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Abstract

This article was inspired by the YouTube video in which biologist Nick Lane talked of
Krebs cycle, also known as citric acid cycle. The title of the video was ”How the Krebs cycle
powers life and death?”.

Krebs cycle is central in the metabolism of animal cells, liberating metabolic energy from
glucose and leading to the emergence of the basic building blocks of fundamental biomolecules.
Lane talks also of the reverse Krebs cycle appearing in photosynthesis. Lane proposes a vision
of how life could have evolved from in-organic chemistry in thermal vents. Lane emphasizes
the importance of charge separation at the level of the cell and even at the level of Earth.

The objections against Lane’s view give a good motivation for developing a TGD based
view about Krebs cycle. This view is based on some basic ideas of TGD inspired quantum
biology. In particular the zero energy ontology (ZEO) in which Krebs cycle and its reversal
could be seen as time reversal of each other at the control level; the quantum gravitational view
of metabolism and evolution of life; the TGD inspired view about how Pollack effect induces
charge separations leading also to a view of genetic code, which at fundamental level would
be realized in terms of both dark proton and dark photon triplets; and the TGD proposal
for what happened in Cambrian explosion in which oxygenated oceans and highly developed
multicellulars emerged apparently out of nowhere.

The discussion leads to a more precise view of metabolism before the Cambrian explosion,
according to which the dark photons generated by the Earth’s core would have provided the
photons for photosynthesis in underground oceans and led to their oxygenation.

1 Introduction

This article was inspired by the YouTube video (https://cutt.ly/7XTY1Cc) in which biologist
Nick Lane talked of Krebs cycle, also known as citric acid cycle, (https://cutt.ly/kXTY9B5).
The title of the video was ”How the Krebs cycle powers life and death?”. I am grateful for Marko
Manninen for the link.

1.1 Krebs cycle

Lane’s talk starts with a picture about the network of metabolic reaction pathways of an animal
cell. Its complexity is absolutely stunning. In the network nodes correspond to various biochemical
compounds and edges between them to reactions catalyzed by biocatalyst.

This huge complexity shows how magnificent work biochemists have done but also forces, at
least me, to ask whether there should exist a description relying on deeper principles and involving
something beyond chemistry.
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Before continuing, I can of course reveal the cards already now and tell that I have been
working for roughly two decades with what I could call TGD (Topological Geometrodynamics) [L17]
inspired quantum biology. Quantum gravitation in the TGD sense and phases of ordinary matter,
which can be quantum coherent in arbitrarily long length scales and behave in many respects like
dark matter, play a crucial role in this model. The model challenges the vision of life as nothing
but biochemistry.

In the middle of the illustration of the metabolic network stands the Krebs cycle. There is in
fact also another cycle found by Krebs: readers can try to identify it from the picture of the video.

1. The input of the cycle is glucose C6H12 produced in previous reactions splitting carbohy-
drates, proteins and lipids. Glucose is first split into pyruvate involving 2 carbon atoms.
This produces carbon dioxide CO2, which can be said to be a waste product. Second output
of the cycle is water H2O.

2. The Krebs cycle has two basic functions. The first function is to build precursors of various
biomolecules like amino acids, nucleotides, and lipids for further processing in the other parts
of the reaction pathway network.

Second function is to liberate the metabolic energy of the pyruvate. Mitochondria, where
Krebs cycle takes place are both power stations and molecular factories of the cell building
the basic building blocks constructed in other parts of the cell.

3. Although CO2 and H2O can be said to be the outputs of the aerobic Krebs cycle, Lane prefers
to talk about 2H as the output. The pairs 2H react with NAD+ to give NADH + H+.
The reaction liberates energy kicking the proton H+ over the potential wall defined by the
membrane voltage.

Eventually the proton falls back and gains energy by acceleration in the electric field: the
energy of the proton makes possible the energization of ADP by phosphorylation: ADP →
ATP adding one phosphate Pi to ADP. ATP → ADP in turn takes care of the further
distribution of the metabolic energy. One can say that ATP serves as a basic metabolic
currency and all biological processes use this standard coin. Note that Krebs cycle has both
aerobic and anaerobic variants and only the last step involves oxidative phosphorylation.

NADH , which has taken hydrogen and one electron e− of 2H carries the electron to elec-
tron chain in which electrons are transferred in a stepwise manner along the mitochondrial
membrane and gradually gives up its energy and end up to oxygen and ADP.

4. Krebs cycle is indeed a cycle. At the first step it transforms pyruvate involving two C atoms
to a compound with 6 C atoms and and at the first half of the cycle it is transformed to
a compound with 4 C atoms going through 4 steps being eventually transformed to the
compound with 6 C atoms.

1.2 Reverse Krebs cycle

In the reverse Krebs cycle (https://cutt.ly/HXTY5RR, CO2 and 2H and energy are the inputs
and pyruvate is the output. Also reactions like NAD+2H → NaDH +H+ are reverted so that a
time reversal at some level is suggestive. Instead of production of ATP, ATP is used to get energy
in absence of some other energy source such as solar radiation. The symmetry between the two
halves of the Krebs cycle allows the production of the precursors of various biomolecules also in
the reverse Krebs cycle.

