitative
model for anomalously large CP breaking in kaon-antikaon system is in need of updating
and is left to a separate section.

11.6.1

Experimental Inputs

There are several findings which do not fit with the picture about the breaking of discrete
symmetries provided by standard model.
i. The large parity breaking in living matter manifesting itself as chiral selection remains a mystery in standard model framework. In TGD framework the possibility
of classical weak fields in macroscopic scales combined with the hierarchy of Planck
constants suggests a solution of this parity breaking and also a connection with the
breaking of matter antimatter asymmetry is suggestive.
ii. KTeV collaboration in Fermilab [C126] has measured the parameter |0 /| characterizing the size of the direct CP violation in the decays of kaons to two pions. The
value of the parameter was found to be |0 /| = (2.8 ± .1)10−3 and is almost by an
order of magnitude larger than the naı̈ve standard model expectations based on the
hypothesis that direct CP breaking is induced by CKM matrix. In [C185] it was
shown that the value of the parameter could be understood without introducing any
new physics if the value of running strange quark mass at mc is about ms (mc ) = .1
GeV and md << ms holds true.
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iii. During year 2010 also large CP breaking inB − B system was reported by D0
collaboration [C82].The claimed symmetry breaking is about 50 times larger than
the breaking predicted by the standard model, and manifests itself as an asymmetry
0
in the production of µ+ µ+ and µ− µ− pairs in the decays producing B 0 B pairs. The
asymmetry is due to the oscillations between almost mass degenerate states B 0 and
0
B . It is the mass difference which is much larger than predicted one.
There has been also claims for the breaking of CPT symmetry which is regarded as
cherished in Lorentz invariant quantum field theories,
i. There are indications that the mixing is different for muonic neutrinos and antineutrinos [C111, C17, C106] meaning that the masses of neutrino and antineutrino
are different. In TGD framework a possible explanation is obtained by assuming
different p-adic length scales for neutrinos and antineutrinos in turn dictated by
the interactions with environment which could be different for neutrinos and antineutrinos by the nature of measurement apparatus used to detect them. Hence a
spontaneous breaking induced by environment could be in question [K22].
Remark: The improved analysis (see http://tinyurl.com/ycyex95e) of MINOS
collaboration using larger statistics than half year ago has led to the evaporation
of the evidence for different masses for muonic neutrinos and antineutrinos [?] The
values for ∆m2 and mixing angle parameter sin2 (2θ) for muonic antineutrino are
consistent with the values of these parameters for the muonic neutrino.
ii. 2 sigma evidence for a gigantic CPT breaking in top-antitop system have been
claimed. Measurement of the mass difference between t and t quarks (see http:
//tinyurl.com/y9t39wcp) [C64] is the title of the e-print by a group working in
Fermilab. The finding of the group is that t − t mass difference is
∆M = Mt − Mt = −3.3 ± 1.7 GeV .
The best fit is obtained with
∆M = −4 GeV .
For top quark mass Mt = 170 GeV this means ∆M/M ' 2.3 per cent and is the
scale for electromagnetic mass splittings. The result deviates from CPT-symmetric
expectation ∆M = 0 at 2σ level. Also D0 collaboration has reportded similar
results two years earlier (see http://tinyurl.com/yax6j7wd) (PRL 103, 132001
(2009)) but at time the errors bars were so large that the finding was consistent with
CPT symmetry. The last twist in the story is the eprint of D0 collaboration (see
http://tinyurl.com/yd3wdeqz) reporting that the value of the mass difference
is consistent with zero [C84]. The huge value of the CPT breaking suggest for a
conservative mind that the issue is settled. At this time I will adopt the conservative
approach.
iii. The findings encourage to consider the possibility of CPT breaking seriously [B27,
B3]. In TGD framework a very strong form of apparent CPT breaking results if
fermion and anti-fermion correspond to different values of p-adic prime so that mass
scales differ by a multiple of half octave. The different choices of the p-adic mass
scale would be induced by the interaction with environment. This option might explain the observations suggesting that neutrino and antineutrino masses and mixing
matrices are different without introducing sterile neutrino: sterile neutrino would
correspond to neutrino but in different p-adic length scale. In the recent case this
option is excluded by the smallness of the mass difference. In zero energy ontology,
which assigns to elementary particles size scale which which is macroscopic, one can
however consider a more delicate breaking of CPT induced by the interactions with
environment.
If one takes conservative attitude only the anomalously large CP breaking in B-Bbar
system remains to be explained.
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Discrete symmetries C, P, T, CP, and even CPT are not too well-understood in standard
model and zero energy ontology combined with the various experimental inputs (many
of them still uncertain) leads to a vision about the breaking of discrete symmetries in
TGD Universe.
Years after writing this section, the development of detailed view about basic action
principle behind TGD led to the realization that CP and T breaking could emerge at
fundamental level in TGD. The basic variational principle involves Kähler action and
Kähler-Dirac action. Chern-Simons Dirac terms to which Kähler action reduces by the
vanishing of j · A term in action and weak form of electric magnetic duality could be
responsible for the breaking of CP and T symmetries as they appear in CKM matrix.
CP breaking and ground state degeneracy
CP breaking and ground state degeneracy
The Minkowskian contribution of Kähler action is imaginary due to the negativity of the
metric determinant and gives a phase factor to vacuum functional reducing to ChernSimons terms at wormhole throats. Ground state degeneracy due to the possibility of
having both signs for Minkowskian contribution to the exponent of vacuum functional
provides a general view about the description of CP breaking in TGD framework.
i. In TGD framework path integral is replaced by inner product involving integral
over WCV. The vacuum functional and its conjugate are associated with the states
in the inner product so that the phases of vacuum functionals cancel if only one sign
for the phase is allowed. Minkowskian contribution would have no physical significance. This of course cannot be the case. The ground state is actually degenerate
√
corresponding to the phase factor and its complex conjugate since g can have two
signs in Minkowskian regions. Therefore the inner products between states associated with the two ground states define 2 × 2 matrix and non-diagonal elements
contain interference terms due to the presence of the phase factor. At the limit of
full CP2 type vacuum extremal the two ground states would reduce to each other
and the determinant of the matrix would vanish.
ii. A small mixing of the two ground states would give rise to CP breaking and the
first principle description of CP breaking in systems like K − K and of CKM matrix
should reduce to this mixing. K 0 mesons would be CP even and odd states in the
first approximation and correspond to the sum and difference of the ground states.
Small mixing would be present having exponential sensitivity to the actions of CP2
type extremals representing wormhole throats. This might allow to understand
qualitatively why the mixing is about 50 times larger than expected for B 0 mesons.
iii. There is a strong temptation to assign the two ground states with two possible arrows of geometric time. At the level of M-matrix the two arrows would correspond
to state preparation at either upper or lower boundary of CD. Do long- and shortlived neutral K mesons correspond to almost fifty-fifty orthogonal superpositions
for the two arrow of geometric time or almost completely to a fixed arrow of time
induced by environment? Is the dominant part of the arrow same for both or is it
opposite for long and short-lived neutral measons? Different lifetimes would suggest that the arrow must be the same and apart from small leakage that induced by
environment. CP breaking would be induced by the fact that CP is performed only
K 0 but not for the environment in the construction of states. One can probably
imagine also alternative interpretations.
What CPT and CPT breaking do mean?
To begin, recall that CPT breaking would mean that the invariance condition
P (Ψi , Ψf ) = P (θΨf , θΨi )

(11.6.1)
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for probabilities fails to be satisfied. Here θ is a shorthand for CPT. The permutation of
initial and final states is what distinguishes T and thus CPT from ordinary symmetries
and means that T must be realized anti-linearly. In standard QFT P and T have
geometric meaning whereas C does not. In TGD framework also C is geometric and
this means that one must reconsider CPT and its tests based on phenomenological
models.
CPT symmetry is one of the basic tenets of quantum field theory. In particular, the
breaking of CPT requires the breaking of Lorentz invariance in standard QFT framework. In TGD framework the situation is actually different as I realized only now! The
reason is that also charge conjugation is induced by a geometric transformation just like
P and T. C indeed involves complex conjugation of CP2 coordinates, and one can quite
well consider a situation in with T and P are unbroken and only C is broken so that CPT
is broken. What actually happens depends on the detailed action of the symmetries on
the Kähler-Dirac action.

Some factd about zero energy ontology
Before one one can proceed, one must consider in more detail the notion of CD. CD is a
product of CD proper defined as intersection of future and past directed light-cones of
M 4 and of CP2 . The scales of CDs are assumed to come in powers of two of CP2 scale
to explain p-adic length scale hypothesis (one can consider also prime and even integer
multiples). What is of utmost significance is that these scales are macroscopic. Poincare
transformations affect CDs and give rise to a moduli space for CDs. In the case of CP2
this is not the case unless one introduces additional physically well motivated structure.
Quite generally, this additional structure corresponds to the choice choice of quantization
axes for various isometry currents realized at the level of the geometry of world of
classical worlds which decomposes to a union of the geometries assigned with difference
CDs labelled by moduli specifying the choice of quantization axes. In the case of M 4 the
line joining the tips of CD defines a unique rest system with origin at the middle point
of the line and selects quantization axes of energy. The direction of spin quantization
axes is fixed if one introduces preferred plane M 2 physically analogous to the preferred
plane of unphysical polarizations. This plane is fixed also by number theoretical vision
and correspond to hyper-octonionic plane of complexified octonions highly relevant for
the number theoretic formulation of TGD.
One must also introduce CP2 coordinates transforming linearly with respect to U(2)
sub-group. The choice of preferred point of CP2 at either boundary of CD allows to fix
complex coordinates of CP2 only apart from U(2) rotation. Hyper-charge quantization
axes is fixed but color isospin direction remains free. In fact, there is a preferred color
isospin generator leaving the points of the geodesic sphere invariant whereas hypercharge generator induces phase multiplication. By choosing two preferred points of CP2
assigned to the opposite boundaries of CD one can identify the geodesic line connecting
the points as a flow line of color isospin rotations so that the quantization axes are fixed.
The choices of preferred plane M 2 and preferred geodesic sphere S 2 make sense also at
the level of the preferred extremals of Kähler action and this leads to a concrete realization of the conjectured slicing of the space-time surface by string world sheets having
braid strands at their ends at light-like wormhole throats carrying particle quantum
numbers.
The vision about how quantum TGD gives rise to symplectic theory of knots, braids,
braid cobordisms, and of two-knots [K41] led to the realization that preferred extremals
should involve preferred geodesic sphere of CP2 , whose inverse image under imbedding
map assigns to the space-time surface unique complex of stringy two surfaces. These
stringy two-surfaces define braid cobordisms and 2-knots and provide also the reduction of quantum TGD to string theory like structure in finite measurement resolution
meaning the replacement of the orbits of partonic 2-surfaces with braids.
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Charge conjugation is geometric in TGD framework
Charge conjugation in TGD Universe involves complex conjugation of CP2 coordinates.
Complex conjugation commutes with color rotations only if they belong to a subgroup
U (2) ⊂ SU (3) leaving a preferred point of CP2 invariant remaining invariant also under
C just like the origin of M 4 remains invariant under P and T. The situation differs from
that for P and T decisively since the scale of CP2 is about 104 Planck lengths. More
general color rotations acting non-linearly and affecting non-trivially on the preferred
point do not commute with C.
A simple example is provided by sphere. In this case C would act in complex coordinates
as φ → −φ, where φ is the phase angle of the complex coordinate with origin at the
preferred point of the sphere. The action obviously depends on the choice of the preferred
point.
The situation is therefore same as for P and T which also fail to commute with Poincare
group and commute only with Lorentz transformations leaving the selected space-time
point fixed. In TGD framework this point would correspond naturally to the center of
the line connecting the tips of the causal diamond proper.
The action of C on physical states involves a linear transformation of spinors transformation besides the geometric action. The details of this action were discussed already in my thesis for almost three decades ago and the reader can consult the little article titled “The Geometry of CP2 and its Relationship to Standard Model”
(see http://tinyurl.com/y8uowccy) as the appendix of an article series summarizing Quantum TGD published in Prespace-time Journal. What is essential is that the
action of C does does not commute with color rotations acting on the moduli of CD
unless they belong to the U(2) subgroup leaving the geodesic sphere invariant. One can
define C for the two boundaries of CD by requiring that the corresponding geodesic
spheres remain invariant under C.
The action of CPT in zero energy ontology
The action of CPT is following.
i. First one applies P and T. If one assumes that the preferred point of M 4 corresponds to the middle point of the line connecting the tips of CD proper, these
transformations permute upper and lower boundaries of CD proper. This is indeed
a very natural requirement and means that positive and negative energy parts of
the quantum state serving as counterparts of initial and finals states in positive
energy ontology are permuted just as they are permuted in CPT. That T is realized
anti-linearly conforms with the fact that T does leave invariant the boundary of CD
proper.
ii. Next one applies C involving complex conjugation which in general affects the moduli of CD. If C is chosen differently at the opposite boundaries it leaves the corresponding moduli invariant but since CPT involves the permutation of positive and
negative energy states the moduli of CD are changed since the preferred point of
upper boundary becomes the preferred point of the lower boundary and vice versa.
Only in the case that the preferred points assigned to the upper and lower boundaries are same, this does not happen but in this case the quantization axes are not
completely fixed which could make sense only if color isospin of all particles or at
least of the positive (and negative) energy part of the zero energy state vanishes.
Unless the CD has a wave function in the space of moduli which is constant, a spontaneous and a purely geometric breaking of C symmetry is induced. The breaking
would be highly analogous to the breaking of rotational symmetry in spontaneous
magnetization taking place in many particle systems.
iii. The size scale of the CD proper is macroscopic even for elementary particles and
corresponds to the secondary p-adic length scale associated with the particle. For
electron with p = M127 = 2127 − 1 this time scale is T (2, 127) = .1 seconds, defining
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the fundamental biological rhythm. For u and d quarks it is of order millisecond
and for t quark characterized by p ' 293 it is given by
T (2, 93)2−127+93 × T (2, 127) ' 5.8 × 10−12 seconds .
The corresponding length scale is 1.74 mm and is macroscopic. There are very
many particles in CD of this size scale which suggests the possibility of spontaneous
C breaking inducing by a localization in the moduli space of CDs implying the
breaking of the CPT invariance condition. The many-particle system would be
present since the CDs assignable to individual quarks intersect which suggests that
they correspond to common CD. The non-invariance of the many-particle system
under CPT could also result from that under PT operation in macroscopic situation.
Building a quantitative picture about CPT breaking requires answering many questions. The mass difference should depend on the moduli of CDs characterizing color
quantization axes and characterize by preferred points of CP2 assigned with future and
past boundaries of CD. A natural measure for the symmetry breaking is defined by the
geodesic distance -call it s - between the preferred points so that one expects that the
mass of a fermion assigned with a particular CD involves a small contribution depending
on s. This distance is however not changed in C.
The additional contribution to the mass should contain a term which is odd under C
(most naturally), CP, or CPT. Could the oddness come from the spontaneous symmetry
breaking giving rise to an interaction term with environment affecting the mass of
particle and antiparticle in different manner? This oddness would be analogous to the
oddness of the interaction energy of magnetic dipole with an external magnetic field.
Questions
This picture inspires several questions.
i. Can one consider C breaking without the presence of P and T breakings? If the
CP breaking assigned with kaon-antikaon system and other neutral meson systems
is CP breaking in TGD sense, does it involve the breaking of T at all? The answers
to these questions are not obvious since the tests of discrete symmetries rely on the
standard view about charge conjugation lacking totally the geometric aspect of C
in TGD Universe.
ii. Could it be that the different topological mixings of U and D quarks inducing in
turn CKM mixing are induced by C breaking basically so that the mass differences
would correlate directly with CKM mixing parameters?
iii. Is the geometric view about about breaking of C relevant for the understanding of
matter antimatter asymmetry? I have considered several models fro the generation
of matter antimatter asymmetry, one of them assuming that antimatter is eaten
by long cosmic strings with breaking induced by the Kähler electric fields inducing small difference in the densities of fermions and anti-fermions outside cosmic
strings. Could matter antimatter asymmetry be mathematically analogous to chiral
selection in living matter so that P would be only replaced with C? Whether the
geometric view about C is relevant for the understanding of the matter antimatter asymmetry must be however left open question. Different masses for fermions
anti-fermions could however help to understand why this kind of separation takes
place.
iv. C acts in CP2 and in color degrees of freedom. Does this mean that for non-colored
states C is not broken and that CP breaking is present only for quarks but not for
leptons? The answers to these questions are not obvious since in TGD framework
M 4 × CP2 spinor harmonics correspond to color partial waves which have wrong
correlation with electro-weak quantum numbers. Only covariantly constant righthanded neutrino spinor generating supersymmetry can move in color single partial
wave. The physical color assignments are the result of a state construction involving
super-conformal algebra with algebra elements carrying color.
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11.6.3 An Attempt To Build A Concrete Model For The Breaking Of Discrete Symmetries
In the following a concrete proposal for the mechanism for the breaking of discrete
symmetries is considered in the case of hadrons.
How zero energy ontology could help?
The experimental findings about breaking of CP and other discrete symmetries suggest
that new physics is involved and zero energy ontology (ZEO) suggests what might be
involved. In ZEO the notion of causal diamond (CD) is central. Causal diamonds form a
fractal hierarchy with CDs within CDs. The most general assumption is that size scales
of CDs come as integer multiples of CP2 size scale. p-Adic length scale hypothesis would
suggest that the integers correspond to powers of two but the recent construction of Umatrix and M-matrices leaves only integer multiples as the only mathematically elegant
option [K59, K43]. Discrete Lorentz boosts of CDs are allowed and the condition that the
geometry of CDs represents symmetry breaking representing the choice of quantization
axes implies rather rich moduli space for CDs.
One can say that WCW decomposes into a union of WCWs associated with various CDs
and that the choice quantization axes in quantum measurement implies a localization to
a WCW with definite quantization axes. The geometry of CD breaks Lorentz invariance
although the entire WCW geometry is Poincare and color invariant.
In order to obtain non-trivial fermionic propagators one must add to Kähler-Dirac action Chern-Simons Dirac term at partonic orbits at which the signature of the induced
metric changes. By super-symmetry one must add Chern-Simons term to Kähler action
cancelling that the partonic Chern-simons terms so that only Chern-Simons terms localized at the space-like ends of the space-time surfaces survive. What is important that
Chern-Simons and Chern-Simons-Dirac terms explicitly break CP and T symmetries
and one can understand CP breaking at elementary particle level and has also hopes
about understanding of matter antimatter asymmetry. Already the reduction of Kähler
action to Chern-Simons terms by the vanishing of j · A term and weak form of electric
magnetic duality could give rise to CP breaking.
Even CPT could be broken since the breaking of Lorentz invariance necessary for CPT
breaking takes place. If this mechanism is at work the secondary p-adic time scale
characterizing the CD characterizing particle should characterize the energy and time
scales of CP breaking. This is quite strong a prediction since in the existing models one
must take CP breaking parameters as given and coded by the CKM matrix.
i. In the case of K − K system the scale of the mass splitting comes out correctly:
the scale for the mass difference between short and long lived kaons is about 10−6
eV and corresponds to the Mersenne prime M107 characterizing hadrons.
ii. For B − B the secondary p-adic length scale deduced from the mass difference of
order 10−2 eV would however correspond to M89 , which suggests that M89 hadron
physics is somehow involved. Could M89 hadrons appear in the loops giving rise to
the symmetry breaking? This kind of difference between kaons and B mesons looks
strange.
Zero energy ontology implies that quantum theory can be regarded as a square root
of thermodynamics in a well-define sense. M -matrices forming the rows of the unitary
U -matrix acting between zero energy states define the counterpart of ordinary S-matrix
and are expressible as products of Hermitian square root of density matrices and unitary
S-matrix. An attractive hypothesis is that Hermitian square roots of density matrices
commute with S-matrix and therefore form a symmetry algebra of S-matrix. One can
even consider the possibility that the M-matrices define Kac-Moody type algebra with
integer powers of S-matrix defining the analog for the powers of phase for Kac-Moody
algebras. This hierarchy of U-matrices would make sense for the hierarchy CDs for
which scales are integer multiples of a fundamental scale. One could say that zero
energy states would represent their own symmetry algebra.
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ZEO leads to a variant of entropic gravity [B11] in which one does not assume that
space-time emerges and that gravitons are absent [K94], [L19] Gravitons arriving along
flux tubes from the source are simply thermalized when the distance of the source is
much longer than the wavelength of the gravitons and this explains the basic formulas
for the temperature and entropy. The arguments however apply also to electromagnetic
interaction [B37] but imply that the temperature is negative either for particle or antiparticle. This suggests that thermal instability of antimatter for the standard arrow
of geometric time and that antimatter resides at space-time regions with opposite arrow
of geometric time. The arrow of geometric time in turn would be realized at the level of
quantum states as a property of zero energy states. One can localize either the future
or past part of zero energy state so that it has well define particle number and various
other quantum numbers and represents naturally the incoming state of particle reaction.
The natural expectation is that the breaking of CP and T at the fundamental level
relate to the thermodynamical instability of the antimatter explaining also why it is so
difficult to manufacture dark matter in laboratory. Also the recently observed strange
behavior of positronium atom [C174, C139] could relate to this asymmetry.
This framework suggests also a more concrete view abot the breaking of discrete symmetries.
i. Gravitons are still there but in thermal equilibrium at flux tubes along which their
travel and also photons are in similar thermal equilibrium so all interactions are
entropic in TGD sense as the vision about quantum theory as a square root of
thermodynamics suggests.
ii. Entropic gravity and electromagnetism would provide a phenomenological view
about what happens and would also suggests a general view about how discrete
symmetries break down. Charged matter and antimatter could obey different arrow
of geometric time by the requirement of thermal stability (temperatures are proportional to the normal component of electric field have opposite sign for charged
particle and antiparticle).
iii. The arrow of geometric time is a property of zero energy states rather than dynamics
and realized as a property of M-matrix for which states are localized with respect
to various quantum numbers (in particular particle- and fermion numbers) at the
second end of the causal diamond defining the counterpart of initial state).
CPT, T and CPT breaking in zero energy ontology
CPT breaking [B3] requires the breaking of Lorentz invariance. Zero energy ontology
could therefore allow a spontaneous breaking of CP and CPT. This might relate to
matter antimatter asymmetry at the level of given CD.
There is some evidence that the mixing matrices for neutrinos and antineutrinos are
different in the experimental situations considered [C17, C111]. This would require
CPT breaking in the standard QFT framework. In TGD p-adic length scale hypothesis
allowing neutrinos to reside in several p-adic mass scales. Hence one could have apparent
CPT breaking if the measurement arrangements for neutrinos and antineutrinos select
different p-adic length scales for them [K22].
Could one understand the breaking of CP and T at fundamental level in TGD framework?
i. In standard QFT framework Chern-Simons term breaks CP and T. Kähler action
indeed reduces to Chern-Simons terms for the proposed ansatz for preferred extremals assuming that weak form of electric-magnetic duality holds true. This does
not however need mean CP breaking. One must however add to the Kähler-Dirac
action Chern-Simons Dirac term at the parton orbits in order to obtain non-trivial
fermion propagator by requiring that spinor modes are generalized eigenstates of
C-S-D operator with eigenvalues pk γk given by virtual momenta. One obtains thus
perturbation theory and a connection with twistor Grassmannian approach. By
supersymmetry one must add Chern-Simons term to Kähler action too so that it
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reduces to Chern-Simons terms at the space-like ends of space-time surface by weak
form of electric magnetic duality. Chern-Simons Dirac terms could be responsible
for the breaking of CP and T symmetries as they appear in CKM matrix.
In TGD framework one must however distinguish between space-time coordinates
and imbedding space coordinates. CP breaking occurs at the imbedding space level
but instanton term and Chern-Simons term are odd under P and T only at the
space-time level and thus distinguish between different orientations of space-time
surface. Only if one identifies P and T at space-time level with these transformations at imbedding space level, one has hope of interpreting CP and T breaking
as spontaneous breaking of these symmetries for Kähler action and basically due
to the weak form of electric-magnetic duality and vanishing of j · A term for the
preferred extremals. This identification is possible for space-time regions allowing
representation as graphs of maps M 4 → CP2 .
ii. The GRT-QFT limit of TGD obtained by lumping together various space-time
sheets to a region of Minkowski space with effective metric defined by the sum of
Minkowski metric and deviations of the induced metrics of sheets from Minkowski
metric. Gauge potentials for the effective space-time would identified as sums of
gauge potentials for space-time sheets. At this limit the identification of P and T at
space-time level and imbedding space level would be natural. Could the resulting
effective theory in Minkowski space or GRT space-time break CP and T slightly? If
so, CKM matrices for quarks and fermions would emerge as a result of representing
different topologies for wormhole throats with different topologies as single point
like particle with additional genus quantum number.
iii. Could the breaking of CP and T relate to the generation of the arrow of time?
The arrow of time relates to the fact that state function reduction can occur at
either boundary of CD [K4]. Zero energy states do not change at the boundary
at which reduction occurs repeatedly but the change at the other boundary and
also the wave function for the position of the second boundary of CD changes in
each quantum jump so that the average temporal distance between the tips of CD
increases. This gives to the arrow of psychological time, and in TGD inspired theory
of consciousness “self” as a counterpart of observed can be identified as sequence of
quantum jumps for which the state function reduction occurs at a fixed boundary
of CD. The sequence of reductions at fixed boundary breaks T-invariance and has
interpretation as irreversibility. The standard view is that the irreversibility has
nothing to do with breaking of T-invariance but it might be that in elementary
particle scales irreversibility might manifest as small breaking of T-invariance.
Anomalously high asymmetry production of top pairs in proton-antiproton
collisions and CP breaking in B-Bbar system
The above theoretical arguments do not help in attempts to build a concrete model for
CP breaking in say B-Bbar system. Something more concrete is needed. Here the two
anomalies discovered in the production of top pairs in ppbar collisions at Tevatron come
in rescue. At first they do not seem to have anything to do with the CP breaking in
BBbar system.
i. Both Jester (see http://tinyurl.com/y7ybabsj) and Lubos Motl (see http://
tinyurl.com/y8epcrmb) tell about top quark related anomaly in proton-antiproton
collisions at Tevatron reported by CDF collaboration. The anomaly has been actually reported already last summer but has gone un-noticed. For more detailed data
see [C16] (see http://tinyurl.com/ybvzrtpa).
What has been found is that the production rate for jet pairs with jet mass around
170 GeV, which happens to correspond to top quark mass, the production cross section is about 3 times higher higher than QCD simulations predict. 3.44 sigma deviation is in question meaning that its probability is same as for the normalized random
variable x/σ to be larger than 3.44 for Gaussian distribution exp(−(x/σ)2 /2)/(2πσ 2 )1/2 .
Recall that 5 sigma is regarded as so improbable fluctuation that one speaks about
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discovery. If top pairs are produced by some new particle, this deviation should be
seen also when second top decays leptonically meaning a large missing energy of
neutrino. There is however a slight deficit rather than excess of these events.
ii. There is also a second anomaly involved with top pair production. Jester (see
http://tinyurl.com/4b622rx) reports new data [C163] about the strange toppair forward-backward asymmetry in top pair production in p-pbar collisions already mentioned [C63]. In Europhysics 2011 conference D0 collaboration reported
the same result. CMS collaboration found however no evidence for the asymmetry
(see http://tinyurl.com/ydxe5n8o) in p-p collisions at LHC [C73]. For top pairs
with invariant mass above 450 GeV the asymmetry is claimed by CDF to be stunningly large 48+/-11 per cent. 3 times more often top quarks produced in qqbar
annihilation prefer to move in the direction of quark. Note that this experiment
would have reduced the situation from the level of ppbar collisions to the level
of quark-antiquark collisions and the negative result suggests that valence quarks
might play an essential role in the anomaly.
The TGD based explanation for the finding would relation on the flavor octet of gluons
and the new view about Feynman diagrams.
i. The identification of family replication phenomenon in terms of genus of the wormhole throats [K10] predicts that family replication corresponds to a dynamical SU(3)
symmetry (having nothing to do with color SU(3)or Gell-Mann’s SU(3)) with gauge
bosons belonging to the octet and singlet representations. Ordinary gauge bosons
would correspond besides the familiar singlet representation also to exotic octet
representation for which the exchanges induce neutral flavor changing currents in
the case of gluons and neutral weak bosons and charge changing ones in the case
of charged gauge bosons. The exchanges of the octet representation for gluons
could explain both the anomalously high production rate of top quark pairs and
the anomalously large forward backward asymmetry! Also electroweak octet could
of course contribute.
ii. One could say that top quark from the geometric future transforms at exchange
line to space-like t-quark (genus g = 2) and returns to future. The quark from
the geometric past does the same and returns back to the past as antiquark of
antiproton. In the exchange line this quark combines with t-quark to form a virtual
color octet gluon.
This mechanism could also give additional contributions to the mechanism generating
CP breaking since new box diagrams involving two exchanges of flavor octet weak boson
contribute to the mixings of quark pairs in mesons. The exchanges giving rise to an
intermediate state of two top quarks are expected to give the largest contribution to
the mixing of the neutral quark pairs making up the meson. This involves exchange
of a member W boson flavor octet boson analogous to the usual exchange of the flavor
singlet boson. This might relate to the reported anomalous like sign muon asymmetry
in BBbar decay [?]uggesting that the CP breaking in this system is roughly 50 times
larger than predicted by CKM matrix. The new diagrams would only amplify the CP
breaking associated with CKM matrix rather than bringing in any new source of CP
breaking. This mechanism increases also the CP breaking in KKbar system known to
be also anomalously high.

