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Abstract

I received a link to a video summarizing the properties of the Local Bubble surrounding
the solar system. The Local Bubble represents only one example of magnetic bubbles. The
magnetic bubble carries a magnetic field with field lines along its surface. Star formation and
interstellar gas seems to concentrate on the bubble.

It is believed that the Local Bubble has been formed in a burst of star formation in the
center of the bubble. These stars would have died as supernovae and the matter from supernova
explosions would have pushed gas and compressed it to form the Local Bubble.

These bubbles bring in mind the large voids, whose boundaries carry galaxies. I have
discussed this from the TGD point of view already earlier. One ends up with a question,
whether galaxies are formed at the surfaces of large voids and stars at the surfaces of the
magnetic bubbles. Could also the formation of planets be understood in this way? TGD
predicts that cosmic expansion takes place as rapid ”jerks” and this view has application to
the mystery of Cambrian Explosion. Could these local Big-Bangs give rise to a universal
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mechanism for the formation of structures? If so, then Earth and Moon must have the same
composition. The finding that this is indeed the case, came as a total surprise.

The fusion of dark protons at monopole flux tubes to dark proton sequences identified as
dark nuclei, which then transform to ordinary nuclei and liberate nuclei binding energy and
in this way induce explosion, is the basic step in the formation of astrophysical objects. Dark
fusion was originally proposed as a model of ”cold fusion” but later generalized to a model for
the first step in the formation of stars not yet involving ordinary fusion. The recently found
candidates for population III stars could correspond to these prestellar objects.

Galactic blackholes have been recently found to receive a new contribution to their mass
from dark energy identifiable as the energy of cosmic strings in the TGD framework. The
second discovery is that galaxies, which should be the oldest ones on the basis of their distance,
are oldest ones on the basis of their age: zero energy ontology explains this.

A detailed model emerges for the formation of a planetary system as a series of solar
explosions as analogs of supernova explosions throwing out a layer of dark matter transforming
to ordinary matter, possibly forming a planet. Both the generalization of Nottale’s model for
planetary orbits involving gravitational Planck constant and a generalization of the Expanding
Earth model are involved. The model explains the composition differences between giant
planets and Earth-like planets and also the Kuiper belt as a failed planet and is also applied
to giant exoplanets.

Contents

1 Introduction

I received a link to a video summarizing the properties of the Local Bubble surrounding the solar
system (https://rb.gy/m8s1m3). The Local Bubble represents only one example of magnetic
bubbles. The magnetic bubble carries a magnetic field with field lines along its surface. Star
formation and interstellar gas seems to concentrate on the bubble.

1.1 Basic facts about the Local Bubble

The article ” Star formation near the Sun is driven by expansion of the Local Bubble” by Zucker
et al published in Nature [E10] (https://rb.gy/Thdoyo|gives basic facts about the Local Bubble
surrounding the solar system. The Local Bubble has a radius of about 500 ly. Within 500-light-
years of Earth, all stars and star-forming regions sit on the surface of the Local Bubble, but not
inside. The total mass is about 10® solar masses. The Local bubble is accompanied by magnetized
molecular clouds, which reveal the existence of the bubble via the polarization of radio wave
radiation.

It is believed that the Local Bubble has been formed in a burst of star formation in the center of
the bubble. These stars would have died as supernovae and the matter from supernova explosions
would have pushed gas and compressed it to form the Local Bubble. According to the Nature
article [E10], the research team calculated that at least 15 supernovae have gone off over millions
of years and pushed gas outward, creating a bubble where seven star-forming regions dot the
surface.

1.2 Magnetic bubbles and TGD view of cosmic expansion as rapid ”jerks”

These bubbles bring in mind the large voids (http://tinyurl.com/jyqcjhl), whose boundaries
carry galaxies. They are discussed from the TGD point of view in [KI]. One ends up with the
question, whether galaxies are formed at the surfaces of large voids and stars at the surfaces of
the magnetic bubbles. Could also the formation of planets be understood in this way? TGD
predicts that cosmic expansion takes place as rapid ”jerks”, and this view has application to the
mystery of Cambrian Explosion [L9l [L21] [L16] [L32]. Could these local Big-Bangs give rise to a
universal mechanism for the formation of structures? If so, then Earth and Moon must have the
same composition. The finding that this is indeed the case (https://rb.gy/4sqbho, came as a
total surprise.
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The fusion of dark protons at monopole flux tubes to dark proton sequences identified as dark
nuclei, which then transform to ordinary nuclei and liberate nuclei binding energy and in this
way induce explosion, is the basic step in the formation of astrophysical objects. Dark fusion was
originally proposed as a model of ”cold fusion” but later generalized to a model for the first step
in the formation of stars not yet involving ordinary fusion [L13]. The recently found candidates
for population III stars could correspond to these prestellar objects.

Galactic blackholes have been recently found to receive a new contribution to their mass from
dark energy identifiable as the energy of cosmic strings in the TGD framework [E4]. The second
discovery is that galaxies, which should be the oldest ones on the basis of their distance, are oldest
ones on the basis of their age [E5]: zero energy ontology explains this.

A detailed model emerges for the formation of a planetary system as a series of solar explosions
as analogs of supernova explosions throwing out a layer of dark matter transforming to ordinary
matter, possibly forming a planet. Both the generalization of Nottale’s model [E1] for planetary
orbits involving gravitational Planck constant and a generalization of the Expanding Earth model
are involved. The model explains the composition differences between giant planets and Earth-like
planets and also the Kuiper belt as a failed planet and is also applied to giant exoplanets.

2 TGD view of magnetic bubbles

The TGD view of magnetic bubbles relies on the prediction that smooth cosmological expansion
decomposes to rapid ”jerks”: this conforms with the fact that individual astrophysical objects do
not participate in cosmic expansion. These jerks correspond to local Big-Bangs and explosive events
of which supernova explosion is one example. The notion of local Big-Bang means local cosmology
characterized by local values of Hubble constant H and cosmological constant A characterizing the
size scale of the local cosmology.

Explosions create magnetic bubbles as tangles of monopole flux tubes carrying dark matter as
a phase of ordinary matter characterized by effective Planck constant h.ry = nhg. The notion
of gravitational Planck constant hess = hgr, originally introduced originally by Nottale [E1],
characterizes the matter at the flux tubes of the magnetic bubble.

2.1 Questions about magnetic bubbles

What could be the TGD inspired explanation of the magnetic bubble? Could the standard view of
star formation explain it or could TGD provide the new physics possibly needed? One can start
by asking questions.

1. The proposed mechanism of formation of the Local Bubble is based on supernova explosions
driving the gas to the boundaries of the expanding bubble. Supernova explosions look an
attractive idea also in the TGD framework. But is it necessary to assume that the have
driven the matter from environment to the boundary of the Local Bubble?

2. What could be the origin of the magnetic fields? Magnetic fields are actually a key mystery
of both cosmology and astrophysics according to the standard model. Magnetic fields in
cosmological scales should not exist since the currents creating them should have disappeared.
Also the understanding of the stability of Earth’s magnetic field remains a challenge: also
now dissipation should destroy the needed convective currents [L3].

3. TGD leads to the topologization of Maxwellian fields by topological field quantization. The
Maxwellian electromagnetic fields of a system are replaced with the field body and TGD
counterparts for radiation fields. One can speak of magnetic and electric bodies. Electric
bodies are connected by the flux tubes defining the magnetic body. This would give rise to
a network having electric bodies as its nodes.

4. Magnetic flux tubes can carry monopole flux and this makes them stable. In particular, no
currents are needed to maintain monopole fluxes. If the monopole flux vanishes, the flux
tube is unstable against splitting. In the TGD framework the monopole flux tubes have a
role analogous to wormholes in general relativity. Flux tubes are necessarily closed and this
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makes possible flux tube pairs with opposite fluxes assumed to be basic structures somewhat
analogous to DNA double strands. These flux tube pairs can also form helical structures.

2.1.1 Origin of magnetic bubbles?

In the TGD picture, galaxies would reside along long monopole flux tubes.  Could the proposed

general picture allow us to understand the origin of the magnetic bubbles suggesting a description
as flux tube-like structures parallel to the surface of the bubble? Could the newly formed stars
at the magnetic bubbles reside along the monopole flux tubes at the magnetic bubbles?

1. In the TGD framework, galaxies are associated with long cosmic strings [L11} [L12] [L.20] and
would be formed in the thickening of cosmic strings producing flux tubes with a reduced
string tension, which induces the decay of the string energy to ordinary matter as an
analogue of inflation.

2. Cosmic strings can form local tangles, in particular when they intersect. In these tangles
strings thicken and the string tension decreases as the energy transforms to galactic matter.
Also stars could be regarded as local tangles of cosmic strings, which are always closed but
can also close in short scales.

3. Could the flux tubes associated with the magnetic bubbles correspond to monopole flux
tubes that would have induced the observed magnetization of the molecular clouds. In the
TGD inspired model for stars [L12], stellar cores involve a flux tube spaghetti [L13]. Could
supernova explosions throw out part of this spaghetti as an expanding shell-like structure
carrying the flux tubes?

Magnetic bubbles seem to serve seats for the formation of stars and contain concentrations of
interstellar gas.  Could the magnetic fields in the TGD framework correspond to monopole
flux tubes connecting nodes of a network such that nodes are electric bodies to which the stars
which are formed can be assigned? Could the monopole flux tubes assignable to the magnetic
bubbles serve as seeds for the formation of stars by the standard mechanism in which they attract
the interstellar gas which becomes confined to the flux tubes? How do the monopole flux tubes
end up on the surface of the bubbles?

2.1.2 Why do the bubbles expand?

It has been found that the bubbles expand. What could be the origin of this expansion?

1. The many-sheeted space-time of TGD is a fractal having space-time sheets with a spectrum
of size scales L with possible length scales given in terms of p-adic length scale hypothesis.
Cosmological constant is predicted to have a spectrum and depends on L like A o< 1/L?
and have large values for short scales. The local expansion would be faster and also its
acceleration higher than those associated with the cosmic expansion.

2. Could the expanding bubble be analogous to a local expanding Universe with its own cosmo-
logical constant? Local Bubble with radius R = 103 ly is known to expand with velocity of
6.4 km/s. The cosmic expansion velocity v at distance L from the origin of Robertson-Walker
coordinates is given by Hubble law and corresponds v = HL with H = 72 kms™'Mpc~!.
The expansion velocity at the radius of the local bubble would be (7.2/3.26) x 1072 km/s.
This would give the estimate H;,. ~ 102H for the local Hubble constant Hj,. assignable to
the space-time sheet of the bubble.

3. One can argue that the large value of the local A prevents the formation of gravitationally
bound structures in the center of the void. This could explain the formation of voids and
bubbles.

4. In the TGD Universe the smooth cosmological expansion of astrophysical objects is replaced
by a sequence of ”jerks” increasing the size of the system and reducing to a phase transition in
which the flux tube thickness increases and energy associated with the flux tube is liberated.
In this picture the description in terms of the Hubble constant applies only to the rapid
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expansion periods. The average expansion rates in various scales need not correspond to the
cosmic Hubble constant.

Could supernova explosions be understood as this kind of phase transitions inducing accel-
erated expansion? Could the material thrown out of supernovae correspond to flux tube
tangles for which this kind of transition has occurred?

2.1.3 Magnetic bubble as a local cosmology with a scaled up value of cosmological

constant?

One can ask whether the bubble could be modelled as a scaled down variant of cosmology with
non-vanishing cosmological constant.

1.

The cosmic mass density p. of cosmology (https://rb.gy/hsOxup), which is dominated
by the dark energy density A/87G and scales with bubble size and radius of cosmology as
R%/R?%, is roughly one proton mass per cubic meter. This contribution dominates in the
mass density.

. The scale dependence of Ap allows us to expect that dark energy dominance holds true also

for the scaled down versions of cosmology. Therefore one can estimate the density for bubbles
if one assumes that the bubble size Rp defines the size of the local Universe as an analog of
horizon size. One obtains a scaling law:

pp_Ap _ R
Pc_Ac_Rg-

Here R, corresponds to the size scale of the Universe and is about 28 billion ly. This would
give the estimate 45 ~ 7.8 x 1012.

The contribution from the Hubble constant is proportional to 3H?/87G. The estimate for
the value of the Hubble constant from the expansion velocity of the bubble gives Hp ~ 102H.
The contribution of dark matter would be by a factor of order 108 larger than that of ordinary
matter. One could perhaps interpret this in terms of the presence of monopole flux tubes
carrying the dark energy, which has decayed to ordinary matter at the magnetic bubble and
induced the star formation. Monopole flux tubes decay to ordinary matter either in the
supernova explosion or at the magnetic bubble.

One can test whether this ultra-simple picture gives a reasonable prediction for the thickness
of the bubble.

1.

For the mass of the bubble of thickness ARg one obtains the estimate

R
Mg = 47TR23ARB(R—B)2pC .

This gives for the thickness of the bubble the estimate

MpL?

ARp = 2B
B AT REpe

For the Local Bubble, the radius is about R = 1000 ly. This gives the estimate pg ~
(Ap/A)pe = (R%/R?)p. ~ 10m,/m? for the density of matter in the magnetic bubble.
From the thickness ARg and radius Rg = 102 ly of the bubble, one can estimate the total
mass which is estimated to be 10% solar masses. Thus gives AR ~ 1072 ly. The thickness
of the local bubble is estimated to be at least 300 ly.

The average density of the Local Bubble is estimated to be roughly 1/10 of the interstellar
mass density of the Milky Way about pyw = .5 x 106 x m, m3. Could the reduction of
pumw by factor .1 explain the mass of the Local Bubble as being due to transfer of mass
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M = 9p4wR3/3 of the volume to the Local Bubble of radius R = 103 ly? This would gives
M ~103Mgyn, -

The actual mass of the bubble is 103 times larger so that the idea that this structure is
formed by the gravitational condensation of mass inside this volume does not look attractive.
Some other source of mass should be involved. A burst of stars should produce a much
larger average density than ppsu would be needed. One can imagine that the primary stars,
which became later supernovae, took place via the thickening of cosmic strings.

On can also look what one obtains for possible other bubble like systems.

1. The radii of Fermi bubbles are about 2.5 x 103 ly and thus have the same size scales as the
Local Bubble surrounding the Sun. The density would be by factor (2.5)% ~ 6 higher than
for the Local Bubble. Could also Fermi Bubbles carry magnetic fields? Interestingly, the
IceCube array in Antarctica has reported 10 super-high-energy neutrinos sourced from the
bubbles, which suggests that there is some new physics involved with the Fermi bubbles.

2. Could Earth be associated with a magnetic bubble surrounding the Sun having radius of AU.
Scaling argument allows to estimate for the density associated with the bubble and if the
bubble mass has concentrated to form Earth one obtains that the thickness of the bubble
has been of order ARg ~ 1 meter. One can also ask whether other planets could involve
bubbles. I have actually proposed that planets have formed by the concentration of mass at
membrane-like surfaces to planets and also to ring like structures in turn forming Moons.

The expansion rate of the planetary radii allows to make this proposal more quantitative.
Does the value of the local Hubble constant have a reasonable size? There is evidence for
the increase of the Earth-Moon distance with a rate 3.8 x 10~7 m/s. This is by a factor of
order 10719 lower than cosmic expansion rate so that the local Hubble constant should be
by a factor of order 107> smaller than H. Earth-Sun distance increases with rate 1.5 x 1077
m/s and the local value of H would be of the same order as in the case of the Moon. This
is consistent with the general vision that the expansion takes place as jerks. The recent
situation would correspond to very slow expansion.

3. Fractality inspires the question whether the large voids are formed by analogues of
supernova explosions at the center of the large void driving flux tube tangles to the surface
of the large void. The large value of the local A would prevent the formation of structures
in the interior of the void. Could one imagine that there is a cosmic string or cosmic
strings through the center of the void and that these cosmic strings have formed tangles and
intersections causing an explosion and formation of ordinary matter driven to the surface of
the large void?

2.1.4 Local Big-Bangs as a universal mechanism for the formation of astrophysical
structures?

The above considerations suggest that the local Big-Bang cosmologies characterized by local Hubble
constant Hp and cosmological constant Ap could serve as a universal mechanism for the formation
of structures including also planets and even moons. These local Big-Bangs would correspond to
7jerks” as fast local expansions. Expanding Earth model explaining the mysterious Cambrian
Explosion in biology is an application of this idea in Earth scale [L9l [L21] [L16] [L32].

Interestingly, already the TGD interpretation of the Nottale’s hypothesis [EI] of gravitational
Planck constant hg,) = GMm/vg, where M and m are masses of objects, say Sun and Earth, led
to the question whether the planets could have formed from the dark matter in the TGD sense,
and thus characterized by Ay, assignable with Sun.

1. The mass would have concentrated at spherical surfaces around the Sun having quantized
radii corresponding to radii of planetary orbits. This mechanism would have worked for
the moons of various planets. The formation mechanism would have been gravitational
concentration of mass from spherical surfaces orbits and from orbits to planets and planets
K14l K12l [L13].
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Since the dark matter is assumed to reside at monopole flux tubes, the identification of the
spherical surfaces as magnetic bubbles carrying dark matter at the flux tubes characterized
by hg, would be very natural. That the flux tubes are parallel to the bubble surfaces rather
than being radial flux tubes conforms with the fact that the absence of real monopoles
does not allow radial magnetic fields. Gravitational interaction could be however mediated
by the propagation of gravitons along U-shaped radial flux tubes forming loops. These U-
shaped tentacles play a key role in the TGD inspired quantum biology and are crucial for
understanding bio-catalysis in the TGD framework [L4} IL6| [L15] .26l [.22].

Explosions analogous to supernova explosions could have generated the magnetic bubbles.
The explosion could be assigned to a phase transition representing a single step in a step-
wise cosmic expansion by rapid ”jerks”. If this is the case, one could time order the planets
according to their temporal distance and from the recent local Hubble constant for a planet
one could also estimate the time when the corresponding solar explosion occurred. The
number of planets gives the first estimate for the number of explosions that have occurred
hitherto.

The basic prediction is that the composition of planets should be the same as that for the
Sun near its surface. Also the composition of moons should be the same as the composition
of planets. That this is indeed the case for the Moon came as a total surprise (https:
//rb.gy/4sq5ho|and this challenges the standard theory for the formation of Moon (https:
//rb.gy/18satf).

. One can argue that the idea that all dark matter at the magnetic bubble of radius defined

by the distance to the Sun would have concentrated to form a single planet, is implausible.

This inspires a crazy quantum idea of quantum explosion inspired by the fact that the
quantum coherence length can be of the same order of magnitude as the distance to the
Sun. The quantum states could indeed be like the quantum states of, say hydrogen atoms
in the scale of the planetary system. The wave functions could make sense at the level
of single particle states. The particles would form an analog of Bose-Einstein condensate
describable by an order parameter satisfying nonlinear Schrodinger equation as in the case
of superconductivity.

This would conform with the idea that dark matter parts of planets indeed possessed wave
functions in some early proposed originally by Nottale [EI], which was in the TGD framework
cautiously reduced to a Bohr model of planetary orbits. One could think of a quantum
superposition of radial jets at single particle level and a collective state function reduction
as a phase transition involving a collective localization to a single radial jet occurring in, say,
nuclear physics experiments! After that dark matter with a large value of Ay, transformed
to ordinary matter.

This would be analogous to a state function reduction of angular momentum eigenstate to
a momentum eigenstate. After the localization hg,. would have reduced to ordinary Planck
constant and led to the formation of a planet.

2.2 A more detailed model for the formation of magnetic bubble

The following argument tries to describe the physics of the TGD based model first. 1 have not
evaluated the local Hubble constant before and try to do it. I will concentrate on the TGD inspired
model for the formation of Earth. The idea that Earth was formed as the gravitationally dark
matter at the magnetic bubble transformed to ordinary matter. This mechanism would explain
also the formation of stars at the Local Bubble.

2.2.1 What happens in rapid local cosmic expansion pulses that replace the uniform

expansion in TGD?

This rapid local expansion is essentially an explosion. A supernova explosion throwing out a shell
of matter, and as the interpretation of Local Bubble suggests, also the magnetic bubble, is a good
starting point in the modelling.
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1.

A flux tube containing dark matter (in the sense of TGD) expands rapidly. The thickness
of the flux tubes increases rapidly and then settles to a constant value as a new minimum
energy situation is found.

The cross-sectional area S of the flux tube serves as a parameter. The magnetic energy
E,, x 1/S and the volume energy Fy o S (its coefficient is analogous to the cosmological
constant) associated with the monopole flux are the energies. In equilibrium, the sum E,, + Ey
is minimized as a function of S [L7]. The total density for the flux tube determines the
effective cosmological constant A, i.e. the effective string tension, which decreases as the
flux tube thickens. This means energy release, which causes an explosion.

2.2.2 The Big Bang analogy as a model

It is tempting to apply Big-Bang analogy to the explosion phase.

1.

The density pg = 3A/87G of dark energy would define a map between very long and short

length scales identified as L. = A~%/? and Ry = pgl/ * L. could correspond correspond to
the horizon radius or age of the local Universe identifiable as the size of associated causal
diamond (CD) in zero energy ontology (ZEO) [K18] [L36]. At the microscopic level, L. could
correspond to the length of the flux tube and R, to its thickness.

These identifications would relate macroscopic and even astrophysical scales and elementary
particle mass scales. I have considered the possible consequences of this map earlier.

. As the energy minimum is reached, the expansion of the flux tube ceases. It can be also

thought that Hj,. and Aj,. approach cosmological values. Therefore one could model the
emerging expanding space sheet as a local Big-Bang with the help of the parameters Ay,
Lioe, and Hj,., which have large values at the beginning of the explosion. The explosion
would be a scaled down analog for the TGD counterpart of inflation, which would have led
to effectively 2-D cosmic strings with 2-D M* projection to Einsteinian space-time with 4-D
M* projection.

The dark energy density would be pg = 3A0./87G with Ajpe o 1/LZ .. Lipe would be the
scale of the space-time sheet determined by the length of the flux extending to a horizon
which would correspond to light-like 3-surface, whose possible role as space-time boundaries
was understood only quite recently [L25]. Lj,. would quite concretely be the radius of the
horizon. The horizon would correspond to the edge of a spacetime sheet.

For the usual Planck’s constant A, one would have the usual cosmological A o 1/LZ, where L..
would be the radius of the horizon and of the order of 10 ly. The scale R, o« (87G/3A)~1/4
would be much smaller than A. and from the estimate p. ~ m,/m?® and proton Compton
length 3.48 x 10~*®m would roughly correspond to a wavelength of .75 x 10~* meters. The
peak wavelength of the microwave background is 1 mm. This suggests a biology-cosmology
connection.

If Ajoe scales as 1/L? | and Lj,. ~ AU corresponds to the scale of the Earth-Sun system,

Lioe in the Sun-Earth system would be smaller by the factor AU/L, ~ 1.610~ 1% than at the
level of cosmology.

The scaling of R. ~ 10~* m by this factor would give Rj,. ~ 107 m. This is by factor
1/100 smaller than the Compton scale of intermediate bosons. What could this mean?