1. Reverse Krebs cycle is obviously a natural predecessor of the Krebs cycle, which appears
when animals use the energy stored chemically by photosynthesizing organisms. Instead of
photons, the reverse Krebs cycle can also use biochemical energy. Even electron energy can
be used.

2. Photosynthesis relies on the reverse Krebs cycle used by plants and some other photosyn-
thesizing organisms (algae living in oceans). Energy comes from photons of solar radiation
and is stored in various biomolecules and ATP produced in the reverse Krebs cycle. The
biomolecules storing energy are then used by animals using the Krebs cycle.

https://cutt.ly/HXTY5RR
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3. In the archaea and bacteria H2O as input of reverse Krebs cycle can be replaced with H2S.
This can occur even in mammalian mitochondria under stress conditions, when oxygen supply
is reduced (https://cutt.ly/qXTUe4j)

4. The Krebs cycle can be reversed under some conditions such as cancer. Lane argues that the
reverted Krebs cycle is favourable for cancer cells since it produces basic precursors of the
basic biomolecules. But also the Krebs cycle does this: maybe the reverse Krebs cycle does
this more effectively. In any case, the reverse Krebs cycle does not liberate metabolic energy
so that it has disastrous effects.

5. Some primitive life forms can use both Krebs cycle and reverse Krebs cycle, be animal- or
plant-like, one might say.

1.3 The importance of charge separation

Lane emphasized the importance of charge separation. The interior of the cell is negatively charged
and the outside positively charged. This charge separation is very common in living matter. For
instance, DNA is negatively charged: one unit of negative charge per nucleotide associated with
phosphate. Earth’s interior is negatively charged and exterior positively charged.

Pollack effect [I2, I3, L1, I4, I5] generates negatively charge regions of water, exclusion zones
with effective stoichiometry H2O and layer like hexagonal structure consisting of hexagons. Clearly,
the Pollack effect produces OH− from H2O molecules.

Pollack effect is induced by the irradiation of water in a presence of gel at visible or IR wave-
lengths and induces charge separation. This effect is poorly understood in the standard chemistry
framework and its explanation involving new physics is a central element in the TGD based view
of living matter [L1].

Krebs cycle takes care of the charge separation requiring energy feed metabolic energy storage
in the pyruvate.

1.4 The proposal for the evolution of life

Lane also discusses evolution of life starting from the idea that the primitive form of reverse Krebs
cycle preceded the recent forms of life. It was discovered in 1966 that photosynthetic bacteria
living in anaerobic environments use the reverse Krebs cycle to produce basic biomolecules and to
store energy.

1. Margaret Dayhoff was the mother of bioinformatics. On the basis of the evolution of the
present day form of enzyme ferredoxin, which has simple inorganic active site and has a key
role in photon energy utilization, Dayhoff suggested that its prototype was incorporated into
metabolism very early in biological evolution, even before genetic code existed(!). Ferredoxin
was evolved by a doubling of a shorter protein, which would have evolved only 8 the simplest
amino acids. This shorter ancestor in turn involves only amino acids alanine, proline, serine,
and glycine.

For instance, methanogens (archaea) and acetogens (bacteria) use a simple analog of Krebs
cycle to grow from H2 and CO2 by using a so-called COA pathway.

Reverse Krebs cycle is associated with anaerobic photosynthetic bacteria and since photo-
synthesis makes chemical energy storage possible, reverse Krebs cycle must have appeared
first. Its analog can also use chemical energy of inorganic molecules.

2. Bill Martin proposed that so-called LUCA living in hydrothermal vents is the ancestor of
bacteria and archaea (https://cutt.ly/hXTUoZ6). LUCA would have lived 4 billion years
ago. LUCA was autotrophic and made all its biomolecules from the inorganic molecules of
the environment containing hydrogen, CO2 and nitrogen turning them to organic compounds
like ammonia. It lived in the dark and there was no oxygen so that it would have obtained
its metabolic energy from some other source than recent plants and animals.

It would have used the primitive version of the reverse Krebs cycle with H2S and CO2

as inputs to build basic biomolecules. This process is an analog of photosynthesis storing
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energy as chemical energy. Inorganic molecules would have replaced photons as the source
of metabolic energy.

The genes of LUCA would have been very simple. The first naive guess is that the genes
of LUCA are shared by archaea, prokaryotes, and eukaryotes and this gives constraints on
the speculations concerning their genome. This gives however quite too high a number of
candidates. The lateral transfer of genes must be taken into account. It implies that the
common genes need not be possessed by LUCA. The outcome was a proposal involving 355
genes for LUCA. For instance, the genes responsible for the synthesis of nucleic acids and
amino acids were missing. Also the genes needed to code complete ribosomes were missing.

3. Deborah Kelley discovered alkaline hydrothermal vents with charge separation between in-
terior containing. They are rich in hydrogen gas. Hydrothermal vents were predicted by
geologist Mike Russel based on the study of what looked like fossilized mineral sponges. The
pores of this inorganic structure would have had OH− ions in the interior and protons in the
exterior. The walls would have contained FeS.