11.7 TGD Based Explanation For The Anomalously
Large Direct CP Violation In K → 2Π Decay
KTeV collaboration in Fermilab [C126] has measured the parameter |0 /| characterizing
the size of the direct CP violation in the decays of kaons to two pions. The value of
the parameter was found to be |0 /| = (2.8 ± .1)10−3 and is almost by an order of
magnitude larger than the naı̈ve standard model expectations based on the hypothesis
that direct CP breaking is induced by CKM matrix. In [C185] it was shown that the
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value of the parameter could be understood without introducing any new physics if the
value of running strange quark mass at mc is about ms (mc ) = .1 GeV and md << ms
holds true.

11.7.1

How To Solve The Problems In TGD Framework

Problems
Also in TGD framework the situation looks confusing.
i. The TGD based prediction for the value of the CP breaking parameter for CKM
matrices satisfying the constraints coming from p-adicity is within the experimental
constraints 1.0 × 10−4 ≤ J ≤ 1.7 × 10−4 coming from the standard model so that
J produces no problems (see [K25] or Appendix for the CKM matrix as predicted
by TGD).
ii. The dominating contributions of the chiral field theory to Re(0 /) are proportional
to 1/(ms + md )2 . The predictions of p-adic thermodynamics for s and d quark
masses for k(d) = k(s) = 113 are md (113) = ms (113) = 90 MeV and if this mass
can be interpreted as ms (mc ) ' 0.1 GeV, the prediction is too small by a factor
1/4. Even worse, if ms corresponds to the scaled up mass ms (109) ' 360 MeV of
the s quark inside kaon, the situation changes completely and 0 / is too small by
a factor ∼ 1/4.52 ' .05.
iii. TGD predicts that family replication phenomenon has also a bosonic counterpart.
In the original scenario gauge bosons had single light-like wormhole throat as spacetime correlate just like fermions and two exotic gluons were predicted corresponding
to g = 1 and g = 2. The assumption that fermions at partonic space-time sheets
are free fermions however forces to identify gauge bosons as wormhole contacts
such that the two light-like wormhole throats carry quantum numbers of fermion
and anti-fermion. Gauge bosons can be arranged into SU(3) singlet corresponding
to ordinary gauge bosons and octet, where SU(3) states correspond to pairs (g1 , g2 )
of handle numbers 0 ≤ gi ≤ 2.
The experimental non-existence of flavor changing currents suggest strongly that
the masses of octet gauge bosons are high. This requires that they correspond
to L(89) or even shorter p-adic length scale. Hence these gauge bosons are not
interesting from the point of view of CP breaking.
iv. The recent breakthrough in p-adic mass calculations for hadrons [K25] led also
the understanding of non-perturbative aspects of hadron physics in terms of supersymplectic bosons which correspond to single light-like wormhole throat so that
they couplings to quarks in the sense of generalized Feynman diagrams do not
imply flavor changing neutral currents.
The basic prediction is that topologically mixed super-symplectic bosons are responsible
for the most of the mass of proton and that it is possible to deduce the super-symplectic
content of hadrons from their masses if their topological mixing is assumed to be same as
for U type quarks. The masses of these bosons correspond to p-adic length scale L(107)
and are small in length scale L(89) relevant for CP breaking. These observations suggest
that higher gluon genera of the earlier model should be replaced with super-symplectic
gluons.
In the standard diagrammatic expression for the CP breaking parameter gluon propagators are replaced by a sum of ordinary massless and two exotic gluon massive gluon
propagators. The fact that the matrix elements relevant for the estimation of the CP
breaking parameter are estimated at momentum transfer of order µ = mW , implies that
gluon masses do not significantly change the contribution of the super-symplectic gluons
to the amplitude apart from the change in value of color coupling strength. Hence the
penguin amplitudes are simply multiplied by some factor X determined by the number
of super-symplectic gluons light in length scale L(89) and by the coupling constants of
these gluons and the ratio 0 / is multiplied by a factor X. Unfortunately, it is not
possible to calculate this factor at this stage.
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The model based on exotic gluons and current quarks
It is essential that exotic gluons correspond to single light-like wormhole throat and
thus have family replication phenomenon analogous to that of fermions. Two models
can be considered.
i. The original model based on the assumption that ordinary gauge bosons correspond
to single wormhole throat. There are good reasons to believe that this interpretation
is wrong.
ii. The new model based on super-symplectic exotic gluons whose number is not known
but is multiple of 3. The couplings to quarks are not known. Also color single supersymplectic bosons could be also present.
1. The difficulty of the original model
The problem of this model is that assuming exotic gluons in sense 1) 0 / would be still
by a factor.15 too small for ms (109) relevant for kaons.
The basic observation is that the gluon contribution is proportional to 1/(ms + md)2
and for ms (113) instead of ms (119) 0 / would be a fraction (16 + 1)/2 = 8.5 large
and by a factor 1.275 larger than the experimental value since md = ms rather than
md << ms holds true.
This observation stimulated the idea that a transition s109 → s113 occurs before electroweak process and would have an interpretation as a transformation of a constituent
quark to current quark. This requires that the amplitudes for the transition s(109) →
s(113) and its reversal are near to unity.
The question is why s(109) → s(113) constituent-current transformation should occur
in electro-weak interactions and why it occurs with amplitude A ∼ 1. Of course it could
also be that also d quark is transformed to a very low mass variant with mass about 4
MeV predicted by chiral field theory. This would correspond to k = 125. As a result
the amplitude would be multiplied by a factor 4 and A = 1/2 would become possible.
For some reason the flux tubes feeding em gauge flux of s quark to k = 109 space-time
sheet would be transferred to nuclear space-time sheets with k = 113 before the electroweak scattering process responsible for the CP breaking. Note that the value of strange
quark mass about 176 MeV deduced from τ lepton decay rate corresponds to ms (111)
in a good approximation. Also this indicates that various scaled up variants of quark
masses can appear in the electro-weak dynamics as intermediate states.
The assumption for the proportionality 0 / ∝ 1/(ms + md )2 derivable from chiral field
theory can be criticized. Finding a justification for this assumption seems to be a nontrivial challenge since it is not at all clear that chiral field theory based on SU (3) flavor
symmetry makes sense in TGD context.
2. Super-symplectic variant of the original model
For super-symplectic gluons one can predict only that the relevant gluon exchange amplitude increases by a factor
X=

X

αs (Bi,j )) ,

i,j

where αs (Bi,j ) is the color coupling strength to j: th generation of the super-symplectic
gluon Bi . In principle also color neutral super-symplectic bosons having spin might
contribute.
For αs (Bi,j ) = αs (Bi ) one would have
X=3

X

αs (Bi ) .

i

If the number of light super-symplectic gluons large enough, it is possible to have a large
enough value of X to compensate for the factor .14 so that the assumption about the
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transformation s(109) → s(113) from constituent quark to current quark would become
un-necessary. X ∼ 8 would be needed.
Recall that super-symplectic algebra is analogous to Kac-Moody algebra in the sense
that finite-dimensional Lie-group is replaced with symplectic group. Super-symplectic
gluons correspond to states created by super-algebra generators, which are in one4
one correspondence Hamiltonians of δM+
× CP2 subject to some additional conditions
making subset of states zero norm states. Therefore more than single octet of supersymplectic bosons and also higher dimensional representations might be possible.
All depends on which of these super-symplectic states correspond to light particles. This
in turn depends on the details of super-symplectic representations (they correspond to
the states of negative conformal weight annihilated by Virasoro generators Ln , n < 0
[K60] ). Here the help of a mathematician specialized to the representations of superconformal algebras would be needed.
At this moment it is not possible to know whether the transformation to current quark is
needed or even possible and this motivates the following discussion of the basic notions
and chiral field theory approach in more detail in order to clarify what is involved.

11.7.2

Basic Notations And Concepts

Until 1963 CP symmetry was believed to be an exact symmetry of Nature. In this year
it was however observed by Christensen, Cronin, Fitch and Turlay that CP symmetry
is violated in hadronic decays of neutral kaons. In order to interpret the experimental
evidence one must consider the strong Hamiltonian eigen states K 0 and its CP conjugate
K̄ 0 as a mixture of physical short lived KS decaying predominantly to two pions and
long-lived KL decaying mostly semi-leptonically and into 3 pion states. Two- and three
pion final states have odd and even CP parity. In absence of CP breaking one would
identify KS and KL as the CP even and CP odd states

K1

=

K2

=

√
(K 0 + K̄ 0 )/ 2 ,
√
(K 0 − K̄ 0 )/ 2 .