TGD predicts [K8| [K9] scaled up variants of strong interaction physics assignable at p-
adic primes identifiable as Mersenne primes M, = 2" — 1 or their Gaussian counterparts
M, = (1 +4)" 1, Mjp; would correspond to ordinary hadron physics and Mgy would
correspond LHC energy scale higher by factor 512 than that of ordinary hadron physics.
There are several indications for Mgg hadron physics as dark variants of Mgg hadrons with
scaled up Compton length. Gaussian Mersennes Mg 79 and Mg 73 would correspond to
scales, which are by factor 2'* resp. 2!7 that of ordinary hadron physics. The Compton
radius of proton for the Mg 73 hadron physics be of the order of Ry ~ 10719 m
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2.2.3 DMatter at the magnetic bubbles is dark

I have not yet taken into account the fact that monopole flux tubes associated with the magnetic
bubble carry dark matter in the TGD sense.

1. TGD predicts a hierarchy of large Planck’s constant h.ys = nhg labelling phases of ordinary

matter, which behave like dark matter at the flux tubes. In particular, the gravitation
Planck’s constant Ay = GMm/Boy, So < 1, which Nottale [E1] originally suggested, would
make possible quantum gravitational coherence in astrophysical scales in the TGD Universe.

. The gravitationally dark monopole flux tubes would be naturally associated with the mag-

netic bubble corresponding to the Earth (analogous to the one created in a supernova) and
also connect the magnetic bubble with the Sun and mediate gravitational interaction with
it. Matter at the magnetic bubble would have been dark before condensing to form Earth
for which matter mostly corresponds to the usual value of Planck’s constant.

. For gravitationally dark matter, the gravitational Compton wavelength is Ay, = GM/By =

rs/2Bp and does not depend on the mass of the particle m at all. This is in accordance
with the Equivalence Principle. That particles of all masses have the same Compton wave-
length makes gravitational quantum coherence possible and is essential in the TGD inspired
quantum biology.

. For the Sun, the Schwartschild radius is 3 km and By = wvo/c is of order 27! on basis of

Nottale’s estimates, which came from the model for planetary orbits as Bohr orbits. The
Compton wavelength Ay, would be about 6000 km, about the radius of the Earth! Is this a
mere accident? The thickness of the dark gravitational flux tube R;,. would therefore be of
the order of the Earth’s radius Rg, and the length L;,. would be of the order of AU.

The parameters of the local Big-Bang would therefore be R, = Rg and L;,. = AU at the
beginning of the explosion that led to the creation of the Earth as dark gravitationally dark
matter transformed to ordinary. The slowing down of the explosion would be due to the
transformation of the gravitationally dark matter to ordinary matter.

2.2.4 What about the value of local Hubble constant?

The previous arguments have not said anything about the value of the local Hubble’s constant
Hj,. in the beginning of the explosion. Here the formula for Ay, serves as a guideline.

3

1. Bo = wp/c is the velocity parameter appearing in the gravitational Planck constant fg,.. It

could correspond to a typical expansion rate at a distance Lj,. ~ AU.

In the case of the Sun, By = vo/c =~ 27! applies. Could it be the rate of expansion for the
Earth-related dark magnetic bubble during the initial stages of the explosion, which would
later slow down as dark matter is transformed to ordinary?

. The counterpart of Hubble’s formula would give a prediction for the local recession velocity

at Earth-Sun distance L, = AU = 4.4 x 107 pc as vjoe = Boc = Hipe X Lioe i.6. Hipe =
Bo % ¢/Lioe. This gives Hype ~ 3 x 107 kms™! pc~!. Cosmic Hubble constant H, ~ 72 km
s~! Mpc~! is 11 orders of magnitude smaller.

. The naive Lj,./ L. scaling would give a value of Hj,., which is 15 orders of magnitude smaller.

For By = 1, i.e. its maximum value which seems to be valid ate the surface of the Earth in
quantum biology, the value would be give 14-15 orders smaller, so that the L;,./L. scaling
would seem to make sense in this case.

Applications related to the physics of galaxies

In this section, the proposed general model is applied to the age problem of galaxies, dark energy
problem, and to Fermi bubbles.
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3.1 Paradox: the galaxies that should be youngest ones are the oldest
ones

James Webb telescope (JWST) continues to revolutionize the view about the formation of early
cosmology and the formation of galaxies. Now the Astronomers have detected 6 massive galaxies
in the very early universe [E5] (see https://rb.gy/kbfqlc). The mass of one galaxy is 10° times
larger than the mass of the Milky Way! This is impossible in the recent models for the formation
of galaxies, and even more so in the very early Universe.

There seems to be only one way out of a paradox. One must admit that the recent views of
galaxy formation and of what time is, are wrong.

In the TGD framework, new view of the space-time leads to a new quantum view about the
formation of astrophysical objects involving gravitational quantum coherence even in cosmological
scales. This view also allows to understand galactic dark matter [L11) [L12] [L.20].

Zero energy ontology in turn solves the basic paradox of standard quantum measurement theory.
ZEO predicts that the arrow of time changes in the ordinary state function reductions. These
weird galaxies would have lived forth and back in geometric time and would be much older than
the universe when age is defined as the evolutionary stage.

The paradoxical looking prediction of TGD is that the youngest galaxies in standard view are
the oldest galaxies in the TGD view!

3.2 Galactic blackholes and dark energy

Observations of supermassive black holes at the centers of galaxies point to a likely source of dark
energy the ”missing” 70 % of the universe [E4] (hhttps://rb.gy/trtadj). The conclusion was
reached by a team of 17 researchers in nine countries, led by the University of Hawai’i and including
Imperial College London and STFC RAL Space physicists. The work is published in two papers
in the journals The Astrophysical Journal and The Astrophysical Journal Letters.

3.2.1 Findings and their proposed interpretation

Elliptic galaxies were studied. The reason is that they do note generate stars anymore and accre-
tion, which is regarded as the basic mechanism for the growth of galactic black holes, should not
occur. The time span of the study was nine billion years. It was found that the masses of the
gigantic galactic blackholes, which extend from 10° to 10° solar masses, were 7-20 times higher
than expected if the mass growth had been due to accretion of stars to the blackhole or by merging
with other blackholes.

The proposed interpretation was that blackholes carry dark energy and this energy has in-
creased. The conclusion was that nothing has to be added to our picture of the universe to
account for vacuum energy. Einstein’s equations with a cosmological term were assumed to be a
fundamental description and that blackholes are responsible for the cosmological constant.

In general relativity (GRT), one must give up the conservation of energy and it is difficult
to propose any alternative for this proposal without leaving the framework of GRT. If one has
a theory of gravitation for which Poincare invariance is exact, the situation changes completely.
One must ask where the blackholes get their mass. Is it dark energy and/or mass or is it dark
energy/mass transformed to ordinary mass?

3.2.2 TGD view of the situation

In the TGD framework Poincare invariance is exact so that the situation indeed changes.

1. TGD approach [L11l, [L12] [L.20] forces to ask whether the objects that we call galactic black-
holes, or at least those assignable to quasars, could be actually galactic white hole-like objects
(GWOs), which emit energy to their environment and give rise to the formation of the ordi-
nary matter of galaxies. The should exist a source feeding mass and energy to GWOs.

The source of mass of the GWO would be the energy of a cosmic string or more generally a
cosmic string thickened to a flux tube but with large enough string tension. The dark energy
would consist of volume energy characterized by a scale dependent cosmological constant A
and Kéhler magnetic energy.
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2. Cosmic strings with 2-D M* projection are indeed unstable against a phase transition trans-
forming them to monopole flux tubes with 4-D M* projection. This transformation reduces
their gigantic string tension and leads to a liberation of energy leading to the formation of
the ordinary matter of the galaxy.

The monopole flux tubes can carry dark matter having a large value of the effective Planck
constant heyr. Whether one has heyy = h or even h.yy = nho < h for the cosmic string (or
the initial object) so that h.y would increase in the phase transition thickening of the cosmic
string to the flux tube, has remained an open question. If the value increase, the quasar white
hole would be apart from the arrow of time in many respects similar to a blackhole.

The simplest assumption is that the cosmic string is either pure energy, or if it also carries
matter, the matter has her¢ = nho < h. The energy liberated in the increase of the thickness
of the cosmic string (or flux tube with a very small thickness) produces matter and provides
the energy needed to increase hoyy so that the the blackhole matter should be dark.

3. The values of the h.sy could correspond to the values of Ay = GMm/fBy, where M is
the mass of the galactic blackhole, m is the particle mass, and Sy = vg/c < 1 is velocity
parameter. These values of h.ss are gigantic . The gravitational Compton length A4, is
GM/By = rs/28p and for Sy = 1 it is equal to one half of the Scwartschild radius of the
galactic blackhole, which in the range (106 — —10%) x rg(Sun), rs(Sun) = 3 km. Note that
the distance of Earth to Sun is AU = .15 x 10° km and is in this range.

The gravitational Bohr radius for Sun in Nottale model with 3y ~ 27! is obtained from the
radius of Earth’s orbit with principal quantum number n = 5 as ag 4 = AU/5% ~ 6 x 10°
m [K14]. The gravitational Compton length for the Sagittarius A* is Ay, = rg/2 = 6.2 x
10° m and equal to the solar Bohr radius. Is this a mere coincidence or is there strong
coupling between the galactic quantum dynamics and solar quantum dynamics and does this
coincidence reflect the very special role of the Earth in the galactic biosphere?

What this coincidence suggests in the TGD framework, is a wavelength resonance in commu-
nications and control by dark photons or gravitons over scales larger than the radius of the
galactic blackhole. These signals would propagate along monopole flux tubes in a precisely
targeted way. These communications are central in the TGD based model of biomatter [?]

In the TGD inspired quantum biology, living matter is controlled by phases with a large value
of hgr, in particular those associated with the gravitational flux tubes of Earth and Sun and
quantum gravitation plays a key role in metabolism. This, and the fact that heys/ho serves
as a kind of IQ for living matter, strongly suggests that galactic blackholes are living super
intelligent systems controlling matter in very long scales.

4. Galaxies would have formed as local tangles of long cosmic strings. The simplest cosmic
string is an extremely thin 3-D object identifiable as a Cartesian product of complex 2-sub-
manifold of C'P, homologically non-trivial geodesic sphere S? of CP, and of a string-like
object X? in Minkowski space. This object can form a local tangle and its M* projection
would be thickened in this process.

In the formation of galaxy, the string tension would decrease and part of the dark energy and
matter would transform to ordinary matter forming a galaxy. Also stars and planets would
be formed by a similar mechanism. The process transforming dark energy and matter to
ordinary matter would be the TGD counterpart for the decay of the inflaton field and drive
accelerating cosmic expansion.

Galactic dark matter, as opposed to dark matter as h.ss > h phases, is identified as the dark
energy of the long cosmic string containing galaxies along it as local tangles, and predicts
correctly the flat velocity spectrum. Also ordinary stars would have flux tube spaghettis in
their core but they would not be volume filling.

5. The TGD interpretation does not imply that all dark matter would be associated with galactic
blackholes as the article suggests. This is as it should be. The mass of the galactic blackhole
is only a small fraction of the visible mass of the galaxy and dark energy is about 70 % of
the total mass of the Universe. The long cosmic strings having galaxies as tangles contain
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most of the dark energy. TGD only predicts that most of the mass of the galactic blackhole,
be it dark or ordinary, comes from dark energy of the cosmic string.

How would the transformation of the dark matter at monopole flux tubes to ordinary matter
take place?

1. The TGD view of "cold fusion” [L2| [L6, [.14] is as a dark fusion giving rise to dark proton
sequences at monopole flux tubes followed by their transformation to ordinary nuclei with
hegr = h. Most of the nuclear binding energy would be liberated and induced an explosion
generating the expanding flux tube bubble or jet. This mechanism plays a central role in the
model for the formation of various astrophysical structures.

2. The TGD inspired model for the star formation would explain the formation of stars of
galaxies in terms of explosive emissions of magnetic bubbles consisting of monopole flux
tubes, whose dark matter transforms to ordinary matter by the proposed mechanism and
gives rise to stars. Galactic jets could correspond to the emissions of magnetic bubbles.
Prestellar objects would be formed by this process. Ordinary nuclear fusion would start
above critical temperature lead to the generation of population II stars.

An open question has been whether galactic blackholes should be interpreted as galactic
blackhole-like objects (GBOs) or their time-reversals, which would be white hole-like objects
(GWOs). Whatever the nomenclature, the GWOs and GBOs would however have opposite ar-
rows of time.

1. GWOs can eject dark matter magnetic bubbles creating transforming to ordinary matter
such as stars: this suggests the term GWO. They calso "eat” ordinary matter, such as stars,
which suggests the term GBO. But this is possible also with their time reversals.

2. The long cosmic string could serve in the case of spiral galaxies as a metabolic source, which
continually feeds matter to GWO/GBO so that it could remain dark and increase in size.

In the case of elliptic galaxies, the mass growth by ”eating” matter from the environment
has stopped. In this case the cosmic string could be closed and imply that the mass of
GWO/GBO does not grow anymore. One could say that elliptic galaxies are dead.

The outcome of the stellar evolution should correspond to a genuine blackhole-like object (BO).

1. This would suggest that BOs carry at the monopole flux tubes only ordinary matter with
hegf = h or even hegr < h. In the TGD inspired model for for stellar BOs, the thickness
of the flux tube would be given by proton Compton length [L12] and the flux tubes would
be long proton sequences as analogs of nuclei. Therefore they would contain matter. In zero
energy ontology (ZEO), one BOs could transform to their time reversals (WOs).

2. Are genuine GBOs as time reversals of GWOs possible? In zero energy ontology (ZEO),
one can imagine that a ”"big” state function reduction (BSFR) in the galactic scale takes
place and GWO gradually transforms to a GBO. If the cosmic strings have h.y¢ = h or even
hesy < h, a possible interpretation is that the magnetic flux tubes carrying dark matter have
transformed during the stellar evolution to those carrying only matter having herr < h. In
BSFR they would become initial states for a time reversed process leading to generation of
galaxies in the reverse time direction. Galaxies would be ”breathing”. GWOs could be also
formed by a fusion of stellar WOs as time reversals of stellar BOs.

3. This allows to imagine an evolutionary process in which each evolutionary step gives rise to
flux tubes, whose thickness is larger than the initial flux tube thickness. Also the value of
heyy of the final state of a given step could increase gradually.

The differences with respect to the previous initial state would be the arrow of time, the
thickness of the flux tubes, and the fact that they contain matter, and possibly also the value
of heyy, which could increase.

Many properties of the quasars suggest that they feed energy to the environment rather than
vice versa. In this respect they look like GWOs.
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1.

If one can assign to quasars genuine GWOs, their mass would come from the dark energy and
matter of the cosmic string rather than from the environment by the usual mechanisms. This
conforms with the findings of [E4]

Objects known as galactic black holes would consist of a thickened cosmic string, which
suggests an explosive expansion generating h.sy > h dark matter so that the interpretation
as GWOs would make sense. If star formation near the galactic blackhole takes place, this
could be due to an explosive magnetic bubble emission from GWO identified as a monopole
flux tube bundle carrying dark matter.

Star generation near the galactic blackhole would support the interpretation of the galactic
blackhole.  The region near the galactic blackhole contains a lot of stars. Have they entered
this region from more distant regions or are they produced by the mission of magnetic bubbles
from the galactic black hole? Star formation near a galactic blackhole associated with a
dwarf galaxy (https://rb.gy/buk2zj has been reported.

There is also evidence for a fast moving galactic blackhole-like object leaving a trail of
newborn stars behind it (https://rb.gy/yofbh4)). If a GWO emitting magnetic bubbles
is in question, the motion could be a recoil effect due to this emission.

There is also evidence for a galaxy, which consists almost entirely (99.9 %) of dark matter
(https://rb.gy/khuryk)). Could the explanation be as a passive galactic whitehole as a
flux tube tangle, which has sent only very few magnetic bubbles?

The mysterious behaviour of gas clouds near the galactic blackholes allows to sharpen the
picture.

1.

3.3

The temperature of the clouds is much higher than expected (https://rb.gy/tpdgis). The
gas in the core of some galaxies is extremely hot with temperature in the range 10° — 10* eV.

These systems are billions of years old and have had plenty of time to cool. Why has the
gas not cooled down and fallen down into the blackhole? Where does the energy needed
for heating come from? Is there something wrong with the views about star formation and
blackholes?

The upper bound 10* eV corresponds to the ignition temperature of nuclear fusion when the
pressure and density are high enough. This could explain why ordinary nuclear fusion has
not started. This suggests that when the temperature gets higher, stars are formed and they
are eventually devoured by the blackhole-like object.

Could the galactic blackhole-like object be actually a GWO and be heating the gas forming
dark nuclei as dark proton sequences from the hydrogen atoms or ions of the gas? The
interpretation as GWO would also explain galactic jets [L20]. Note however that the gas
clouds could get heated also spontaneously by dark nuclear fusion taking place at magnetic
flux tubes: for this option GWO could provide the flux tubes as a magnetic bubble.

The dark nuclei would first transform to ordinary nuclei at monopole flux tubes and liberate
energy. As the ignition temperature for ordinary nuclear fusion is reached, stellar cores start
to form. An imaginative biology inspired manner to express this (https://rb.gy/yo3ed3)
is that the galactic blackhole cooks its meal first so that it becomes easier to digest it.

Why gas cannot fall into the blackhole and why is this possible only for stars? Gravitationally
stars and gas particles are equivalent so that other interactions than gravitation must be
involved. Magnetic interactions would indeed confine gas particles to monopole flux tubes as
dark proton sequences so that they could not fall into GWO. The rotational motion of stars
would make the process of falling into the GWO very slow and they would do so as entire
flux tube spaghettis and fuse to the spaghetti defining the GWO.

Einstein rings give support for the TGD view of dark matter

There was an interesting popular article in Science-Astronomy.com with the title ” Einstein rings
says dark matter behaves more like a wave,not particle” (https://rb.gy/e6fgo)). The article told
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about the article published by Amruth and his team published in Nature Astronomy as an article
with title ”Einstein rings modulated by wavelike dark matter from anomalies in gravitationally
lensed images” (https://rb.gy/mw7cq). Unfortunately, the article is hidden behind paywall.

Dark matter is known to exist but its real character has remained a mystery. The models
assume that its interactions with ordinary matter are very weak so that it makes itself visible
only via its gravitational interactions. Two basic kinds of particles have been proposed: weakly
interacting massive particles (WIMPs) and light particles, of which axions are the basic example.
WIMPs behave like point-like particles whereas axions and light particles in general behave like
waves. This difference can be used in order to find which option is more favoured. Axion option
is favored by the behavior of dark matter in dwarf galaxies and by its effects on CMB.

The study of Amruth and his team found further support for the axion option from the study
of gravitational lensing.

1. As light passes by a massive object, it bends both by the visible and dark matter associated
with the object. This leads to a formation of Einstein rings: as if the light source would be
a ring instead of a point-like object. If dark matter particles have some interactions with
the photons , this causes additional effects on the Einstein rings. For instance, in the case of
axions this interaction is known and corresponds to the electromagnetic analog of instanton
term.

2. The effect of point-like particles on light is different for WIMPs and light particles such as
axions. From the abstract of the article one learn that WIMP option referred to as ppas
option leaves well documented anomalies between the predicted and observed brightnesses
and positions of multiply lensed images, whereas axion option referred to as 1 py; option
correctly predicts the level of anomalies remaining with ppys lens models. Therefore the
particles of dark matter behave as if they were light particles, that is having a long Compton
length.

What TGD allows us to conclude about the findings?

1. TGD predicts that dark matter corresponds to phases of ordinary matter labelled by a
hierarchy of Planck constants hefs = nhg. The Compton length of dark particles with given
mass is scaled up by factor hesp/h. Could this be more or less equivalent with the assumption
that dark particles are light?

2. Gravitational Planck constant is an especially interesting candidate for h.r¢ since it plays
a key role in the TGD based view of quantum gravitation. Gravitational Planck constant
obeys the formula fig, = GMm/f, for two-particle system consisting of large mass M and
small mass m (8p < 1 is velocity parameter) and is very large.

The gravitational Compton length Ay, = fig,,/m = GM/f3y, which does not depend on the
mass m of light particle (Equivalence Principle), is very large and and gives a lower bound
for quantum gravitational coherence length. For instance, for the Sun it is rather near to
Earth radius, probably not an accident.

3. Gravitational Compton length for particles at the gravitational magnetic body, which for
stars with solar mass is near to Earth radius if the velocity By in g, has the same value
Bo ~ 27 makes dark variants of ordinary particles to behave like waves in astrophysical
scales.

4. What happens in the scattering of a photon on a dark particle in the TGD sense. It seems
that the photon must transform temporarily to a dark photon with the same value of hcyy.
Photon wavelength is scaled up heys/h but photon energy is not affected in the change of
Planck constant.

Suppose that the scattering takes place like in quantum mechanics but with a modified
value of Planck constant. In the lowest order in expansion in powers of ae,, = €2/4rh, Iy
the scattering cross section is the same and whereas the higher corrections decrease. This
provides actually a good motivation for the dark matter in TGD sense: the phase transition
increasing the value of Planck constant reduces the value of gauge coupling strength and
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makes perturbation series convergent. One could say that Nature is theoretician friendly and
takes care that his perturbation theory converges.

In the lowest order of perturbation theory the scattering cross section is given by the classical
cross section and independent of A.rs. The Nishijina formula for Compton scattering (https:
//rb.gy/n28zk)) indeed shows that the scattering cross section is proportional to the square of the
classical radius of electron and does not depend on fi.fy. The result is somewhat disappointing.

1. On the other hand, for large values of A ¢, in particular A4, one can argue that the scattering
takes place on the entire many-particle states at the flux tubes of the magnetic body so that
superposition of scattering amplitudes on different charged particles at the flux tube gives
the cross section. This can lead to interference effects.

If the charged dark matter at the flux tube has a definite sign of charge this would give
rise to amplification of the scattering amplitude and it would be proportional to the square
N2 of the number N of charged particles rather than to N. Scattering amplitudes could also
interfere to more or less zero if both signs of charges are involved.

One can also argue that only particles with a single value of mass are allowed since Ag;. is
proportional to m so that particles would be like books in the shelves of a library labelled by
Pgr-

2. The effects of axion Bose-Einstein condensates have been indeed studied and it has been
found that the scattering of photons on cold axion Bose-Einstein condensate could cause
what is called caustic rings for which there is some evidence (https://rb.gy/2bubj). Could
the quantum coherent many-particle states at gravitational flux tubes cause the same effect?

The optimistic conclusion would be that astrophysicists are gradually ending up with the TGD
view of dark matter. One must of course that the above argument only suggests that the effects
of scattering on Einstein’s ring could be large for a large value of hcyy.

3.4 Is the 60 year old mystery of quasars solved?

The following considerations were motivated by a Sciencedaily article telling about a possible so-
lution of 60 year old problem related to the huge intensity of radiation arriving from quasars
(https://rb.gy/889hk). The article tells about the article ”Galaxy interactions are the domi-
nant trigger for local type 2 quasars” of Pierce et al published in Monthly Notices of the Royal
Astronomical Society (https://rb.gy/lwnfo).

The proposed explanation of quasars is in terms of the collision of galaxies in which matter,
which usually stays at circular orbits, falls into the galactic blackhole-like objects (BHOs) having
huge gravitational fields. In this process a huge amount of radiation is emitted.