Lane suggests that inorganic pores inside the hydrothermal vents represent a candidate for a
proto cell.

1. Lane emphasized the importance of the charge separation. The interior of both proto cell and
its modern version must have been negatively charged (alkaline) whereas the exterior was
positively charged. Lane notices that a similar charge separation also characterizes Earth
interior and exterior: the electric field of Earth is made possible by this charge separation.
What is amusing and thought provoking is that the strength of the electric field in lightning
is the same as through the cell membrane! Could one see Earth itself as a giant cell? Did
life proceed from long scales to short scales or vice versa?

2. A primitive predecessor of reverse Krebs cycle using perhaps H2S and CO2 instead of water
would have generated the building bricks of chemical life. Oxidation of inorganic compounds
such as iron ions could have served as the source of the metabolic energy.

3. Lane discusses a proposal for the steps leading to pyruvate from which the Krebs cycle starts
from. Bound methanol from CO2. From this to pyruvate containing two carbons. This is
realized in the lab. Also lipids would have been generated leading to the emergence of cell
membranes.

It should be noticed in passing that in the experiments producing the basic biomolecules UV
light is often needed: this is understandable since the scale of molecular energies is in visible
and UV. The problem is that the recent life forms do not however utilize UV light.

4. These life forms would have lived in hydrothermal vents and would have disappeared as
life based on photosynthesis generating oxygen emerged. All plant-like life forms not using
photosynthesis would have disappeared in CE if they existed at all.

Oxygen based life would have been the winner since reverse Krebs cycle for photosynthesis is
much more effective than for the variant of Krebs cycle using chemical energy. Also aerobic
Krebs cycle is much more effective than that based on fermentation. The monocellular life
forms, possibly using H2S based metabolism, would have disappeared in CE when the oxygen
levels in oceans would have increased dramatically.

5. Note that the same proposal for the proto cell could work if H2O replaces H2S if it is
available. One can also make ”What if?” question. Can on imagine that photons and oxygen
were in some mysterious way available from the beginning.

6. The next revolution according to Lane would have been the emergence of photosynthesis
as analog of reverse Krebs. H2O would have replaced H2S from water. CO2 + H2 →
CH2O + O2 became the basic reaction making possible the storage of metabolic energy to
carbon compounds and producing the basic building blocks of biomolecules.

The Great oxidation event (GOE) , estimated to have occurred for 2.4-2.2 billion years
before the Cambrian explosion (CE), would have initiated a very slow oxidation of oceans
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and amplified in CE dramatically. This would explain why the fossils of life forms utilizing
oxygen based photosynthesis are absent before CE.

The scenario however has problems.

1. The proposal is that metabolism came first. However, metabolism requires biocatalysts and
their generation requires genes. If metabolism was miraculously possible without genes, how
genes emerged from metabolism? All nothing-but-chemistry based views of the origin of life
have hen-egg problems. Did the cell membrane emerge first? Did proteins or genes emerge
first? Did proteins, DNA or RNA emerge first?

All these need each other in recent life, which leads to asking whether something much deeper
emerged first or was present from the beginning at the level of fundamental physics. Could
this something relate to the difference between in-organic and organic matter and to the
incredible efficiency and precision of bio-catalysis? Does biophysics involve something totally
new, not yet identified?

2. Did the GOE really happen? What is known of fossils suggests that it occurred in CE but
how is this possible? Did oxygen rich oceans appear out of nowhere just like the complex
multicellulars. Could one think that this somehow occurred and multicellular cells replaced
the possibly existing life forms in hydrothermal vents at the surface of Earth using chemical
energy as metabolic energy?

3. As Lane emphasizes, charge separation is crucial. Pollack effect induces it. We do not
understand the Pollack effect in the standard biochemistry framework.

These objections give a good motivation for developing a TGD based view about Krebs cycle.
This view is based on some basic ideas of TGD inspired quantum biology, quantum gravitational
views of metabolism [L23] and evolution of life [L21], the TGD inspired view about how Pollack
effect induces charge separations leading also to a view of genetic code realized in terms of both
dark proton and dark photon triplets, the TGD proposal for what happened in Cambrian explosion
in which oxygenated oceans and highly developed multicellulars emerged apparently out of nowhere
[L8, L18, L12].

2 TGD view of Krebs cycle and early life

The TGD based view of life could have emerged from the problems of the view of Lane.

2.1 Brief overview of quantum TGD

TGD and TGD inspired theories of consciousness and quantum biology rely on a new view of
space-time and quantum theory [L17].

1. In the original form TGD was proposed to be a geometrization of classical physics: the gauge
fields of standard model and gravitational fields are geometrized in terms of the geometry of
8-D space H = M4 × CP2 in which space-times are 4-D surfaces.

The new view of space-time leads to notions like topological field quantization. Maxwellian
fields are replaced by topological field quanta such as magnetic flux quanta (tubes and sheets)
and electric flux quanta which correspond to space-time surfaces of finite spatial size in H.