(11.7.0)

What was observed in 1963 was that KL decays also to two-pion final states.
There are two mechanisms of CP violation. The indirect mechanism involves a slight
mixing of K 1 and K 2 characterized by a complex mixing parameter ¯

KS

=

KL

=

K1 + ¯K2
,
1 + |¯
|2
K2 + ¯K1
.
1 + |¯
|2

(11.7.0)

Direct mechanism involves the direct decay of K2 to two pion state and is induced by
the weak interaction Lagrangian LW directly. Both mechanisms can be parameterized
in terms of the small ratios

η00

=

η+−

=

hπ 0 π 0 |LW |KL i
,
hπ 0 π 0 |LW |KS i
hπ + π − |LW |KL i
.
hπ + π − |LW |KS i
(11.7.-1)

Here LW represents the ∆S = 1 part of the weak Lagrangian. The equations for η
parameters can be also written as
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η00
η+−

20
√ '  − 20 ,
1−ω 2
20
√ '  + 0 .
= −
1 + ω/ 2
= −

(11.7.-1)

Parameter ¯ is simply related to . The parameter ω measures the ratio

|ω| =

|h(ππ)I=2 |LW |KS i|
' 1/22.2 .
|h(ππ)I=0 |LW |KS i|

(11.7.0)

I = 0 and I = 2 denote the isospin states of final state pions.
The CP violating parameters are expressible in terms of KS,L decay amplitudes as



=

0

=

h(ππ)I=0 |LW |KL i
,
h(ππ)I=0 |LW |KS i


 h(ππ)I=2 |LW |KL i h(ππ)I=2 |LW |KS i
√
−
.
2 h(ππ)I=0 |LW |KL i h(ππ)I=0 |LW |KS i

(11.7.0)

By Watson’s theorem one can write the generic amplitudes for K 0 and K̄ 0 decay as
h(ππ)I |LW |K 0 i = −iAI exp(iδI ) ,
h(ππ)I |LW |K̄ 0 i = −iA∗I exp(iδI ) ,

(11.7.0)

where the phases δI arise from the pion finals state interactions. In good approximation
(|¯
ImA0 |  |ReA0 |, |¯
|2  1) one can write

0
ω

ImA2
ImA0
ω
= exp(i(π/2 + δ2 − δ1 )) × √ × (
−
) ,
ReA2
ReA0
2
ReA2
=
.
ReA0

(11.7.0)

With the approximations used one obtains a relationship

0

= ¯ + i

ImA0
.
ReA0

(11.7.1)

One can find a more detailed representation of the subject in various review articles
[C196, C44, C43]. The standard model of CP breaking is based on the presence of
complex phases in CKM matrix.
The value of the parameter  describing indirect CP violation is well established and
given by
|| = (2.266 ± .017) × 10−3 .
The phases of  and 0 are in good approximation identical so that their signs are same.
The value of Re(0 /) was finally established by KTeV collaboration at Fermi Lab to be
0
Re( ) = (2.8 ± .01) × 10−3 .

The measurement is consistent with the result of the CERN experiment NA31, which
has also found a non-vanishing value for this parameter.
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There are several theories of CP violation. The so called milliweak theory predicts
vanishing value of 0 . The model based on the presence of CP breaking phases in threegeneration CKM matrix predicts non-vanishing value for the parameter. Also Higgs
particles can effect the value of the parameter in standard model. Standard model
predicts this parameter to be nonzero but the expectation has been that the value is
roughly ten times smaller than the measured value.
A possible explanation of the effect which does not introduce new physics is based on
the hypothesis that the mass of s quark is smaller than the mass of d quark: the running
mass ms (2 GeV ) ' .1 GeV is needed to explain the anomaly if CP breaking parameter
J is taken to be in the range (1 − 1.7) × 10−4 claimed in [C47] to follow from unitarity.
There is however experimental evidence from τ decays for ms (m(τ )) = (172 ± 31) M eV .
This suggests that some new short length scale physics is involved.
Standard model prediction for Re(0 /) [C185] can be summarized in a handy formula
h

i
0
1/2
3/2
,
Re( ) = J × −1.35 + Rs A6 B6 + A8 B8

8
A6 = 1.1|rZ
| ,
A8

=

8
1.0 − .67|rZ
| .

(11.7.0)

The subscript Z refers to renormalization mass mZ . The parameter Rs is given by

Rs

'

150 M eV
ms (mc ) + md (mc )

2
.

(11.7.1)

0

The dominating contributions to Re(  ) come from second (A6 ) and third terms (A8 ).
These terms correspond to gluonic and electro-weak penguin diagram contributions to
the CP breaking decays and of opposite sign. Clearly, the sum of the two terms is
roughly one third of the gluonic term alone.

11.7.3 Separation Of Short And Long Distance Physics Using
Operator Product Expansion
The calculation of CP breaking parameters involves physics in very wide energy scale.
The strategy is to derive low energy effective action by functionally integrating over
the short distance effects coming from energies larger than mc . This leads to Wilson
expansion for the low energy electro-weak effective Lagrangian
Llow,W

= −

X

Ci (µ, mc , mb , mt , mW , ...)Qi (µ) .

(11.7.2)

i

The coefficients Ci of the operators Qi in the low energy effective action for light quarks
(u, d, s) are functionals of various parameters characterizing short distance physics. The
coefficients Ci (µ) in Wilson expansion of electro-weak effective action can be written as

Ci (µ)

=

GF
∗
√ Vud Vus
[xi (µ) + τ yi (µ)] .
2

(11.7.3)

Here xi and yi are Wilson coefficients. Vij denotes CKM matrix and τ is defined
∗
as τ = Vtd Vts∗ /Vud Vus
. Vtd Vts∗ is identical with CP breaking invariant J in standard
parameterization. Coefficients yi (µ) summarize short distance CP breaking physics and
in order to determine CP breaking one needs to consider only the coefficients yi .
Long distance physics is the difficult part of the calculation since it involves calculation
of matrix elements of the quark operators Qi between initial kaon state and final twopion state. There are several approaches to the problem. Chiral field theory [C172]
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is phenomenological approach and relies on the idea that low energy effective action
for quarks can be expressed in a good approximation using meson fields. Lattice QCD
is believed to provide a more fundamental direct method for the calculation of the
correlation functions of Qi .
Short distance physics
In present initial states are kaons and µ denotes the momentum exchange for a typical
diagram associated with the scattering of ds̄ quark to final state consisting of of light
quarks. µ is taken to be of order mW and by using renormalization group equations
one can deduce the values of the coefficients Ci (µ) at energy scales, typically of order 1
GeV.
The basic standard diagrams contributing to the ∆S = 1 and ∆S = 2 processes are
given by the figure below.
The quark operators Qi appearing in the expansion can be classified. In present case
the list of relevant operators correspond to various terms possible in four-fermion Fermi
interaction and are given by the following list.

Q1

=

(s̄α uβ )V −A (ūβ dα )V −A ,
(11.7.3)

Q2

=

(s̄u)V −A (ūd)V −A ,

=

X
(s̄d)V −A
(q̄q)V ∓A ,

(11.7.3)
Q3,5

q

Q4,6

=

(s̄α dβ )V −A

X

(q̄β qα )V ∓A ,

q

Q7,9

=

Q8,10

=

X
3
(s̄d)V −A
êq (q̄q)V ±A ,
2
q
X
3
(s̄α dβ )V −A
êq (q̄β qα )V ±A .
2
q

(11.7.1)

α, β denote color indices and êq denote quark charges. V ±A refers to the Dirac structure
γµ (1 ± γ5 ). Q2 is induced by mere W exchange whereas gluonic loop corrections to Q2
induce Q1 . QCD through penguin loop induces the penguin operators Q3−6 . Electroweak loops, in which penguin gluon is replaced with electro-weak gauge boson, induce
Q7,9 and part of Q3 . The operators Q8,10 are induced by the QCD renormalization of
the electro-weak loop operators Q7,9 .
As far as the calculation of 0 / is considered, the dominating contributions come from
¯ , where V is either
the penguin diagrams, which are proportional to the vertices sdV
gluon or electro-weak gauge boson and to the propagator denominator of V with momentum squared equal to momentum exchange between initial state quarks, which equals
to (pi − pj )2 = µ2 . For option 2) the standard gluon contribution is replaced with a
sum over contributions of ordinary and exotic gluons. For option 1) situation is more
complicated since g > 0 gluons can change the genus of the fermion.
The operators Q6 and Q8 give the dominating contributions to 0 / and these contributions are competing. Q6 and Q8 differ only by the fact that in Q8 penguin gluon is
replaced with penguin electro-weak boson γ or Z 0 . For neutral kaon initial state electroweak penguin diagram is proportional to the product eq eq̄ = −e2q of the virtual quark
whereas in case of gluons the factor T r(T a T a ) > 0 appears. Therefore the contributions
associated with Q6 and Q8 are of opposite sign and mutually competing.
Detailed calculations lead to the formula already described:
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h

i
0
1/2
3/2
Re( ) = J × −1.35 + Rs A6 B6 + A8 B8
,

8
A6 = 1.1|rZ
| ,
A8

=

8
1.0 − .67|rZ
| .

(11.7.0)

for Re(0 /). The coefficients B6 and B8 code the long distance physics and their values
do not differ too much from B6 = B8 = 1. Clearly, the sum of Q6 and Q8 contributions is
roughly one third of the Q6 contribution alone. From the general structure of Feynman
diagrams it ss clear that for option 2) the effect caused by the introduction of exotic
gluons is in a good approximation a simple scaling of the Q6 contribution by a factor
3 in the approximation that gluon masses are negligible as compared to W mass, and
that this new contribution can enhance direct CP breaking dramatically.
Chiral field theory approach
The basic problem is to calculate electro-weak matrix elements of the quark effective action between hadronic states. These matrix elements reduce to vacuum expectation values of various quark bi-linears appearing in four-fermion Fermi interaction Lagrangian.
This problem is very difficult since non-perturbative QCD is involved in an essential
manner. An attempt to circumvent this problem [C172] is based on the hypothesis
that low energy effective action for quarks is essentially equivalent with the low energy
effective action, where pseudo-scalar meson fields as dynamical fields and scalar, vector
and axial vector meson fields occur as external fields not subject to variations. Quark
masses are identified as vacuum expectation values of the external scalar meson field.
The approximate symmetry of the chiral field theory is flavor SU (3)L × SU (3)R which
is exact symmetry at the limit of massless quarks. This symmetry can be realized if
mesons are represented by an element U of SU (3) regarded as a dynamical field: the
two SU (3): s act on U from left and right respectively. For small perturbations around
ground state mesons correspond to various Lie-algebra generators of SU (3). Chiral field
develops vacuum expectation value. If vacuum expectation is not proportional to unit
matrix it corresponds to the presence of coherent states associated with the neutral
components of the pseudo scalar meson field.
The basic formulation of the chiral field theory approach is described in [C172] whereas
its application to the calculation of 0 / is described in [C44]. The strong part of the
chiral action [C172] is given by the formula

LS

=
+


f2 
T r{Dµ U † Dµ U } + 2B0 T r{(s − ip)U } + 2B0∗ T r{(s + ip)U † }
4
1
H0 Dµ θDµ θ .
(11.7.0)
12

Dµ denotes the covariant derivative defined by the couplings to the left and right handed
gauge bosons Lµ and Rµ defined as superpositions Rµ = vµ +aµ and Lµ = vµ −aµ of the
vector and axial vector mesons fields v and a. Action contains three coupling constant
parameters: f , B0 and H0 , which is present because the presence of color instantons
can lead to a non-vanishing value of the θ parameter in QCD. In P
lowest order f is pion
2
decay constant fπ and B0 sets the scale in the formula MM
= B0 ( i m(qi )) inspired by
broken SU (3) symmetry and resulting as a prediction of the model. The components for
the non-vanishing vacuum expectation value for the external scalar field are identified
as quark masses. The generation of vacuum expectation value of s implies that quark
condensates are developed:
hq¯i qj i =

B0 f 2 δi,j ,

B0 f 2

2
fK
m2K
fπ2 m2π
=
.
(mu + md )
(ms + md )

=

(11.7.0)
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Note that the strong part of the chiral Lagrangian is invariant under the overall scaling
of quark masses.
The weak part of the chiral action corresponds to the sigma model counterpart of the
most general electro-weak four-fermion action. The recipe for constructing this action
is described in more detail in [C44] and can be summarized as rules associating with
various fermionic bi-linears appearing in the generalized Fermi action corresponding
terms of the weak part of the chiral action. In particular, the following rules hold true:
j µ i
q̄L
γ qL

→

j µ i
q̄R
γ qR

−ifπ2 (U Dµ U † )ij ,

 2
f
U + higher order terms
,
→ −2B0
4
ij
 2

f †
U + higher order terms
→ −2B0
.
4
ij

j µ i
q̄L
γ qR
j µ i
q̄R
γ qL

−ifπ2 (U † Dµ U )ij ,

→

(11.7.-2)

The chiral counterparts of the left and right handed currents are proportional to BM and
depend on the ratios of quark masses only. The terms giving dominating contribution
to the ∆S = 1 part of the weak effective action involve the chiral counterparts of terms
j i
q̄L
qR breaking chiral invariance. The chiral counterparts of these terms are proportional
to B and, in accordance with expectations, fail to be invariant under the overall scaling
of quark masses. The higher order contributions to these terms are important for the
calculations of direct CP breaking effects but are not written explicitly here because
they are not needed in the estimate for how the predictions of the standard model are
modified in TGD framework. The terms breaking chiral symmetry give rise to 0 / a
contribution, which is proportional to 1/(ms + md )2 .
The ∆S = 2 part of effective quark action is involved with K 0 → K̄ 0 transitions and
the corresponding quark operator is given by

QS2

=

(s̄L γ µ dL )(s̄L γ µ dL ) .

(11.7.-1)

The chiral counterpart of this operator is obviously invariant under overall scaling of
quark masses.
Does chiral theory approach make sense in TGD framework?
The TGD based model for the large direct CP breaking based on exotic gluons and
on the transformation of s109 to s113 has been already discussed. The open question is
whether the 1/(ms +md )2 proportionality of the CP breaking amplitude can be justified
in TGD context where it is not at all clear that chiral theory approach makes sense.
In standard model framework chiral field theory provides a phenomenological description
of the low energy hadron physics and makes possible the calculation of various hadronic
matrix elements needed to derive the predictions for CP breaking effect.
Chiral field theory limit however involves some questionable assumptions about the
relationship between QCD and low energy hadron physics.
i. SU (3) symmetry is assumed and allows description of light mesons in terms of SU (3)
valued chiral field U possessing SU (3)R × SU (3)R symmetry broken only by quark
mass matrix. In TGD framework SU (3) symmetry is purely phenomenological
symmetry since the fundamental gauge group is the gauge group of the standard
model.
ii. The generation of quark masses is described as effective spontaneous symmetry
breaking caused by the vacuum expectation value of SU (3) Lie-algebra valued external scalar field s. Quark masses are identified as the components of the diagonal
vacuum expectation value of this field. Physically the scalar field corresponds to
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scalar meson field so that quark masses would result from the coupling of the quarks
to coherent states of scalar mesons. This cannot be a correct physical description
in TGD framework, where p-adic thermodynamics gives rise to quark masses. Of
course, the presence of the scalar field can give rise to a small shift in the values of
the quark masses. Also Higgs field could be in question.
iii. The coupling of the field s to chiral field U implies in the standard model context
that the mass squared values of mesons are proportional to the sums of masses of the
2
mesonic quarks: for instance, Mπ2 = B0 (mu + md ) and MK
= B0 (ms + md ), where
B0 is one of the basic coupling constants of the chiral field theory. This formula
is not consistent with the p-adic mass calculations, where quark mass squared is
additive for quarks with the same value of kq and quark mass for different values of
2
kq . Indeed, the formulas Mπ2 = m2u +m2d and MK
= (ms +md )2 are true. The chiral
field formula predicts ms /md ' 24 requiring mu = md ' 13 MeV (k = 121) for
ms (113) = 320 MeV whereas TGD predicts ms (109)/md (107) = 4. For ms ' 100
MeV the prediction is md ' 4.2 MeV. This looks suspiciously small.
To sum up, although the basic assumptions of chiral field theory limit look too specific
in TGD framework, its predictions for low energy hadron physics are well-tested and
TGD could be consistent with them. If this the case, the assumption about s109 → s107
transition allows a correct prediction of direct CP breaking amplitude using chiral field
theory limit.

11.7.4 Very Special Relativity As Justification For The Special
Role Of M 2
The preferred role of M 2 in the construction of generalized Feynman diagrams could be
used as a criticism. Poincare invariance is lost. The first answer to the criticism is that
one integrates of the choices of M 2 so that Poincare invariance is lost. One can however
defend this assumption also from different view point. Actually Glashow and Cohen
did this in their Very Special Relativity proposal (see http://tinyurl.com/ybevr5bk)
[B17] ! While scanning old files, I found an old text about Very Special Relativity of
Glashow and Cohen, and realized that it relates very closely to the special role of M 2
in the construction of generalized Feynman diagrams. There is article “Very Special
Relativity and TGD” (see http://tinyurl.com/yaf8laym) [L4] at my homepage but
for some reason the text has disappeared from the book that contained it. I add the
article more or less as such here.
WCW (“world of classical worlds”, WCW ) decomposes into a union of sub- WCW s
associated with future and past light-cones and these in turn decompose to sub-subWCW s characterized by selection of quantization axes of spin and color quantum
numbers. At this level Poincare and even Lorentz group are reduced. The possibility
that this kind of breaking might be directly relevant for physics is discussed below.
One might think that Poincare symmetry is something thoroughly understood but the
Very Special Relativity [B17] proposed by nobelist Sheldon Glashow and Andrew Cohen
suggests that this might belief might be wrong. Glashow and Cohen propose that instead
of Poincare group, call it P , some subgroup of P might be physically more relevant than
the whole P . To not lose four-momentum one must assume that this group is obtained
as a semi-direct product of some subgroup of Lorentz group with translations. The
smallest subgroup, call it L2 , is a 2-dimensional Abelian group generated by Kx + Jy
and Ky − Jx . Here K refers to Lorentz boosts and J to rotations. This group leaves
invariant light-like momentum in z direction. By adding Jz acting in L2 like rotations
in plane, one obtains L3 , the maximal subgroup leaving invariant light-like momentum
in z direction. By adding also Kz one obtains the scalings of light-like momentum or
equivalently, the isotropy group L4 of a light-like ray.
The reasons why Glashow and Cohen regard these groups so interesting are following.
i. All kinematical tests of Lorentz invariance are consistent with the reduction of
Lorentz invariance to these symmetries.
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ii. The representations of group L3 are one-dimensional in both massive and massless
case (the latter is familiar from massless representations of Poincare group where
particle states are characterized by helicity). The mass is invariant only under the
smaller group. This might allow to have left-handed massive neutrinos as well as
massive fermions with spin dependent mass.
iii. The requirement of CP invariance extends all these reduced symmetry groups to
the full Poincare group. The observed very small breaking of CP symmetry might
correlate with a small breaking of Lorentz symmetry. Matter antimatter asymmetry
might relate to the reduced Lorentz invariance.
The idea is highly interesting from TGD point of view. The groups L3 and L4 indeed
play a very prominent role in TGD.
i. The full Lorentz invariance is obtained in TGD only at the level of the entire
WCW which is union over sub- WCW s associated with future and past lightcones (space-time sheets inside future or past light-cone) [K15, K11]. These subWCW s decompose further into a union of sub-sub- WCW s for which a choice
of quantization axes of spin reflects itself at the level of generalized geometry of
the imbedding space (quantum classical correspondence requires that the choice
of quantization axes has imbedding space and space-time correlates) [K97, K65].
The construction of the geometry for these sub-worlds of classical worlds reduces to
light-cone boundary so that the little group L3 leaving a given point of light-cone
boundary invariant is in a special role in TGD framework.
ii. The selection of a preferred light-like momentum direction at light-cone boundary
corresponds to the selection of quantization axis for angular momentum playing
a key role in TGD view about hierarchy of Planck constants associated with a
hierarchy of Jones inclusions implying a breaking of Lorentz invariance induced by
the selection of quantization axis [K97, K65]. The number theoretic vision about
quantum TGD implies a selection of two preferred axes corresponding to timelike and space-like direction corresponding to real and preferred imaginary unit for
hyper-octonions [K89, K87]. In both cases L4 emerges naturally.
iii. The TGD based identification of Kac-Moody symmetries as local isometries of the
imbedding space acting on 3-D light-like orbits of partonic 2-surfaces involves a
selection of a preferred light-like direction and thus the selection of L4 .
iv. Also the so called massless extremals representing a precisely targeted propagation
of patterns of classical gauge fields with light velocity along typically cylindrical
tubes without a change in the shape involve L4 . A very general solution ansatz to
classical field equations involves a local decomposition of M 4 to longitudinal and
transversal spaces and selection of a light-like direction [K57].
v. The parton model of hadrons assumes a preferred longitudinal direction of momentum and mass squared decomposes naturally to longitudinal and transversal mass
squared. Also p-adic mass calculations rely heavily on this picture and thermodynamics mass squared might be regarded as a longitudinal mass squared [K48].
In TGD framework right handed covariantly constant neutrino generates a supersymmetry in CP2 degrees of freedom and it might be better to regard left-handed
neutrino mass as a longitudinal mass.
This list justifies my own hunch that Glashow and Cohen might have discovered something very important.