The key problem of this view is that the radii of the orbits of stars are measured in kiloparsecs:
somehow the matter should get to a distance of order parsecs. This requires that the orbiti matter
gets rid of the conserved angular momentum somehow. The proposal is that the collision of galaxies
generates tidal forces making this possible. My impression from the article was that this is one
possibility and they support this option but certainly do not prove it.

The researchers claim that the finding could be understood if the colliding objects are BHOs.
Tidal forces in collisions would make it possible for them to draw matter from their surroundings
and this process would generate huge radiation power. They do not do this usually but only
because the collision creates the circumstances causing the ordinary matter at their circular orbits
to fall to the BHO(s). I am not specialist enough to decide how convincing the calculations of the
researchers are.

Consider now the TGD based explanation baed on the general view of the formation of astro-
physical object dicussed in [L34] [L35].

1. In TGD, galactic blackhole-like objects (BHOSs) could be associated with cosmic string-like
objects, which thicken to monopole flux tubes by phase transitions. The phase transition
is analogous to the decay of inflaton field producing ordinary matter. In this process dark
energy would transform the energy of the cosmic string to dark matter assignable to BHOs.
This would also explain the quite recent finding that dark energy seems to transform to
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galactic BHOs.  Part of the dark matter of BHO would transform to the ordinary galactic
matter in a transition reducing gravitational Planck constant and liberating energy as an
explosion.

2. This explosive process would involve new physics predicted by TGD involving the trans-
formation of dark matter to ordinary matter in a transition reducing the value of gravita-
tional Planck constant 7y, = GMm/betag: here M is large mass and m a small mass and
Bo = v/c < 1is a velocity parameter. This transformation could be also behind the formation
of both stars and planets in explosions producing magnetic bubbles. This mechanism would
replace the standard model assuming gravitational condensation. Quasars could be similar
expolosions perhaps preducing BHOs.

3. The most conservative assumption is that quasars a BHOS are analogs of ordinary black-
holes. The new physics would correspond to an analog of inflaton decay transforming dark
energy to dark matter and in turn to ordinary galactic matter. Quasar would be produced
by an explosion analogous to inflaton decay proposed to also produce other astrophysical
objects.

4. The collision of galaxies could have led to an intersection of cosmic strings orthogonal to
the galactic planes assignable to galaxies. The intersection would have induced a formation
of dark BHO and its explosion by hg, — h phase transition producing ordinary matter. this
process could involve several steps reducing the value of h.r¢. The distant ordinary matter
circulating the galaxies would have nothing to do with the formation of quasars.

These kinds of collisions are unavoidable for moving string-like objects in 3-D space. There
is evidence that also the Milky Way center involves 2 cosmic strings which have collided. The
structure MW would reflect the ancient occurrence of an analog of inflaton decay.

3.5 Two findings possibly related to cosmic strings in TGD sense

I learned recently of two very interesting findings, which relate to the TGD views about dark
energy and galactic dark matter, about quasars and formation of galaxies.

3.5.1 A finding providing support for the TGD view of galaxy formation

The discovery|challenges the standard view of quasars as blackholes and provides additional support
for the TGD view of quasars and galaxy formation. Here is the abstract of the Jarticle] published
in Nature.

Quasars feature gas swirling towards a supermassive black hole inhabiting a galactic centre.
The disk accretion produces enormous amounts of radiation from optical to ultraviolet (UV) wave-
lengths. Extreme UV (EUV) emission, stemming from the energetic innermost disk regions, has
critical tmplications for the production of broad emission lines in quasars, the origin of the corre-
lation between linewidth and luminosity (or the Baldwin effect) and cosmic reionization.

Spectroscopic and photometric analyses have claimed that brighter quasars have on average
redder EUV spectral energy distributions (SEDs), which may, however, have been affected by a
severe EUV detection incompleteness bias.

Here, after controlling for this bias, we reveal a luminosity-independent universal average SED
down to a rest frame of ~ 500 Angstrom for redshift z ~ 2 quasars over nearly two orders of
magnitude in luminosity, contrary to the standard thin disk prediction and the Baldwin effect,
which persists even after controlling for the bias.

Furthermore, we show that the intrinsic bias-free mean SED is redder in the EUV than previous
mean quasar composite spectra, while the intrinsic bias-free median SED is even redder and is
unexpectedly consistent with the simply truncated wind model prediction, suggesting prevalent winds
in quasars and altered black hole growth. A microscopic atomic origin is probably responsible for
both the universality and redness of the average SED.

What does TGD say about the discovery?

1. In the standard accretion disk theory inner luminosity is determined by the mass of the
accretion disk entering into the blackchole. What is however found that the spectral energy
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distribution of light from quasar does not depend on the inner luminosity at all in the extreme
UV (EUV) range! It can even decrease when the intrinsic luminosity increases! These
paradoxical findings challenge the standard accretion disk theory.

2. TGD based view of quasars [L11}, 12| [L20] [.34] [L35] suggests an explanation of the anomaly.
The galactic matter would be formed as dark energy and dark matter from a cosmic string like
objects thickening to a monopole flux tube tangle with reduced string tension would emit
dark particles transforming to ordinary matter forming the galaxy. Cosmic strings would
be transversal to the galactic plane and their dark energy energy predicts the flat velocity
spectrum of galaxies.

3. The radiation from the thickened flux tube (rather than from the energy liberated as matter
of the accretion disk falls into the blackhole) could give rise to the spectral energy distribution
in EUV and the inner luminosity at longer wavelengths would be determined by the accretion
disk emission. The article suggests that galactic wind explains the energy spectrum: galactic
wind would correspond to this EUV radiation from the monopole flux tube. This energy
spectrum would be universal in the sense that it would reflect only the properties of the
thickened cosmic string and universality is indeed claimed. Galactic wind would correspond
to the flow of matter from the cosmic string tangle which is not stopped by the accretion
disk.

The model of the quasar as a portion of a cosmic string thickened to a flux tube tangle and
emitting dark energy and matter transforming to ordinary matter challenges the standard model
as a blackhole. The outflowing matter would create an accretion disk as a kind of traffic jam and at
least part of the luminosity of the accretion disk would be due to the heating of the accretion disk
caused by the flow of the particles colliding with the accretion disk. Also now the gravitational
field of the cosmic string and of the flux tangle associated with it is present and a natural classical
expectation is that the matter in the accretion disk tends to flow back to the quasar.

In atomic physics the quantization prevents the fall of electron to atomic nucleus. Could the
same happen now and prevent the fall of matter from the accretion disk back to the quasar.

1. One can argue that a realistic quantum model for the matter around quasar is based on the
treatment of the flux tube tangle as spherically symmetric mass distribution with the mass
of the blackhole assigned to the quasars. Indeed, the straight portion of cosmic strings gives
a large contribution to the gravitational force only at large distances so that the contribution
of the tangle dominates.

2. The mechanism preventing the fall of matter to blackholes would be identical with that in the
case of atoms. Also in the accretion disk model, the angular momentum of rotating matter
in the accretion disk tends to prevent the fall into the blackhole and the angular momentum
must be transferred away.

3. The orbital radii would be given by the Nottale model for planetary orbits with r,, = nzagr,
where ag, = 4”BC;;)M = 2mrg//33 is gravitational Bohr radius, and M is the mass M of the
quasar blackhole estimated to be in the range M/Mg,, € [107,3 x 10°] predicting that the
Schwartschild radius 7g is in the range 3 x 107 — 10'° km. The radius of r4.. should be larger
than agp: agr < @ace. Note that the size of the accretion disk is in [some cases| estimated to
be few light-days: 1 light-day ~ 10'9 km whereas the visible size of quasar is measured in

light years.

4. The condition ag, < rec. gives the condition 27/ B2 < Taee/Ts giving for By an upper bound
in the range By € [.02,.2]. The values of §y in this range are considerably larger than the
value By ~ 27! predicted by the Bohr model for the orbits of inner planets. Note that for
the Earth the estimate for 5y is By ~ 1.

3.5.2 Do cosmic strings with large string tension exist?

There is some empirical support for cosmic strings with a rather large string tension from grav-
itational lensing. Cosmic string tension 7' and string deficit angle Af for lensing related bia the
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formula A6 = 87 x T'G if general relativity is assumed to be a good description. The value of TGD
deduced from data is TG = .05 and is very large and corresponds to an angle deficit A§ ~ 1.

For the ordinary value of Planck constant, TGD predicts the value of TG has upper bound in
the range 10~7 — 1076, The flat velocity spectrum for distant stars around galaxies determines the
value of TG: one has v? = 2TG from Kepler law so that the value of TG is determined from the
measured value of the velocity v. The value of T'G can be also deduced from the energy density of
cosmic string-like objects predicted by TGD and is consistent with this estimate. If one takes the
empirical evidence for a large value of T'G seriously one must ask whether TGD can explain the
claimed finding.

Could a large value of hy ¢ solve the discrepancy? String tension 1" as the linear energy density
of the cosmic string is determined by the sum of Kahler action and volume term. The contribution
of Kéhler action to 7T is proportional to 1/a = g% /4mh. If cosmic string represents dark matter
in TGD sense, one must make the replacement & — fA.s; so that the Kahhler contribution to
T is proportional to fips/h. If the two contributions are of same order of magnitude or Kéhler
contribution dominates, hies¢/h =n ~ 10° would give the needed large value T'G.

The physical interpretation would be that the cosmic string is an n-sheeted structure with each
sheet giving the same contribution so that the value of T is scaled up by n ~ 10°. There are two
options. The n-sheetedness is with respect to M so that one has a n-fold covering of M* or with
respect to C'P, in which case one quantum coherent structure consisting of n parallel flux tubes.

It is intereting to consider in more detail the quantum model for the particles in the gravitational
field of cosmic string.

1. The gravitational field of a straight cosmic string behaves like 1/p as a function of the radial
distance p from string, and Kepler’s law predicts a constant velocity v? = 2T'G for circular
orbits irrespective of their radius. This explains the flat velocity spectrum of stars rotating
around galaxies.

2. Nottale proposed that planetary orbits obey Bohr quantization for the value of gravitational
Planck constant hy, = GMm/ [, assignable to a pair of masses M and M associated with
the gravitational flux tube mediating the gravitational interaction between M and m.

3. If the mass M corresponds to a cosmic string idealized as straight string with an infinite
length, the definition of &g, is problematic since M diverges. Therefore the application of
Nottale’s quantization to a distant star rotating cosmic string is problematic.

What is however clear that hg, should be proportional to m by Equivalence Principle and
one should have A, = GM.yrm/ [y for the cosmic string. Mcs; = TLess, where L.sy is the
effective length of the cosmic string is also a reasonable parametrization.

4. Kepler law does not tell anything about the value of the radius r of the circular orbit. If the
value of Ay, is fixed somehow, one can apply the Bohr quantization condition f pdg = nhy,
of angular momentum to circular orbits to obtain vr = nGM.ys /By giving

’r‘s7
Tn="nr1, = 2\/278‘2;60 :

A reasonable guess is that 8y and the rotation velocity v/c = 2T'G have the same order of magni-
tude. v/c =Py < 1 would give By = V2T'G/x. The minimal value of the orbital radius would be

T = TS,eff/2xﬂg-

An interesting question relates to the size scale of the n-sheeted structure interpreted as a
covering of C'P, by parallel cosmic strings or flux tubes. The gravitational Compton length A, =
rs.eff/2P0 could give an estimate for the size scale of this structure, which as flux tube bundle
would be naturally 2-D. There would be about 10° flux tubes per gravitational Compton area with
scale Ag,.

3.6 Fermi bubbles as expanding magnetic bubbles?

Could one apply the proposed picture to Fermi bubbles [E19] (https://rb.gy/uncffb))?
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3.6.1 Basic facts about Fermi bubbles

Consider first the basic facts.

1.

Fermi bubbles are located at the opposite sides of the galactic plane at the center of the
galaxy. The radii of the bubbles are 12.5 kly and they expand at a rate of a few Mm/s
(oforder10=2c).

. Fermi bubbles consist of very hot gas, cosmic rays and magnetic fields. They are characterized

by very bright diffuse gamma ray emissions.

Quite recently, so-called eRosita bubbles were discovered [E19]. They have a size scale, which
is twice that for Fermi bubbles. Both Fermi bubbles, eRosita bubbles and microwave haze
are believed to be associated with an emission of jets.

. Fermi bubbles could involve new exotic physics. The IceCube array in Antarctica [E13]

(https://rb.gy/qslggd) has reported 10 hyper-high-energy neutrinos sourced from the bub-
bles with highest energies in 20-50 TeV range.

The most natural identification of Fermi bubbles is as a pair of jets emitted in the explosion
associated with the galactic blackhole Sagittarius A*. According to the model represented in [E19)
(https://rb.gy/quzvnz)), they were born roughly 2.6 million years ago and the process lasted
about 10° years.

One particular rough estimate for the release of energy from Sagittarius A* is 10°° Joules, which
corresponds to 102 Mgy, (solar mass is Mgy, ~ 10%° kg). The estimate of [E19] for the energy
would correspond to 102 Mgys.

3.6.2 Fermi bubbles as local Big-Bangs?

Could Fermi bubbles be magnetic bubbles produced by the general mechanism already discussed
and perhaps even modellable as local Big Bangs?

1.

From the data summarized above, one can deduce that the mass concentrated at the bubbles
is below the total energy released from Sagittarius A*. It is in the range of 102 — 102 solar
masses. This mass need not of course correspond to mass of the Fermi sphere.

. The conservative option is that the expanding bubble has driven mass to the Fermi sphere

as in the standard model of the Local Bubble. Recall that Local Bubble has a mass of 10°
solar masses and is suggested to be caused by 15 supernova explosions emitting typically 1044
Joules: 10% Joules corresponds to mass about 1072Mg,,,,. For this option the mass lost by
Sagittarius A* would be completely negligible with that of the Fermi bubble.

The TGD inspired option is that the mass of Fermi Bubble is dark gravitational mass
(102 — 10%)Ms.,,, at the gravitational flux tubes of the dark flux tube tangles emitted by
the Sagittarius A* as a pair of jets formed by the expanding Fermi spheres. These tangeles
would be characterized by gravitational Planck constant.

The parameters of the local Big-Bang model of Fermi bubbles would be following.

1.

The gravitational Planck constant is partially determined by the mass of the galactic black-
hole, which is about 4 x 106Mg,,,,. The value of gravitational Planck constant would be huge
and gravitational Compton length 75/28y, where rg = 1.2 x 107 km is the Schwartschild
radius.

Lj,c = 12.5 Kkly corresponds to the radius of the bubble and the length of a typical flux tube

R = (3/87rGLloc)’1/4 corresponds to the thickness of the flux tubes and would be of order
pm from (Ll(,C/LC)l/4 scaling and R, ~ 10~ m.

Local Hubble constant corresponds to Hjoe = v/Lijoe =~ x103H,., where v = (1/3) x 10~ 2¢, x
of order 1, is the estimate for the expansion velocity of the bubble. The TGD based model
suggests that the identification 8y = v/c makes sense in the beginning of the expansion. Note
that for the Sun-Earth model the value of Sy is of order .5 x 1073,
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3.7 Bubbletrons as magnetic bubbles?

The popular article in Livescience (rebrand.ly/hdaqw08)) told about giant ”bubbletrons”, which
in the article ”Bubbletrons” (rebrand.ly/cq3mhe2)) are proposed to have played a key role in the
early universe. Bubbletrons would be walls generated in first-order phase transitions. First order
phase transition requires free energy or liberates it.

Note: First order means that the derivative of the free energy with respect to some variable
is discontinuous: the usual phase transitions in condensed matter are first order. Magnetization
is second order phase transition. Magnetization as the first derivative of free energy with respect
to the external magnetic field is continuous but magnetic susceptibility as its second derivative is
discontinuous.

The inner and outer surfaces of bubblerons could contain high energy particles and the collisions
of bubbletrons would liberate energy accelerating particles to huge energies. These explosions
could also generate dark matter assumed to be some exotic particles. In the fractal TGD Universe,
magnetic bubbles generated in local analogs of the Big Bang, would have been basic structures in
the emergence of astrophysical objects. They would serve as analogs of bubbletrons and would play
a key role in the formation of all astrophysical structures, including even the formation of planets.
I wrote in the beginning of this year two articles describing this vision in various scales [L34] [L35].

The production of ordinary and dark matter from the TGD counterpart of dark energy associ-
ated with monopole flux tubes, in particular cosmic strings, would be an essential part of the mini
big bang and give rise to the TGD analog of inflation. In TGD dark matter would correspond to
hefy = nho > h phases of ordinary matter and no exotic dark matter particles are needed.

The proposal is that the collisions of bubbletrons could have created gravitational waves causing
the gravitational hum. This might be the case also for the magnetic bubbles of TGD but I think
that this is not enough. TGD predicts tessellations of cosmic time=constant hyperboloids H?3:
they are hyperbolic spaces. They appear in all scales. The tessellations are hyperbolic analogs
of crystal lattices in E3. There are 4 regular tessellations consisting of cubes, icosahedrons and
dodecahedrons. In E? only the cubic regular tessellation is possible.

There is also the completely unique icosa-tetrahedral tessellation having tetrahedra, octahedra
and icosahedra in its fundamental region: this tessellation is essential in the TGD based model of
genetic code as a universal piece of quantum information processing, not only related to chemical
life.

The large voids could correspond to the fundamental regions of icosahedral tessellations: icosa-
hedrons are indeed the Platonic solids nearest to sphere. Also tessellations having stars with a
typical distance of about 5 light years at their nodes can be considered. Hyperbolic diffraction
guides the gravitational fields to preferred directions and amplifies them: just as in X-ray diffrac-
tion. Quantum coherence in astrophysical scales predicted by the TGD view of dark matter also
amplifies the radiation in these directions [L37].

3.8 Large voids and CMB cold spot as magnetic bubbles?

Quanta Magazine post ”How (Nearly) Nothing Might Solve Cosmology’s Biggest Questions” (rebrand.
ly/21wz4w7) tells about the mysterious large voids. There was also another interesting link to a
popular article (rebrand.ly/pxjxOcu) in Big Think with the title ”Our Universe is normal! Its
biggest anomaly, the CMB cold spot, is now explained!”

3.8.1 TGD view of large voids

I have considered the problem of cosmic voids in the TGD framework for decades. I assumed that
voids involve cosmic strings going through their center. At that time I did not realize that TGD
allows us to consider a considerably simpler solution, which is not possible in general relativity.

In the TGD Universe, space-time consists of 4-D surfaces in H = M* x CP,. Einsteinian space
corresponds to space-time surface with 4-D M* projections, I call them space-time sheets and they
can be connected by extremely tiny wormhole contacts, which are in the simplest situation isometric
with a region of C'P, having 1-D light-like geodesic as M* projection. Wormhole contacts serve as
basic building bricks of elementary particles. Space-time surfaces or at least their M* projections
have outer boundaries. The boundaries of physical objects correspond to boundaries of 3-surfaces
or of their M* projections so that we can see the TGD space-time directly with our bare eyes!
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Also other kinds of space-time surfaces, such as cosmic strings with 2-D M* and CP, projec-
tions, are predicted and play a fundamental role in the TGD inspired view of the formation of
astrophysical objects.

Concerning the problem of large voids, the key point is that it is possible to have voids in M*
as regions of M* (or E3) which contain very few or no 3-surfaces. Gravitational attraction could
have drawn the 3-surfaces inside the voids to the boundaries of the voids. Could it be that we have
been seeing TGD space-time directly for decades?

Also tessellations at the cosmic time= constant hyperboloids would be in a key role and one can
imagine that they give rise to tessellations of voids with matter near the walls of the voids. There
are 4 regular tessellations involving either cubes, icosahedron of dodecahedron (in E3 only a cubic
regular tessellation is possible) plus the icosa-tetrahedral tessellation consisting of tetrahedrons,
octahedrons, and icosahedrons. This tessellation is completely unique and plays a key role in the
TGD inspired model of the genetic code, which raises the question whether genetic code could be
universal and realized in all scales at the level of the magnetic body [L28§].

3.8.2 Could CMB could spot be a super void?

The article [E2] (see also the popular article at rebrand.ly/pxjx0Ocu) proposes the identification of
the CBM cold spot as a supervoid. CMB cold spot is a huge region inside which the temperature of
CMB background is about 70 puKelvin below the average temperature. What adds to the mystery
is that it is surrounded by a hotter region. The idea is that the CMB cold spot corresponds to an
expanding supervoid. I am however not at all sure whether our Universe is normal in the sense of
general relativity.

Consider first the Sachs-Wolfe effect (rebrand.ly/i2lpwy7) which leads to the formation of
cold and hot spots. Assume that a photon arrives at a gravitational well due to a mass distribution.
The presence of matter induces first a blueshift as the photon falls in the gravitational potential of
the region and then a redshift as it climbs out of it. The expansion however flattens the potential
that there is a net reduction of the overall redshift due the average density of matter.

Since the local temperature depends on the local matter density, the low density region cor-
responds to a cold spot. If the cold spot corresponds to a region, which has a small density and
expands during the period that photon uses to go through the cold spot, the redshift inside the
region vanishes and is smaller than the redshift caused by the average region. The region appears
to have lower density and lower temperature. There are a lot of these kinds of hot and cold spots
and they induce fluctuations of the CMB temperature. But there is also a really big cold spot
surrounded by hotter regions. This cold spot has been problematic.

The idea is that the CMB cold spot could correspond to an expanding supervoid. It is not
however obvious to me how this explains the higher temperature at the boundaries of the supervoid.
In the TGD framework, one can however ask whether the supervoid could correspond to a magnetic
bubble caused by a local big bang, which has feeded energy to the boundaries of the resulting void
forming a magnetic bubble so that the temperature at the boundaries would be higher than inside
the void. One can even consider the possibility that the supervoid is in a reasonable approximation
a void in M* sense so that very few 4-D space-time surfaces would exist in that region.

3.8.3 Could M* voids allow to test the TGD view of space-time?

The existence of M* voids might allow to test TGD view of space-time. The physics predicted by
TGD is extremely simple in the case of a single-sheeted space-time sheet. The observed space-time
is however many-sheeted. One can think using analogy with extremely thin glass plates with M*
corresponding to the 2-D plane and C' P, corresponding to its thickness. Einsteinian space-time
sheets correspond to 2-D surfaces inside the plate, which are slightly curved and are connected by
wormbhole contacts. At the QFT limit one must replace the many-sheeted structure with a region of
M* and define gauge and gravitational fields as sums of the induced fields associated with various
sheets (and determined by the surface geometry alone). The extreme simplicity is lost.

However, if M* vacua exists one could test TGD at the single-sheeted limit to see the predicted
fundamental physics in its extreme simplicity. Things would indeed be simple. Not only are
the induced fields determined by the minimal surface property of the space-time region but also
holography holds and is realized in terms of a generalization of the 2-D holomorphy to 4-D case.
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4 Applications to the physics of stars and planetary systems

In this section the proposed general picture is applied to the physics of stars and planetary systems.

4.1 Population III stars in the TGD framework

I received link to an interesting popular article (https://rb.gy/m7qlzg) telling about a possible
detection of population IIT stars [E§| (https://rb.gy/sz0fw7), which are believed to have emerged
in the first stage of the stellar formation and generating only ”non-metallic” nuclei, which by
definition are not heavier than He?.