2. Later the geometrization program was extended to include entire quantum physics and was
based on the notion of the ”world of classical worlds” (WCW) consisting of 4-D surfaces
identified as space-time surfaces in H, which are preferred extremals of action principle
analogous to Bohr orbits.

Preferred extremal/Bohr orbit property leads naturally to holography which is not quite
exact, which has important implications for quantum biology and understanding of cognition.
This in turn leads to zero energy ontology (ZEO). Quantum states are not superpositions of
3-D surfaces but of 4-surfaces.
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They are therefore quantum variants for analogs of deterministic time evolutions: functions,
behaviors of computer programs. The notion of function is central in biology and neuroscience
and would be also a central notion in fundamental quantum physics.

ZEO leads to a TGD inspired theory of consciousness as a generalization of quantum mea-
surement theory solving its basic problem due to the conflict of the determinism of unitary
time evolution with non-determinism of state function reduction. Quantum jump replaces
the entire superposition of space-time surfaces with a new one rather than violating the de-
terministic time evolution of a given space-time surface. There are two causalities: this solves
the basic problem of quantum measurement theory. There are also two times: the geometric
time of a physicist and the subjective time as a sequence of quantum jumps.

This in turn leads to a new view about state function reductions (SFR): in ordinary ”big”
SFR the arrow of time changes whereas in ”small” SFR as an analog of weak measurement
it is not changed. The findings of Minev et al [L9] provide direct support for ZEO [L9]. Also
the views about thermodynamics must be modified since the arrow of time can change. The
implications are especially profound in biology.

3. Later came a generalization of the physics based on real numbers to what I call adelic
physics [L6, L7]. Adeles are fusion of reals and p-adic number fields identified as correlates
of cognition and intention. p-Adic number fields are completions of rationals just like real
numbers. They allow an infinite number of extensions induced by algebraic extensions of
rationals.

It is natural to interpret the hierarchies of extensions of rationals as evolutionary hierarchies
and one can assign to extensions the value of effective Planck constant heff = nh0 determined
by their dimension. Also biological evolution reduces to the increase of algebraic complexity
in a sequence of quantum jumps replacing zero energy state with a new one.

This framework led to M8 − H duality, which generalizes the momentum-position duality
of wave mechanics. This duality provides two views of physics. The complexification M8

c of
M8, as analog of complexified8-D momentum space, has an interpretation as complexified
octonions. At the level of M8 the counterparts of 4-surfaces are determined by the roots of
monomial polynomials P of a real argument and having integer coefficients. The roots of P
correspond to, in general complex, mass squared values defining mass shells H3 (hyperbolic
spaces) in momentum space M4

c ⊂ M8
c . The roots are algebraic numbers in an extension of

rationals defined by P and the Galois group of P acts as symmetries of the theory.

These 3-D objects are continued by holography to 4-surfaces. The holographic dynamics
is dictated by the condition that the normal space of the 4-surface is associative, that is
quaternionic. The second condition is that the normal space contains commutative space
(analogous to complex numbers). This guarantees that the normal space corresponds to a
point of CP2 and makes it possible to map these associative 4-surfaces to space-time surfaces
in H.

2.2 Some basic ideas of TGD inspired quantum biology

Consider now some aspect of TGD inspired quantum biology relevant for what follows.

2.2.1 Dark matter and quantum biology

Basic prediction of the number theoretic vision of TGD is a hierarchy of dark matter phases labelled
by heff = nh0, where n is the dimension associated with the extension of rationals.

1. Dark matter in the TGD sense residing at monopole flux tubes is central for the TGD view
of life. Also the electric flux quanta, which correspond to deformations of minimal surfaces of
H with 2-D membrane-like projection to E3 are expected to be important and accompany for
instance, the lipid layers of cell membrane and boundaries between two phases. For instance,
molecules could be accompanied by these kinds of membranes involving heff > h phases.
Dark variants of protons and electrons and perhaps also ions reside at the field equanta.
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2. Large value of heff/h would mean high algebraic complexity and high ”IQ” so that the
magnetic body (MB) would naturally use the biological body as a motor instrument and
sensory receptor.

3. There are reasons to believe that the value of heff correlates with the interactions mediated by
the flux tubes. Gravitational Planck constant ~hr/ = GMm/β0, where β0 = v0/c ≤ 1 defines
a quantize velocity parameter, M corresponds to either Earth’s or solar mass and m is mass
of a particle, is determined by Equivalence Principle and would characterize gravitational flux
tubes. ~gr must be used in the condition ~gr/~ ≥ 1 is satisfied. This notion was originally
introduced by Nottale [E1] and discussed from the TGD point in [K5, K3, K4].

This proposal generalizes to other interactions. The gravitational Compton length Λgr =
~gr/m = GM/v0 = rS/2β0, where rS is Scwartshild radius. For Earth this gives Λgr = .45
cm. This should be a fundamental biological and also hydrodynamical length scale [L21, L16]
besides the corresponding length scale associated with the Sun.

4. Large values of heff , in particular ~gr, mean the presence of long range quantum fluctuations
serving as correlations for quantum criticality, which in the TGD Universe would accompany
ordinary criticality. In living matter these fluctuations would be associated with the criticality
with respect to melting/freezing and boiling/condensing.