11.8 Wild Speculations About Non-Perturbative Aspects Of Hadron Physics And Exotic Super Virasoro
Representations
If the canonical correspondence mapping the p-adic mass squared values to real numbers is taken completely seriously, then TGD predicts infinite hierarchy of exotic light
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representations of Super Virasoro. These exotic states are created by sub-algebras of
Super Kac-Moody and SKM algebras whose generators have conformal weights divisible
by pn , n = 1, 2, ... Ordinary representations would correspond to n = 0.

11.8.1

Exotic Super-Virasoro Representations

For the exotic representations the p-adic mass squared of the particle is proportional to
Virasoro pn . When the value of the p-adic mass squared is power of p: M 2 ∝ pn , n =
1, 2, .., the real counterpart of the mass squared in canonical identification is extremely
small since it is proportional to 1/pn in this case. It is of course not at all clear whether
these representations have have any real counterpart and if even this the case the could
be thermally unstable in an environment with higher p-adic temperature.
Also ordinary low temperature (Tp = 1/n) Super Virasoro representations allow extremely light states but in this case there is no subalgebra generating these states. If
these representations exist they could correspond to low energy-long length scale fractal
copies of elementary particles. Due to the state degeneracy providing an enormous information storage capacity associated with these states these representations, if realized
in nature, might have biological relevance [K21, K28].
There is however an objection against this idea: these representations are possible also
in elementary particle length scales and for M 2 ∝ L0 = npm20 the representations
have same mass scale as ordinary elementary particles. These representations couple to
ordinary elementary particles via classical gauge fields and could therefore be present
also in elementary particle physics. For reasons which become clear below, exotic Super
Virasoro representations might provide a model for low energy hadron physics.
i. The formula
MR2 =

nm20
p

is generalization of the mass formula of hadronic string models and reduces to it
when the angular momentum
J = α0 M 2
of the hadronic state satisfies J = n. From this Regge slope α0 and string tension
T are given by
T =

1
2πα0

,

1
α0

=

m20
p

.

The observed value of the Regge slope is α0 = .9/GeV 2 .
ii. The value of the predicted string tension is easily found. The prediction of TGD
based mass calculations for the value of the p-adic pion mass squared is

√

m2π = pm20 + O(p2 ) ' pm20 ,

p = M107 .

mπ ≥ m0 / M107 and mπ = 134 MeV gives upper bound for m0 which is consistent
with the prediction for the mass of electron. For k = 107 the value of α0 would be
roughly 64 times too large as simple calculation shows. For k = 101 one has
.87
,
GeV 2
which deviates from the value α0 = .9/GeV 2 determined from ρ Regge trajectory
only by three per cent.
iii. This would suggest that excited states of ordinary hadrons contain k = 101 spacetime sheets with p-adic length scale of .3 fm condensed on k = 107 hadronic spacetime sheet with 8 times larger p-adic length scale and that the angular momentum
of these excitations is not assignable to the ordinary quarks but to the states of
k = 101 exotic Super Virasoro representation. The slight deviation from .9/GeV 2
α0 =
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could be explained if the contribution of quarks and gluons to the mass squared
decreases as a function of J so that the effective value of α0 increases and effective
string tension increases. This might be due to the transformation of parton mass
squared to the mass squared associated with k = 101 exotic Super Virasoro states.
Note that n = 1 excitation of k = 101 Super Virasoro has mass m1 = 1.07 GeV,
which is larger than proton mass: therefore the spin of these excitations cannot
resolve the spin crisis of proton.
iv. For k = 103 the predicted value of string tension is by a factor 1/4 smaller. An
interesting question is whether k = 107 and k = 103 excitations might be observable
in low energy hadron physics.

11.8.2 Could Hadrons Correspond To Exotic Super-Virasoro
Representations And Quark-Gluon Plasma To The Ordinary Ones?
The second thought provoking observation is that pion mass squared corresponds in
excellent approximation to that for n = 1 state of exotic Super Virasoro representation
for k = 107. This suggests that in case of pion quark masses are compensated apart from
O(p2 ) contributions completely by various interaction energy and the energy associated
with exotic Super Virasoro representation contributes to the mass squared. This would
be p-adic articulation for the statement that pion is massless Goldstone boson. Since
pion represents essentially non-perturbative aspects of QCD, this raises the possibility
that exotic Super Virasoro representations could provide the long sought first principle
theory of low energy hadronic physics.
i. In this theory hadrons would correspond to exotic Super Virasoro representations
whereas quark-gluon plasma would correspond to ordinary p-adic Super Virasoro
representations. In color confined phase p-adic αc would have increased to the
critical value αc = p + O(p2 ) implying dramatic drop of the real counterpart of αc
to αcR ' 1/p so that color interactions would disappear effectively and only electroweak interactions and the geometric interactions between the space-time sheets
would remain. What is important is that these phases can exist inside hadron for
several values of p. This suggests a fractal hierarchy of hadrons inside hadrons and
QCD: s inside QCD: s with the values of Λ(k) ∝ 1/L2 (k), k = 107, 103, 101, ... In
particular, rotational excitations would mean generation of k = 101 hadrons inside
k = 107 hadrons.
ii. Hadronization and fragmentation are semi-phenomenological aspects of QCD and
would correspond at fundamental level to the phase transitions between the exotic Super Virasoro representations and ordinary Super Virasoro representations.
Also the concepts of sea and Pomeron could be reduced the states of exotic Super
Virasoro representations associated with k = 107, 103, 101, 97, ...
In light of the successes of the hadron model based on super-symplectic many-particle
states assigned to hadrons [K25] the exotic Super Virasoro representations do not look
attractive from the point of view of ordinary hadron physics. Also the thermal instability
is a good objection against them.

11.9

Appendix

11.9.1 Effective Feynman Rules And The Effect Of Top Quark
Mass On The Effective Action
The effective low energy field theory relevant for K − K̄ systems is in the standard model
context summarized elegantly using the Feynman rules of effective field theory deriving
from box and penguin diagrams. The rules in t’Hooft-Feynman gauge are summarized
in excellent review article of Buras and Fleischer [C48]. For box diagrams the rules are
following:
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G2F
M 2 S0 (xi )(s̄d)V −A (s̄d)V −A ,
16π 2 W
GF
α
Box(T3 = −1/2) = λi √
B (x )(s̄d)V −A (µ̄µ)V −A ,
2 (θ ) 0 i
sin
2
W
GF
α
[−4B0 (xi )] (s̄d)V −A (ν̄ν)V −A ,
Box(T3 = 1/2) = λi √
2 sin2 (θW )
λi = Vis∗ Vid .
Box(∆S = 2)

= λ2i

(11.9.-2)

The box vertices listed here describe the decays K0 → K̄0 and contribute to K0 →
µ̄µ and K0 → ν̄ν decays. (q̄1 q2 )V −A is shorthand notation for the left handed weak
current involving gamma matrices and the products of fermionic bi-linears actually
involve contraction of the gamma matrix indices.
Penguin diagrams can be characterized by the effective vertices s̄dB, where B is photon,
Z boson or gluon, which is treated as usual in effective field theory
GF gZ
MZ2 gZ C0 (xi )s̄γ µ (1 − γ5 )d ,
= iλi √
2 2π 2
GF e
D0 (xi )s̄(q 2 γ µ − q µ q ν γν )(1 − γ5 )d ,
s̄γd = −iλi √
2 8π 2
GF gs
s̄Ga d = −iλi √
E0 (xi )s̄(q 2 γ µ − q µ q ν γν )(1 − γ5 )T a d .
2 8π 2
s̄Zd

(11.9.-3)

The vertices above correspond to the exchange of Z, photon and gluon between the
quarks. Boson propagator and second vertex is constructed using the standard Feynman
rules. The counterparts of the sdB vertices are easily constructed for g > 0 gluons.
The orthogonality of single hadron states requires that flavor is conserved for g > 0
exchanges.
The functions B0 , C0 , ... characterize the low energy effective action at mass scale µ =
mW . The subscript “0” refers to the values of these functions without QCD corrections,
which are taken into account using renormalization group equations to deduced the
functions at mass scale of order 1 GeV. The functions are listed below:

B0 (xt )

=

C0 (xt )

=

D0 (xt )

=

E0 (xt )

=

S0 (xt )

=

S0 (xc , xt )

=



1 xt
xt log(xt )
+
,
4 yt
yt2


xt
xt − 6 3xt + 2
−
+
log(xt ) ,
8
yt
yt2
4
25x2t − 19x3t
x2t (−6 − 2xt + 5x2t )
− log(xt ) −
+
log(xt ) ,
9
36yt3
18yt3
2
x2 (15 − 16xt − 4x2t )
xt (18 − 11xt − x2t )
− log(xt ) + t
log(x
)
+
,
t
3
6yt4
12yt3
3x2t log(xt )
4xt − 11x2t + x3t
−
,
4yt2
2yt3


xt
3xt
3x2t log(xt )
xc log( ) −
−
,
xc
4yt
4yt2
mc 2
xc = ( m
)
W

xt = ( mmWt )2 ,

yt = 1 − xt .

(11.9.-8)

Although xt , being the interesting parameter, appears as the only argument of these
functions, also the contributions coming from light quarks propagating in the loops are
included. For comparison purposes it is useful to give the explicit relations between
electro-weak coupling parameters and GF .
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GF
√
2

=

gW

=

gZ

=

2
gW
,
8m2W
e
,
sin(θW )
e
.
sin(θW )cost(θW )

(11.9.-9)

The following equations summarize the effect of the change of the top quark mass on the
functions B0 , C0 , ... What is given are the ratios r(f ) = f (55)/f (175) of the functions
B0 , C0 , .. evaluated for top quark masses 55 GeV and 175 GeV respectively.
f
r

B0 (xt ) C0 (xt ) D0 (xt ) E0 (xt ) S0 (xt ) S0 (xc , xt )
.51
.09
−.70
3.44
.15
.81

(11.9.-8)

These results leave allow only the identification of the experimental candidate as a
realistic candidate for top quark.
i. The function B0 is reduced only by a factor of 1/2 and there are no new physics
contributions to B0 in the lowest order. The function C0 characterizing Z penguin
diagrams is reduced by an order of magnitude. The coefficient C0 (xt ) − 4B0 (xt )
characterizes the dominating contribution to K → µ+ µ− decay in standard model
and the decay amplitude is reduced by a factor .27 so that this decay would provide a stringent test selecting between 55 GeV top quark and 175 GeV top quark.
Unfortunately, the predicted K → µ+ µ− rate is still by several orders of magnitude
below the experimental upper bound.
ii. The function S0 (xt ) characterizing B − B̄ and K − K̄ mass differences is reduced
almost by an order of magnitude. Note that in case of ∆mK the ratio r(tt/ct)
of the WW box diagram amplitudes with two top quarks and c and t in internal
fermion lines is r(tt/ct) ∼ 738 for mt = 175 GeV and r(tt/ct) ∼ 138 for mt = 55
GeV (the moduli of the factors coming from CKM matrix are taken into account).
Thus mt = 175 GeV is the only sensible choice.

11.9.2 U And D Matrices From The Knowledge Of Top Quark
Mass Alone?
As already found, a possible resolution to the problems created by top quark is based
on the additivity of mass squared so that top quark mass would be about 230 GeV,
which indeed corresponds to a peak in mass distribution of top candidate, whereas
tt̄ meson mass would be 163 GeV. This requires that top quark mass changes very
little in topological mixing. It is easy to see that the mass constraints imply that for
nt = nb = 60 the smallness of Vi3 and V (3i) matrix elements implies that both U and
D must be direct sums of 2 × 2 matrix and 1 × 1 unit matrix and that V matrix would
have also similar decomposition. Therefore nb = nt = 59 seems to be the only number
theoretically acceptable option. The comparison with the predictions with pion mass
led to a unique identification (nd , nb , nb ) = (5, 5, 59), (nu , nc , nt ) = (4, 6, 59).
U and D matrices as perturbations of matrices mixing only the first two
genera
This picture suggests that U and D matrices could be seen as small perturbations
of very simple U and D matrices satisfying |U | = |D| corresponding to n = 60 and
having(nd , nb , nb ) = (4, 5, 60), (nu , nc , nt ) = (4, 5, 60) predicting V matrix characterized
by Cabibbo angle alone. For instance, CP breaking parameter would characterize this
perturbation. The perturbed matrices should obey thermodynamical constraints and
it could be possible to linearize the thermodynamical conditions and in this manner to
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predict realistic mixing matrices from first principles. The existence of small perturbations yielding acceptable matrices implies also that these matrices be near a point at
which two different matrices resulting as a solution to the thermodynamical conditions
coincide.
D matrix can be deduced from U matrix since 9|D12 |2 ' nd fixes the value of the relative
phase of the two terms in the expression of D12 .

|D12 |2

= |U11 V12 + U12 V22 |2
= |U11 |2 |V12 |2 + |U12 |2 |V22 |2
nd
,
9
= arg(U11 ) + arg(V12 ) − arg(U12 ) − arg(V22 ) .

+
Ψ

2|U11 ||V12 ||U12 ||V22 |cos(Ψ) =

(11.9.-11)
Using the values of the moduli of Uij and the approximation |V22 | = 1 this gives for
cos(Ψ)

cos(Ψ)

=

A =
B

=

A
,
B
nd − nu
9 − nu
−
|V12 |2 ,
9
9
2 p
nu (9 − nu ) .
9|V12 |

(11.9.-12)

The experimentation with different values of nd and nu shows that nu = 6, nd = 4 gives
cos(Ψ) = −1.123. Of course, nu = 6, nd = 4 option is not even allowed by nt = 60.
For nd = 4, nu = 5 one has cos(Ψ) = −0.5958. nd = 5, nu = 6 corresponding to the
perturbed solution gives cos(Ψ) = −0.6014.
Hence the initial situation could be (nu = 5, ns = 4, nb = 60), (nd = 4, ns = 5, nt = 60)
and the physical U and D matrices result from U and D matrices by a small perturbation
as one unit of t (b) mass squared is transferred to u (s) quark and produces symmetry
breaking as (nd = 5, ns = t, nb = 59), (nu = 6, nc = 4, nt = 59).
The unperturbed matrices |U | and|D| would be identical with |U | given by

|U11 | = |U22 | =

2
3

√

, |U12 | = |U21 | =

5
3

,

(11.9.-11)

The thermodynamical model allows solutions reducing to a direct sum of 2 × 2 and 1 × 1
matrices, and since |U | matrix is fixed completely by the mass constraints, it is trivially
consistent with the thermodynamical model.
Direct search of U and D matrices
The general formulas for pU and pD in terms of the probabilities p11 and p21 allow
straightforward search for the probability matrices having maximum entropy just by
scanning the (p11 , p21 ) plane constrained by the conditions that all probabilities are
positive and smaller than 1. In the physically interesting case the solution is sought
near a solution for which the non-vanishing probabilities are p11 = p22 = (9 − n1 )/9,
p12 = p21 = n1 /9, p33 = 1, n1 = 4 or 5. The inequalities allow to consider only the
values p11 ≥ (9 − n1 )/9.
1. Probability matrices pU and pD
The direct search leads to maximally entropic pD matrix with (nd , ns ) = (5, 5):
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pD



0.4982 0.4923 0.0095
0.5556

0.4444
=  0.4981 0.4924 0.0095  , pD
=
0
0.0037 0.0153 0.9810
0

0.4444
0.5556
0


0
0  .
1
(11.9.-11)

D
pD
0 represents the unperturbed matrix p0 with n(d = 4), ns = 5 and is included for
the purpose of comparison. The entropy S(pD ) = 1.5603 is larger than the entropy
S(pD
0 ) = 1.3739. A possible interpretation is in terms of the spontaneous symmetry
breaking induced by entropy maximization in presence of constraints.
A maximally entropic pU matrix with (nu , nc ) = (5, 6) is given by



0.5137
U

0.4775
p =
0.0088

0.4741
0.4970
0.0289


0.0122
0.0254 
0.9623
(11.9.-11)

The value of entropy is S(pU ) = 1.7246. There could be also other maxima of entropy
but in the range covering almost completely the allowed range of the parameters and in
the accuracy used only single maximum appears.
U
The probabilities pD
ii resp. pii satisfy the constraint p(i, i) ≥ .492 resp. pii ≥ .497 so
that the earlier proposal for the solution of proton spin crisis must be given up and the
solution discussed in [K70] remains the proposal in TGD framework.
2. Near orthogonality of U and D matrices
An interesting question whether U and D matrices can be transformed to approximately
orthogonal matrices by a suitable (U (1) × U (1))L × (U (1) × U (1))R transformation and
whether CP breaking phase appearing in CKM matrix could reflect the small breaking
of orthogonality. If this expectation is correct, it should be possible to construct from
|U | (|D|) an approximately orthogonal matrix by multiplying the matrix elements |Uij |,
i, j ∈ {2, 3} by appropriate sign factors. A convenient manner to achieve this is to
multiply |U | (|D|) in an element wise manner ((A ◦ B)ij = Aij Bij ) by a sign factor
matrix S.
i. In the case of |U | the matrix U = S ◦ |U |, S(2, 2) = S(2, 3) = S(3, 2) = −1, Sij = 1
otherwise, is approximately orthogonal as the fact that the matrix U T U given by