Wang’s team analyzed spectroscopy data for more than 2,000 of JWST’s targets. One is a
distant galaxy seen as it appeared just 620 million years after the Big Bang. According to the
researchers, the galaxy is split into two pieces.

The analysis showed that one half seems to have the key signature of helium II mixed with
light from other elements, potentially pointing to a hybrid population of thousands of Population
IIT and other stars. Spectroscopy of the second half of the galaxy has yet to be done, but its
brightness hints at a more Population III-rich environment.

4.1.1 Population III stars

If the standard model for the formation of stars population III stars would represent the first
generation of stars. They should exist because we exist. The problem is that population III stars
containing only elements not heavier than * He have not been observed.

Is the standard model for the star formation wrong so that population III stars would not exist
at all? Or have we not been able to observe them. Now evidence for the existence of these stars
have been reported [E8] but the evidence is controversial.

Let us list some properties that population III stars of the standard model should have.

1. In the standard model of star formation, the very hot gas prevents the formation of small
stars. Population III stars would have immense sizes 102 — 10° times the ordinary star size.
By their large mass they would deplete the hydrogen gas very rapidly and would have a
very short lifetime. Large volume of hydrogen and helium gas is available in the early
universe so that this option looks plausible in the early universe.

2. The population III stars would have a high surface temperature of about 50,000 degrees
Celsius, compared to the temperature of 5,500 degrees for the Sun. This provides a possible
explanation for the high luminosity of very early galaxies. In the TGD framework, the
concentration of irradiation to flux tubes connecting astrophysical objects would explain the
high luminosity [L24].

3. The signature of the population III stars would be He II emission lines from a gas surrounding
star when UV light from the hot surface of the star ionizes the He atoms of the environment
(note that ”II” refers to singly ionized He* rather than the ”He II” appearing as superfluid
phase in the model of helium superfluidity).

The heat or explosions of population III stars could have caused reionization of the Universe.
Evidence for them was found at about .62 billion years after BB. CMB temperature was
at that time roughly 1 meV.

4. The ionization energy of He? is about 24.5 eV and in the UV region. Solar surface temper-
ature .55 eV and by factor 1/50 lower. The surface temperature of population III stars is
estimated to be 55 eV. The He II emission would not originate in stars themselves but cre-
ated when energetic photons from the star’s hot surface are absorbed by the gas surrounding
the star.

4.1.2 Are population III stars needed at all in the TGD framework?

The TGD picture about formation of stars [L2, [L14] IL6l [L12] suggests that population III stars
are not needed at all but are replaced with prestellar objects in which dark fusion followed by
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transformation of dark nuclei to ordinary nuclei leads to a prestellar object which eventually
reaches the ignition temperature for ordinary nuclear fusion.

This allows to escape the problematic assumption about giant size population III stars and
explains the apparent mixture of population III and population II stars as well as the Helium II
lines appearing at some stage of the heating of the prestellar object.

The TGD based model relies on the following general assumptions.

1. The notion of local Bib-Bang with local values of Hubble constant H, cosmological constant
A, age a, and parameter vy associated with gravitational Planck constant. This picture is
suggested by the vision of how the monopole flux tubes carrying dark energy and dark matter
transformed to ordinary matter in explosive events analogous to local big bangs.

Large local values of H and A are needed and expected. Scaling gives naive estimates and
they are expected to be too small.

Temperature of the local big bang higher than that of the environment. Light-cone proper
time a;,. assignable to local CD approaches cosmic time a for very large values of a since
at this limit it does not depend on the position of the tip.

2. The local Big-Bang is analogous to a supernova explosion and throws out a magnetic
monopole flux tube tangle, magnetic buble, with dark matter transforming to ordinary
matter.

The transformation of dark matter at monopole flux tubes to ordinary nuclei is based on the
TGD view of ”cold fusion” as being due to the formation of dark nuclei which transform to ordinary
nuclei [L2] 14 L6 L12).

1. In the TGD framework, dark fusion would precede ordinary fusion. = Dark protons and
neutrons would fuse to dark nuclei at monopole flux tubes and transforme to ordinary nu-
clei and liberate practically all nuclear binding energy leading to the heating and eventually
initiation of ordinary nuclear fusions.

2. There is no need to assume that dark fusion stopped at He* so that for the simplest
option population III stars are not needed at all. The pre-stellar objects as predecessors of
the ordinary stars could have been obtained by dark fusion and gradually the cold fusion
would have led to the ignition temperature of ordinary fusion and population II stars would
have formed. The observed He II lines originate from these pre-stellar objects?

3. Dark fusion could have also produced elements heavier than He*.  This could allow us to
understand the production of elements heavier than Iron as being due to dark fusion. Also
the anomalies related to the abundances of some light elements could be understood. Dark
fusion would proceed outside stars. Also the explosion producing supernova shells as dark
magnetic bubbles involving dark fusion could explain the production of elements heavier
than Fe in terms of dark fusion.  Also the reported identification of heavy elements in
the claimed ”cold fusion” could be explained in this way [L2] [L14].

If the mechanism for the formation of stars is the same as for the star formation in the Local
Bubble, one expects that the stars are formed at the Local Bubble as dark matter transforms to
ordinary matter by dark fusion followed by transformation to ordinary matter. This would lead
to formation of local pre-stellar objects, which in some cases would reach the ignition temperature
for the ordinary nuclear fusion.

4.2 Janus faced white dwarf

Science Daily release (rb.gy/jkoun)) told about a really weird object reported in [E3]: the surface
of the white dwarf is made of hydrogen on one side and helium on the other. The organization of
particles with different masses to layers occurs by gravitation but only in vertical direction.

It is believed that hydrogen is able to diffuse into the interior of the dwarf so that its surface
density is reduced so that effectively helium begins to dominate. This would be analogous to a
phase transition. But why would this take place only for the other side of the white dwarf and
why such a sharp division to two regions.

Magnetic fields are proposed as a possible explanation.
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1.

Whether the surface layer or atmosphere as it is called in the article is dominated by hydrogen
or helium depends on temperature and pressure. At lower temperatures a transition to helium
atmosphere is expected to take place. A weak magnetic field could induce a reduction of
pressure or temperature and also prevent mixing.

At the surface layer the magnetic fields tend to prevent the mixing of hydrogen and helium
ions by forcing the ions to cyclotron orbits. Mixing requires that hydrogen, helium or both
are ionized.

Whether this is the case depends on temperature. Wikipedia article claims that white dwarf
temperatures are in the range 150,000 K-4000 K (15 eV -.1 eV). The upper limit 15 eV is
slightly above 13.7 eV which is the ionization energy of hydrogen in ground state so that
hydrogen could be ionized. Helium would not be ionized. If there is no ionization, the
magnetic moment of hydrogen is what matters. Helium nucleus has a vanishing magnetic
moment. Non-ionized helium looks magnetically inert but not hydrogen, which could also be
at cyclotron orbits.

The popular article informs that the temperature of the white dwarf is around 35,000 K (35
eV). For helium the ground state energy, proportional to Z?2 is 54.8 eV in the simplest model,
which suggests that helium is not ionized and cyclotron orbits are not possible.

Two options are considered.

1.

If hydrogen is ionized, it moves along cyclotron orbits and tends to be magnetically confined.
Also the higher magnetic field strength at the hydrogen side reduces the mixing. Since
helium is not ionized, it is not magnetically confined and will mix more easily. This is true in
the standard physics picture, in which one has no monopole flux tubes, which confine even
non-charged particles.

. The higher value of the magnetic field implies a lower pressure and this would imply slower

diffusion of the hydrogen to the interior. If the sum of the magnetic and ordinary pressures
is constant, hydrogen oceans with a higher magnetic field strength and lower pressure could
be formed.

Also I tend to believe that magnetic fields could solve the puzzle but not necessarily in the
proposed way. What comes to mind after a minute of thinking is the following.

1.

In the TGD framework, magnetic fields correspond to flux tubes and flux sheets. There are
monopole flux tubes, something new, and ordinary flux tubes possible also in the Maxwellian
world. There would be confinement inside the flux tubes. The flux tubes can also flatten to
flux sheets.

In particular, the gravitational magnetic monopole flux tubes and sheets are possible. This
is a purely TGD based phenomenon. The gravitational Planck constant kg = GMm/ By
(850 =w0/c < 1 is velocity parameter) is proportional to the mass M of the white dwarf and
to the mass m of the particle, now helium or hydrogen.

The longstanding question has been whether a gravitational flux tube/sheet characterized by

hgr

1.
2.

attaches only to/contains only particles with a fixed mass m,

or whether it attaches to particles with varying mass m. If so, the gravitational Planck
constant would be 2-particle property and depend on m for a gravitational flux tube/sheet
associated with mass m.

If the first option is true, the particles with different masses m would be arranged like books in
the library, each in its own shelf defined by the gravitational flux tube/sheet (M,m). In the case
of the weird white dwarf, helium and hydrogen would be on their own shelves located at different
sides of the star as a gravitational library. For flux tube option there could be a mixing of the flux
tubes. For large sheets the mixing would be absent.

What does the first option imply in the case of the weird white dwarf? One can consider two
options.
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1. Monopole flux tubes form roughly parallel layers along the surface of the white dwarf. The
layers associated with hydrogen and helium should be disjoint: but why?

2. There are separate flux sheets associated with either hydrogen or helium but not both. If
the flux sheets have boundaries orthogonal to the rotation axis, the hydrogen and helium
layers are static. Since helium can mix in the tangential direction, it would prefer flux sheets.
Hydrogen would not mix and could be also associated with flux tubes.

In quantum biology the first option would imply that at the level of dark matter associated
with the magnetic bodies the biomatter would be extremely organized, in a complete contrast to
the view that biomatter is a chaotic soup of biomolecules. The interaction by cyclotron frequency
resonance occurs only between charged particles with the same h.yy and the same flux tube field
strength: this requires the same mass in the case of gravitational flux tubes. Note that one can
also talk about electromagnetic Planck constant. This supports the library like organization.

Charged particles with different gravitational Planck constant (masses m) can have gravitational
cyclotron energy resonance but not frequency resonance: this reflects Equivalence Principle.

4.3 TGD view of the planetary system

Could TGD based quantum vision of planetary system [K14l [K12] [L8| L9, [L.21] .16, T.32] provide
some insights to this problem? One can start from some observations related to the planetary sizes
in the solar system.

1. Earth size 6,371 km is not far from the gravitational Compton length of Sun GM /By = rs /280
which for 8y = vg/c = 27! is about Ay, = 3,000 km, which is amazingly near to half radius
of Earth about rg = 6371 km. Expanding Earth model in turn proposes that the Earth
radius was rg /2 before the Cambrian Expansion and therefore roughly the same as the radii
of Mercury and Mars.

2. In the Nottale’s model [EI], the value of the parameter Sy = vg/c appearing in hg, is by
a factor 1/5 smaller for outer planets than for inner, Earth-like planets, including Mars.
This means that the value of the gravitational Compton length is scaled up by a factor 5:
Ay — 5Ag4,. If the radius is roughly equal to a multiple of Ag,.. The radii of planets would
scale like By and their distances like 1/32 and one could speak of kinds of proto planets
corresponding to some maximum value of (.

3. Using the gravitational Compton length Ay, = GM /vy for the Sun as a unit, Using Mkm as
a unit, the radii of the planets (https://rb.gy/w8e7zb) are given by

[rg =6.371,75, = 69.911, ry, = 25.362, 777, = 2.4397, 7710 = 3.3893, v = 24.622,rg, = 58.232; 1y = 6.05

If one uses 2A4,. = 6000 km as a unit, the radii are given by

[rg = 1.0618,7 7, = 11.6518, 1y, = 4.2270, 770 = 0.4066, rprq = 0.5649, 7 ne = 4.1037, 75 = 9.7053, 7y = 1.

4. Giant planets of the solar system come in two varieties. Jupiter and Saturn, known also as
gas giants, consist primarily of hydrogen and helium and have a radius of roughly 10rg).
Uranus and Neptune, also known as ice giants, consist of ice, rock, hydrogen, and helium
and have a radius nearly to 4rg not too far from 5rg). Gas giants are also called failed stars
because their composition resembles that of young stars consisting of light elements. Helium
makes roughly one half of the mass of the atmosphere.

Remarkably, the radii of giant planets are not very far from 2A, 3 /5 and 4Ag, 5, /5, and
would very roughly correspond to first and second octaves of solar gravitational Compton
length for Bp/5 in the model of Nottale [E1]. In fact, the radii of inner planets radii are
not far octaves for the radius of Mars. Does this mean that the expansion by a power of
2 proposed by Expanding Earth model [L32] has occurred for all planets except Mars and
Mercury?
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The following summarizes the TGD based model for the formation of planets by dark fusion
and subsequent transformation of dark nuclei to ordinary nuclei.

1. In the TGD based model [K14] [K12], planets could have formed by dark fusion [L2] [L6] [L14]
as the dark matter at the magnetic flux tubes characterized by fig. = GMm/vg. Dark matter
would have consisted of dark proton (possibly nucleon with neutron as dark proton having
charged color bond with the dark proton preceding it) sequences. These dark nuclei would
have transformed to ordinary matter liberating almost all nuclear binding energy in this
process. This would have induced an explosion.

2. First He and possibly also heavier elements would have formed by dark fusion. The process
would have involved an explosion analogous to a supernova explosion, kind of a local Big
Bang. The energy would have come from the liberation of nuclear binding energy. Due to
the liberation of nuclear binding energy, the process would have led to a high temperature.
Ordinary nuclear fusion starts if the temperature increases above the ignition temperature
of ordinary fusion. In the proposed TGD based model, this would have led to a formation of
a population II star.

The simplest assumption is that ordinary nuclear fusion has not started for planets although
one cannot exclude this possibility in the case of the Earth-like planets with inner core.

1. If a spherical shell of dark matter was emitted, a gravitationally induced spontaneous breaking
of spherical symmetry could be in question. The flow of the matter along magnetic flux tubes
of the magnetic bubble to the spot, which became a planet, would have heated it. Also Moons
could be these kinds of hot spots and planetary rings. The fact that largest exoplanet HD
100546 b (https://rb.gy/doyii7)) is accompanied by a spherical shell supports this option.

2. The quantum option, which might be too radical, is that the dark planet would not have a
spherical mass shell but a quantum version of a radial jet delocalized over angular degrees
of freedom as, say, angular momentum eigenstate. The formation of a planet would have
been a collectve localization of single particle wave functions in momentum space so that
the collective wave function would have been replaced by a time dependent wave function
localized at a positing describing Kepler orbit. The mass would be concentrated at the slowly
increasing orbital radius. This picture would conform with the Bohr orbit model.

3. An option, which is more in line with the standard view, is that the inner core is not due
to planetary dark or nuclear fusion. Rather, the dark fusion at the spherical surface would
have produced matter, whichwas gravitationally attracted by the pre-existing core region.

4.3.1 A rough sketch for the planetary evolution

Could one understand the differences between Earth like giant planets and giant exoplanets in
this framework? One must answer at least the following questions.

1. Why the giant planets contain mostly helium?

2. How giant exoplanets can have very small orbital radii in contrast to the solar giant planets?
Have the giant exoplanets migrated near their stars or could some other mechanism explain
their small orbital radii?

Perhaps the following rough sketch could catch some elements of truth. Suppose that the
formation of planets indeed involves a local Big-Bang throwing a layer or stellar surface outwards,
which is induced by the liberation of nuclear binding energy in the transformation of dark nuclei
to ordinary matter after dark fusion producing dark nuclei.

The fact that outer planets are older and thrown out of Sun earlier suggests a general view of
the planetary evolution.

1. The outer planets are oldest and for them the dark fusion at the surface of Sun would not
have had enough time to produce dark variants of heavier elements. As the transformation
to ordinary nuclei occurred in the formation of planet, only relatively light elements were
produced.
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2. For the Earth-like planets, dark fusion occurring at the surface of the star would have had
enough time to produce a spherical layer or pre-planetary spot of dark variants of heavier
elements before the explosion accompanying the transformation of the dark nuclei to ordinary
nuclei, occurred.

What would be new as compared to the standard model would be that elements like Fe of
planetary inner cores could have been generated by dark fusion following by an explosion of
spherical shell rather than coming from decay products of supernovas and thrown out in the
formation of planets at the surface of the expanding magnetic bubbles.

3. Could ordinary nuclear fusion play any role? The temperature at the surface of Sun was
certainly too low for the ordinary nuclear fusion to start. If the heating induced by the
transformation to ordinary nuclei was not enough to initiate ordinary fusion in the planetary
core, the planet would be a failed star. Even if the ordinary fusion was initiated, the increase
of the planetary radius by a process analogous to what Expanding Earth model proposes,
could have made the density of the fuel too small for nuclear fusion to continue.

One should understand also the sizes of planets.

1. Why should the solar giant planets have large orbital radii? Could the radius of the planet
increase in discrete steps as the model for Expanding Earth suggests? If the size increases
in discrete steps, the large size could be due to the fact that the explosion from them has
reached a considerably later stage for the solar system as compared to the exoplanetary
systems. Could giant exoplanets with small orbital radii accompany very young stars?

Or does the size remain constant as the existence of giant planets with very small orbital
radius suggests?

2. Could the smaller value of 5y for outer planets imply a larger radius as is suggested by the
fact that giant planets have radii, which are roughly 5 and 10 times the radius of Earth?

4.3.2 Ingredients of a more concrete model

Since the orbital radius of the planet correlates with the duration of expansion, outer planets
would have formed before the inner planets. Planets would been emitted as magnetic bubbles
containing dark matter or as quantum jets described above. Planetary systems would tell the
story of planetary evolution: an astrophysical variant of the phylogeny recapitulates ontogeny
principle would be realized.

To build a more concrete model, assume that the value of the parameter 8y characterizes the
Sun-planet pair. Second parameter would be an integer k characterizing the radius of planet
as multiple of Ag.. This assumption is inspired by the observation that the planetary radii are
multiples of Agr ~ 7rrars.

1.  Assume that the Bohr model makes sense so that the radius of planetary orbits is given
by
n GM (star)dr
r/n/ == —2 .
Bo

2. The condition suggested by a standing wave in the radial direction

kG M (star) E—1.2. .

Tplan = kAgr - Bo 5 ,

is certainly approximate but would conform roughly with the radii of solar giants planets for
k = 2,4 suggesting that k is power of two as Expanding Earth model assumes. All planets
except Mercury and Mars would have experienced the transition k =1 — 2.
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3. For the inner planets, one obtains the condition

Torb n24m

Tplan kﬂU

An appropriate generalization holds true for outer planets with different values of 5y and n.
The small value of r,, and large value of rp;qy, for the giants with small orbital period, favors
small values of n, and large values of 5y < 1 and k.

For By = 1, this gives the lower bound

Torb n4x
- S -
Tplan k
Note that the solar radius is 7(Sun) = 696.340 Mm and roughly 10 times the radius rj, =

69.911 Mm of Jupiter. The largest known exoplanet HD 100546 b has radius about 6.97 j,
and is probably a brown dwarf (https://rb.gy/doyii7).

4. The empirical input from the very short periods of giant planets, which are a few days
(https://rb.gy/doyii7), gives an additional condition. For a circular orbit, the period T
relates to the orbital radius via Kepler’s law

r3(orbit)

2 __ 2
T—47TXW

Using rom, = n?(4rGM/[32), one obtains

2n3 Ts
B c

For a given period T and stellar mass M, this gives

T = 87°/

Bo = 8 x 21/37T5/6l£)1/3

nrs

n = 1 is natural for the lowest Bohr orbit. For solar mass one has r¢ = 3 km. For T' = 24
hours this would give By = 2.53 % 10( — 3) = 1.295 x 279 to be compared with the estimate
Bo = 27! for Sun. The result conforms with the idea that 3y decreases gradually during the
evolution of the planetary system, perhaps in powers of 1/2.

If the radius of the planet is given by 7pian = kGM /By and the giant planet has the radius
of Jupiter about 70,000 km, one has k = 2(rpienf0/7s ~ 59. In this case the planet could
be regarded as a brown dwarf (https://rb.gy/she7el), which had too low mass to reach
the temperature making possible nuclear fusion.

5. One might end up with problems with the idea of orbital expansion since the Bohr radius
is given by r,, = 4mn?GM (Sun)/B2, where n is the principal quantum number n. n should
be small for a giant exoplanet with very small orbital radius. Too small orbital radii are not
however possible for a given value of 3.

The Nottale model suggests that By is dynamical, quantized, and decreases in discrete steps
during the expansion for some critical values orbital radius so that also rp., increases for
certain critical values of r,.,. I have earlier developed an argument that Sy is quantized as
Bo = 1/n, n integer. It must be emphasized however that outer and inner planets could also
correspond to the same value of 3j if values of n for them come as multiples of 5.

6. The reduction By — SBo/5 appearing in Ay, = GM/fy appearing in the formula for 74,
would induce the increase of the planetary radius.

Does value of the parameter k£ need change during the orbital expansion? The existence of
giant planets with very small orbital radii would conform with the assumption that the value
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of k does not change during evolution. On the other hand, the idea that planets should
participate cosmic expansion in discrete jerks and the observation that the radii of planets
are roughly power of 2 multiples of Ay, ~ 7as4rs, Suggest that k can increase in discrete steps
coming as power of 2.

4.3.3 Why is the water in the solar system older than the Sun?

It has been found that water in the solar system is older than the Sun (see https://rb.gy/
3noqnéd)). By looking at the water on protostar V883 Orion, at a distance of 1,305 light-years from
Earth, scientists found a ”probable link” between the water in the interstellar medium and the
water in our solar system. Water molecules in Orion have a similar deuterium-to-hydrogen ratio
that in the solar system. That likely means our water is billions of years older than the sun. The
finding is analogous with the finding that some stars and galaxies are older than the Universe.

A possible TGD based explanation for the observation that water at Earth is older than the
Sun could be based on zero energy ontology (ZEO) forming the basis of the TGD based quantum
measurement theory solving the basic paradox of quantum measurement theory.

1.

In ZEO, the arrow of geometric time changes in the ordinary state function reduction,
which means that systems live forth and back in geometric time. By this forth and back
motion, the evolutionary age of the system is different from the temporal distance from its
moment of birth. This explains the existence of stars and galaxies older than the Universe
and could also explain why the water at Earth is older than the Sun.

In the TGD based quantum biology water is a living system in the sense that it is charac-
terized by a large value of effective Planck constant (second basic difference from standard
quantum theory) implying long quantum coherence scales.  This makes the geometric du-
ration of a life in a given time direction long and therefore increases the evolutionary age
of water. In living matter, Pollack effect occurs at physiological temperatures and means a
formation of phase of water with effective stoic

The evolutionary age for water on Earth could be longer than for water in the Sun since
the environment is different. Earthly environment makes the phase transitions producing the
fourth phase of water discovered by Pollack [?,[L1 ?, ?] and discussed from the TGD point
of view in [L1]. Tt has effective stoichiometry H; 50 and has properties suggesting the
change of the arrow of time. These phase transitions occur at the physiological temperature
range.

At physiological temperatures the phase transitions changing the arrow of time could take
more often and the life cycle with a given arrow of time would last longer. This is so because
the magnetic body of water, carrying dark protons, makes it a macroscopic quantum
system. The periods with a reversed arrow of time have been much longer (larger heys is the
essential reason). Therefore the water on Earth could be older in the evolutionary sense.