There would also be criticality around physiological temperature especially relevant to bi-
ological life [L21]. In these transitions, large density fluctuations take place and this leads
to the TGD view about the role of quantum gravitation in biology and theory of conscious
experience. Quantum gravitation would not be relevant in Planck scale but for Planck mass
scale and appear in macroscopic scales longer than Λgr and even in the scale of Earth and
even Sun.

5. One ends up with a quantum gravitational view of metabolism [L23] based on the proposal
that both hydrogen bonds and valence bonds are accompanied by magnetic flux tubes and
be characterized by even ~gr and therefore can have very long lengths giving rise to quantum
coherence in long scales. The delocalization of dark protons at gravitational flux tubes by
the absorption of dark solar photons would be a central element and one can say that the
gravitational flux tubes serve as gravitational batteries with the metabolic energy stored in
the reduction of the gravitational binding energy. One also ends up with a vision of how the
neural system evolved [L23].

6. Pollack effect [I2, I3, L1, I4, I5] is a central element in the TGD view of living matter
[L1, L4, L11, L2]. What would happen is that in the presence of a gel phase, the irradiation
by visible or IR light would generate the negatively charged exclusion zone (EZ) by kicking
protons of H2O to the flux tubes of the MB of water where they could form sequences of
dark protons.

Pollack effect would thus explain charge separation occurring for cell and DNA and even
for Earth and would be absolutely central for TGD. A feed of metabolic energy would be
necessary to preserve the charge separation requiring dark protons. An alternative interpre-
tation is that preservation of high level of cognitive consciousness, measured by the value
distribution of heff as analog of IQ, requires metabolic energy feed

7. Dark proton triplets or dark nucleon triplets [L24] at monopole flux tubes would provide
a realization of the genetic code, and give rise to dark variants of DNA, RNA, tRNA and
amino acids already at the level of water. Since also metabolism is involved.

8. The realization of the genetic code in terms of dark photon triplets would be essential for
communications. The biochemical realization would be a secondary realization of the genetic
code and would emerge later.

9. Number theoretic vision leads to a proposal that genetic code is universal [L13, L24]. Even
the cell membrane could realize the genetic code. The key notion would be so-called icosa-
tetrahedral tessellation at the hyperbolic space H3 (mass shell and its counterpart in H)
allowing realization of genetic code which would induce realizations at the space-time level.
Also higher than 1-D realizations, such as realization at the level of cell membrane.
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This picture would solve the hen-egg problems of the nothing-but-chemistry approach [L22].
All the basic building blocks necessitating each other emerge simultaneously. The TGD based view
of space-time also strongly suggests that membrane-like structures are universal at the space-time
level [L19] and are associated with cell membranes and various boundary layers.

2.2.2 Zero energy ontology

Zero energy ontology (ZEO) [L10, L15, L20] [K6] is also important for the TGD view of life.

1. ”Big” or ordinary SFRs (BSFRs), would reverse the arrow of time and the interpretation of
BSFR could be interpreted as a universal counterpart of death. BSFR would however mean
reincarnation with an opposite arrow of time.

2. Sleep-awake cycle could be due to BSFRs at some level of MB. At the level of bio-molecules
analogous cycles are also present. During the sleep period, dissipation occurs with a reverse
arrow of time and this looks like healing when looked from the opposite time direction.

Since MB controls biological matter with f heff = h, the change of the arrow of time in
BSFRs at the level of the magnetic/field body would induce effective time reversal at the
level of the ordinary biomatter. The arrow of time for ordinary matter would change in a
very short time scale since BSFRs would occur with a high rate.

An attractive conjecture is that Krebs cycle and its reversal are time reversals of each other
at some level of MB. If so, the appropriate levels of MBs of animals and plants tend to live in
opposite time directions. As noticed, the Krebs cycle can change to its reversal, say in cancer,
and the interpretation would be that the analog of cell death followed by a reincarnation with an
opposite arrow of time occurs.

2.3 Expanding Earth hypothesis, Cambrian explosion, and emergence
of oxygen rich oceans

The TGD proposal is that life and photosynthesis and higher chemical life emerged in underground
oceans. Oxygen is needed and oxidation of the underground oceans would have taken place by
photosynthesis by reverse Krebs cycle and been based on water instead of H2S.

2.3.1 Evolution of life in underground oceans

Consider now the TGD picture.

1. Life would have evolved in underground oceans shielded from meteoritic bombardment and
cosmic rays. The radius of Earth increased rapidly by a factor of about 2 during the Cambrian
explosion (CE). The multicellular life utilizing photosynthesis bursted to the surface of Earth
and formed recent oceans.

There would have been no oceans before the CE. Hydrothermal vents could have existed.
The possible lifeforms were very simple bacteria, which photosynthesized using H2S since
there was now water and oxygen.

Earth was like Mars now: Mars has no oceans and no oxygen. There are indications of
underground reservoirs of water and signs of simple life forms.

2. Cosmic expansion in GRT predicts astrophysical objects to expand smoothly. This does not
happen. In the TGD Universe, the expansion would be a quantum phenomenon and take
place in rapid jerks and such a jerk would have induced CE.