1.0000
U T U =  0.0006
−0.0075


0.0006
−0.0075
1.0000
−0.0038 
−0.0038 1.0000

is near unit matrix, demonstrates.
ii. For D matrix there are two nearly orthogonal variants. For D = S ◦ |D|, S(2, 2) =
S(2, 3) = S(3, 2) = −1, Sij = 1 otherwise, one has


1.0000
−0.0075
DT D =  −0.0075 1.0000
0.0604
0.0143


0.0604
0.0143  .
1.0000

The choice D = S ◦ D, S(2, 2) = S(2, 3) = S(3, 3) = −1, Sij = 1 otherwise, is
slightly better


1.0000
DT D =  −0.0075
0.0601

−0.0075
1.0000
0.0143


0.0604
0.0143  .
1.0000
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3. The matrices U and D in the standard gauge
Entropy maximization indeed yields probability matrices associated with unitary matrices. 8 phase factors are possible for the matrix elements but only 4 are relevant
as far as the unitarity conditions are considered. The vanishing of the inner products
between row vectors, gives 6 conditions altogether so that the system seems to be overdetermined. The values of the parameters s1 , s2 , s3 and phase angle δ in the “standard
gauge” can be solved in terms of r11 and r21 .
The requirement that the norms of the parameters ci are not larger than unity poses
non-trivial constraints on the probability matrices. This should should be the case since
the number of unitarity conditions is 9 whereas probability conservation for columns
and rows gives only 5 conditions so that not every probability matrix can define unitary
matrix. It would seem that the constraints are satisfied only if the 2 mass squared conditions and 2 conditions from the entropy maximization are equivalent with 4 unitarity
conditions so that the number of conditions becomes 5+4=9. Therefore entropy maximization and mass squared conditions would force the points of complex 9-dimensional
space defined by 3 × 3 matrices to a 9-dimensional surface representing group U (3) so
that these conditions would have a group theoretic meaning.
The formulas

r

ri2
ri3

ni
20
2 )] ,
+ (1 − ri1
51 17
r
ni
3
2 )] .
[ − (1 − ri1
=
51 17
[−

=

(11.9.-11)

and


s1 c3
s1 s3
c1 c2 c3 − s2 s3 exp(iδ) c1 c2 s3 + s2 c3 exp(iδ) 
c1 s2 c3 + c2 s3 exp(iδ) c1 s2 s3 − c2 c3 exp(iδ)



c1
U =  −s1 c2
−s1 s2

(11.9.-10)

give

c2 = √ r21 2

c1 = r11 ,
s3 = √ r13 2

1−r11

,

cos(δ)

,

1−r11
2
c2 c22 c23 +s22 s23 −r22
= 1 2c
1 c2 c3 s2 s3

(11.9.-9)

.

Preliminary calculations show that for n1 = n2 = 5 case the matrix of moduli allows a
continuation to a unitary matrix but that for n1 = 4, n2 = 6 the value of cos(δ) is larger
than one. This would suggest that unitarity indeed gives additional constraints on the
integers ni . The unitary (in the numerical accuracy used) (nd , ns ) = (5, 5) D matrix is
given by


0.7059
D =  −0.7057
−0.0608

0.7016
0.7017 − 0.0106i
0.0005 + 0.1235i


0.0975
0.0599 + 0.0766i  .
0.4366 − 0.8890i

The unitarity of this matrix supports the view that for certain integers ni the mass
squared conditions and entropy maximization reduce to group theoretic conditions. The
numerical experimentation shows that the necessary condition for the unitarity is n1 > 4
for n2 < 9 whereas for n2 ≥ 9 the unitarity is achieved also for n1 = 4.
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Direct search for CKM matrices
The standard gauge in which the first row and first column of unitary matrix are real
provides a convenient representation for the topological mixing matrices: it is convenient
to refer to these representations as U0 and D0 . The possibility to multiply the rows of
U0 and D0 by phase factors (U (1) × U (1))R transformations) provides 2 independent
phases affecting the values of |V |. The phases exp(iφj ), j = 2, 3 multiplying the second
and third row of D0 can be estimated from the matrix elements of |V |, say from the
elements |V11 | = cos(θc ) ≡ v11 , sinθc = .226 ± .002 and |V31 | = (9.6 ± .9) · 10−3 ≡ v31 .
Hence the model would predict two parameters of the CKM matrix, say s3 and δCP , in
its standard representation.
The fact that the existing empirical bounds on the matrix elements of V are based on the
standard model physics raises the question about how seriously they should be taken.
The possible existence of fractally scaled up versions of light quarks could effectively
reduce the matrix elements for the electro-weak decays b → c + W , b → u + W resp.
t → s + W , t → d + W since the decays involving scaled up versions of light quarks can
be counted as decays W → bc resp. W → tb. This would favor too small experimental
estimates for the matrix elements Vi3 and V3i , i = 1, 2. In particular, the matrix element
V31 = Vtd could be larger than the accepted value.
Various constraints do not leave much freedom to choose the parameters nqi . The
preliminary numerical experimentation shows that the choice (nd , ns ) = (5, 5) and
(nu , nc ) = (5, 6) yields realistic U and D matrices. In particular, the conditions
|U (1, 1)| > .7 and |D(1, 1)| > .7 hold true and mean that the original proposal for
the solution of spin puzzle of proton must be given up. In [K70] an alternative proposal
based on more recent findings is discussed. Only for this choice reasonably realistic
CKM matrices have been found. For nt = 58 the mass of tt meson mass is reduced by
one percent from 2 × 163 GeV for n(5) = 59 so that nt = 58 is still acceptable if the
additivity of conformal weight rather than mass is accepted for diagonal mesons.
i. The requirement that the parameters |V11 | (or equivalently, Cabibbo angle) and
|V31 | are produced correctly, yields CKM matrices for which CP breaking parameter
J is roughly one half of its accepted value. The matrix elements V23 ≡ Vcb , V32 ≡
Vtc , and V13 ≡ Vub are roughly twice their accepted value. This suggests that the
condition on V31 should be loosened.
ii. The following equations summarize the results of the search requiring that
A. the value of the Cabibbo angle sCab is within the experimental limits sCab =
.223 ± .002,
B. V31 = (9.6 ± .9) · 10−3 , is allowed to have value at most twice its upper bound,
C. V13 whose upper bound is determined by probability conservation, is within the
experimental limits .42 · 10−3 < |Vub | < 6.98 · 10−3 whereas V23 ' 4 × 10−3
should come out as a prediction,
D. the CP breaking parameter satisfies the condition |(J − J0 )/J0 | < .6, where
J0 = 10−4 represents the lower bound for J (the experimental bounds for J are
J × 104 ∈ (1 − 1.7)).
The pairs of the phase angles (φ1 , φ2 ) defining the phases (exp(iφ1 ), exp(iφ2 )) are listed
below

class 1 :

φ1
φ2

0.1005 0.1005 4.8129 4.8129
0.0754 1.4828 4.7878 6.1952

class 2 :

φ1
φ2

0.1005 0.1005 4.8129 4.8129
2.3122 5.5292 0.7414 3.9584

(11.9.-9)

The phase angle pairs correspond to two different classes of U , D, and V matrices. The
U , D and V matrices inside each class are identical at least up to 11 digits(!). Very
probably the phase angle pairs are related by some kind of symmetry.
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The values of the fitted parameters for the two classes are given by
|V11 |
|V31 |
class 1 0.9740 0.0157
class 2 0.9740 0.0164

|V13 |
0.0069
0.0067

J/10−4
.93953
1.0267

V31 is predicted to be about 1.6 times larger than the experimental upper bound and for
both classes V23 and V32 are roughly too times too large. Otherwise the fit is consistent
with the experimental limits for class 2. For class 1 the CP breaking parameter is 7 per
cent below the experimental lower bound. In fact, the value of J is fixed already by the
constraints on V31 and V11 and reduces by a factor of one half if V31 is required to be
within its experimental limits.
U , D and |V | matrices for class 1 are given by


0.7167
0.6885
U =  −0.6910 0.7047 − 0.0210i
−0.0938 0.0696 + 0.1550i


0.7059
D =  −0.6347 − 0.3085i
−0.0587 − 0.0159i

0.7016
0.6358 + 0.2972i
−0.0317 + 0.1194i

0.9740
|V | =  0.2261
0.0157


0.1105
0.0909 + 0.1310i 
0.1747 − 0.9653i

0.0975
0.0203 + 0.0951i 
0.6534 − 0.7444i

0.2265 0.0069
0.9703 0.0862 
0.0850 0.9963
(11.9.-11)

U , D and |V | matrices for class 2 are given by


0.7167
U =  −0.6910
−0.0938


0.7059
D =  −0.6347 − 0.3085i
−0.0589 − 0.0151i


0.1105
0.0909 + 0.1310i 
0.1747 − 0.9653i

0.7016
0.0975
0.6358 + 0.2972i 0.0203 + 0.0951i 
−0.0302 + 0.1198i 0.6440 − 0.7525i


0.9740 0.2265 0.0067
|V | =  0.2260 0.9704 0.0851 
0.0164 0.0838 0.9963
0.6885
0.7047 − 0.0210i
0.0696 + 0.1550i

(11.9.-13)
What raises worries is that the values of |V23 | = |Vcb | and |V32 | = |Vts | are roughly
twice their experimental estimates. This, as well as the discrepancy related to V31 ,
might be understood in terms of the electro-weak decays of b and t to scaled up quarks
causing a reduction of the branching ratios b → c + W , t → s + W and t → t + d. The
attempts to find more successful integer combinations ni has failed hitherto. The model
for pseudo-scalar meson masses, the predicted relatively small masses of light quarks,
and the explanation for tt meson mass supports this mixing scenario.
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11.10

Figures And Illustrations

Figure 11.1: There are some indications that cosmic gamma ray flux contains a peak in the
energy interval 1010 − 1011 eV . Figure is taken from [C200].
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Figure 11.2
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Figure 11.3: Standard model contributions to the matching of the quark operators in the effective
flavor-changing Lagrangian

Chapter i

Appendix
Originally this appendix was meant to be a purely technical summary of basic facts but
in its recent form it tries to briefly summarize those basic visions about TGD which I
dare to regarded stabilized. I have added illustrations making it easier to build mental
images about what is involved and represented briefly the key arguments. This chapter
is hoped to help the reader to get fast grasp about the concepts of TGD.
The basic properties of imbedding space and related spaces are discussed and the relationship of CP2 to standard model is summarized. The notions of induction of metric
and spinor connection, and of spinor structure are discussed. Many-sheeted space-time
and related notions such as topological field quantization and the relationship manysheeted space-time to that of GRT space-time are discussed as well as the recent view
about induced spinor fields and the emergence of fermionic strings. Various topics related to p-adic numbers are summarized with a brief definition of p-adic manifold and
the idea about generalization of the number concept by gluing real and p-adic number
fields to a larger book like structure. Hierarchy of Planck constants can be now understood in terms of the non-determinism of Kähler action and the recent vision about
connections to other key ideas is summarized.

A-1

Imbedding Space M 4 ×CP2 And Related Notions

Space-times are regarded as 4-surfaces in H = M 4 × CP2 the Cartesian product of
empty Minkowski space - the space-time of special relativity - and compact 4-D space
CP2 with size scale of order 104 Planck lengths. One can say that imbedding space
is obtained by replacing each point m of empty Minkowski space with 4-D tiny CP2 .
The space-time of general relativity is replaced by a 4-D surface in H which has very
complex topology. The notion of many-sheeted space-time gives an idea about what is
involved.
Fig. 1. Imbedding space H = M 4 × CP2 as Cartesian product of Minkowski space M 4
and complex projective space CP2 . http://tgdtheory.fi/appfigures/Hoo.jpg
4
4
Denote by M+
and M−
the future and past directed lightcones of M 4 . Denote their
intersection, which is not unique, by CD. In zero energy ontology (ZEO) causal diamond
(CD) is defined as cartesian product CD×CP2 . Often I use CD to refer just to CD×CP2
since CP2 factor is relevant from the point of view of ZEO.
4
4
Fig. 2. Future and past light-cones M+
and M−
. Causal diamonds (CD) are defined
as their intersections. http://tgdtheory.fi/appfigures/futurepast.jpg

Fig. 3. Causal diamond (CD) is highly analogous to Penrose diagram but simpler.
http://tgdtheory.fi/appfigures/penrose.jpg
A rather recent discovery was that CP2 is the only compact 4-manifold with Euclidian
signature of metric allowing twistor space with Kähler structure. M 4 is in turn is the
737
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only 4-D space with Minkowskian signature of metric allowing twistor space with Kähler
structure [A37] so that H = M 4 × CP2 is twistorially unique.
One can loosely say that quantum states in a given sector of “world of classical worlds”
(WCW) are superpositions of space-time surfaces inside CDs and that positive and
negative energy parts of zero energy states are localized and past and future boundaries
of CDs. CDs form a hierarchy. One can have CDs within CDs and CDs can also
overlap. The size of CD is characterized by the proper time distance between its two
tips. One can perform both translations and also Lorentz boosts of CD leaving either
boundary invariant. Therefore one can assign to CDs a moduli space and speak about
wave function in this moduli space.
In number theoretic approach it is natural to restrict the allowed Lorentz boosts to
some discrete subgroup of Lorentz group and also the distances between the tips of CDs
to multiples of CP2 radius defined by the length of its geodesic. Therefore the moduli
space of CDs discretizes. The quantization of cosmic recession velocities for which there
are indications, could relate to this quantization.

A-2

Basic Facts About CP2

CP2 as a four-manifold is very special. The following arguments demonstrates that it
codes for the symmetries of standard models via its isometries and holonomies.

A-2.1

CP2 As A Manifold

CP2 , the complex projective space of two complex dimensions, is obtained by identifying
the points of complex 3-space C 3 under the projective equivalence
(z 1 , z 2 , z 3 ) ≡ λ(z 1 , z 2 , z 3 ) .

(A-2.1)

Here λ is any non-zero complex number. Note that CP2 can be also regarded as the coset
space SU (3)/U (2). The pair z i /z j for fixed j and z i 6= 0 defines a complex coordinate
chart for CP2 . As j runs from 1 to 3 one obtains an atlas of three coordinate charts
covering CP2 , the charts being holomorphically related to each other (e.g. CP2 is a
complex manifold). The points z 3 6= 0 form a subset of CP2 homoeomorphic to R4
and the points with z 3 = 0 a set homeomorphic to S 2 . Therefore CP2 is obtained by
“adding the 2-sphere at infinity to R4 ”.
Besides the standard complex coordinates ξ i = z i /z 3 , i = 1, 2 the coordinates of Eguchi
and Freund [A28] will be used and their relation to the complex coordinates is given by
ξ1
ξ2

= z + it ,
= x + iy .

(A-2.1)

These are related to the “spherical coordinates” via the equations
Θ
(Ψ + Φ)
)cos( ) ,
2
2
(Ψ − Φ)
Θ
rexp(i
)sin( ) .
2
2

ξ1

= rexp(i

ξ2

=

(A-2.1)

The ranges of the variables r, Θ, Φ, Ψ are [0, ∞], [0, π], [0, 4π], [0, 2π] respectively.
Considered as a real four-manifold CP2 is compact and simply connected, with Euler
number Euler number 3, Pontryagin number 3 and second b = 1.
Fig. 4. CP2 as manifold. http://tgdtheory.fi/appfigures/cp2.jpg
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Metric And Kähler Structure Of CP2

In order to obtain a natural metric for CP2 , observe that CP2 can be
of as a
P thought
set of the orbits of the isometries z i → exp(iα)z i on the sphere S 5 :
z i z̄ i = R2 . The
metric of CP2 is obtained by projecting the metric of S 5 orthogonally to the orbits of
the isometries. Therefore the distance between the points of CP2 is that between the
representative orbits on S 5 .
The line element has the following form in the complex coordinates
ds2

= gab̄ dξ a dξ¯b ,

(A-2.2)

where the Hermitian, in fact Kähler metric gab̄ is defined by
gab̄

= R2 ∂a ∂b̄ K ,

(A-2.3)

where the function K, Kähler function, is defined as
K

= log(F ) ,

F

=

1 + r2 .

(A-2.3)

The Kähler function for S 2 has the same form. It gives the S 2 metric dzdz/(1 + r2 )2
related to its standard form in spherical coordinates by the coordinate transformation
(r, φ) = (tan(θ/2), φ).
The representation of the CP2 metric is deducible from S 5 metric is obtained by putting
the angle coordinate of a geodesic sphere constant in it and is given
ds2
R2

=

(dr2 + r2 σ32 ) r2 (σ12 + σ22 )
+
,
F2
F

(A-2.4)

where the quantities σi are defined as
r 2 σ1

= Im(ξ 1 dξ 2 − ξ 2 dξ 1 ) ,

r 2 σ2

= −Re(ξ 1 dξ 2 − ξ 2 dξ 1 ) ,
= −Im(ξ 1 dξ¯1 + ξ 2 dξ¯2 ) .

r 2 σ3

(A-2.3)

R denotes the radius of the geodesic circle of CP2 . The vierbein forms, which satisfy
the defining relation
skl

= R2

X

A
eA
k el ,

(A-2.4)

A

are given by
e0
e2

=
=

dr
F
rσ2
√
F

,
,

e1
e3

=
=

rσ1
√
F
rσ3
F

,
.

(A-2.5)

The explicit representations of vierbein vectors are given by
e0

=

e2

=

dr
F ,
r(sinΘsinΨdΦ−cosΨdΘ)
√
2 F

,

e1

=

e3

=

r(sinΘcosΨdΦ+sinΨdΘ)
√
2 F
r(dΨ+cosΘdΦ)
.
2F

,
(A-2.5)
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The explicit representation of the line element is given by the expression

ds2 /R2

r2
r2
dr2
+
(dΨ + cosΘdΦ)2 +
(dΘ2 + sin2 ΘdΦ2 ) .
2
2
F
4F
4F

=

(A-2.5)
The vierbein connection satisfying the defining relation
deA

= −VBA ∧ eB ,

(A-2.6)

is given by
V01
V02
V03

1

= − er ,
V23
e2
= −r ,
V31
= (r − 1r )e3 , V12

=
=
=

e1
r
e2
r

,
,
(2r + 1r )e3 .