There is however an objection against the ZEO based explanation.

1.

The TGD view of the formation of planetary systems predicts that planets are formed in
explosions throwing matter from the Sun. The water on Earth should therefore originate
from the Sun or from the protostar Sun.

There is indeed evidence against the idea that water on Earth originates from melted
meteorites: they are now known to be extremely dry. This leaves non-melted meteorites,
chondrites, as one particular option (https://rb.gy/wwob8l).

There is also evidence for water in the Sun from Nasa (https://rb.gy/wc9vl7)! There
is even a proposal that the water on Earth might have arrived from the Sun (see https:
//rb.gy/t1yazg)!

The idea about the presence of water in the Sun looks insane in the standard physics
framework but in the TGD Universe the water molecules could reside at the monopole flux
tubes of the magnetic body of the Sun.
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How can the water on Earth be older than the Sun if it originates from the Sun? The
simplest answer is that also the water in the Sun is much older than the Sun.

1. This is possible in the TGD view of the formation of astrophysical systems [L34, [L35], in
particular stellar cores [L13] [L2] [L14] and would conform with the findings, which led to the
proposal that water to solar system has migrated from say Orion. Now this is not needed.

2. First the analog of ”cold fusion” would have led to the formation of protostar at much
lower temperature but already produced dark analogs of nuclei as dark proton sequences,
which would have spontaneously transformed to ordinary nuclei and liberated essentially all
nuclear binding energy. This would have led to the formation of water molecules already
before the ordinary nuclear fusion started. This prestellar history would be universal and
the same in the protostar Orion and in the protostar Sun. For this option, ZEO is not
necessary and it would conform with the findings. Of course, the water in living matter
could be evolutionarily much older than the water elsewhere in the solar system.

4.3.4 The mystery of the ”radius wall” for planets as a starting for the Bohr model
of planetary system

Over 5,200 exoplanets have been confirmed hitherto. Exoplanets have posed several challenges for
the existing models of the formation of planets (https://rb.gy/hfwutz).

1. An expected finding is that giant exoplanets can have very small orbital radii. In some cases
with orbital periods that last just a few days. The proposed explanation is that these planets
have migrated to the vicinity of their stars.

2. The second mystery is that there is a mysterious size gap in the scale of exoplanets. Transit
observations first by NASA’s Kepler Space Telescope and now by TESS, the Transiting
Exoplanet Survey Satellite, have found a puzzling absence of planets with radii between 1.4
and 2.4 times that of Earth. Astronomers call this the "radius valley” and although it seems
to be telling us something fundamental about the nature, formation and evolution of planets,
scientists have yet to ascertain what that something is. What comes in mind is quantization
of orbit radii.

Helium could make up almost half the mass of the atmosphere of giant exoplanets that have
migrated close to their star. A team led by PhD student Isaac Malsky of the University of Michigan
and Leslie Rogers of the University of Chicago proposes a new approach to the radius valley
problem [E15]. Perhaps it could signal an increasing abundance of helium gas in the atmosphere
of planets 2.4 times larger than Earth. Planets of this scale are often described as mini-Neptunes,
and if they have a rocky core, it’s deep beneath a thick atmosphere. But why the abundance of
helium gas would be higher?

4.3.5 Does Sun have a solid surface?

There are indications for the presence of elements other than water near the surface of the Sun.
The findings discussed by Moshina [E14] suggested already about 17 years ago that the photosphere
has a rigid conductive layer. This layer could also contain water.

One of my first speculative applications of the evolving TGD view of dark matter (roughly 15
years ago) and of the TGD based interpretation of the Nottale’s formula [E1] was the proposal
that could be interpreted as a TGD counterpart for a Bohr orbit, not as an orbit but a spherical
layer [K17) [K14].

At that time I had no ideas about number theoretic interpretation of the dark matter hierarchy
nor a general view of the formation of astrophysical objects in terms of a transformation of dark
energy of cosmic strings to dark matter at monopole flux tubes in turn transforming to the ordinary
matter [L34].

The recent view of the formation of planets and their moons and rings indeed allows spherical
layers having as representative Oort clouds; torus-like flux tubes having as representative the rings
of Jupiter; and ordinary planets.
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1.

They would be formed in a phase transition in which the gravitationally dark matter
associated with a bubble formed by monopole flux tubes transforms to ordinary matter
and can be also localized to lower dimensional structure. The analog of localization in state
function reduction in astrophysical scale taking place in measurement would be in question.
For instance, the formation of a planet would correspond to a measurement of a momentum
direction and radial distance for a delocalized state described approximately by the analog
of hydrogen atom wave-function.

. The Nottale model predicts that the inner planets Mercury, Venus and Earth correspond to

Bohr orbits with n = 3,4,5. What about n =1 and n = 2 orbits? For Earth one hasn =5
and from the radius of Earth orbit, which is AU = 1.5 x 10® km by definition, the radius of
n = 1 orbit given by gravitational Bohr radius ay. and is ag. = AU/25 ~ 6.0 x 10° km.
The radius of the photosphere is R = 6.96 x 10° km giving agr/R ~ .87. n =1 Bohr orbit
or Bohr shell with radius R; = a4 would be just below the photosphere. n = 2 Bohr orbit
would correspond to the radius Ry = 2.4 x 107 km. Is there any evidence for a spherical layer
or a ring, at this distance?

If the mass of the layer of thickness AR is the same as that of Mercury (.055 x Mg) with
radius Ry; = .38 X Rp and the density of the layer is the same as that of Earth, one obtains
the estimate AR = (Ry/R1)?Ra/3 ~ 3.2 m. The layer would be extremely thin. If the
mass is Earth’s mass, AR increases by the factor .383, roughly by two orders of magnitude.

Is there any empirical evidence for the proposed view?

1.

There was already 15 years ago evidence that there is a solid surface with radius of n =1
Bohr orbit. Recently new satellites have begun to provide information about what lurks
beneath the photosphere. The pictures produced by Lockheed Martin’s Trace Satellite and
YOHKOH, TRACE and SOHO satellite programs are publicly available on the web. The
SERTS program for the spectral analysis suggests a new picture challenging the simple gas
sphere picture [E14].

The visual inspection of the pictures combined with spectral analysis has led Michael Moshina
to suggest that the Sun has a solid, conductive spherical surface layer consisting of calcium
ferrite. The article of [E14] provides impressive pictures, which in my humble non-specialist
opinion support this view. Of course, I have not worked personally with the analysis of these
pictures so that I do not have the competence to decide how compelling the conclusions of
Moshina are. In any case, I think that his web article  deserves a summary.

Before the SERTS people were familiar with hydrogen, helium, and calcium emissions
from the Sun. The careful analysis of the SERTS spectrum however suggests the presence
of a layer or layers containing ferrite and other heavy metals. Besides ferrite, SERTS found
silicon, magnesium, manganese, chromium, aluminum, and neon in solar emissions. Also
elevated levels of sulphur and nickel were observed during more active cycles of the Sun. In
the gas sphere model these elements are expected to be present only in minor amounts.
As many as 57 different types of emissions from 10 different kinds of elements had to be
considered to construct a picture about the surface of the Sun.

Moshina has visually analyzed the pictures constructed from the surface of the Sun using
light at wavelengths corresponding to three lines of ferrite ions (171, 195, 284 Angstroms).
On the basis of his analysis he concludes that the spectrum originates from rigid and fixed
surface structures, which can survive for days. A further analysis shows that these rigid
structures rotate uniformly.

The existence of a rigid structure idealizable as a spherical shell in the first approximation
could by previous observation be interpreted as a spherical shell corresponding to n = 1 Bohr
orbit of a planet not yet formed. This structure would already contain the germs of iron core
and of crust containing Silicon, Ca and other elements.

Standard physics does not favor the existence of this kind of layer.
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. The solids become typically liquid at the temperature of about 5800 K prevailing in the

photosphere (https://rb.gy/rgvhpg). Ordinary iron and also ordinary iron topologically
condensed at dark space-time sheets, becomes liquid at temperature 1811 K at atmospheric
pressure. Using for the photospheric pressure p,, the ideal gas approximation py, = npnTpn,
the values of photospheric temperature Ty, ~ 5800 K and density ppn, ~ 1072patrm, and
idealizing photosphere as a plasma of hydrogen ions and atmosphere as a gas of Oz molecules,
one obtains n,y, ~ .32N44y, giving ppn ~ 6.4Paim.-

This suggests that calcium ferrite cannot be solid at temperatures of order 5800 K prevailing
in the photosphere (the material with highest known melting temperature is graphite with
melting temperature of 3984 K at atmospheric pressure). Thus it would seem that dark
calcium ferrite at the surface of the Sun cannot be just ordinary calcium ferrite at dark
space-time sheets. A more reasonable option is that there is new physics allowing to have
a low temperature at the layer.

. There is also a problem with the existence of water in the photosphere. The bond energy

is 4.4 eV per bond so that the total bond energy is 8.8 eV. The peak energy of blackbody
radiation is given by Epeqr = 2.4 X 107*T/K eV and 8.8 eV is below the thermal energy
of order 12.1 eV associated with the photospheric temperature T' = 5,500 K so that water
molecules are not be stable at these temperatures.

The following speculative explanation for the solid surface is an updating of the earlier proposal

[K17, [K14].

1. In the model of the solar cycle in terms of monopole flux tubes, the flux loops at the surface

have inner and outer parts. The inner parts are always parallel to the solar surface and
reside below it. Outer parts form flux loops extending outside the photosphere. With a 11
year cycle, the long monopole loops return to thin parallelepiped configuration, which splits
to short monopole flux loops by reconnections, which then reorganize to flux tubes with
opposite polarity. Could these monopole flux loops be accompanied by a solid surface of
ordinary matter with the radius of n = 1 Bohr orbit.

The interior portion of the gravitational monopole flux loops would carry dark matter with
hgr = GMm/Bo, Bo =~ 2711 and corresponding gravitational Compton length Ay =
GM/By ~ 6 x 10® km, which happens to be in a good approximation the radius of Earth.

Could the monopole flux tubes shield the ordinary matter at the layer from the effects
of the radiation arriving from the solar interior in the same way as they would shield the
biosphere from the cosmic radiation and solar wind? Could the radiation from the solar
interior be caught by monopole flux tubes and leave the Sun as a solar wind?

If there are stable water molecules in this layer, its temperature should be rather low. If the
water is in liquid or solid phase, the temperature must be of the order of the temperature at
Earth. This inspires a crazy question: could the monopole flux tubes carrying gravitational
dark matter allow even chemical life inside this layer [[23] [L22]? How low the temperature
of dark matter at the flux tubes can be and is it possible to estimate it using the existing
data?

The cyclotron energies of dark particles are proportional to hefr = hgr. Could this allow
us to transform the arriving high temperature radiation from the solar interior to a low
temperature radiation at the monopole flux tubes from which it could leak out as solar
wind?  Could even the radiation from the solar interior arrive along radial gravitational
U-shaped monopole flux loops and have a low temperature? If so, the magnetic body of the
solar interior would be an astrophysically quantum coherent system and very different from
what we believe it to be.

The above posed questions of course sound totally crazy in the standard physics framework

but we really have only the standard physics based view of what happens in the Sun. Quantum
gravitational coherence in astrophysical scales might change our views completely.
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4.3.6 Could TGD view of quantum gravitation allow nuclear life?

The prevailing dogma is that life is always chemical. The above considerations force us to challenge
this dogma. Just for fun, one can therefore play with the thought that fractality of the TGD
Universe could allow life at temperatures prevailing in the solar interior.

This life should be based on nuclear physics instead of chemistry. The realization of the genetic
code [L27| [L17] in the TGD framework relies on dark proton (or possibly nucleon) sequences.
According to the TGD based view of nuclear physics [K10], the ordinary nuclei also correspond to
sequences of nucleons at monopole flux tubes, which form a kind of nuclear spaghetti. Therefore the
realization of also nuclear genetic code could rely on nucleon sequences. The chemical realization
of the genetic code could be seen as the next step in evolution.

1. Gravitational magnetic body carrying gravitationally dark matter and consisting of the
mopole flux tubes would still be the controller. The average magnetic field at the surface
of the Sun is indeed about 2Bg ~ 1 Gauss. Just for definiteness, one could assume that
the scale for the strength of the monopole magnetic field is twice that for the monopole flux
tubes at the surface of Earth that is 2Bg imono =~ 4Bg/5 ~ .4 Gauss.

2. The scale of cyclotron energies for hy. = GMm/y, where 3y ~ 27! is assumed in Nottale’s
model, would be scaled up from that at the surface of Earth by the factor x = (Mg/Mg) X
(Bo,e/B0,S) x (Bs/Bg). For By, ~ 1 prevailing in the Earth’s magnetosphere, this would
give x ~ 2.5 x 10°.

For the energy 1 eV of a photon in biophoton wavelength range one the energy £ = hcssf
would scale up to 2.4 GeV, which corresponds to more than 2 proton masses! This looks
non-sensible.

3. However, in the outer magnetosphere of Earth where Ay, s is expected to prevail, the values
of Bg are in the range 1-10 nTesla, which means that the scale of the magnetic field (and
also monopole flux) is reduced by about 5 x 107°. This would reduce the dark cyclotron
energy ratio to £ = 1.25 x 10°. 1 eV energy would be scaled to the range of .1-1.0 MeV,
which corresponds to nuclear binding energy scale.

4. For By s = 27! the lowest solar Bohr orbit has a radius slightly larger than the radius of
the photosphere, so that it cannot correspond to the matter in the interior of the Sun.

For Bo.core = 1, the lowest Bohr radius would be rg = 4nGM/Bo core = 67 km, which
makes 27 solar Scwartschild radii. The value of x would be z = 5 x 10°Beo./Bg, and
for Beore/Br = 1 the biophoton energy scale of 1 eV would scale up to .5 MeV, which
corresponds to the mass of electron and to the nuclear binding energy scale.

Maybe nuclear life at the solar core and even in the outer magnetosphere of Earth might be
considered.

4.3.7 Summarizing the model for the formation of planets

The foregoing considerations suggest a simple model for the evolution of the parameters 8y and k
assumed to characterize planet-star pairs during the expansion.

1. Bp was reduced to /5 at distance when it became impossible to realize circular Bohr orbits
for By ~ 27 '! anymore. The radius of the planet was increased by a factor 5 and transformed
an Earth-like planet to a giant planet.

2. The radii of Jupiter and Saturn would have been roughly 2rg before this and the radii of
Uranus and Neptune would have been roughly rg. Mercurius and Mars would have had a
radius not far from rg/2. p-Adic length scale hypothesis is suggestive.

3. The increase of k is consistent with the Expanding Earth model involving the increase of
Earth radius by a factor &k = 2.

Expanding Earth model [L32] and the fact that Ag, is roughly rg/2 ~ razqrs Suggests an even
simpler model. Outer planets have suffered the transition 8y — [o/5. Jupiter and Saturn
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with a radius about 20A,, have also suffered two scalings k = 1 —+ 2 — 4. The remaining
planets except Mars and Mercury have suffered the scaling k = 1 — 2. In the simplest model,
the solar proto planet would have a radius roughly that of Mars and Mercury.

The localization of the dark mass should have a classical space-time counterpart at the level
of the space-time surface. It should be also consistent with the Newtonian view of gravitation in
which gravitational flux as an analog of electric flux is conserved. Also consistency with stringy
description of gravitation based on 3 — 4 holography is desirable. This raises the question whether
flux tubes carrying Kéahler electric flux are possible and whether one can construct candidates for
them as simultaneous extremals of Kéhler action and volume action.

1. Assume that the solar - and also other gravitational fluxes can be associated with monopole
flux tubes which have 2-D M* projection as a string world sheet. If these flux tubes are
defined so that the C'P, projection as a homologically non-trivial 2-surface depends on time,
Kahler electric field is generated and the flux tube has conserved Kéhler electric charge Q.

2. The simplest guess for the flux tube carrying Kahler electric field is that the homologically
trivial sphere as C'P, projection rotates, not in 1-D sense but in 2-D sense meaning that at
a given point of the string world sheet X2 C M* it is obtained by a local color rotation of
5?2 at standard position in CP;.

A natural interpretation of @k would be as a counterpart of gravitational flux. Note that
this requires that Kahler electric charges have the same sign. This picture conforms with
the finding that space-time surfaces with stationary, spherically symmetric induced metric
with non-vanishing gravitational mass have at least some non-vanishing gauge charges. For
monopole flux tubes Kéhler electric charge is non-vanishing. If the flux tubes are U-shaped,
the Kéhler electric flux must vanish.

The M* projections of the flux tubes would be counterparts of strings mediating gravitational
interaction in AdS/CFT duality and mediate gravitational interaction and with Newtonian
view.

3. How to describe the formation of the planets or smaller structures in this picture? One can
regard the radial flux tubes from the Sun as analogs of particles and introduce for them a
wave function in the orientational degrees of freedom, say as spherical harmonics with defined
angular momentum.

The magnetic bubble would correspond to a flux tube structure tangential to say 2-D sphere
around the Sun and attached to the radial flux tube structure by wormhole contacts. This
structure carries matter as dark particles (fermions).

A nearly complete collective localization in the orientational degrees of freedom would cor-
respond to a state function reduction involving the reorganization of the gravitational flux
tubes to a radial bundle with a definite orientation forcing the tangential flux tube tangle to
reduce in size so that it corresponds to the magnetic body of say, planet. This would give rise
to the planet after the transformation of dark matter to ordinary matter. Also a localization
to a torus-like structure is possible and gives rise to a ring-like structure.

The reduction of quantum coherence to a smaller scale would give rise to smaller structures
such as formation of flux tube bundles assignable to mini-planets and even smaller structures
as in the case of the Kuiper belt and Oort cloud.

What can one say of the flux tubes carrying Kéahler electric field?

1. T have proposed this kind of extremals in the model of honeybee dance [K5|], which was
inspired by the work of topologist Barbara Shipman [A1], who proposed that honeybee dance
reflects the color symmetry of strong interactions. In the standard model this proposal does
not make sense but is natural in the TGD framework.

The local color rotation s* — gk(s!) is an isometry of CP, and maps the Kihler form

Jrds® A dst and line element of ds? = spds*ds! of the Kéhler metric invariant. Using
coordinates z* for X2 and s* for S?, the induced Kihler form has the following structure
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e 52 part is the same as for the standard S2, that is Ji; — 09" Jrs(g71(8))01g° = Jui(s).
The same formula holds true for the C P, contribution to the induced metric.
e X2 part is of the form
T = 9,97 Tg™ In(5)9,) = (9,99~ ") I (97 Dug) -
(4.1)
The formula resembles the gauge transformation formula.
Here the shorthand notations
Here the shorthand notations
9.F=0,9"(s) . gf(s)=ag" , (97 g9} =6} (4.2)
have been used.
e The mixed X2 — S? components are
Ju =9, (g Dra(s) (4.3)
For the C'P, contribution to the induced metric similar formulas hold true.
2. The induced K#hler electric field has both X2 - and S? component and X2 component defines

the K ”ahler charge assignable to transversal section S? as an electric flux. What is nice is
that, although one does not have electric-magnetic duality, the Kéahler electric field is very
closely related to the Kédhler magnetic field. Whether the solution ansatz works without
additional conditions on the local color rotation has not been proven.

What could one say about the possible additional conditions on the locally color rotating object?

1.

The model for the massless extremals (MEs) [K11] assumes that the space-time surface
is locally representable as a map M* — CP, such that the CP, coordinates are arbitrary
functions of coordinates u = k-m and v = e-m. k is light-like wave vector and € a polarization
vector orthogonal to it. This motivates the term ”massless extremal”.

If this representation is global, one expects that the space-time surface has a boundary
assignable to E? so that a tube-like structure is obtained. Boundary conditions guaranteeing
that isometry charges do not flow out of the boundary must be satisfied. In particular, the
boundary must be light-like. These conditions are discussed in detail in [L25].

The color rotating objects could correspond to a situation in which the color rotation depends
on light-like coordinate u only and the solution is such that the map of a region of E? to
CP, to CP;, is 2-valued and has S? as an image. Besides S2, also more general complex
2-submanifolds of C' P, can be considered.

The key difference between MEs and massless fields of gauge theories is that MEs are char-
acterized by a non-vanishing light-like Kéhler current [K2]. This must have deep physical
implications.

One has Kéhler electric charge defined by the standard formula. Kéhler electric flux orthog-
onal to the transversal cross section of ME and has light-like direction instead of space-like
direction. One can also calculate the charge also for a section with time-like normal. Could
this make it possible for the flux tubes to have Kéahler electric flux as analog of gravitational
flux? This picture would be consistent with both the Newtonian picture of gravitation medi-
ated by the gravitational flux and the field theory picture of gravitation mediated by massless
particles represented by MEs.
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One can consider several generalizations of the solution ansatz motivated by physical intuition
but not really proven.

1. The surface could define a many-sheeted covering of M*#. The conditions for the surface could
be formulated as conditions stating that 4 functions of coordinates u,v and C P, coordinates
vanish.

2. The ”polarization coordinate” v could depend on the linear coordinates of E? non-linearly.
For instance, it could correspond to a radial coordinate of E2. The polarization would not
be linear anymore.

A possible restriction on v is that v is a real part of complex analytic function. The surface
would possess a 4-D analog of holomorphy in the sense that complex C' P, coordinates are
analytic functions of a complex coordinate w of E? and hypercomplex coordinate of M?.
Also the coordinate u could be replaced with a "real” part of a hyper-analytic function of
M* depending on a light-like coordinate w but this does not seem to change the situation
in any way. This is a highly attractive 4-D generalization of the holomorphy of string world
sheets.

3. One can even consider the possibility that the decomposition M* = M? x E? to longitudinal
and transversal spaces could be local so that also the light-like direction would be local. The
condition would be that the distribution of the tangent spaces of M? and E? are integrable
and defines a 4-surface having slicings to mutually orthogonal 2-D string world sheets and
partonic 2-surfaces. This would correspond to what I have christened as Hamilton-Jacobi
structure [K2].

Physically this would mean the replacement of M? as a planar analog of a string world sheet
with a curved string world sheet in M*. The partonic 2-surface could in turn be interpreted
as a many-valued image of a complex 2-surface of CP, in the local E2.

In the recent situation, the simplest form of MEs motivates the question that the local color
rotation of S? or of a more general complex 2-manifold Y2 C CP, depends on the light-like
coordinate v = k - m only. The induced Kihler gauge potential depends on u only so that the M?
part of the Kahler electric field would vanish.

The Kihler electric flux would be parallel to E? (or the image of S? in M%) and Kihler electric
charge as electric flux could be (but need not be) non-vanishing. This flux would not however be
in the direction of the flux tube so that it cannot correspond to gravitational flux.

Since Kahler electric flux would be very closely related to Kéhler magnetic flux, an electric
analog of the homological Kéhler magnetic charge would make sense. This could topologically
quantize the Kahler electric charge and also electric charge classically? In the case of CP» type
extremals, the self-duality of C'P, Kéhler form indeed implies this. One would have electric-
magnetic duality proposed to hold true in TGD.