I got interested in the Expanding Earth hypothesis after watching a video [F2] by Neal
Adams. The video is very impressive artwork but in the lack of references skeptics probably
cannot avoid the feeling that Neal Adams might use his highly developed animation skills
to cheat the reader. I found also a polemic article [F1] of Adams but the references were
lacking. The basic argument was that the Wegener hypothesis generalizes. If the radius of
the Earth were 1/2 of the recent radius, the whole Earth would be covered by continents
fitting together along their boundaries.
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2.3.2 Expanding Earth hypothesis

This leads to Expanding Earth Hypothesis (EEH) [L8, L18, L12].

1. EEH stating that the radius of Earth increased rather rapidly by a factor of about two in
Cambrian Explosion and underground oceans serving as seats for highly evolved photosyn-
thesizing life bursted to the surface and forming oceans.

2. Highly developed multicellular animals and photosynthesizing algae bursted to the surface.
Note that algae are responsible for the production of most oxygen also in the recent oceans.
If hydrothermal vents contained sulphur based life it disappeared because the generation of
the basic building blocks of biomolecules was too slow.

Interestingly, the radius of Mars is roughly 1/2 of that for Earth. Could Mars have under-
ground oceans teeming with life? When does the radius increase by factor two?

3. There is however a problem. How is photosynthesis possible underground? It is dark there!
The basic proposal is that solar photons with energies in the visible and possibly infrared
range arrive as dark photons along monopole flux tubes, which extend above the Earth and
carry dark matter. The strength of the magnetic field would be about .2 Gauss and fraction
2/5 of the nominal value of the Earth’s total magnetic field involving also a non-monopole
part.

4. Also dark photons from the interior of Earth propagating along the flux tubes or associated
with them could have served as an energy source. The temperature in the Earth’s inner core
(with radius about 20 percent of the Earth’s radius) corresponds to about 5,500 K, which
corresponds to a thermal energy scale of about .55 eV, which corresponds to the nominal
value of the metabolic energy quantum.

The energy at the maximum of the energy distribution is roughly 3 times larger than this
energy and would be around 1.65 eV. The energy at the maximum wavelength of thermal
energy distribution is 5 times higher and about 2.75 eV, which is the upper bound for the
energy range 2-2.75 eV of visible photons.

If the temperature of the inner core before CE has not differed appreciably from that now,
which could hold true if the inner core was already before CE in the expanded state as also
water containing regions, the idea about dark photons from the inner core as a metabolic
energy source, which would make possible the evolution of photosynthesis in underground
oceans, makes sense.

2.3.3 A model for the growth of the Earth radius by factor 2

The idea about relatively fast growth of the Earth radius by factor 2 raises the eyebrows of standard
physicists. How can such a large change of density make sense? It seems safe to exclude the
possibility that the mass of Earth has increased roughly by a factor of 8 (mass should have arrived
from dark magnetic flux tube structure to which the core of Earth is associated as a tangle).

Monopole flux tube spaghetti should determine the structure of the ordinary condensed matter
making Earth. One can consider several possibilities by allowing a fractal behaviour of the matter
density induced by the structure of the flux tube spaghetti if it does not fill the entire volume
[L18, L12].

The increase of the radius of Earth by factor about 2 means that the average density decreases
by a factor 1/8. I have considered several options for what this could mean.

1. Quantum gravitation plays a key role in the TGD view of the emergence of life [L21] and
brings in a completely new element. Density fluctuations at quantum criticality associated
with the density changing phase transitions, such as freezing and evaporation, affect gravi-
tational binding energy dramatically in long scales. This leads to a view how life could have
evolved from this kind of quantum criticality. If the density fluctuations correspond to local
scalings, they affecte all gravitational binding energies in the same manner by reducing them.

Quantum gravitational Compton length ΛgrGM/β0 using the definition ~gr = GMm/β0
defines the key parameter. This suggests a considerable flexibility since the transition could
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be induced from the level of quantum gravitational flux tubes and leave the details for what
happens in scales below Λgr open.

2. Both the necessity of local scalings and energy conservation in the transition give further
constraints. In the scaling of the radius of Earth by factor 2 induced by local scalings, the
gravitational binding energy is reduced dramatically. There must be a way to compensate
for the increase of the energy. Energy must be liberated in some degrees of freedom and
condensed matter degrees of freedom in atomic scales are a natural candidate here.

For protons the gravitational binding energy is below .5 eV and for nucleus with mass number
A it is below .5A eV. The reduction of the gravitational binding energy per particle in the
phase transition would be of this order of magnitude. Encouragingly, this energy corresponds
to a typical energy scale for the interactions energies between atoms.

3. The electronic size of an atom is inversely proportional to n2h2eff/Z
2, where n is the prin-

cipal quantum number for valence electrons and Z is the charge of the atomic nucleus. The
electronic binding energies are proportional to Z2n2/h2eff so that the transition would re-
quire energy feed if scaling occurs in electronic degrees of freedom. Energy is not liberated.
Furthermore, the electronic size of the atom cannot be affected in the transition.