(A-2.7)

The representation of the covariantly constant curvature tensor is given by
R01
R02
R03

=
=
=

e0 ∧ e1 − e2 ∧ e3 ,
R23
e0 ∧ e2 − e3 ∧ e1 ,
R31
4e0 ∧ e3 + 2e1 ∧ e2 , R12

= e0 ∧ e1 − e2 ∧ e3 ,
= −e0 ∧ e2 + e3 ∧ e1 ,
= 2e0 ∧ e3 + 4e1 ∧ e2 .

(A-2.8)

Metric defines a real, covariantly constant, and therefore closed 2-form J
J

= −igab̄ dξ a dξ¯b ,

(A-2.9)

the so called Kähler form. Kähler form J defines in CP2 a symplectic structure because
it satisfies the condition
J kr J rl

=

−skl .

(A-2.10)

The form J is integer valued and by its covariant constancy satisfies free Maxwell equations. Hence it can be regarded as a curvature form of a U (1) gauge potential B carrying
a magnetic charge of unit 1/2g (g denotes the gauge coupling). Locally one has therefore
J

= dB ,

(A-2.11)

where B is the so called Kähler potential, which is not defined globally since J describes
homological magnetic monopole.
It should be noticed that the magnetic flux of J through a 2-surface in CP2 is proportional to its homology equivalence class, which is integer valued. The explicit representations of J and B are given by
B

=

2re3 ,

J

=

2(e0 ∧ e3 + e1 ∧ e2 ) =

r2
r
dr ∧ (dΨ + cosΘdΦ) +
sinΘdΘdΦ .
2
F
2F
(A-2.10)

The vierbein curvature form and Kähler form are covariantly constant and have in the
complex coordinates only components of type (1, 1).
Useful coordinates for CP2 are the so called canonical coordinates in which Kähler
potential and Kähler form have very simple expressions

A-2. Basic Facts About CP2

B

=

X
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Pk dQk ,

k=1,2

J

=

X

dPk ∧ dQk .

(A-2.10)

k=1,2

The relationship of the canonical coordinates to the “spherical” coordinates is given by
the equations
P1

=

P2

=

Q1

=

1
,
1 + r2
r2 cosΘ
,
2(1 + r2 )
Ψ ,

Q2

=

Φ .

A-2.3

−

(A-2.8)

Spinors In CP2

CP2 doesn’t allow spinor structure in the conventional sense [A22]. However, the coupling of the spinors to a half odd multiple of the Kähler potential leads to a respectable
spinor structure. Because the delicacies associated with the spinor structure of CP2
play a fundamental role in TGD, the arguments of Hawking are repeated here.
To see how the space can fail to have an ordinary spinor structure consider the parallel
transport of the vierbein in a simply connected space M . The parallel propagation
A B
around a closed curve with a base point x leads to a rotated vierbein at x: eA = RB
e
and one can associate to each closed path an element of SO(4).
Consider now a one-parameter family of closed curves γ(v) : v ∈ (0, 1) with the same
base point x and γ(0) and γ(1) trivial paths. Clearly these paths define a sphere S 2
A
(v) defines a closed path in SO(4). When the sphere S 2 is
in M and the element RB
contractible to a point e.g., homologically trivial, the path in SO(4) is also contractible
to a point and therefore represents a trivial element of the homotopy group Π1 (SO(4)) =
Z2 .
For a homologically nontrivial 2-surface S 2 the associated path in SO(4) can be homotopically nontrivial and therefore corresponds to a nonclosed path in the covering group
Spin(4) (leading from the matrix 1 to -1 in the matrix representation). Assume this is
the case.
Assume now that the space allows spinor structure. Then one can parallel propagate
also spinors and by the above construction associate a closed path of Spin(4) to the
surface S 2 . Now, however this path corresponds to a lift of the corresponding SO(4)
path and cannot be closed. Thus one ends up with a contradiction.
From the preceding argument it is clear that one could compensate the non-allowed
−1- factor associated with the parallel transport of the spinor around the sphere S 2 by
coupling it to a gauge potential in such a way that in the parallel transport the gauge
potential introduces a compensating −1-factor. For a U (1) gauge potential this factor
is given by the exponential exp(i2Φ), where Φ is the magnetic flux through the surface.
This factor has the value −1 provided the U (1) potential carries half odd multiple of
Dirac charge 1/2g. In case of CP2 the required gauge potential is half odd multiple of
the Kähler potential B defined previously. In the case of M 4 × CP2 one can in addition
couple the spinor components with different chiralities independently to an odd multiple
of B/2.

A-2.4

Geodesic Sub-Manifolds Of CP2

Geodesic sub-manifolds are defined as sub-manifolds having common geodesic lines with
the imbedding space. As a consequence the second fundamental form of the geodesic
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manifold vanishes, which means that the tangent vectors hkα (understood as vectors of
H) are covariantly constant quantities with respect to the covariant derivative taking
into account that the tangent vectors are vectors both with respect to H and X 4 .
In [A43] a general characterization of the geodesic sub-manifolds for an arbitrary symmetric space G/H is given. Geodesic sub-manifolds are in 1-1-correspondence with the
so called Lie triple systems of the Lie-algebra g of the group G. The Lie triple system
t is defined as a subspace of g characterized by the closedness property with respect to
double commutation
[X, [Y, Z]] ∈ t for X, Y, Z ∈ t .

(A-2.9)

SU (3) allows, besides geodesic lines, two nonequivalent (not isometry related) geodesic
spheres. This is understood by observing that SU (3) allows two nonequivalent SU (2)
algebras corresponding to subgroups SO(3) (orthogonal 3 × 3 matrices) and the usual
isospin group SU (2). By taking any subset of two generators from these algebras,
one obtains a Lie triple system and by exponentiating this system, one obtains a 2dimensional geodesic sub-manifold of CP2 .
Standard representatives for the geodesic spheres of CP2 are given by the equations
SI2 : ξ 1 = ξ¯2 or equivalently (Θ = π/2, Ψ = 0) ,
2
SII
: ξ 1 = ξ 2 or equivalently (Θ = π/2, Φ = 0) .

The non-equivalence of these sub-manifolds is clear from the fact that isometries act as
holomorphic transformations in CP2 . The vanishing of the second fundamental form
is also easy to verify. The first geodesic manifold is homologically trivial: in fact, the
2
is homologically nontrivial and the
induced Kähler form vanishes identically for SI2 . SII
flux of the Kähler form gives its homology equivalence class.

A-3

CP2 Geometry And Standard Model Symmetries

A-3.1

Identification Of The Electro-Weak Couplings

The delicacies of the spinor structure of CP2 make it a unique candidate for space S.
First, the coupling of the spinors to the U (1) gauge potential defined by the Kähler
structure provides the missing U (1) factor in the gauge group. Secondly, it is possible
to couple different H-chiralities independently to a half odd multiple of the Kähler
potential. Thus the hopes of obtaining a correct spectrum for the electromagnetic
charge are considerable. In the following it will be demonstrated that the couplings
of the induced spinor connection are indeed those of the GWS model [B34] and in
particular that the right handed neutrinos decouple completely from the electro-weak
interactions.
To begin with, recall that the space H allows to define three different chiralities for
spinors. Spinors with fixed H-chirality e = ±1, CP2 -chirality l, r and M 4 -chirality L, R
are defined by the condition
ΓΨ

= eΨ ,

e

= ±1 ,

(A-3.0)

where Γ denotes the matrix Γ9 = γ5 × γ5 , 1 × γ5 and γ5 × 1 respectively. Clearly, for a
fixed H-chirality CP2 - and M 4 -chiralities are correlated.
The spinors with H-chirality e = ±1 can be identified as quark and lepton like spinors
respectively. The separate conservation of baryon and lepton numbers can be understood as a consequence of generalized chiral invariance if this identification is accepted.
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For the spinors with a definite H-chirality one can identify the vielbein group of CP2
as the electro-weak group: SO(4) = SU (2)L × SU (2)R .
The covariant derivatives are defined by the spinorial connection

A

= V +

B
(n+ 1+ + n− 1− ) .
2

(A-3.1)

Here V and B denote the projections of the vielbein and Kähler gauge potentials respectively and 1+(−) projects to the spinor H-chirality +(−). The integers n± are odd
from the requirement of a respectable spinor structure.
The explicit representation of the vielbein connection V and of B are given by the
equations
V01
V02
V03

=
=
=

1

V23
− er ,
e2
−r ,
V31
(r − 1r )e3 , V12

1

= er ,
2
= er ,
= (2r + 1r )e3 ,

(A-3.2)

and

B

2re3 ,

=

(A-3.3)

respectively. The explicit representation of the vielbein is not needed here.
Let us first show that the charged part of the spinor connection couples purely left
handedly. Identifying Σ03 and Σ12 as the diagonal (neutral) Lie-algebra generators of
SO(4), one finds that the charged part of the spinor connection is given by

Ach

=

2V23 IL1 + 2V13 IL2 ,

(A-3.4)

where one have defined

IL1

=

IL2

=

(Σ01 − Σ23 )
,
2
(Σ02 − Σ13 )
.
2

(A-3.4)

Ach is clearly left handed so that one can perform the identification

W±

=

2(e1 ± ie2 )
,
r

(A-3.5)

where W ± denotes the charged intermediate vector boson.
Consider next the identification of the neutral gauge bosons γ and Z 0 as appropriate
linear combinations of the two functionally independent quantities

X
Y

= re3 ,
e3
=
,
r

(A-3.5)

appearing in the neutral part of the spinor connection. We show first that the mere
requirement that photon couples vectorially implies the basic coupling structure of the
GWS model leaving only the value of Weinberg angle undetermined.
To begin with let us define
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γ̄

= aX + bY ,

0

= cX + dY ,

Z̄

(A-3.5)

where the normalization condition
ad − bc = 1 ,
is satisfied. The physical fields γ and Z 0 are related to γ̄ and Z̄ 0 by simple normalization
factors.
Expressing the neutral part of the spinor connection in term of these fields one obtains
Anc

=

[(c + d)2Σ03 + (2d − c)2Σ12 + d(n+ 1+ + n− 1− )]γ̄

+

[(a − b)2Σ03 + (a − 2b)2Σ12 − b(n+ 1+ + n− 1− )]Z̄ 0 .
(A-3.4)

Identifying Σ12 and Σ03 = 1 × γ5 Σ12 as vectorial and axial Lie-algebra generators,
respectively, the requirement that γ couples vectorially leads to the condition
c = −d .

(A-3.5)

Using this result plus previous equations, one obtains for the neutral part of the connection the expression
Anc

= γQem + Z 0 (IL3 − sin2 θW Qem ) .

(A-3.6)

Here the electromagnetic charge Qem and the weak isospin are defined by

Qem

=

IL3

=

(n+ 1+ + n− 1− )
,
6
12
03
(Σ − Σ )
.
2

Σ12 +

(A-3.6)

The fields γ and Z 0 are defined via the relations
6
(aX + bY ) ,
(a + b)

γ

=

6dγ̄ =

Z0

=

4(a + b)Z̄ 0 = 4(X − Y ) .

(A-3.6)

The value of the Weinberg angle is given by

sin2 θW

=

3b
,
2(a + b)

(A-3.7)

and is not fixed completely. Observe that right handed neutrinos decouple completely
from the electro-weak interactions.
The determination of the value of Weinberg angle is a dynamical problem. The angle
is completely fixed once the YM action is fixed by requiring that action contains no
cross term of type γZ 0 . Pure symmetry non-broken electro-weak YM action leads to a
definite value for the Weinberg angle. One can however add a symmetry breaking term
proportional to Kähler action and this changes the value of the Weinberg angle.
To evaluate the value of the Weinberg angle one can express the neutral part Fnc of the
induced gauge field as
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Fnc

=

2R03 Σ03 + 2R12 Σ12 + J(n+ 1+ + n− 1− ) ,
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(A-3.8)

where one has
R03

=

2(2e0 ∧ e3 + e1 ∧ e2 ) ,

R12

=

2(e0 ∧ e3 + 2e1 ∧ e2 ) ,

J

=

2(e0 ∧ e3 + e1 ∧ e2 ) ,

(A-3.7)

in terms of the fields γ and Z 0 (photon and Z- boson)
= γQem + Z 0 (IL3 − sin2 θW Qem ) .

Fnc

(A-3.8)

Evaluating the expressions above one obtains for γ and Z 0 the expressions
γ

=

3J − sin2 θW R12 ,

0

=

2R03 .

Z

(A-3.8)

For the Kähler field one obtains
1
(γ + sin2 θW Z 0 ) .
3
Expressing the neutral part of the symmetry broken YM action
J

=

Lew
Lsym

= Lsym + f J αβ Jαβ ,
1
=
T r(F αβ Fαβ ) ,
4g 2

(A-3.9)

(A-3.9)

where the trace is taken in spinor representation, in terms of γ and Z 0 one obtains for
the coefficient X of the γZ 0 cross term (this coefficient must vanish) the expression
K
fp
+
,
2g 2
18


= T r Qem (IL3 − sin2 θW Qem ) ,

= −

X
K

(A-3.9)

In the general case the value of the coefficient K is given by

K

=

X  (18 + 2n2 )sin2 θW 
i
−
,
9
i

(A-3.10)

where the sum is over the spinor chiralities, which appear as elementary fermions and
ni is the integer describing the coupling of the spinor field to the Kähler potential. The
cross term vanishes provided the value of the Weinberg angle is given by
2

sin θW

=

P
9 i1
P
.
(f g 2 + 2 i (18 + n2i ))

(A-3.11)

In the scenario where both leptons and quarks are elementary fermions the value of the
Weinberg angle is given by
sin2 θW

=

9
2
( f 2g

+ 28)

.

(A-3.12)

The bare value of the Weinberg angle is 9/28 in this scenario, which is quite close to
the typical value 9/24 of GUTs [B12] .
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A-3.2

Discrete Symmetries

The treatment of discrete symmetries C, P, and T is based on the following requirements:
i. Symmetries must be realized as purely geometric transformations.
ii. Transformation properties of the field variables should be essentially the same as in
the conventional quantum field theories [B14] .
The action of the reflection P on spinors of is given by

Ψ

→ P Ψ = γ0 ⊗ γ0Ψ .

(A-3.13)

in the representation of the gamma matrices for which γ 0 is diagonal. It should be
noticed that W and Z 0 bosons break parity symmetry as they should since their charge
matrices do not commute with the matrix of P.
The guess that a complex conjugation in CP2 is associated with T transformation of
the physicist turns out to be correct. One can verify by a direct calculation that pure
Dirac action is invariant under T realized according to
mk
ξk

→ T (M k ) ,
→ ξ¯k ,

Ψ → γ 1 γ 3 ⊗ 1Ψ .

(A-3.12)

The operation bearing closest resemblance to the ordinary charge conjugation corresponds geometrically to complex conjugation in CP2 :
ξk

→ ξ¯k ,

Ψ

→ Ψ† γ 2 γ 0 ⊗ 1 .

(A-3.12)

As one might have expected symmetries CP and T are exact symmetries of the pure
Dirac action.

A-4 The Relationship Of TGD To QFT And String
Models
TGD could be seen as a generalization of quantum field theory (string models) obtained
by replacing pointlike particles (strings) as fundamental objects with 3-surfaces.
Fig. 5. TGD replaces point-like particles with 3-surfaces. http://tgdtheory.fi/
appfigures/particletgd.jpg
The fact that light-like 3-surfaces are effectively metrically 2-dimensional and thus possess generalization of 2-dimensional conformal symmetries with light-like radial coordinate defining the analog of second complex coordinate suggests that this generalization
could work and extend the super-conformal symmetries to their 4-D analogs.
4
4
The boundary δM+
= S 2 × R+ - of 4-D light-cone M+
is also metrically 2-dimensional
and allows extended conformal invariance. Also the group of isometries of light-cone
boundary and of light-like 3-surfaces is infinite-dimensional since the conformal scalings
of S 2 can be compensated by S 2 -local scaling of the light-like radial coordinate of R+ .
These simple facts mean that 4-dimensional Minkowski space and 4-dimensional spacetime surfaces are in completely unique position as far as symmetries are considered.
String like objects obtained as deformations of cosmic strings X 2 × Y 2 , where X 2 is
minimal surface in M 4 and Y 2 a holomorphic surface of CP2 are fundamental extremals
of Kähler action having string world sheet as M 4 projections. Cosmic strings dominate
the primordial cosmology of TGD Universe and inflationary period corresponds to the
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transition to radiation dominated cosmology for which space-time sheets with 4-D M 4
projection dominate.
Also genuine string like objects emerge from TGD. The conditions that the em charge of
modes of induces spinor fields is well-defined requires in the generic case the localization
of the modes at 2-D surfaces -string world sheets and possibly also partonic 2-surfaces.
This in Minkowskian space-time regions.
Fig. 6. Well-definedness of em charge forces the localization of induced spinor modes to
2-D surfaces in generic situation in Minkowskian regions of space-time surface. http:
//tgdtheory.fi/appfigures/fermistring.jpg
TGD based view about elementary particles has two aspects.
i. The space-time correlates of elementary particles are identified as pairs of wormhole
contacts with Euclidian signature of metric and having 4-D CP2 projection. Their
throats behave effectively as Kähler magnetic monopoles so that wormhole throats
must be connected by Kähler magnetic flux tubes with monopole flux so that closed
flux tubes are obtained.
ii. Fermion number is carried by the modes of the induced spinor field. In Minkowskian
space-time regions the modes are localized at string world sheets connecting the
wormhole contacts.
Fig. 7. TGD view about elementary particles. a) Particle corresponds 4-D generalization of world line or b) with its light-like 3-D boundary (holography). c) Particle
world lines have Euclidian signature of the induced metric. d) They can be identified as wormhole contacts. e) The throats of wormhole contacts carry effective Kähler
magnetic charges so that wormhole contacts must appear as pairs in order to obtain
closed flux tubes. f) Wormhole contacts are accompnied by fermionic strings connecting the throats at same sheet: the strings do not extend inside the wormhole contacts.
http://tgdtheory.fi/appfigures/elparticletgd.jpg
Particle interactions involve both stringy and QFT aspects.
i. The boundaries of string world sheets correspond to fundamental fermions. This
gives rise to massless propagator lines in generalized Feynman diagrammatics. One
can speak of “long” string connecting wormhole contacts and having hadronic string
as physical counterpart. Long strings should be distinguished from wormhole contacts which due to their super-conformal invariance behave like “short” strings with
length scale given by CP2 size, which is 104 times longer than Planck scale characterizing strings in string models.
ii. Wormhole contact defines basic stringy interaction vertex for fermion-fermion scattering. The propagator is essentially the inverse of the superconformal scaling generator L0 . Wormhole contacts containing fermion and antifermion at its opposite
throats beheave like virtual bosons so that one has BFF type vertices typically.
iii. In topological sense one has 3-vertices serving as generalizations of 3-vertices of
Feynman diagrams. In these vertices 4-D “lines” of generalized Feynman diagrams
meet along their 3-D ends. One obtains also the analogs of stringy diagrams but
stringy vertices do not have the usual interpretation in terms of particle decays but
in terms of propagation of particle along two different routes.
Fig. 8. a) TGD analogs of Feynman and string diagrammatics at the level of space-time
topology. b) The 4-D analogs of both string diagrams and QFT diagrams appear but
the interpretation of the analogs stringy diagrams is different. http://tgdtheory.fi/
appfigures/tgdgraphs.jpg