4.4 A model for the formation of Kuiper belt and Oort clouds

The former planet Pluto (https://rb.gy/elxubg) is the largest object in the Kuiper belt, which
has a torus-like shape. The radius of Pluto is 1,191 km to be compared with Ay, = 3,000 and to
the radius 2,439 km of Mercury.

The assumption that Pluto is a planet of solar origin requires 5y — 35y for the Pluto-Sun pair
at the time when Pluto originated if 5y has remained unchanged during its evolution. This does
not conform with the proposed model.

Could the Kuiper belt (https://rb.gy/4qjg0c), which is composed of mini-planets be anal-
ogous to a planetary ring, and be the oldest structure emanating from the Sun by the proposed
mechanism? The total mass of Kuiper belt is recently about 10 per cent of the mass of Earth but
there are reasons to believe that the original material has been 7 to 10 Earth masses so that Kuiper
belt could be perhaps seen as a failed Jupiter sized giant planet for which the transformation of
dark matter to ordinary matter did not lead to a single planet but to a large number of smaller
objects.

The standard view of the formation of astrophysical structures is very different from the TGD
view and the standard model should have anomalies if the TGD view is nearer to truth.


https://rb.gy/elxw5g
https://rb.gy/4qjg0c
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1. One example of such anomaly is described in the article ” A dense ring of the trans-Neptunian
object Quaoar outside its Roche limit” by Morgado et al [E7] (https://rb.gy/zkfwuqgd). The
miniplanet known as Quaoar is an object half of the size of Pluto. The radius of the ring is
7 times the radius of Quaoar. The Roche limit is however 2.5 radii.

Roche limit involves the assumption that the satellite is held together only by gravitational
forces. that the satellite is held together only by gravitational forces. The gravitational tidal
forces pull apart a satellite rotating too near to a planet so that it forms a ring. Therefore the
formation of stable satellites is not possible within Roche radius. Conversely, a pre-existing
ring can eventually condense to a satellite if its radius is larger than the Roche limit.

2. Also Saturn has two rings, which violate the Roche limit (https://rb.gy/gsowu8)). The E
ring of Saturn, which - unlike smaller rings - consists of micron and submicron sized particles,
violates the Roche limit. The particles of E ring to accumulate to Moons that orbit with the
ring. Also the Phoebe ring associated with Saturn’s moon Phoebe violates the Roche limit.

Could the TGD view explain the violations of the Roche limit?

1. The TGD based idea that planets and Moons are formed by a gravitational condensation of
the ordinary matter produced by dark matter at a torus like ring accompanied by monopole
flux tube is supported by the behavior of the rings of Saturn, which tend to condense to
associated Moons.

2. Could the presence of a circular monopole flux tube slow down the condensation process and
make the ring rather stable? I have considered the possibility that the planetary orbits are
accompanied by monopole flux tubes defining kinds of planetary paths. Could one identify
some signatures of these paths? Do they still contain dark matter?

3. Planetary radii are consistent with the Roche limit. The matter in the Kuiper belt did not
condensed to a single Jupiter-sized planet but to miniplanets. This could be interpreted in
terms of the ongoing condensation process, which started as the Kuiper belt was formed as
an expanding ring of matter accompanied by a monopole flux tube. Could the presence of
a monopole flux tube slow down the condensation process? How does the Kuiper belt differ
from planets?

Suppose that the emission of Kuiper belt from the Sun involved a collective localization from
a Bose-Einstein condensate-like state of dark particles to an analog of momentum eigenstate
so that a planet rotating around the Sun was formed. Why did the localization for the Kuiper
belt not occur to a wave function localized to a point rotating around Bohr orbit but to a
set of points associated with the Bohr orbit?

Was the quantum coherence scale reduced by a reduction of hg. — heps > h, which was
followed by hcyy — h in the transformation of dark matter to ordinary matter. The tubular
Bose-Einstein condensate formed in the tubular localization would have decomposed in the
transition hgy, — Refp > h to smaller regions before the transition heys — h, which created
miniplanets along the flux tube instead of a single planet.

4. Oort cloud (https://rb.gy/71fmlm) is a spherical layer of icy objects surrounding the Sun
and likely occupies space at a distance between about 2,000 and 100,000 astronomical units
(AU) from the Sun. The estimated total mass of the Oort cloud is 1.9 Earth masses (https:
//rb.gy/hhvgsr). Suppose that Oort cloud corresponds to a spherical shell emitted by the
Sun. No localization to a tubular Bose-Einstein condensate would have occurred but the
process hgr — hepp — h occurred directly so that a spherical cloud was created.

4.5 Heliosphere has oblique and rippled structures

It has been found that heliosphere contains oblique and rippled structures [E9] (see [this)).

Here is the abstract of the article.

Past analysis has shown that the heliosphere structure can be deduced from correlations be-
tween long-scale solar wind pressure evolution and energetic neutral atom emissions. However,
this required spatial and temporal averaging that smoothed out small or dynamic features of the
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heliosphere. In late 2014, the solar wind dynamic pressure increased by roughly 50% over a period
of 6months, causing a time and directional-dependent rise in around 2—-6keV energetic neutral atom
fluzes from the heliosphere observed by the Interstellar Boundary Ezplorer.

Here, we use the 2014 pressure enhancement to provide a simultaneous derivation of the three-
dimensional heliospheric termination shock (HTS) and heliopause (HP) distances at high resolution
from Interstellar Boundary Explorer measurements.

The analysis reveals rippled HTS and HP surfaces that are oblique with respect to the local
interstellar medium upwind direction, with significant asymmetries in the heliosphere structure
compared to steady-state heliosphere models. We estimate that the heliosphere boundaries contain
roughly tenastronomical unit-sized spatial variations, with slightly larger variations on the HTS
surface than the HP and a large-scale, southwards-directed obliquity of the surfaces in the meridional
plane. Comparisons of the derived HTS and HP distances with Voyager observations indicate
substantial differences in the heliosphere boundaries in the northern versus southern hemispheres
and their motion over time.

What makes the findings so interesting from the TGD point of view, is that heliosphere bound-
aries contain roughly 10 AU sized spatial variations. These variations are oblique with respect
to the direction of the galactic wind. What comes first in mind in the TGD framework is that
these could correspond to a icosahedral lattice-like structure with 12 vertices and 20 triangular
faces (note that spherical geometry allows only Platonic solids as regular tessellations as analogs
of condensed matter lattices). The appearance of AU in this context would be seen as an accident
in standard physics but in TGD the situation is different.

If astrophysical quantum coherence and Nottale’s model are accepted, planets correspond to
Bohr orbits of gravitational atom with gravitational Planck constant hg(M,m) = GMm/f
assignable to the pair formed by Sun with mass M and particle with mass m. By = vo/c ~ 2711 /5
holds true for the outer planets in the Nottale’s model and Earth corresponds to the principal
quantum number n = 1. Therefore AU is identifiable as the gravitational Bohr radius a,, given by

AU = a4y = 25::771, where the gravitational fine structure constant is o, = GMm/4mhg,. This
gives AU = 2nGMg/BE = nrs/23 = 2nAy/Bo. The Bohr radius a4 = AU and gravitational
Compton length Ay, define fundamental quantum lengths and might appear also elsewhere in the
solar system. Intriguingly, the gravitational Compton radius of the Sun is one half of the Earth’s
radius and Bohr radius is is the distance of Earth from the Sun.

One can compare the situation with atomic lattices where atomic Bohr radius defines a nat-
ural scale. The mutual distances of the ripples at the heliosphere are about 10AU. The value
of atomic Bohr radius is about .5 Angstrom in the atomic situation. By scaling by a factor 10,
this would predict that the distances of atoms would be about 5 A: for atomic lattices this gives
the order of magnitude for the lattice constant (see https://periodictable.com/Properties/
A/LatticeConstants.html).

4.6 New physics in Jupiter?

I heard interesting news about the physics of the solar system. The physics of the Jupiter’s
magnetosphere is not quite as it should be. There is popular article ”Unusual Plasma Waves
Above Jupiter’s North Pole” (see this). There is also a popular article in finnish (see {this).

First some information about Jupiter. Jupiter is a giant planet with 90 moons. A giant storm,
the red spot, has been raging for at least the last 350 years. Jupiter has a strong magnetic field,
which is 54 times that of Earth (27 Gauss) and auroras are involved with it.

Then the news. A team of researchers led by the University of Minnesota in the United States
has observed new types of plasma waves at Jupiter’s north pole that have not been seen before in
the solar system. NASA’s Juno spacecraft detected this mysterious wave phenomenon. The Juno
spacecraft was launched into space in 2011 and reached Jupiter on July 4, 2016. Since then, the
spacecraft has been studying the gas giant - including its magnetic field. In the final phase of its
operation, Juno observed that Alfven waves in Jupiter’s magnetic field plasma were transformed
into Langmuir waves. This has not been observed anywhere else before.

Alfven waves and Languir waves are are related to the plasma phase in a magnetic field.
Wikipedia gives more information about these waves.

1. Alfven waves can be visualized as transverse oscillations of magnetic flux tubes. They prop-
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agate at an almost constant speed like light, but the speed depends slightly on the magnetic
field and ion density and approach the speed of light in strong magnetic fields. The speed is
proportional to the magnetic field strength and inversely proportional to the square root of
the average ion density. (see this).

Langmuir waves are electron waves parallel to the magnetic field (i.e. longitudinal) for which
the frequency depends very weakly on the wave vector and is inversely proportional to the
square root of the electron density (see this).

Langmuir waves occur at a frequency for which the dielectric constant vanishes. Physically
this means that at the plasma frequency an insulator cannot store energy in an electrostatic
field. For example, the frequency-dependent capacitance of a capacitor goes to zero at this
frequency. The energy propagates as a wave motion at this frequency that has very weak
dependence on the wavelength. One could say that the energy of the sm radiation is stored in
the plasmonic oscillation of electrons. For smaller frequencies the propagation is not possible
and radiation is reflected at the surface.

The transformation of Alfven waves into Langmuir waves was not expected. The frequencies
would be the same for these waves, which gives a condition that fixes the wave vector for the Alfven

wave.

What could TGD [L42] L43] say about the possible new physics.

1.

In TGD Alfven waves could correspond to transverse oscillations of monopole flux tubes (see
this and this). Monopole flux tubes, not possible in Maxwell’s theory, could be one piece of
the conjectured new physics.

A second piece of the new physics could be that at the monopole flux tubes protons and
perhaps also other ions can be ”dark”, i.e. they are associated with a large effective Planck
constant her¢. They do not interact directly with the ordinary matter and in this sense
behave like dark matter.

The transformation of ordinary matter into dark matter in this sense is possible. The large
hess implies quantum coherence on very long scales and it plays a fundamental role in TGD-
based quantum biology and astrophysics [L.22] [L.29)].

This dark matter does not correspond to galactic dark matter. It however explains the
mysterious gradual reduction of baryon density in cosmological scales as a transformation of
ordinary baryons to dark baryons at the monopole flux tubes beomg associated with cosmic
evolution as increase of the number theoretic complexity measured by hcss (see this).

The creation of the h.ss > h phase requires energy and, for example, in the Pollack effect [?, ?]
discussed from the point of view in [?, ?] the absorbed photons provide energy. The energy
of the photon corresponds typically to IR, visible and UV wavelengths.

When positively charged protons/ions are "kicked” by photons onto a magnetic body, they
become "dark”. The result is a negatively charged region, the exclusion zone (EZ), as Pollack
calls it. Charge separation occurs: positive charge on magnetic flux tubes and negative charge
in the EZ. This is new physics and is a central part of TGD-based quantum biology.

However, dark protons/ions spontaneously transform into ordinary ones when he s decreases
and releases energy. At the same time, they are "dropped” from the monopole flux tubes
and become ordinary. The released energy must go somewhere. Could the energies of the
dark protons be stored in the Langmuir waves?

. But how do Alfven waves relate to this? Could the Alfven wave relate to dark protons/ions as

an oscillation of the flux tube. As ordinary protons are kicked onto the flux tubes by photon
absorption, the flux tube receives an impulse in addition to energy and starts to oscillate
like a spring that has been pushed. When they drop from the flux tube, the oscillations and
therefore also the Alfven wave would disappear.

This mechanism could make possible the transfer of positive proton charge from the surface
of the planet to the higher heights and might contribute to the generation of negative charge
at the surface of Earth.
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4.7 What the mysterious shortening of the day by 1.6 ms could mean?

I encountered an interesting posting in the Deep in Space group providing additional support for
an effect supporting the notions of magnetic body and gravitational Planck constant. A shortening
of the day by 1.6 ms would be in question. I also found a popular article about the effect (see
this). There are many effects causing a variation of the length of the day but the shortening of the
day has not found any convincing explanation in terms of the known physics.

Here is the copy of the posting of the Deep in Space group:

On multiple days this summer including July 22 and August 5 — Earth spun faster than usual,
making the day shorter by up to 1.6 milliseconds. Fven July 11 was confirmed by atomic clocks
as the shortest day of 2025 so far. This isn’t just a one-off quirk. The unusual speed-up was first
noticed in 2020 and has continued into 2025, baffling researchers. While our planet’s rotation
naturally wobbles and shifts, this sustained acceleration is unprecedented.

Scientists have theories:shifting ocean currents, atmospheric patterns, movements in Earth’s
molten core, even the Moon’s changing position relative to the equator. But here’s the twist: none
of these fully explain what’s happening.

“Nobody expected this,” says Leonid Zotov of Moscow State University. And that’s the unset-
tling part: we don’t know why our days are shrinking. Could it be a natural cycle we don’t yet
understand? Or is there something deeper, hidden in the rhythms of our planet? For now, the
mystery continues and the clock is quite literally ticking faster.

The finding of a standard physics based model for the finding has turned out to be very difficult.
There are two basic options according to whether there is external angular momentum feed or not.

4.7.1 External angular momentum feed seems to be needed

There is no convicing standard physics explanation for the shortening of the day. As an example,
one can consider one particular attempt, which starts from natural question whether angular
momentum conservation and perhaps even energy conservation could be used to model the effect.
One can perform a quantitative estimate demonstrating that this is not possible.

1. Assume that the rotation velocity of an object, which is some part of the Earth, most
naturally the entire Earth since the increased rotation rate is observed at the surface of the
Earth. Also outer core, inner core, or innermost core can be considered.

Idealize the rotating object as a solid ball with radius R, having a constant density p, which
in the first approximation is the average density of Earth. The mass is M (R) = (47/3)pR?
and the moment of inertia is I = tM R* = tMgR%,x = 2/5.

If the rotating object is liquid (outer core is liquid), its inertial momentum is smaller due to
the varying velocity field of the liquid. Suppose this gives a correction factor y so that one
has

2
I =ysMR? 2= = (4.4)

2. Assume angular momentum conservation in the transition in which the rotation frequency
changes. The Earth would be like a skater contracting itself so that its momentum of inertia
would be reduced. For a spherical solid body with constant density, the angular momentum
is

L=1Iw=yxzMRw . (4.5)

The conservation condition gives
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Aw/w is from AT = 1.6 ms given by Aw/w ~ 3.1 x 1078, At the surface of the Earth this
would give an unrealistically large value of AR ~ .09 m. This alone excludes the assumption
that angular momentum is conserved.

Obviously a model, which assumes also energy conservation is doomed to fail.

4.7.2 Could external momentum feed from the gravitational body of the Earth and

Sun explain the shortening of the day?

It seems that external angular momentum feed must be assumed. It also seems that new physics
might be involved.

1. The notion of gravitational magnetic/field represents new astrophysics predicted by the TGD

based view of space-time as a 4-surface in H = M* x CPs.

. Holography = holomorphy principle (H-H) is an essential part of TGD and forces the intro-

duction of what I call zero energy ontology (ZEO). This means that the space-time surface,
analogous to Bohr orbit, replaces 3-surface as a fundamental object. This surface turns out to
be a minimal surface except at singularities and is slightly non-deterministic as also 2-D min-
imal surfaces for which a given frame allows several minimal surfaces. This non-determinism
forces ZEQO, which solves the basic problem of quantum measurement theory.

Number theoretical vision predicts a hierarchy of effective Planck constants, involving grav-
itational and also electric Planck constant assignable to long range classical fields. This
predits quantum coherence in astrophysical scales and predicts a large number of numerical
miracles in astrophysical scales.

Could one identify the shortening of the day as a quantum transition involving an angular

momentum transfer from the gravitational magnetic body of the Sun-Earth system to the Earth
where it becomes classical angular momentum?

1. The gravitational Planck constant A, introduced originally by Nottale [E1], characterizes

the magnetic body of the Sun-Earth system in the TGD framework [L8| [L.22] [.29] [[.34] [L35].
hgr is given by

GMsM
hgr = ——5—E gy~ o711 (4.7)
Bo
This prediction follows from the Bohr orbit model of the planetary orbits of Nottale. Here
the solar mass is given by Mg = .333 x 106Mp.

The minimal feed of the angular momentum would be hy, and classically corresponds to
AL = xMpR?*Aw, x = 2/5.

Assume that the transferred angular momentum becomes classical angular momentum of the
Earth. In the general case the increase of the angular momentum for the Earth is quantized
and given by

2 MgM,
AL = IAw =  MpR*Aw = nh, = n% . (4.8)
0
Here n is an integer. This gives the condition
2 M 1
2Rp _GMs _ rs(Sum) 1 (4.9)
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The basic numbers are r,(Sun) = 3 km and Rg = 6.3734 x 10° m giving r,(Sun)/Rg =
471 x 1073, Ty, = 1.6 ms gives Rg/cTs = 13.279. The above equation gives 5.31 = .471n
and is satisfied for n = 11.27 ~ 11. The transition with AL = 11/4, would give a reasonable
result. There are different estimates for the value of T varying from 1.2 ms to 1.6 ms so that
the values of n are in the range [8,11].
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The effect could be interpreted as a transfer of angular momentum from the Sun to the Earth.
The effect could serve as a direct evidence for the notion of gravitational magnetic body and the
notion of gravitational Planck constant. The quantization of the effect gives hope of testing of the
model.

5 Mysteries of Moon from TGD point of view

I have learned that the Moon is a rather mysterious object. The origin of the Moon is a mystery
although the fact that its composition is the same as that of Earth gives hints; Moon is receding
from us (cosmic recession velocity is 78 per cent of this velocity, which suggests that surplus
recession velocity is due to the explosion) [L32]; it seems that the Moon has effectively turned
inside out; the faces of the Moon are very different; the latest mystery that I learned of, are the
magnetic anomalies of the Moon. The TGD based view of the origin of the Moon combined with
the TGD view of magnetic fields generalizing the Maxwellian view explains all these mysterious
looking findings.

5.1 How did Moon originate?

There are several theories about the origin of Moon. One of the theories states that Moon resulted
from the debris coming from a collision of Mars sized object with Earth (see [this). TGD suggests
that Moon was created by the same mechanism as a planets, that is by an explosion creating a
spherical layer, which condensed to form a Moon. The condition 3AR/Rp ~ Mpioon/ME gives
AR ~ 30 km.

The group led by Weigang Liang has presented strong evidence that the Moon has turned
inside out [E6]. The heavy elements, which should be in the core are at the surface. For a popular
summary see this. Can the proposed model explain this mysterious looking finding?

During the condensation of the spherical layer to the Moon, the gravitational acceleration
experienced by the outer parts of the shell was stronger than that experienced by the inner parts.
This implied turning inside out. The outer parts containing originally lighter stuff went to the core
and the heavier stuff on the inner boundary of the shell remained on the surface.

A more precise calculation shows that the turning inside out is suggestive even if the shell has
a constant density.

1. Let the outer and inner radii of the spherical shell be r,,; and r;, respectively. The ro—7in =
Aoyt gives the thickness of the shell. Since the shell is thin, one can write r = r;, + A and
perform a Taylor approximation. One can write in a good approximation for the mass of the
part of the shell extending from rin to r = r;, + A as

3MEg

Mg(r =14 + A) = pdnry A ~ 73
E

where the approximation

 3Mg
p= 47TR% '

has been used.

2. The total gravitational mass affecting a particle at distance r is the sum of that caused
by Earth without the shell and the portion of the shell below it and given by the sum of
ME - Mshell = ME - M(Aout) and M(T)

3. One can write the gravitational potential as V,, = GV (r) ,where V (r) is given by

Mg — Mgpen + Ms(r)
r

V(r) =

By expanding V(r) as second order Taylor polynomial, one obtains


https://en.wikipedia.org/wiki/Origin_of_the_Moon
https://scitechupdates.com/moon-turned-itself-inside-out-scientists-confirm/
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4. The radial gravitational acceleration is given by

a(r) dV Mg — Mghen 3Mg

in
The first two terms give a constant acceleration, which cannot cause inversion. The second
term gives inwards directed acceleration and can force the inversion even in the case that the
density of the shell is constant.

5.2 Why the near and far faces of the Moon are so different?

In Bighthink there was an interesting story telling about the strange finding related to the faces of
the Moon [EI6]. The finding is that the faces of the Moon are very different. The rotaton perios
of Moon and Earth are locked meaning that the we see always the same face of the Moon. In 1959
the first spacecraft flew around the Moon and it was found that the two sides of the Moon are very
different.

The near side is heavily cratered and the lighter areas are in general more cratered that the
dark areas known as maria. Craters have a fractal structure: craters within craters. Dark areas
have different decomposition. At the far side there are relatively few dark maria and the dark side
is thoroughly cratered and ”rays” (not of light) appear to radiate out from them.

The ”obvious” explanation for the difference between the two sides is that there is a massive
bombardment by heavy towards the far side whereas Earth has shielded the near side. This
explanation fails quantitatively: the number of collisions at the near side should be only 1 per cent
smaller at the far side. The far side is about 30 per cent more heavily cratered than the near side.
There is no explanation for the size and abundance difference of the maria.

The article [E16] discusses the explanation in terms of the Theia hypothesis stating that Moon
was formed as a debris resulting from a collision of Mars size planet with Earth. If the Earth was
very hot, certain elements would have been depleted from the surface of the Moon and chemical
gradients would have changed its chemical decomposition. The very strong tidal forces when the
Moon and Earth were near to each other would have led to a tidal locking. If the near side has
thinner crust, Maria could be understood as resulting from molten lava flows into great basins and
lowlands of the near side. If the maria solidified much later than the highlands one can understand
why the number of craters is much lower. The impact did not leave any scars. The hot Earth near
the Moon also explain the difference in crustal thickness.

The TGD based explanation for the finding that Moon has apparentely turned itself inside out
explains also this finding. The proposal also explains why the compositions of Earth and Moon
are similar. It is not however clear why Theia and Earth would have had similar compositions.

This spherical layer was unstable against gravitational condensation to form the Moon. If the
condensation was such that there was no radial mixing, the layer’s inner side remained towards
the Earth. This together with the tidal locking could allow to understand the differences between
the near and far sides of the Moon. The chemical composition of the near side would correspond
to that in the Earth’s interior at certain depth h. One can estimate the thickness h of the layer as
h=R3,/3R% ~ Rp/192 from Ry ~ Rp/4. This gives h ~ 33 km, which corresponds to the base
of the crust. The temperature of the recent Earth at this depth is around 700 K (see this). At the
time of the formation of Moon, the temperature could have been considerably higher, and it could
have been in molten magma state.