Note however that the experiments of Randell Mills [D1] provide support for the possibility
of heff smaller than h for valence electrons [L3]. The TGD inspired model for chemical
bonds [L5] suggests that the value of heff characterizes valence bonds.

4. Second possibility is that the energy is liberated in atomic size scales defined in terms of the
size lattice constant a defining the unit cell of the atomic lattice, which is rather constant.
The atomic p-adic length scale defining a would increases by factor 2 or the value of heff
assignable to the atomic p-adic length scale (the p-adic length scale L(137) is a good guess)
increases by a factor 2 from h/2 to h. Note that before the transition the value of heff
assignable to a cannot be the same as the value assignable to the atomic electrons, since the
latter cannot change in the transition.

The reduction of the gravitational binding energy should correspond to the liberated in-
teratomic interaction energy depending on a which would increase by a factor 2. If this
interaction energy can be regarded as positive interaction energy of positively charged atoms
without conduction electrons, it is positive, and would decrease in the transition and could
compensate for the reduction of the gravitational binding energy.

5. The phase transition would have been local and occurred gradually. The regions of water
containing the photosynthesizing life forms and multicellular animals would have been in the
recent phase already before CD. Water atoms behaved like dark matter since heff was twice
its value for other atoms (as unit cells).

The same could apply also to the inner core serving as a source of dark photons providing the
metabolic energy. Indeed, the radius of the inner core is roughly 1/5 of the radius of Earth,
so that the possibility that also the inner core was in the ordinary phase looks realistic: the
doubling of the Earth radius would be replaced with a scaling by factor 10/6.

Only the mantle would have been in the exotic phase. Of course, also the uppermost layers
could have been also in the ordinary phase as the recent situation on Mars would suggest.
The phase transition would have gradually proceeded in the mantle during the period when
the radius of Earth was doubled.

6. The arguments of [L12] based on the idea that CP2 length scale corresponds actually to
Planck length scaled by factor

√
h/h0 led to a speculation that heff = h could be proportional

to integer n0 = (7!)2 defining the order of Galois group for the number theoretic ground
state in the length scales of atomic physics [L14]. 7! would correspond to the order of
the permutation group S7 and S7 × S7 would define the Galois group of the ground state
corresponding to heff = h.

This suggests that the order of the Galois group was given by n = n0/2 = 7!2/2 before CE
and was replaced with n0 = (7!)2) in CE. The Galois group would have been S7×A7 , where
A7 is an alternating group, which is simple. Z2 is the only normal subgroup of S7.
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Can one imagine any evidence for an analog of the exotic phase in the framework of known
physics? In the case of water, superionic ice [D2] (https://cutt.ly/uXUIkUQ and https://cutt.

ly/3XUIWhX) existing at extreme pressures is a possible candidate for the exotic phase of water.
Superionic ice is proposed to appear in the mantles of giant planets such as Uranus and Neptune
and in [L18, L12] the possibility that it could occuring the Earth’s mantle was considered. The
density of superionic ice is slightly less than 4 times the density of ordinary ice. The reduction
of heff with factor 2 (n = n0/2 = (7!)2/2) would given a density, which is 8 times the density of
ordinary ice. The increase of the density by factor 2 would require effective 2-dimensionality but
superionic ice is 3-D.

2.3.4 Quantum gravitational metabolism

Consider first the quantum gravitational metabolism at Earth in the recent situation. In [L23], I
discussed the following vision.

1. The long gravitational monopole flux tubes with ~eff = ~gr = GMEm/β0, β0 = v0/c ≤ 1,
have lengths much longer than gravitational Compton length Λgr = ~gr/m = GM/β0 does
not depend on the mass m of charged particle, now proton at the dark hydrogen bond. Λgr

is about .45 cm for β ' 1 using ~gr = GMm/β0 . There are several pieces of evidence
suggesting that Λgr is a fundamental scale of hydrodynamics [L16, L21].

The length of long dark hydrogen bond flux tubes should be of order Earth size scale. For
the recent life forms they would extend from the surface of Earth to the atmosphere.

The dark photons of sunlight are absorbed by these flux tubes and this would increase the
length if the energy reduces the gravitational binding energy. These flux tubes would serve
as quantum gravitational batteries just like cell membranes as electromagnetic batteries.

2. Skeptics can of course wonder how it is possible that extremely weak gravitational interaction
of gravitation and photons allows the transfer of dark photon energy to gravitational degrees
of freedom. As a matter fact, quantum coherence means that gravitational interaction is
actually extremely strong!

In ordinary quantum theory one should use αgr = GMm/~ as a coupling strength. It is larger
than unity for Mm larger than Planck mass squared and the perturbation series fails! The
introduction of ~gr saves the perturbation theory! As a matter of fact, the original motivation
for heff was that the Universe is theoretician friendly and the increase of ~ means a phase
transition making perturbation theory possible.

One can characterize dark gravitational interaction by a dimensionless coupling parameter
αgr = GMm/4π~gr = β0/4π, which depends on β0 only and is 1/4π for β0 = 1 and therefore
by a factor 1/e2 larger than fine structure constant and still of the same size as strong coupling
strength αs!