A-5 Induction Procedure And Many-Sheeted SpaceTime
Since the classical gauge fields are closely related in TGD framework, it is not possible
to have space-time sheets carrying only single kind of gauge field. For instance, em fields
are accompanied by Z 0 fields for extremals of Kähler action.
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Classical em fields are always accompanied by Z 0 field and some components of color
gauge field. For extremals having homologically non-trivial sphere as a CP2 projection
em and Z 0 fields are the only non-vanishing electroweak gauge fields. For homologically
trivial sphere only W fields are non-vanishing. Color rotations does not affect the
situation.
For vacuum extremals all electro-weak gauge fields are in general non-vanishing although
the net gauge field has U(1) holonomy by 2-dimensionality of the CP2 projection. Color
gauge field has U (1) holonomy for all space-time surfaces and quantum classical correspondence suggest a weak form of color confinement meaning that physical states
correspond to color neutral members of color multiplets.
Induction procedure for gauge fields and spinor connection
Induction procedure for gauge potentials and spinor structure is a standard procedure of
bundle theory. If one has imbedding of some manifold to the base space of a bundle, the
bundle structure can be induced so that it has as a base space the imbedded manifold,
whose points have as fiber the fiber if imbedding space at their image points. In the
recent case the imbedding of space-time surface to imbedding space defines the induction
procedure. The induced gauge potentials and gauge fields are projections of the spinor
connection of the imbedding space to the space-time surface (see Fig. ??).
Induction procedure makes sense also for the spinor fields of imbedding space and one
obtains geometrization of both electroweak gauge potentials and of spinors. The new
element is induction of gamma matrices which gives their projections at space-time
surface.
As a matter fact, the induced gamma matrices cannot appear in the counterpart of
massless Dirac equation. To achieve super-symmetry, Dirac action must be replaced
with Kähler-Dirac action for which gamma matrices are contractions of the canonical
momentum currents of Kähler action with imbedding space gamma matrices. Induced
gamma matrices in Dirac action would correspond to 4-volume as action.
Fig. 9. Induction of spinor connection and metric as projection to the space-time
surface. http://tgdtheory.fi/appfigures/induct.jpg
Induced gauge fields for space-times for which CP2 projection is a geodesic
sphere
If one requires that space-time surface is an extremal of Kähler action and has a 2dimensional CP2 projection, only vacuum extremals and space-time surfaces for which
CP2 projection is a geodesic sphere, are allowed. Homologically non-trivial geodesic
sphere correspond to vanishing W fields and homologically non-trivial sphere to nonvanishing W fields but vanishing γ and Z 0 . This can be verified by explicit examples.
r = ∞ surface gives rise to a homologically non-trivial geodesic sphere for which e0
and e3 vanish imply the vanishing of W field. For space-time sheets for which CP2
projection is r = ∞ homologically non-trivial geodesic sphere of CP2 one has
5Z 0
3 sin2 (θW ) 0
)Z '
.
γ=( −
4
2
8
The induced W fields vanish in this case and they vanish also for all geodesic sphere
obtained by SU (3) rotation.
Im(ξ 1 ) = Im(ξ 2 ) = 0 corresponds to homologically trivial geodesic sphere. A more
general representative is obtained by using for the phase angles of standard complex
CP2 coordinates constant values. In this case e1 and e3 vanish so that the induced em,
Z 0 , and Kähler fields vanish but induced W fields are non-vanishing. This holds also for
surfaces obtained by color rotation. Hence one can say that for non-vacuum extremals
with 2-D CP2 projection color rotations and weak symmetries commute.
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Many-Sheeted Space-Time

TGD space-time is many-sheeted: in other words, there are in general several spacesheets which have projection to the same M 4 region. Second manner to say this is
that CP2 coordinates are many-valued functions of M 4 coordinates. The original physical interpretation of many-sheeted space-time time was not correct: it was assumed
that single sheet corresponds to GRT space-time and this obviously leads to difficulties
since the induced gauge fields are expressible in terms of only four imbedding space
coordinates.
Fig. 10. Illustration of many-sheeted space-time of TGD. http://tgdtheory.fi/
appfigures/manysheeted.jpg
Superposition of effects instead of superposition of fields
The first objection against TGD is that superposition is not possible for induced gauge
fields and induced metric. The resolution of the problem is that it is effects which need
to superpose, not the fields.
Test particle topologically condenses simultaneously to all space-time sheets having a
projection to same region of M 4 (that is touches them). The superposition of effects of
fields at various space-time sheets replaces the superposition of fields.This is crucial for
the understanding also how GRT space-time relates to TGD space-time, which is also
in the appendix of this book).
Wormhole contacts
Wormhole contacts are key element of many-sheeted space-time. One does not expect
them to be stable unless there is non-trivial Kähler magnetic flux flowing through then
so that the throats look like Kähler magnetic monopoles.
Fig. 11. Wormhole contact. http://tgdtheory.fi/appfigures/wormholecontact.
jpg
Since the flow lines of Kähler magnetic field must be closed this requires the presence of
another wormhole contact so that one obtains closed monopole flux tube decomposing
to two Minkowskian pieces at the two space-time sheets involved and two wormhole
contacts with Euclidian signature of the induced metric. These objects are identified
as space-time correlates of elementary particles and are clearly analogous to string like
objects.
The relationship between the many-sheeted space-time of TGD and of GRT
space-time
The space-time of general relativity is single-sheeted and there is no need to regard it
as surface in H although the assumption about representability as vacuum extremal
gives very powerful constraints in cosmology and astrophysics and might make sense in
simple situations.
The space-time of GRT can be regarded as a long length scale approximation obtained
by lumping together the sheets of the many-sheeted space-time to a region of M 4 and
providing it with an effective metric obtained as sum of M 4 metric and deviations of
the induced metrics of various space-time sheets from M 4 metric. Also induced gauge
potentials sum up in the similar manner so that also the gauge fields of gauge theories
would not be fundamental fields.
Fig. 12. The superposition of fields is replaced with the superposition of their effects in
many-sheeted space-time. http://tgdtheory.fi/appfigures/fieldsuperpose.jpg
Space-time surfaces of TGD are considerably simpler objects that the space-times of
general relativity and relate to GRT space-time like elementary particles to systems of
condensed matter physics. Same can be said about fields since all fields are expressible
in terms of imbedding space coordinates and their gradients, and general coordinate
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invariance means that the number of bosonic field degrees is reduced locally to 4. TGD
space-time can be said to be a microscopic description whereas GRT space-time a macroscopic description. In TGD complexity of space-time topology replaces the complexity
due to large number of fields in quantum field theory.
Topological field quantization and the notion of magnetic body
Topological field quantization also TGD from Maxwell’s theory. TGD predicts topological light rays (“massless extremals (MEs)”) as space-time sheets carrying waves
or arbitrary shape propagating with maximal signal velocity in single direction only
and analogous to laser beams and carrying light-like gauge currents in the generi case.
There are also magnetic flux quanta and electric flux quanta. The deformations of cosmic strings with 2-D string orbit as M 4 projection gives rise to magnetic flux tubes
carrying monopole flux made possible by CP2 topology allowing homological Kähler
magnetic monopoles.
Fig. 13. Topological quantization for magnetic fields replaces magnetic fields with
bundles of them defining flux tubes as topological field quanta. http://tgdtheory.
fi/appfigures/field.jpg
The imbeddability condition for say magnetic field means that the region containing
constant magnetic field splits into flux quanta, say tubes and sheets carrying constant
magnetic field. Unless one assumes a separate boundary term in Kähler action, boundaries in the usual sense are forbidden except as ends of space-time surfaces at the boundaries of causal diamonds. One obtains typically pairs of sheets glued together along their
boundaries giving rise to flux tubes with closed cross section possibly carrying monopole
flux.
These kind of flux tubes might make possible magnetic fields in cosmic scales already
during primordial period of cosmology since no currents are needed to generate these
magnetic fields: cosmic string would be indeed this kind of objects and would dominated
during the primordial period. Even superconductors and maybe even ferromagnets could
involve this kind of monopole flux tubes.

A-5.2

Imbedding Space Spinors And Induced Spinors

One can geometrize also fermionic degrees of freedom by inducing the spinor structure
of M 4 × CP2 .
CP2 does not allow spinor structure in the ordinary sense but one can couple the opposite
H-chiralities of H-spinors to an n = 1 (n = 3) integer multiple of Kähler gauge potential
to obtain a respectable modified spinor structure. The em charges of resulting spinors
are fractional (integer valued) and the interpretation as quarks (leptons) makes sense
since the couplings to the induced spinor connection having interpretation in terms
electro-weak gauge potential are identical to those assumed in standard model.
The notion of quark color differs from that of standard model.
i. Spinors do not couple to color gauge potential although the identification of color
gauge potential as projection of SU (3) Killing vector fields is possible. This coupling
must emerge only at the effective gauge theory limit of TGD.
ii. Spinor harmonics of imbedding space correspond to triality t = 1 (t = 0) partial
waves. The detailed correspondence between color and electroweak quantum numbers is however not correct as such and the interpretation of spinor harmonics of
imbedding space is as representations for ground states of super-conformal representations. The wormhole pairs associated with physical quarks and leptons must
carry also neutrino pair to neutralize weak quantum numbers above the length scale
of flux tube (weak scale or Compton length). The total color quantum numbers
or these states must be those of standard model. For instance, the color quantum
numbers of fundamental left-hand neutrino and lepton can compensate each other
for the physical lepton. For fundamental quark-lepton pair they could sum up to
those of physical quark.
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The well-definedness of em charge is crucial condition.
i. Although the imbedding space spinor connection carries W gauge potentials one
can say that the imbedding space spinor modes have well-defined em charge. One
expects that this is true for induced spinor fields inside wormhole contacts with 4-D
CP2 projection and Euclidian signature of the induced metric.
ii. The situation is not the same for the modes of induced spinor fields inside Minkowskian
region and one must require that the CP2 projection of the regions carrying induced
spinor field is such that the induced W fields and above weak scale also the induced
Z 0 fields vanish in order to avoid large parity breaking effects. This condition
forces the CP2 projection to be 2-dimensional. For a generic Minkowskian spacetime region this is achieved only if the spinor modes are localized at 2-D surfaces
of space-time surface - string world sheets and possibly also partonic 2-surfaces.
iii. Also the Kähler-Dirac gamma matrices appearing in the modified Dirac equation
must vanish in the directions normal to the 2-D surface in order that Kähler-Dirac
equation can be satisfied. This does not seem plausible for space-time regions with
4-D CP2 projection.
iv. One can thus say that strings emerge from TGD in Minkowskian space-time regions.
In particular, elementary particles are accompanied by a pair of fermionic strings at
the opposite space-time sheets and connecting wormhole contacts. Quite generally,
fundamental fermions would propagate at the boundaries of string world sheets
as massless particles and wormhole contacts would define the stringy vertices of
generalized Feynman diagrams. One obtains geometrized diagrammatics, which
brings looks like a combination of stringy and Feynman diagrammatics.
v. This is what happens in the the generic situation. Cosmic strings could serve as
examples about surfaces with 2-D CP2 projection and carrying only em fields and
allowing delocalization of spinor modes to the entire space-time surfaces.

A-5.3 Space-Time Surfaces With Vanishing Em, Z 0 , Or Kähler
Fields
In the following the induced gauge fields are studied for general space-time surface
without assuming the extremal property. In fact, extremal property reduces the study to
the study of vacuum extremals and surfaces having geodesic sphere as a CP2 projection
and in this sense the following arguments are somewhat obsolete in their generality.
Space-times with vanishing em, Z 0 , or Kähler fields
The following considerations apply to a more general situation in which the homologically trivial geodesic sphere and extremal property are not assumed. It must be
emphasized that this case is possible in TGD framework only for a vanishing Kähler
field.
Using spherical coordinates (r, Θ, Ψ, Φ) for CP2 , the expression of Kähler form reads as

J

=

F

=

r2
r
sin(Θ)dΘ ∧ dΦ ,
dr ∧ (dΨ + cos(Θ)dΦ) +
2
F
2F
1 + r2 .

(A-5.0)

The general expression of electromagnetic field reads as

Fem

=

p

=

r
r2
dr ∧ (dΨ + cos(Θ)dΦ) + (3 + p)
sin(Θ)dΘ ∧ dΦ ,
2
F
2F
sin2 (ΘW ) ,
(A-5.0)

(3 + 2p)

where ΘW denotes Weinberg angle.
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i. The vanishing of the electromagnetic fields is guaranteed, when the conditions
Ψ = kΦ ,
1
(3 + 2p) 2 (d(r2 )/dΘ)(k + cos(Θ)) + (3 + p)sin(Θ) = 0 ,
(A-5.0)
r F
hold true. The conditions imply that CP2 projection of the electromagnetically
neutral space-time is 2-dimensional. Solving the differential equation one obtains
r

r
X

X
,
1−X


(k + u
= D |
|
,
C

=

3+p
r02
, =
, (A-5.-1)
1 + r02
3 + 2p
where C and D are integration constants. 0 ≤ X ≤ 1 is required by the reality of
r. r = 0 would correspond to X = 0 giving u = −k achieved only for |k| ≤ 1 and
r = ∞ to X = 1 giving |u + k| = [(1 + r02 )/r02 )](3+2p)/(3+p) achieved only for
u ≡ cos(Θ) , C = k + cos(Θ0 ) , D =

sign(u + k) × [

1 + r02 3+2p
] 3+p ≤ k + 1 ,
r02

where sign(x) denotes the sign of x.
The expressions for Kähler form and Z 0 field are given by
p
Xdu ∧ dΦ ,
3 + 2p
6
Z0 = − J .
(A-5.-1)
p
The components of the electromagnetic field generated by varying vacuum parameters are proportional to the components of the Kähler field: in particular, the
magnetic field is parallel to the Kähler magnetic field. The generation of a long
range Z 0 vacuum field is a purely TGD based feature not encountered in the standard gauge theories.
ii. The vanishing of Z 0 fields is achieved by the replacement of the parameter  with
 = 1/2 as becomes clear by considering the condition stating that Z 0 field vanishes
2
identically. Also the relationship Fem = 3J = − 43 rF du ∧ dΦ is useful.
iii. The vanishing Kähler field corresponds to  = 1, p = 0 in the formula for em neutral
space-times. In this case classical em and Z 0 fields are proportional to each other:
J

= −

r
∂r
2e0 ∧ e3 = 2 (k + u) du ∧ dΦ = (k + u)du ∧ dΦ ,
F
∂u
r
X
r =
, X = D|k + u| ,
1−X
p
γ = − Z0 .
(A-5.-2)
2
For a vanishing value of Weinberg angle (p = 0) em field vanishes and only Z 0 field
remains as a long range gauge field. Vacuum extremals for which long range Z 0
field vanishes but em field is non-vanishing are not possible.
Z0

=

The effective form of CP2 metric for surfaces with 2-dimensional CP2 projection
The effective form of the CP2 metric for a space-time having vanishing em,Z 0 , or Kähler
field is of practical value in the case of vacuum extremals and is given by

A-5. Induction Procedure And Many-Sheeted Space-Time

ds2ef f
f
sef
ΘΘ
f
sef
ΦΦ
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dr 2
R2 ef f 2
f
2
) + sΘΘ )dΘ2 + (sΦΦ + 2ksΦΨ )dΦ2 =
[sΘΘ dΘ + sef
ΦΦ dΦ ] ,
dΘ
4

 2
1
 (1 − u2 )
×
+1−X ,
= X×
(k + u)2
1−X


= X × (1 − X)(k + u)2 + 1 − u2 ,
(A-5.-3)
=

(srr (

and is useful in the construction of vacuum imbedding of, say Schwartchild metric.
Topological quantum numbers
Space-times for which either em, Z 0 , or Kähler field vanishes decompose into regions
characterized by six vacuum parameters: two of these quantum numbers (ω1 and ω2 )
are frequency type parameters, two (k1 and k2 ) are wave vector like quantum numbers,
two of the quantum numbers (n1 and n2 ) are integers. The parameters ωi and ni
will be referred as electric and magnetic quantum numbers. The existence of these
quantum numbers is not a feature of these solutions alone but represents a much more
general phenomenon differentiating in a clear cut manner between TGD and Maxwell’s
electrodynamics.
The simplest manner to avoid surface Kähler charges and discontinuities or infinities
in the derivatives of CP2 coordinates on the common boundary of two neighboring
regions with different vacuum quantum numbers is topological field quantization, 3-space
decomposes into disjoint topological field quanta, 3-surfaces having outer boundaries
with possibly macroscopic size.
Under rather general conditions the coordinates Ψ and Φ can be written in the form
Ψ

= ω2 m0 + k2 m3 + n2 φ + Fourier expansion ,

Φ

= ω1 m0 + k1 m3 + n1 φ + Fourier expansion .

(A-5.-3)

m0 ,m3 and φ denote the coordinate variables of the cylindrical M 4 coordinates) so that
one has k = ω2 /ω1 = n2 /n1 = k2 /k1 . The regions of the space-time surface with given
values of the vacuum parameters ωi ,ki and ni and m and C are bounded by the surfaces
at which space-time surface becomes ill-defined, say by r > 0 or r < ∞ surfaces.
The space-time surface decomposes into regions characterized by different values of the
vacuum parameters r0 and Θ0 . At r = ∞ surfaces n2 ,ω2 and m can change since all
values of Ψ correspond to the same point of CP2 : at r = 0 surfaces also n1 and ω1 can
change since all values of Φ correspond to same point of CP2 , too. If r = 0 or r = ∞ is
not in the allowed range space-time surface develops a boundary.
This implies what might be called topological quantization since in general it is not
possible to find a smooth global imbedding for, say a constant magnetic field. Although
global imbedding exists it decomposes into regions with different values of the vacuum
parameters and the coordinate u in general possesses discontinuous derivative at r =
0 and r = ∞ surfaces. A possible manner to avoid edges of space-time is to allow
field quantization so that 3-space (and field) decomposes into disjoint quanta, which
can be regarded as structurally stable units a 3-space (and of the gauge field). This
doesn’t exclude partial join along boundaries for neighboring field quanta provided some
additional conditions guaranteeing the absence of edges are satisfied.
For instance, the vanishing of the electromagnetic fields implies that the condition
Ω

≡

ω1
ω2
−
=0 ,
n2
n1

(A-5.-2)

is satisfied. In particular, the ratio ω2 /ω1 is rational number for the electromagnetically
neutral regions of space-time surface. The change of the parameter n1 and n2 (ω1 and
ω2 ) in general generates magnetic field and therefore these integers will be referred to
as magnetic (electric) quantum numbers.
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A-6

P-Adic Numbers And TGD

A-6.1

P-Adic Number Fields

p-Adic numbers (p is prime: 2, 3, 5, ...) can be regarded as a completion of the rational
numbers using a norm, which is different from the ordinary norm of real numbers [A19].
p-Adic numbers are representable as power expansion of the prime number p of form
x

=

X

x(k)pk , x(k) = 0, ...., p − 1 .