Orbital locking would rely on the same mechanism as in Theia model. The half-molten state
would have favored the development of the locking. The far side would represent the very early
Earth affected by the meteoric bombardment or possibly some other mechanism creating the
craters.


https://bigthink.com/starts-with-a-bang/moon-two-faces-different/
https://www.sciencedirect.com/science/article/pii/S0012821X2200601X
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5.3 The mystery of the magnetic field of the Moon

The magnetic field of the Moon (see the Wikipedial article) is mysterious. There are two
Sciencealert articles about the topic (see {this and this).

There is an article by Krawzynksi et al with the title Possibility of Lunar Crustal Magnatism
Producing Strong Crustal Magnetism [E12] (see this). The article by Hemingway and Tikoo with
the title Lunar Swirl Morphology Constrains the Geometry, Magnetization, and Origins of Lunar
Magnetic Anomalies [E11] (see this) considers a model for the origin local magnetic anomalies
of the Moon manifesting themselves as lunar swirls.

5.3.1 The magnetic anomalies of the Moon

Consider first the magnetic anomalies of the Moon.

1. The Moon has no global magnetic field but there are local rather strong magnetic fields.
What puts bells ringing is that their ancient strengths according to [E11] are of the same
order of magnitude as the strength of the Earth’s magnetic field with a nominal value of
Bg ~ .5 Gauss. Note that also Mars lacks long range magnetic field but has similar local
anomalies so that Martian auroras are possible. The mechanism causing these fields might
be the same.

2. The crustal fields are a surface phenomenon and it is implausible that they could be caused
by the rotation of plasma in the core of the Moon.  The crustal magnetic fields seem to
be associated with the lunar swirls, which are light-colored and therefore reflecting regions
observed already at the 16" century. Reiner Gamma is a classical example of a lunar swirl
illustrated by Fig 1. of [E11] (see this). The origin of the swirlds is a mystery and several
mechanisms have been proposed besides the crustal magnetism.

3. Since Moon does not have a global magnetic field shielding it from the solar wind and cosmic
rays, weathering is expected to occur and change the chemistry of the surface so that it
becomes dark colored and ceases to be reflective. In lunar maria this darkening has been
indeed observed. The lunar swirls are an exception and a possible explanation is that
they involve a relatively strong local magnetic field, which does the same as the magnetic
field of Earth, and shields them from the weathering effects. It is known that the swirls are
accompanied by magnetic fields much stronger than might be expected. What is interesting
is that the opposite face of the Moon is mostly light-colored. Does this mean that there is
a global magnetic field taking care of the shielding.

The article [E11] discusses a mechanism for how exceptionally strong magnetization could
be associated with the vertical lava tubes and what are called dikes. The name indicates that
the dikes are parallel to the surface.

1. The radar evidence indicates that the surface of the Moon once contained a molten rock.
This suggest a period of high temperature and volcanic activity billions of years ago. Using
a model of lava cooling rates Krawczynski and his colleagues have examined how a titanium-
iron oxide, a mineral known as ilmenite - abundant on the Moon and commonly found in
volcanic rock - could have produced a magnetization. Their experiments demonstrate
that under the right conditions, the slow cooling of ilmenite can stimulate grains of metallic
iron and iron-nickel alloys within the Moon’s crust and upper mantle to produce a powerful
magnetic field explaining the swirls.

2. The paleomagnetic analysis of the Apollo samples suggests that there was a global magnetic
field during period ~ 3.85-3.56 Ga (the conjectured Theia event would have occurred ~
4.5 Ga ago), which would have reached intensities .78 + .43 Gauss. The order of magnitude
for this field is the same as that for the Earth’s recent magnetic field. At the landing site of
Apollo 16 magnetic fields as strong as .327 x 1073 Gauss were detected. A further analysis
suggests the possibility of crustal fields of order 10~2 Gauss to be compared with the Earth’s
magnetic field of .5 Gauss.


https://en.wikipedia.org/wiki/Magnetic_field_of_the_Moon
https://www.sciencealert.com/something-hidden-inside-the-moon-could-be-behind-its-mysterious-swirls-scientists-have-a-theory
https://www.sciencealert.com/lunar-swirls-moon-magnetic-anomalies-subsurface-lava-tubes
https://agupubs.onlinelibrary.wiley.com/doi/epdf/10.1029/2023JE008179
https://agupubs.onlinelibrary.wiley.com/doi/10.1029/2018JE005604
https://agupubs.onlinelibrary.wiley.com/doi/10.1029/2018JE005604
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3. The lunar swirls consist of bright and dark surface markings alternating in a scale of 1-5
km. If their origin is magnetic, also the crustal magnetic fields must vary in the same scale.
The associated source structures, modellable as magnetic dipoles, should have the same
length scale. The restricted volume of the source bodies should imply strong magnetization.
300 nT crustal fields (.3 x 1072 Gauss) are necessary to produce the swirl markings. The
required rock magnetization would be higher than .5 A/m (note that 1 A/m corresponds
to about 1.25 x 1072 Gauss).

The model assumes that below the surface there are vertical magnetic dipoles serving as
sources of the local magnetic field. The swirls as light regions would be above the dipoles
generating a vertical magnetic field. In the dark regions, the magnetic field would be weak
and approximately tangential due the absence of magnetization.

4. A mechanism is needed to enhance the magnetization carrying capacity of the rocks. The
proposal is that a heating associated with the magmatic activity would have thermody-
namically altered the host rocks making possible magnetizations, which are by an order of
magnitude stronger than those associated with the lunar mare basalts (the existence of which
suggets that the surface was once in a magma state). The slow cooling would have enhanced
the metal content of the rocks and magnetization would have formed a stable record of the
ancient global magnetic field of the Moon.

5.3.2 The TGD based model for the magnetic field of the Moon

The above picture would conform with the TGD based model in which the face of the Moon
opposite to us corresponds to the bottom of the ancient Earth’s crust. It could have been at high
enough temperature at the time of the explosion producing the Moon. The volcanic activity would
have occurred in the Earth’s crust and magnetization would be inherited from that period.

One can however wonder how the magnetized structures could have survived for such a long
time. The magnetic fields generated by macroscopic currents in the core are unstable and their
maintenance in the standard electrodynamics is a mystery to which TGD suggests a solution in
terms of the monopole flux contribution of about 2Bg/5 to the Earth’s magnetic field which is
topologically stable [L3]. If the TGD explanation for the origin of the Moon is correct, these stable
monopole fluxes assignable with the ancient crust of the Earth should be present also in the recent
Moon and could cause a strong magnetization.

The mysterious findings could be indeed understood in the TGD based model for the birth of
the Moon as being due to an explosion throwing out the crust of Earth as a spherical shell which
condensed to form the Moon.

1. The TGD based model for the magnetic field of the Earth [L3] predicts that the Earth’s
magnetic field is the sum of a Maxwellian contribution and monopole contribution, which is
topologically stable. This part corresponds to monopole flux tubes reflecting the nontrivial
topology of C'P,. The monopole flux tubes have a closed 2-surface as a cross section and,
unlike ordinary Maxwellian magnetic fields, the monopole part requires no currents to
generate it. This explains why the Earth’s magnetic field is stable in conflict with prediction
that it should decay rather rapidly. Also an explanation for magnetic fields in cosmic scales
emerges.

2. The Moon’s magnetic field is known to be a surface phenomenon and very probably does
originate from the rotation of the Moon’s core as the Earth’s magnetic field is believed to
originate. In TGD, the stable monopole part would induce the flow of charged matter
generating Maxwellian magnetic field and magnetization would also take place.

If the Moon was born in the explosion throwing out the crust of Earth, the recent magnetic
field should correspond to the part of the Earth’s magnetic field associated with the monopole
magnetic flux tubes in the crust. The flux tubes must be closed, which suggests that the
loops run along the outer boundaries of the crust somewhat like dipole flux and return back
along the inner boundaries of the crust. Therefore they formed a magnetic bubble. I have
proposed that the explosions of magnetic bubbles of this kind generated in the explosions of
the Sun gave rise to the planets [L34] [L35].
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After the explosion throwing out the expanding magnetic bubble, the closed monopole flux
tubes could have suffered reconnections changing the topology. I have considered a model for
the Sunspot cycle [L35] in terms of a decay and reversal of the magnetic field of Sun based
on the mechanism in monopole flux tube loops forming a a magnetic bubble at the surface of
the Sun split by reconnection to shorter monopole flux loops for which the reversal occurs
easily and is followed by a reconnection back to long loops with opposite direction of the
flux. This process is like death followed by decay and reincarnation and corresponds to a
pair of ”big” state function reductions (BSFRs) in the scale of the Sun. Actually biological
death could involve a similar decay of the monopole flux tubes associated with the magnetic
body of the organism and meaning reduction of quantum coherence.

The formation of the Moon would have started with an explosion in which a magnetic bubble
with thickness AR deermined by the condition 47R}, JAR/4nR},/2 = My /Mg ~ .012.

One can consider two options for the ancient radius Rg 4 = xRg of the Earth: either x =1
or x = 1/2, which is suggested by the TGD based explanation of Cambrian explosion.

One obtains AR/Rp = ﬁ]]‘@g From My;/Mg ~ .012 and Rp/Rr ~ .27 one obtains
AR/Rg ~ .004 for x = 1 and AR/Rp ~ .016 for x = 1/2. These options give AR ~ 25.5
km for x = 1 or AR ~ 102 km for & = 1/2 for the thickness of the layer, perhaps the crust of
the ancient Earth, which was thrown out. For x = 1/2, Ry = .27Rg gives Ry = 54RE A,

which looks rather reasonable.

A hole in the bubble was formed and after that the bubble developed to a disk at a
surface of possibly expanding sphere, which contracted in the tangential direction to form
the Moon. The monopole flux tubes of the shell followed matter in the process. In the first
approximation, the Moon would have been a disk. The radius of Moon is less than one third
of that for the Earth so that monopole flux tube loops of the crust with length of 2nrRg 4
had to contract by a factor of about 1/3 to give rise to similar flux tubes of Moon. This
would have increased the density by a factor of order 9 if the Moon were a disk, which of
course does not make sense.

If the mass density did not change appreciably, the spherical shell with a hole had to transform
to a structure filling the volume of the Moon. One can try to imagine how this happened.

(a) The basic assumption is that the far side corresponds to the surface of the ancient Earth.
Near side could correspond to the lower boundary of its crust. A weaker condition is
that the near side and a large part of the interior correspond to magma formed in the
explosion and in the gravitational collapse to form the Moon. There is indeed evidence
that the near side of the Moon has been in a molten magma state. This suggests that
the crust divided into a solid part and magma in the explosion, which liberated a lot of
energy and heated the lower boundary of the crust.

(b) Part of the solid outer part of the disk gave rise to the far side of the Moon. When

the spherical disk collapsed under its own gravitational attraction, some fraction of the
solid outer part, which could not contract, formed an outwards directed spherical bulge
of radius Ry; = yRE, y = .27 whereas the magma formed an inwards directed bulge.
The ratio of the mass of the sub-disk with radius Rj; to the mass of the remaining part
of the spherical disk is the ratio of the areas r = R3,/(2R%x? — R3,) = y?/(22? — y?)
and gives r = .11 for z = 1/2 and r ~ .004 for x = 1. For x = 1/2 the remaining
annular part of the spherical disk contributed 89 percent to the mass of the Moon. For
x = 1 the contribution was 99.6 percent.
The energy liberated in the gravitational collapse would have melted the remaining
fraction of the spherical disk as it fused to the proto Moon. For both cases most of the
spherical disk would melt in the gravitational collapse. The thin crust of the near side
would have formed in the cooling process.

This model applies also to the formation of planets. The proposal indeed is that the planets
formed by a collapse of a spherical disk produced in the explosion of Sun [L34] [L.35]. Moons
of other planets could have formed from ring-like structures by the gravitational collapse of
a split ring.
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7. The magnitude of the dark monopole flux for Earth is about By; = 2Bg/5 ~ .2 Gauss for
the nominal value B = .5 Gauss. The monopole flux for the long loops is tangential but
if reconnection occurs there are portions with length AR inside which the flux is vertical
and connects the upper and lower boundaries of the layer. Note that in the TGD inspired
quantum hydrodynamics also dark Z° magnetic fields associated with hydrodynamic flows
are possible and could be important in superfluidity [L.19].

8. As already noticed, the far side of the Moon, which would correspond to the surface of the
ancient Earth, is light-colored, which suggests that the monopole magnetic fields might be
global and tangential at the far side. If so, the reconnection of the monopole flux tubes have
not taken place at the far side. If magnetic anomalies are absent at the far side, the
monopole part of the magnetic field should have taken care of the shielding by capturing the
ions of the solar wind and cosmic rays as I have proposed. The dark monopole flux tubes
play a key role in the TGD based model for the terrestrial life and this raises the question
whether life could be possible also in the Moon, perhaps in its interior.

5.3.3 About the energetics of the birth of Moon and Cambrian explosion

The proposed birth mechanism of Moon and Cambrian explosion are not possible in standard
astrophysics since gravitational binding energy is considerably reduced in both processes. There
should exist some internal or external source of energy compensating for the reduction of the
gravitational energy.

In te Cambrian explosion the radius of Earth would have increases by factor 2 and reduces
the gravitational binding energy by factor 1/2. The first guess in both cases is that the explosion
started from the center of Earth. In the case of the birth of the Moon, it would have led to an
expansion throwing the outer layer of Earth away. The energy could have been also liberated
below the layer expanding it and thrown away the outer layer. The layer below would do work on
the outer layer. Note that the energy liberated in the outer layer cannot throw it out since this
requires work done on the system and mere heating cannot achieve this.

Concerning the birth of Moon, the simplest assumption is that the Earth does not appreciably
expand in the process and only a layer of thickness ARg is thrown out as the part of Earth below
it generates a pressure and expands. In the initial state one would have R 4 = Rpx + AR and
Mg a4 = Mg + Mproon. In the final state one would have Mg 4 = Mg Rga >~ Rgz, v =1
or x = 1/2. For the Moon one has Rpjoon = yRp, vy = .27 and Myjoon = 2Mpg, z = .012
and AR/Rg = (1/32%)z, © = Mpjoon/Mp ~ .012. The expression for the difference between
gravitational binding energies of Earth for the initial and final state is

= (Egr.s=Fgri) _ (Ltz)* l) ) Egr,now = CMp _ s Mg ~ .78 X 1079 x

r Eyrmow T+(y/32?) @ Re _ 2Rge

In a good approximation, ne obtains r ~ 1.22 for X = 1/2 and R = .61 for x = 1. As expected,
the gravitational binding energy is reduced and there must exist a mechanism compensating for
the reduction.

Note that the contribution of the gravitational binding energy of the Moon is (22 /y) x Egr now
and 4 orders of magnitude smaller. The gravitational binding energy between Earth and Moon is
Yt X Egr now, Where t = Rg/D ~ 1/60 is the ratio of Rg and the distance of the Moon.

The mechanism of expansion could have been the same in the formation of Moon and in the
Cambrian explosion it is proposed to involve an expansion of the Earth radius by factor 2. What
could be the energy source needed to overcome the gravitational potential wall?

1. The TGD counterpart of inflation suggests a very general mechanism based on the liberation
of the TGD counterpart of dark energy assignable to the magnetic monopole flux tubes [L38].
This energy contains magnetic (and possibly also electric part) part and volume part. In the
primordial cosmic strings with 2-D M* projection, which is unstable against the increase of
the dimension of the projection, dominated and the subsequent cosmic evolution consisted
of phase transition increasing the thickness of the monopole flux tubes and liberating energy
since string tension was reduced.
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This mechanism could provide a universal mechanism providing metabolic energy in very
general sense. This mechanism works in all scales. Cosmic strings would give rise to quasars
developing to galaxies and also stars and planets would correspond to tangles of monopole
flux tubes and for blackholes they would be volume filling. In biology the phase transitions
of the monopole flux tubes might liberate energy.

2. The generation of the hess > h phases of ordinary matter behaving like dark matter requires
energy feed since the energies as function of hers quite generally increase with its value. This
requires metabolic energy and the above mechanism might be universal mechanism of this
kind. On the other hand, value of h.ys spontaneously decreates and a continual energy feed
is requires. This process also liberates energy possibly usable as a metabolic energy.

These phases explaing the missing baryonic matter whose proportion has been increasing
during the cosmic evolution. A possible explanation is that the baryons are transformed
to dark baryons with h.fs > h and that this relfects evolution as increase of algebraic
complexity. The metabolic energy needed would come from the phase transitions increasing
the thickness of the monopole flux tubes.

3. Dark fusion corresponds to a formation of dark nuclei as sequences of dark protons with
binding energy, which is much smaller than the ordinary nuclear binding energy. These
nuclei then decay to ordinary nuclei liberating almost all nuclear binding energy. This would
explain ”cold fusion” and also the claims about biofusion since dark protons sequences realize
genetic code in the TGD framework. Dark fusion could solve the well-known anomalies of
nuclear physics, in particular give rise to nuclei heavier than iron which cannot be produced
in stellar cores.

Dark fusion could give rise to the protostars by heating the matter to a temperature in which
ordinary nuclear fusion can take place. Dark fusion could take place also in the ordinary
nuclear reactions if tunnelling correspond to a pair of ”big” state function reductions.

Water is especially interesting candidate concerning the energy source.

1. What is interesting is that the gravitational binding energy of proton at the surface of Earth
is about 1 eV which is typical energy of biochemistry. Before Cambrian explosion this energy
would have been 2 eV. For water the energy of hydrogen bond is .5 eV. This suggests that
energy compesating for the the change of the gravitational binding energy in the formation of
Moon and in Cambrian Explosion comes from chemical processes or their TGD counterparts
involving also new physics predicted by TGD. Here dark protons are of special interest.
Could their transformation to ordinary protons liberate the needed energy? Water involving
dark proton sequences at monopole flux tubes is in a central role in TGD inspired biology.
Dark water blob behaves as single quantum coherent unit and I have proposed that they are
present even in the interior of the Earth.

2. If these dark water blobs behave like massive nuclei, they could by their large mass end up
to even to the cores of the Sun and planets. There is standard argument claiming that iron
and nickel form the Earth’s core and inner core since they experience stronger gravitational
force. This is not consistent with Equivalence Principle, stating that particles in gravitational
field experience the same acceleration irrespective of the mass. In Newtonian mechanics, the
reduced mass for mass m is g = mM/(m + M) = m/(1 + m/M) and the gravitational
acceleration is a = (GMm/p)(1/r?) = GM(1+m/M)/r* and increases with m but depends
very weakly on m. Note however that the gravitational binding energy is maximize when the
massive particles are nearest to the center.

The reason for why the heavier nuclei end up to the core involves other than gravitational in-
teractions and that chemistry, nuclear physics, and thermodynamical stability are important.
For instance, light elements evaporate easily at the high temperature prevailing in the core.
This does not occur for the dark phase of water which is thermally isolated from the ordinary
matter. There are indications that water could exist in this kind of environments. If this the
case, the phase transitions transforming dark water to ordinary water could liberate energy
and this energy could be used to compensate the gravitational binding energy. In particular,
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dark fusion outside stellar interiors, say planetary cores, could have generated dark variants
of ordinary nuclei, also those heavier than Fe, with much smaller binding energy outside
the stellar interiors. Their decay to ordinary nuclei would have liberated ordinary nuclear
binding energy. This might explain why the stellar core consists of heavy nuclei.

3. In the model of Cambrian Explosion predicting that highly developed multicellulars evolved
underground, I have used the Mother Gaia metaphor and the burst of multicellulars as ana-
log of birth. Same metaphor could apply to the birth of the Moon. The phase transition
of underground dark water to ordinary water could liberate the needed energy needed to
compensate for the reduction of gravitational binding energy. For Cambrian Explosion in-
creasing the Earth radius by factor 2, the gravitational binding energy is reduced by factor
2 and would mean for single proton reduction from 2 eV to 1 eV. The average density of the
Earth would have reduced in the Cambrian Explosion by factor 1/8. Can one understand
this?

The increase of the volume by factor 8 in Cambrian explosion [L9) [L21] .16, [L32] [L31] sounds
crazy but one can ask whether TGD based new physics could have caused the increase of the
volume?

1. T have considered the possibility that atomic radii increased by factor 2 due to a phase
transition changing the value of hesy = nho with h = nghg, ng = (7!)? [L18]. Atomic radius
is proportional to ii/2am.. hbar — 2k would increase the atomic size by factor 2. This
reduced the binding energy scale by factor 1/2. There is evidence that hydrogen atoms have
states with energy scale, which is one half of the ordinary [?] [L5]. Could they correspond to
heff >~ h/27

2. The objection is that the presence of the exotic atoms with h.ry < h should have been
observed. This kind of radiation looks like radiation from atoms but with effectively blue-
shifted frequencies. The matter with h.ys < h is dark with respect to us and the dark photons
with hesr < h might be highly stable against a transformation to ordinary fermion pairs
or ordinary photons. There is an analogy with the fact that the increase of h.¢s requires
energy feed.

The densities of states of photons in a box with respect to geometric parameters A and f
do not depend on heysy unlike those with respect momentum p and energy E. Therefore
the measurement of wavelengths and frequencies (by frequency- or wavelength resonance
[L10]) does not reveal the value of heys for photons. Energy resonance is needed: these two
resonance mechanisms are central in TGD inspired quantum biology. I am not sure whether
the detection of radiation from astrophysical objects always relies on frequency resonance.

CMB radiation is detected by wavelength resonance using large radio antennas. Could the
dark CMB radiation reveal the value of the associated h.¢s via its temperature? The
Boltzmann weights for CMB radiation are proportional to the exponent exp(—E, /T), E,, =
nhesrf. What does one mean with thermal equilibrium between different values of heys?
One must distinguish between thermal equilibria with respect to frequency and energy.

(a) If T does not depend on heys, the thermal frequency distributions do not depend on
hess unlike energy distributions and the effective temperatures detected by an observer
with hepr = h would scale as T'(heps) = T(h)(h/hesy). If the CMB radiation with
hery # h transforms partially to that with heyy = h, it could be detected.

(b) If the equilibrium is with respect to energy, one has T'(hesf) = T'(h) and the dark
CMB would not allow the detection of h.rs of the source. Scaling invariance predicts
that T scales like h.fy. The TGD inspired quantum biology suggests the interpretation
of biological aging as a development of a thermal equilibrium between between the
biological body with h.frr = h and the associated magnetic bodies with herp > h so
that one has T'(heps) — T'(h) [L45]. Living systems would allow a thermal detection
of he‘ff.

3. A phase transition increasing the algebraic complexity would have scaled down the binding
energies by factor 1/2. The problem is that also this would have required energy feed. This
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would have compensated for the decrease of E,, from GM?/(Rg/2) to GM?/Rg, which is
of order eV per proton.

These phase transitions are now rather well-understood thanks to holography=holomorphy
vision [L39].

1.

holography=holomorphy vision which leads to a detailed understand of the solutions of field
equations in terms of generalize complex structure for H = M* x CP, involving one hyper-
complex coordinate with light-like coordinate lines and 3 complex coordinates [L42].

. The space-time surface X* decomposes to regions corresponding to the roots of a pair Py, Py

of polynomials with coefficients in an extension F of rationals. The close analogy with
catastrophe theory helps to understand the geometric picture. The root P; = 0 defines a 6-D
surface X? having interpretation as a generalized twistor space for M* resp. CP,. Their
intersection X% N X§ defines X* a common base space of these spaces.