3. The upper bound for the gravitational binding energy of a proton in the Earth’s gravitational
field is of the order of . 5 eV metabolic energy quantum. If the dark proton at the long
flux tube is localized at the surface of Earth, its gravitational binding energy increases and
energy is liberated as metabolic energy. The flux tube can be given the original length by
the absorption of a dark photon of solar radiation.

4. Among other things, the model predicts a new metabolic energy currency associated with
electrons. It is by the ratio me/mp ' 2−11 smaller than the standard metabolic energy
quantum with the nominal value .5 eV.

2.3.5 The situation before CE

Consider now the situation before CE, when oceans were underground. One can imagine several
options depending on whether dark solar radiation, dark photons from the Earth’s core, or both
provide the metabolic energy in the primordial photosynthesis.

https://cutt.ly/uXUIkUQ
https://cutt.ly/3XUIWhX
https://cutt.ly/3XUIWhX
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1. The dark radiation from the Earth’s core seems to be a necessary ingredient of the model for
all options. If the dark photons from the Earth’s core did not play any role in the metabolism,
these dark hydrogen bond flux tubes should have extended above the surface of Earth in an
unloaded state so that dark solar photons could have loaded them either electromagnetically
or gravitationally. If they are shortened spontaneously to ordinary hydrogen bonds, there
would have been no mechanism for increasing their length.

2. Dark photons from the Earth’s core could have increased the length of the dark flux tubes if
their energy went to the reduction of the gravitational binding energy rather to the excitation
of dark proton cyclotron state.

3. For the simplest option, the localization of the delocalized dark proton at flux tube would
have liberated metabolic energy as gravitational binding energy as the dark hydrogen bond
shortened to an ordinary hydrogen bond. The order of magnitude is around metabolic energy
quantum if 3 protons are localized simultaneously [L23].

If only dark solar photons were involved as an energy source, the dark flux tubes in the
active state would have extended above the Earth’s surface. Dark photons from the Earth’s
core could have made this possible. Solar photons could have loaded further energy to the
quantum gravitational batteries as a reduction of gravitational binding energy or as dark
cyclotron energy.

One can also imagine that the dark cyclotron state of the dark proton was excited by the dark
solar photon and was liberated as the metabolic energy in the interior as the dark proton
was localized.

4. Could the dark photons from the Earth’s core be involved with the metabolism of recent life
forms? Say those living underground? Could the increase of the radius of Earth by a factor
of 2 have reduced the rate for the increase of the length of dark hydrogen bonds so that this
mechanism became insignificant? Could one imagine that the Earth’s mantle still contains
life forms utilizing the core of Earth as a metabolic energy source? I have suggested this
half-jokingly for more than 2 decades ago [K1, K2].

The next question concerns the identification of the primordial photosynthesizers.

1. They would have been the underground counterparts of the recent plants. Dark magnetic
flux tubes emanating from them would have formed a kind of magnetic forest.

2. They did not have roots, leaves, nor flowers and lived in underground oceans and did photo-
synthesis. Algae https://cutt.ly/9XTBTEO) living in oceans satisfy these conditions. They
include cyanobacteria (red and green algae) and glaucofytes. They or their predecessors (at
least cyanobacteria) should have lived in the underground oceans and have evolved to the
recent algae and plants after CE. Interestingly, algae produce most of the oxygen of Earth
also in the recent biosphere. Cyanobacteria living in endosymbiosis with algae are the first
known organisms that have produced oxygen.

3. This picture also solves the problem of how the oceans were oxygenated. They were oxy-
genated from the beginning and only bursted to the surface of Earth in CE.

4. This picture also conforms with the proposal of Lane that Earth and cell are very much
analogous and makes this idea very concrete. The TGD variant of this proposal suggests that
lightnings are actually analogs of action potentials possible even for unicellular organisms.

3 Appendix: A Corrected physical interpretation of the pa-
rameter β0

Writing of this article led to an observation an apparent paradox, which resulted from a wrong
interpretation of the parameter β0 in Nottale’s formula.

https://cutt.ly/9XTBTEO


THEORETICAL PHYSICS 13

1. As already discussed, the quantum gravitational phase transition reducing the value of β0 by
factor 2 was involved with CE and led to the increase of the radius of Earth by factor 2.

There are indications that the recent value β0 is β0 ' 1 and thus near to the maximal
value [L16, L21]. This however leads to the conclusion that β0 = 2 was true before CE. This
leads to a contradiction if one assumes that β0 = v0/c is consistent with special relativity.

2. The resolution of the apparent contradiction is based on the fact that the definition of the
parameter β0 in the Nottale’s formula is actually not unique and determined only by scaling
without further inputs such as the condition β0 ≤ 1. Therefore one can replace the formula
~gr = GMm/β with the formula ~gr = GMm/2β0,ph if one defines β0,ph = β0/2. For this
option, the value of β0,ph would have decreased from β0,ph = 1 to β0,ph = 1/2 in CE. The
value of Λgr after CE would be Λgr = GM/2β0,ph = rs/2 just as proposed earlier [L16, L21].
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