(A-6.1)

k≥k0

The norm of a p-adic number is given by
|x| = p−k0 (x) .

(A-6.2)

Here k0 (x) is the lowest power in the expansion of the p-adic number. The norm differs
drastically from the norm of the ordinary real numbers since it depends on the lowest
pinary digit of the p-adic number only. Arbitrarily high powers in the expansion are
possible since the norm of the p-adic number is finite also for numbers, which are infinite
with respect to the ordinary norm. A convenient representation for p-adic numbers is
in the form
x

= pk0 ε(x) ,

(A-6.3)

where ε(x) = k + .... with 0 < k < p, is p-adic number with unit norm and analogous
to the phase factor exp(iφ) of a complex number.
The distance function d(x, y) = |x − y|p defined by the p-adic norm possesses a very
general property called ultra-metricity:
d(x, z) ≤

max{d(x, y), d(y, z)} .

(A-6.4)

The properties of the distance function make it possible to decompose Rp into a union
of disjoint sets using the criterion that x and y belong to same class if the distance
between x and y satisfies the condition
d(x, y) ≤ D .

(A-6.5)

This division of the metric space into classes has following properties:
i. Distances between the members of two different classes X and Y do not depend on
the choice of points x and y inside classes. One can therefore speak about distance
function between classes.
ii. Distances of points x and y inside single class are smaller than distances between
different classes.
iii. Classes form a hierarchical tree.
Notice that the concept of the ultra-metricity emerged in physics from the models for
spin glasses and is believed to have also applications in biology [B30]. The emergence of
p-adic topology as the topology of the effective space-time would make ultra-metricity
property basic feature of physics.

A-6.2
bers

Canonical Correspondence Between P-Adic And Real Num-

The basic challenge encountered by p-adic physicist is how to map the predictions of
the p-adic physics to real numbers. p-Adic probabilities provide a basic example in
this respect. Identification via common rationals and canonical identification and its
variants have turned out to play a key role in this respect.
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Basic form of canonical identification
There exists a natural continuous map I : Rp → R+ from p-adic numbers to nonnegative real numbers given by the “pinary” expansion of the real number for x ∈ R
and y ∈ Rp this correspondence reads
y

=

X

yk

∈

{0, 1, .., p − 1} .

yk pk → x =

k>N

X

yk p−k ,

k<N

(A-6.5)

This map is continuous as one easily finds out. There is however a little difficulty
associated with the definition of the inverse map since the pinary expansion like also
decimal expansion is not unique (1 = 0.999...) for the real numbers x, which allow pinary
expansion with finite number of pinary digits

x

=

N
X

xk p−k ,

k=N0

x

=

N
−1
X

X

xk p−k + (xN − 1)p−N + (p − 1)p−N −1

k=N0

p−k .

k=0,..

(A-6.4)
The p-adic images associated with these expansions are different

y1

=

N
X

xk pk ,

k=N0

y2

=

N
−1
X

xk pk + (xN − 1)pN + (p − 1)pN +1

k=N0

X

pk

k=0,..

= y1 + (xN − 1)pN − pN +1 ,

(A-6.3)

so that the inverse map is either two-valued for p-adic numbers having expansion with
finite pinary digits or single valued and discontinuous and non-surjective if one makes
pinary expansion unique by choosing the one with finite pinary digits. The finite pinary
digit expansion is a natural choice since in the numerical work one always must use a
pinary cutoff on the real axis.
The topology induced by canonical identification
The topology induced by the canonical identification in the set of positive real numbers
differs from the ordinary topology. The difference is easily understood by interpreting
the p-adic norm as a norm in the set of the real numbers. The norm is constant in
each interval [pk , pk+1 ) (see Fig. A-6.2 ) and is equal to the usual real norm at the
points x = pk : the usual linear norm is replaced with a piecewise constant norm. This
means that p-adic topology is coarser than the usual real topology and the higher the
value of p is, the coarser the resulting topology is above a given length scale. This
hierarchical ordering of the p-adic topologies will be a central feature as far as the
proposed applications of the p-adic numbers are considered.
Ordinary continuity implies p-adic continuity since the norm induced from the p-adic
topology is rougher than the ordinary norm. p-Adic continuity implies ordinary continuity from right as is clear already from the properties of the p-adic norm (the graph
of the norm is indeed continuous from right). This feature is one clear signature of the
p-adic topology.
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Fig. 14. The real norm induced by canonical identification from 2-adic norm. http:
//tgdtheory.fi/appfigures/norm.png
The linear structure of the p-adic numbers induces a corresponding structure in the
set of the non-negative real numbers and p-adic linearity in general differs from the
ordinary concept of linearity. For example, p-adic sum is equal to real sum only provided
the summands have no common pinary digits. Furthermore, the condition x +p y <
max{x, y} holds in general for the p-adic sum of the real numbers. p-Adic multiplication
is equivalent with the ordinary multiplication only provided that either of the members
of the product is power of p. Moreover one has x ×p y < x × yP
in general. The p-Adic
negative −1p associated with p-adic unit 1 is given by (−1)p = k (p − 1)pk and defines
p-adic negative for each real number x. An interesting possibility is that p-adic linearity
might replace the ordinary linearity in some strongly nonlinear systems so these systems
would look simple in the p-adic topology.
These results suggest that canonical identification is involved with some deeper mathematical structure. The following inequalities hold true:

(x + y)R
|x|p |y|R ≤ (xy)R

≤ xR + yR ,
≤ xR yR ,

(A-6.3)

where |x|p denotes p-adic norm. These inequalities can be generalized to the case of
(Rp )n (a linear vector space over the p-adic numbers).

(x + y)R
|λ|p |y|R ≤ (λy)R

≤ xR + yR ,
≤ λR yR ,

(A-6.3)

where the norm of the vector x ∈ Tpn is defined in some manner. The case of Euclidian
space suggests the definition
(xR )2

=

X
(
x2n )R .

(A-6.4)

n

These inequalities resemble those satisfied by the vector norm. The only difference is
the failure of linearity in the sense that the norm of a scaled vector is not obtained by
scaling the norm of the original vector. Ordinary situation prevails only if the scaling
corresponds to a power of p.
These observations suggests that the concept of a normed space or Banach space might
have a generalization and physically the generalization might apply to the description
of some non-linear systems. The nonlinearity would be concentrated in the nonlinear
behavior of the norm under scaling.
Modified form of the canonical identification
The original form of the canonical identification is continuous but does not respect
symmetries even approximately. This led to a search of variants which would do better
in this respect. The modification of the canonical identification applying to rationals
only and given by
I(r)
r
IQ (q = pk × ) = pk ×
s
I(s)

(A-6.5)

is uniquely defined for rationals, maps rationals to rationals, has also a symmetry under
exchange of target and domain. This map reduces to a direct identification of rationals
for 0 ≤ r < p and 0 ≤ s < p. It has turned out that it is this map which most naturally
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appears in the applications. The map is obviously continuous locally since p-adically
small modifications of r and s mean small modifications of the real counterparts.
Canonical identification is in a key role in the successful predictions of the elementary
particle masses. The predictions for the light elementary particle masses are within
extreme accuracy same for I and IQ but IQ is theoretically preferred since the real
probabilities obtained from p-adic ones by IQ sum up to one in p-adic thermodynamics.
Generalization of number concept and notion of imbedding space
TGD forces an extension of number concept: roughly a fusion of reals and various padic number fields along common rationals is in question. This induces a similar fusion
of real and p-adic imbedding spaces. Since finite p-adic numbers correspond always to
non-negative reals n-dimensional space Rn must be covered by 2n copies of the p-adic
n
variant Rpn of Rn each of which projects to a copy of R+
(four quadrants in the case
of plane). The common points of p-adic and real imbedding spaces are rational points
and most p-adic points are at real infinity.
Real numbers and various algebraic extensions of p-adic number fields are thus glued
together along common rationals and also numbers in algebraic extension of rationals
whose number belong to the algebraic extension of p-adic numbers. This gives rise to
a book like structure with rationals and various algebraic extensions of rationals taking
the role of the back of the book. Note that Neper number is exceptional in the sense
that it is algebraic number in p-adic number field Qp satisfying ep mod p = 1.
Fig. 15. Various number fields combine to form a book like structure. http://
tgdtheory.fi/appfigures/book.jpg
For a given p-adic space-time sheet most points are literally infinite as real points and the
projection to the real imbedding space consists of a discrete set of rational points: the
interpretation in terms of the unavoidable discreteness of the physical representations of
cognition is natural. Purely local p-adic physics implies real p-adic fractality and thus
long range correlations for the real space-time surfaces having enough common points
with this projection.
p-Adic fractality means that M 4 projections for the rational points of space-time surface
X 4 are related by a direct identification whereas CP2 coordinates of X 4 at these points
are related by I, IQ or some of its variants implying long range correlates for CP2
coordinates. Since only a discrete set of points are related in this manner, both real and
p-adic field equations can be satisfied and there are no problems with symmetries. pAdic effective topology is expected to be a good approximation only within some length
scale range which means infrared and UV cutoffs. Also multi-p-fractality is possible.

A-6.3

The Notion Of P-Adic Manifold

The notion of p-adic manifold is needed in order to fuse real physics and various padic physics to a larger structure which suggests that real and p-adic number fields
should be glued together along common rationals bringing in mind adeles. The notion
is problematic because p-adic topology is totally disconnected implying that p-adic balls
are either disjoint or nested so that ordinary definition of manifold using p-adic chart
maps fails. A cure is suggested to be based on chart maps from p-adics to reals rather
than to p-adics (see the appendix of the book)
The chart maps are interpreted as cognitive maps, “thought bubbles”.
Fig. 16. The basic idea between p-adic manifold. http://tgdtheory.fi/appfigures/
padmanifold.jpg
There are some problems.
i. Canonical identification does not respect symmetries since it does not commute
with second pinary cutoff so that only a discrete set of rational points is mapped to
their real counterparts by chart map arithmetic operations which requires pinary
cutoff below which chart map takes rationals to rationals so that commutativity
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with arithmetics and symmetries is achieved in finite resolution: above the cutoff
canonical identification is used
ii. Canonical identification is continuous but does not map smooth p-adic surfaces
to smooth real surfaces requiring second pinary cutoff so that only a discrete set
of rational points is mapped to their real counterparts by chart map requiring
completion of the image to smooth preferred extremal of Kähler action so that
chart map is not unique in accordance with finite measurement resolution
iii. Canonical identification vreaks general coordinate invariance of chart map: (cognitioninduced symmetry breaking) minimized if p-adic manifold structure is induced from
that for p-adic imbedding space with chart maps to real imbedding space and assuming preferred coordinates made possible by isometries of imbedding space: one
however obtains several inequivalent p-adic manifold structures depending on the
choice of coordinates: these cognitive representations are not equivalent.

A-7 Hierarchy Of Planck Constants And Dark Matter Hierarchy
Hierarchy of Planck constants was motivated by the “impossible” quantal effects of ELF
em fields on vertebrate cyclotron energies E = hf = ~×eB/m are above thermal energy
is possible only if ~ has value much larger than its standard value. Also Nottale’s finding
that planetary orbits migh be understood as Bohr orbits for a gigantic gravitational
Planck constant.
Hierachy of Planck constant would mean that the values of Planck constant come as
integer multiples of ordinary Planck constant: hef f = n × h. The particles at magnetic
flux tubes characterized by hef f would correspond to dark matter which would be
invisible in the sense that only particle with same value of hef f appear in the same
vertex of Feynman diagram.
Hierarchy of Planck constants would be due to the non-determism of the Kähler action
predicting huge vacuum degeneracy allowing all space-time surfaces which are submanfolds of any M 4 × Y 2 , where Y 2 is Lagrangian sub-manifold of CP2 . For agiven Y 2
one obtains new manifolds Y 2 by applying symplectic transformations of CP2 .
Non-determinism would mean that the 3-surface at the ends of causal diamond (CD)
can be connected by several space-time surfaces carrying same conserved Kähler charges
and having same values of Kähler action. Conformal symmetries defined by Kac-Moody
algebra associated with the imbedding space isometries could act as gauge transformations and respect the light-likeness property of partonic orbits at which the signature
of the induced metric changes from Minkowskian to Euclidian (Minkowskianb spacetime region transforms to wormhole contact say). The number of conformal equivalence
classes of these surfaces could be finite number n and define discrete physical degree
of freedom and one would have hef f = n × h. This degeneracy would mean “second
quantization” for the sheets of n-furcation: not only one but several sheets can be
realized.
This relates also to quantum criticality postulated to be the basic characteristics of
the dynamics of quantum TGD. Quantum criticalities would correspond to an infinite
fractal hierarchy of broken conformal symmetries defined by sub-algebras of conformal
algebra with conformal weights coming as integer multiples of n. This leads also to
connections with quantum criticality and hierarchy of broken conformal symmetries,
p-adicity, and negentropic entanglement which by consistency with standard quantum
measurement theory would be described in terms of density matrix proportional n × n
identity matrix and being due to unitary entanglement coefficients (typical for quantum
computing systems).
Formally the situation could be described by regarding space-time surfaces as surfaces
in singular n-fold singular coverings of imbedding space. A stronger assumption would
be that they are expressible as as products of n1 -fold covering of M 4 and n2 -fold
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covering of CP2 meaning analogy with multi-sheeted Riemann surfaces and that M 4
coordinates are n1 -valued functions and CP2 coordinates n2 -valued functions of spacetime coordinates for n = n1 × n2 . These singular coverings of imbedding space form a
book like structure with singularities of the coverings localizable at the boundaries of
causal diamonds defining the back of the book like structure.
Fig. 17. Hierarchy of Planck constants. http://tgdtheory.fi/appfigures/planckhierarchy.
jpg

A-8 Some Notions Relevant To TGD Inspired Consciousness And Quantum Biology
Below some notions relevant to TGD inspired theory of consciousness and quantum
biology.

A-8.1

The Notion Of Magnetic Body

Topological field quantization inspires the notion of field body about which magnetic
body is especially important example and plays key role in TGD inspired quantum biology and consciousness theory. This is a crucial departure fromt the Maxwellian view.
Magnetic body brings in third level to the description of living system as a system interacting strongly with environment. Magnetic body would serve as an intentional agent
using biological body as a motor instrument and sensory receptor. EEG would communicated the information from biological body to magnetic body and Libet’s findings
from time delays of consciousness support this view.
The following pictures illustrate the notion of magnetic body and its dynamics relevant
for quantum biology in TGD Universe.
Fig. 18. Magnetic body associated with dipole field. http://tgdtheory.fi/appfigures/
fluxquant.jpg
Fig. 19. Illustration of the reconnection by magnetic flux loops. http://tgdtheory.
fi/appfigures/reconnect1.jpg
Fig. 20. Illustration of the reconnection by flux tubes connecting pairs of molecules.
http://tgdtheory.fi/appfigures/reconect2.jpg
Fig. 21. Flux tube dynamics. a) Reconnection making possible magnetic body to
“recognize” the presence of another magnetic body, b) braiding, knotting and linking of
flux tubes making possible topological quantum computation, c) contraction of flux tube
in phase transition reducing the value of hef f allowing two molecules to find each other
in dense molecular soup. http://tgdtheory.fi/appfigures/fluxtubedynamics.jpg

A-8.2
ment

Number Theoretic Entropy And Negentropic Entangle-

TGD inspired theory of consciousness relies heavily p-Adic norm allows an to define
the notion of Shannon entropy for rational probabilities (and even those in algebraic
extension of rationals) by replacing the argument of logarithm of probability with its padic norm. The resulting entropy can be negative and the interpretation is that number
theoretic entanglement entropy defined by this formula for the p-adic prime minimizing
its value serves as a measure for conscious information. This negentropy characterizes two-particle system and has nothing to do with the formal negative negentropy
assignable to thermodynamic entropy characterizing single particle. Negentropy Maximization Principle (NMP) implies that number theoretic negentropy increases during
evolution by quantum jumps. The condition that NMP is consistent with the standard
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quantum measurement theory requires that negentropic entanglement has a density matrix proportional to unit matrix so that in 2-particle case the entanglement matrix is
unitary.
Fig. 22. Schrödinger cat is neither dead or alive. For negentropic entanglement this
state would be stable. http://tgdtheory.fi/appfigures/cat.jpg

A-8.3 Life As Something Residing In The Intersection Of Reality And P-Adicities
In TGD inspired theory of consciousness p-adic space-time sheets correspond to spacetime correlates for thoughts and intentions. The intersections of real and p-adic preferred
extremals consist of points whose coordinates are rational or belong to some extension
of rational numbers in preferred imbedding space coordinates. They would correspond
to the intersection of reality and various p-adicities representing the “mind stuff” of
Descartes. There is temptation to assign life to the intersection of realities and padicities. The discretization of the chart map assigning to real space-time surface its
p-adic counterpart would reflect finite cognitive resolution.
At the level of “world of classical worlds” ( WCW ) the intersection of reality and
various p-adicities would correspond to space-time surfaces (or possibly partonic 2surfaces) representable in terms of rational functions with polynomial coefficients with
are rational or belong to algebraic extension of rationals.
The quantum jump replacing real space-time sheet with p-adic one (vice versa) would
correspond to a buildup of cognitive representation (realization of intentional action).
Fig. 23. The quantum jump replacing real space-time surface with corresponding p-adic
manifold can be interpreted as formation of though, cognitive representation. Its reversal
would correspond to a transformation of intention to action. http://tgdtheory.fi/
appfigures/padictoreal.jpg

A-8.4

Sharing Of Mental Images

The 3-surfaces serving as correlates for sub-selves can topologically condense to disjoint
large space-time sheets representing selves. These 3-surfaces can also have flux tube
connections and this makes possible entanglement of sub-selves, which unentangled in
the resolution defined by the size of sub-selves. The interpretation for this negentropic
entanglement would be in terms of sharing of mental images. This would mean that
contents of consciousness are not completely private as assumed in neuroscience.
Fig. 24. Sharing of mental images by entanglement of subselves made possible by flux
tube connections between topologically condensed space-time sheets associated with
mental images. http://tgdtheory.fi/appfigures/sharing.jpg

A-8.5

Time Mirror Mechanism

Zero energy ontology (ZEO) is crucial part of both TGD and TGD inspired consciousness and leads to the understanding of the relationship between geometric time and
experience time and how the arrow of psychological time emerges. One of the basic
predictions is the possibiity of negative energy signals propagating backwards in geometric time and having the property that entropy basically associated with subjective
time grows in reversed direction of geometric time. Negative energy signals inspire time
mirror mechanism (see Fig. http://tgdtheory.fi/appfigures/timemirror.jpg or
Fig. 24 in the appendix of this book) providing mechanisms of both memory recall,
realization of intentational action initiating action already in geometric past, and remote metabolism. What happens that negative energy signal travels to past and is
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reflected as positive energy signal and returns to the sender. This process works also in
the reverse time direction.
Fig. 25. Zero energy ontology allows time mirror mechanism as a mechanism of memory
recall. Essentially “seeing” in time direction is in question. http://tgdtheory.fi/
appfigures/timemirror.jpg
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