The simplest situation corresponds to the conditions P, = 0 and P, = £ — P(w) = 0 or
Py, = w— P(§) = 0, where w is the complex coordinate for the light-cone boundary and &
is the geodesic coordinate of geodesic sphere of C'P;. w is complex coordinate the twistor
sphere S? assignable to the light-like boundary: their translates form a slicing of M* (or
rather causal diamond ed). & corresponds to the twistor sphere of C'P; of a given C'P, point
identifiable as homologically non-trivial geodesic sphere S? of C'P, defined by the radial
geodesics directed to the S? points.

These phase transitions tend to increase the dimension of the coefficient field F' of P;. This
implies evolution as a collective increase of the algebraic complexity and dimension n of
F. It might be identifiable in terms of the effective Planck constant n = hcss/hg, which is
global. The increase of n would reflect itself at the level of, say, atomic spectra changing the
energy scale and Bohr radius and induce volume change appearing at least in the Cambrian
explosion.

The extension depends on the degree of P, defining the winding number of the map P
between the twistor spheres of M* and CP, and the detailed form of the polynomial P.
Note that since spheres are involved, one can also consider rational maps and birational
maps are an especially interesting option.

There are also light-like fermion lines at the boundaries of 3-D light-like partonic orbits. At
these lines the roots of polynomials can belong to an extension of a sub-field of F', even
rationals. Also now the change of the polynomial P, induces phase transitions in general
increasing the algebraic complexity at the fermion level. The dimension ng of the extension
defined by extension of F' or of its subfield at the fermion line defines a candidate for a local
heff as heff/ho =nNg.

To sum up, these number theoretic phase transitions could have induced the expansion of
the volume of the 3-surface and could quite generally be behind cosmic expansion reflecting
directly the number theoretical evolution. The increase of n = hcys/ho would correlate with
the increase of the volume.

Consider now possible objections against this view.

1.

The question is still where the needed energy came from. Did the dark water phases possibly
present everywhere in the interior of Earth provide it by transforming to ordinary water?
Or could one imagine that a monopole flux tube network proposed to connect astrophysical
systems to a network provided it, perhaps by a phase transition thickening the flux tubes
in the center of the Earth and liberating the needed energy as dark photons. Sun belongs
to this network: could it have served as the source of energy? The paradox of faint Sun is
also related to the evolution before Cambrian Explosion: it should have been possible at the
surface of Earth and the TGD view solves this paradox.

. A more concrete general explanation is as a liberation of energy in dark fusion of nucleons

to form dark nuclei with binding energy much lower than the binding energy of normal
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nuclei. Their spontaneous transformation to ordinary nuclei makes possible the production
of elements heavier than Fe outside stars [L6, [L14]. This process could have led to the
formation of proto-stars and at some point ordinary nuclear fusion would have begun.

Almost all nuclear binding energy would be liberated in the dark fusion. The dark fusion
could have occurred in the core of Earth and could have led to the generation of the Fe core
by dark fusion. The temperature in the inner core is about 5400 K, much lower than the
temperature of 15 million Kelvins, which makes ordinary nuclear fusion possible. Note that
also the formation of molecules as bound states of atoms liberates energy and could make
possible the generalized Pollack effect [L29] as an increase of h.sy to rather large values.

Could one think that the energy liberated in the dark cold fusion, as a kind of explosive
chain reaction inside the core, inner core or the ”inner inner” core, made possible the phase
transition increasing the value of heyy < h to h for atoms of Earth?

3. There is also another objection. One can express a as a = €2 /4rh. Should one assume that
« scales like 1/h and e? does not change. This is assumed in the argument that the increase
of heyy saves perturbation theory failing otherwise [L30]. The atomic size would scale as h?
so that the minimum change of the scale would be by factor 47

The value of h.ss can be expressed as heyy = nhg. This allows rational scalings of h — rh,
r = m/n such that n is a factor of ng = (7!)? with 72 ~ 2.

5.3.4 Martian dichotomy from the TGD point of view

Mars has a very strange property called Martian dichotomy (see this). The Northern and Southern
hemispheres of Mars are very different. The crust is significantly thicker in southern highlands than
in northern lowlands. The mountains at southern highlands rise even 6 kilometers higher than in
northern lowlands. Southern rocks are magnetized suggesting that Mars has had a large scale
magnetic field. Mars still has short scale magnetic fields as the appearance of Martian auroras
tells. Southern highlands appear to be older than the northern lowlands: the age is estimated from
the density of impact craters. It is also believed that there has been a vast water ocean in northern
lowlands.

Several explanations have been proposed. A mega-impact or several impacts could have pro-
duced the depression in the crust in the northern lowlands area. Second explanation is in terms of
plate tectonics which would be asymmetric.

Also Mars has analogues of earthquakes. They could be called marsquakes. According to the
popular article (seethis), it is claimed that the study of the marsquakes has led to the understanding
of the Martian dichotomy [EI8]. Its origin would relate to the dynamics deep inside the planet.
The new finding is that the seismic waves associated with the marsquakes lose energy quicker in
southern highlands. This would mean that the temperature in highlands is higher. These findings
suggest that the asymmetry is caused by the internal dynamics of Mars rather than impacts.

What could one say about the Martian dichotomy in the TGD framework? TGD adds two new
pieces to the puzzle.

1. Moon has an analogous asymmetry but now the hemispheres correspond to the hemisphere
that we see always and the hemisphere we never see. This is due to the phase locking of
the spinning rotation of the Moon with its orbital rotation around Earth. The TGD based
model [L40] assumes that Earth has lost its upper layer in a mini big bang [L34], [L35], which
then formed the Moon. The inner and outer surfaces of the Moon would correspond to the
lower and upper boundary of the layer respectively and this would explain their difference.

2. The crazy idea is that the northern and southern hemispheres of Mars could have lost different
masses in an asymmetric mini big bang leading to the birth of Phobos and Deimos, the two
Moons of Mars (this). The asymmetry should reflect itself in the properties of these moons.
The moons have an irregular shape. Phobos has a diameter of 22.2 km, mass 1.1 x 10'6 kg,
and semimajor axis 13.5 km. Deimos has a diameter of 12.6 km, mass 1.5 x 10'® kg, and
semimajor axis 23.5 km.


https://en.wikipedia.org/wiki/Martian_dichotomy
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3. This suggests the associations northern hemisphere-more massive Deimos-thicker
crust-earlier-farther from Mars and southern hemisphere-lighter Phobos-thinner
crust-later-nearer to Mars.

The more massive Deimos would have originated in a mini big bang throwing out a consid-
erably thicker layer from the northern Martian hemisphere. This would explain the thinner
northern crust. Large fraction of the magnetic field associated with the surface layer would
have blown out. The TGD view of magnetic fields of the Earth and Sun the monopole flux
tube part of the magnetic fields would have a part concentrated in a surface layer. Deimos
would have originated later than Phobos. One could understand why the southern hemi-
sphere has thicker crust, why it has more impact craters and therefore looks older, and why
it still has a magnetic field consisting of monopole flux tubs. The orbital parameters do
not depend on the mass of the Moon (Equivalence Principle). Deimos would have however
originated earlier and received a recoil momentum and would be now farther from Mars and

Phobos.

The key question concerns the energetics of the transition. Where does the energy compensating
the reduction of the gravitational binding energy come from? An analogous question is encountered
in the model for the formation of the Moon as a mini Big Bangs throwing a spherical layer from the
surface of Earth. It is also encountered in the TGD version of the Expanding Earth model [L9] [L32]
assuming that the radius of Earth grew by a factor 2 in a relatively short time scale and induced
Cambrian Explosion as life from underground oceans bursted to the surface. Mini Big Bangs would
also cause the formation of planets as a surface layer of a star explodes [L34, [L35]. Also Super
Novas would be explosions of this kind. Micro Big Bangs could give rise to solar wind and solar
eruptions [L41].

The magnetic fields should play an important role so that an estimate for the cyclotron energy
in the case of a solar magnetic field is in order.

1. For the Earth the cyclotron frequency of proton in the endogenous magnetic field, with
a nominal value B.,q = .2 Gauss assigned with the monopole flux tubes, is 300 Hz, and
the corresponding energy is E. = hyr geB/m, = 4.6 ¢V. This energy is higher than the
gravitational binding energy of protons of about 1 eV at the surface of Earth. This could
make it possible for transition A4 g — R or a transition 1/8y = n — n — 1 to provide the
energy needed for the explosion throwing a surface layer of the Earth giving rise to Moon.

The existence of this kind a layer and reduction of g, say a transition 1/5; =2 — 1 could
make energetically possible also the expansion of the radius of the Earth by a factor 2.

2. What does one obtain in the case of Mars? Could the gravitational binding energy be
compensated by the liberation of dark cyclotron energy as the value Ay = GMm,/By for
Mars is reduced to a smaller value. The ratio of the mass of Mars to that of Earth is
Mnrars/Mpg ~ 1. If the monopole flux tubes carry a magnetic field of strength Beypq g = .2
Gauss the cyclotron energy of the proton is scaled down to .46 eV. The gravitational binding
energy for protons at the surface of the Earth is about 1 eV and at the surface of Mars about
.1 eV. Also now the liberation of the dark cyclotron energy for protons in a phase transition
increasing the value of By could make the explosion of the surface layer possible.

6 What makes the mini Big Bangs energetically possible?

Mini Big Bangs [L34, [L35], throwing out a monopole magnetic flux tube layer from an object,
which could be a star or even a planet, play a central notion of TGD inspired cosmology and
astrophysics. These explosions define the local TGD counterpart for the smooth cosmic expansion.
A liberation of energy compensating the reduction of the gravitational binding energy is required
and must present new physics predicted by TGD.

I have considered several candidates for this energy source and phase transitions reducing the
value of the effective Planck constant h. s, defining a hierarchy of effectively dark phases of ordinary
matter, are the natural candidates. Note that the dark matter in this sense does not correspond
to the galactic dark matter which would correspond to sum of the Kahler magnetic energy and
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volume energy parameterized by the analog of cosmological constant assignable to cosmic strings
as extremely thin monopole flux tubes [L3§].

Since monopole flux tubes play a key role in the mini Big Bangs, the identification of this energy
as dark gravitational cyclotron energy associated with dark particles, in particular nucleons, should
have been a natural first guess. In this article, this proposal is applied to several cases where a mini
Big Bang could be involved. The applications include the proposed doubling of the radius of Earth
in the mini Big Bang associated with the Cambrian expansion; the emergence of the Moon in an
explosion throwing out a surface layer of Earth explaining the mysterious asymmetry between near
and far sides of the Moon; the emergence of the two moons of Mars in similar explosions occurring
for the hemispheres of Mars: this would explain the mysterious asymmetry of the northern and
southern hemispheres of Mars. What is remarkable is that the scales of the gravitational cyclotron
energies turn out to be consistent with the gravitational binding energy scales.

The recent model of the Sun [L41] relies on the crazy idea that both solar wind and solar energy
are produced at the surface layer of the Sun consisting of nuclei of Mgy hadron physics [K8| K9
with a mass scale 512 times that of the ordinary hadron physics, which would transform to ordinary
nuclei by p-adic cooling reducing the p-adic mass scale. Besides solar wind and solar eruptions,
this process would produce planets as mini Big Bangs throwing out a layer of matter and also
supernovas would be results of similar explosions.

Quite surprisingly, the cyclotron magnetic energy for Mgg nucleons turns out to be equal to
the nuclear binding energy per nucleon for Mgg nuclei. This suggests that the p-adic cooling of
Mgy hadrons to ordinary hadrons begins with the splitting of Mgg nuclear bonds producing free
Mgg nucleons. The final state could involve the decay of dark Mjy7; nuclei with Compton length
of electron and binding energy of order 10 keV to ordinary nuclei liberating essentially all the
ordinary nuclear binding energy. Same decay would occur in ”cold fusion” as dark fusion.

This model can be consistent with the standard model only if the transformation of the ordinary
nuclei or nucleons produced in the p-adic cooling produces the same spectrum of the ordinary nuclei.
This would be the case if the ”cold fusion” as dark fusion would produce this spectrum and there
are indications that this is the case: this has been interpreted as a demonstration that ”cold fusion”
is a fraud.

6.1 Some planetary applications of the cyclotron mechanism

In this section some applications of the proposal that the liberation of dark gravitational cyclotron
energy could make mini Big Bangs energetically possible are discussed. Consideration is restricted
to planets.

6.1.1 About the energetics of the planetary mini Big Bangs

The magnetic fields should play an important role so that an estimate for the cyclotron energy in
the case of the magnetic fields of the Earth, Mars and Sun magnetic field is in order. Consider
first Earth and Mars.

1. For the Earth the cyclotron frequency of proton in the endogenous magnetic field, with
a nominal value B.,q = .2 Gauss assigned with the monopole flux tubes, is 300 Hz, and
the corresponding energy is E. = hgyr peB/m, = 4.6 eV. This energy is higher than the
gravitational binding energy of protons of about 1 eV at the surface of Earth (note however
that the gravitational binding energy increases below the surface like 1/r). This could make
it possible for transition %y, g — R or a transition 1/8p = n — n — 1 to provide the energy
needed for the explosion throwing a surface layer of the Earth giving rise to Moon.

The existence of this kind a layer and reduction of Ay, say a transition 1/5y =2 — 1 could
make energetically possible also the expansion of the radius of the Earth by a factor 2.

2. What does one obtain in the case of Mars? Could the gravitational binding energy be
compensated by the liberation of dark cyclotron energy as the value h, = GMm,/By for
Mars is reduced to a smaller value. The ratio of the mass of Mars to that of Earth is
Mptars /Mg ~ .1. If the monopole flux tubes carry a magnetic field of strength Beng g = .2
Gauss the cyclotron energy of the proton is scaled down to .46 eV. The gravitational binding
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energy for protons at the surface of the Earth is about 1 eV and at the surface of Mars about
.1 eV. Also now the liberation of the dark cyclotron energy for protons in a phase transition
increasing the value of By could make the explosion of the surface layer possible.

The magnetic fields should play an important role so that an estimate for the cyclotron energy
in the case of the magnetic fields of the Earth, Mars and Sun magnetic field is in order. Consider
first Earth and Mars.

1. For the Earth the cyclotron frequency of proton in the endogenous magnetic field, with
a nominal value B,y = .2 Gauss assigned with the monopole flux tubes, is 300 Hz, and
the corresponding energy is E. = hg, geB/m, = 4.6 eV. This energy is higher than the
gravitational binding energy of protons of about 1 eV at the surface of Earth (note however
that the gravitational binding energy increases below the surface like 1/r). This could make
it possible for transition A4 g — 7 or a transition 1/ = n — n — 1 to provide the energy
needed for the explosion throwing a surface layer of the Earth giving rise to Moon.

The existence of this kind a layer and reduction of g, say a transition 1/5; =2 — 1 could
make energetically possible also the expansion of the radius of the Earth by a factor 2.

2. What does one obtain in the case of Mars? Could the gravitational binding energy be
compensated by the liberation of dark cyclotron energy as the value hy, = GMmy, /[, for
Mars is reduced to a smaller value. The ratio of the mass of Mars to that of Earth is
Mnrars/Mpg ~ 1. If the monopole flux tubes carry a magnetic field of strength Bepq g = .2
Gauss the cyclotron energy of the proton is scaled down to .46 eV. The gravitational binding
energy for protons at the surface of the Earth is about 1 eV and at the surface of Mars about
.1 eV. Also now the liberation of the dark cyclotron energy for protons in a phase transition
increasing the value of By could make the explosion of the surface layer possible.

6.1.2 Cambrian Explosion

In the article [L32] have developed a more detailed TGD version of the Expanding Earth hypoth-
esis explaining Cambrian Explosion (CE). A more detailed view of the pre-Cambrian biology,
geology, and thermal evolution emerges and one can relate it to the standard view. This involves
topics like faint Sun paradox, the mechanism of Great Oxygenation Event, understanding the
TGD counterparts of supercontinents Rodinia and Pannotia preceding CE, snowball Earth, and
CE that led to a sudden emergence of highly advanced multicellulars.

Also a more detailed view of what happened in the Cambrian explosion induced by the increase
of the radius of Earth by factor 2 emerges (in the TGD Universe, a smooth continuous cosmological
expansion is replaced with a sequence of short lasting and fast expansions). One ends up with
a detailed model for the phase transition leading to the increase of the Earth radius. This phase
transition requires a considerable energy feed provided by the phase transition thickening monopole
flux tubes of the magnetic body of Earth and liberating energy. In analogy with the recent Mars,
pre-Cambrian Earth had a solid core analogous to the inner core. In the phase transition to a
liquid outer core with much larger volume. Part of the newly formed outer core could in turn
have transformed to form a part of the mantle increasing its thickness.

What has remained open is the energetics. The reduction of gravitational binding energy by
a factor of two takes place and since the gravitational binding energy of a proton is about 1 eV
at the surface of the Earth, this would require energy of about .5 eV per every nucleon. Dark
cyclotron energy of ions at the dark gravitational magnetic body of the Earth or of the Sun is a
natural candidate for the energy provider. The idea that every nucleon of the Earth should receive
this energy, looks implausible. Note that also dark electrons would contribute with the same dark
energy.

For 1/By = n the gravitational dark cyclotron energy is n-fold. For n ~ 2! applying to the
magnetic body of Sun-Earth system, the energy would be about 10 keV, which happens to be the
energy scale associated with ”cold fusion” discussed in [L44]. A connection is highly suggestive:
could the formation of dark nuclei as dark protons sequences with this binding energy induce the
transfer of electrons to dark electrons at the magnetic body of the Sun. For this option, it is
enough that roughly a fraction 2711 of the mass of Earth is gravitationally dark. The dark charged
particles could reside at the dark gravitational magnetic body of the Sun and would be could
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be transferred to the magnetic body of the Earth or transform to ordinary charged particles. A
reversal of the Pollack effect occurring in the scale of the Earth would be in question.

6.1.3 What are the mysterious structures observed in the lower mantle?

I learned of very interesting results related to geology. The Dailymail popular article (see this)
tells about massive structures in the Earth’s deep mantle below Pacific Ocean near the mantle-
core boundary. The article ” Full-waveform inversion reveals diverse origins of lower mantle positive
wave speed anomalies” of Schouten et al published in Scientific reports [?] (see this) describes the
findings.

There are cold regions deep within the Earth where seismic waves behave in unexpected ways.
These regions, located 900 to 1,200 kilometers beneath the Pacific Ocean, defy expectations based
on conventional plate tectonics theories. These kinds of structures can result from the subduction of
continental plates leading to the sinking of a plate to the mantle. There are however no subduction
records in the Ocean regions so that the mechanism must be different.

It seems that the recent view of the dynamics of the Earth’s mantles is in a need of a profound
updating. It has been proposed that the structures could be the remnants of ancient, silica-
rich materials from the early days of the Earth when the mantle was formed billions of years
ago. Alternatively, they may be areas where iron-rich rocks have accumulated over time due
to the constant movement of the mantle. However, researchers are still unsure about the exact
composition of these deep Earth structures.

Here is the abstract of the article of Schouten et al.

Determining Earth’s structure is paramount to unravel its interior dynamics. Seismic
tomography reveals positive wave speed anomalies throughout the mantle that spatially
correlate with the expected locations of subducted slabs. This correlation has been widely
applied in plate reconstructions and geodynamic modelling. However, global travel-time
tomography typically incorporates only a limited number of easily identifiable body wave
phases and is therefore strongly dependent on the source-receiver geometry.

Here, we show how global full-waveform inversion is less semsitive to source-receiver
geometry and reveals numerous previously undetected positive wave speed anomalies in
the lower mantle. Many of these previously undetected anomalies are situated below
magor oceans and continental interiors, with no geologic record of subduction, such as
beneath the western Pacific Ocean. Moreover, we find no statistically significant corre-
lation positive anomalies as imaged using full-waveform inversion and past subduction.
These findings suggest more diverse origins for these anomalies in FEarth’s lower man-
tle, unlocking full-waveform inversion as an indispensable tool for mantle exploration.

Here some terminology is perhaps in order. Seismic waves are acoustic waves and their prop-
agation in the mantle is studied. Positive speed anomaly means that sound speed is higher than
expected. The lowering of temperature or increase of density such as presence of iron can cause this
kind of anomalies. The Pacific ocean and the interior regions of plates do not have any subduction
history so that the slabs cannot be pieces ofcontinental plates, which have sunk to the mantle.

I have not earlier considered what happened in the lower mantle in the sudden expansion of
Earth increasing its radius by factor 2 and giving rise to the Cambrian Explosion. Did these
kinds of cracks occur also in the mantle-core boundary and lead to the formation of the recently
observed structures also below regions where there is no geologic record for subduction? Could at
least some regions which are believed to be caused by the sinking of parts of continental plates
have such structure?

Could the Cambrian explosion be a mini Big Bang that happened in the lower mantle and forced
the motion of the upper layers leading to the increase of the radius of Earth? The longstanding
problem has been the identification of the energy needed to overcome the gravitational force. The
order of magnitude of the gravitational binding energy per nucleon is about 1 eV at the surface
of the Earth and decreases like M(R)/Mg)/R o R? below it. How did the matter above the
monopole flux tube layers get this energy?

1. Since the monopole flux tubes are the key actors, a natural first guess is that there was a
layer of dark protons at monopole flux tubes in the lower mantle, say above the core, and
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that the gravitational energy is compensated by the cyclotron energy of dark proton with
gravitational Planck constant 7y, (M (below)) at monopole flux tube carrying a magnetic field
of order of magnitude of endogenous magnetic field. The value of Be,4 need not be the same
as its value B,,q = .2 Tesla at the surface of the Earth.

. If the monopole flux behaves like 1/R3, as the dipole character of the Earth’s magnetic

field suggests, and the mass appearing in the gravitational Planck constant is the mass
M(R) = (R/Rg)*Mg below the monopole flux tube layer is used, the cyclotron energy is
the same as at the surface of the Earth. In the explosion, the value of g, would be reduced
dramatically, perhaps to A and the cyclotron energy would be liberated.

In the interior of the Earth, the gravitational potential energy for mass m is of form E,, =
GMgmVy.(R), V4 (R) = R?/2R%, — (3/2)/ RE and approaches in the center of the Earth the
value —(3/2)GMgm/Rg and at the surface of the Earth to the value —GMgm/Rg .

All nuclei must receive the cyclotron energy compensating the gravitational binding energy
and a larger fraction should therefore be dark before the explosion. The gravitational Planck
constant fig, = GMm/ [, of a nucleus is proportional to its mass number so that the cyclotron
energy o< ZeB/m does not depend on the mass number A of the ion of mass m ~ Am,,. For
1/Bp = 1, the extreme option is that the entire Earth’s interior contains gravitationally
dark nuclei meaning that there is a large negatively charged exclusion zone created in the
Pollack effect, perhaps giving rise to the electric body assignable to the Earth. Can this be
consistent with what is known about the Earth’s history? For 1/8, = 27! assignable with
the magnetic body of the Sun-planet system, the value of cyclotron energy would be about
10 keV, which happens to be the energy scale of ”cold fusion” identified as dark fusion in
the TGD framework [L44]. Could the formation of dark nuclei with nucleon radius of order
electron Compton length and with a dark nuclear binding energy of order 10 keV involve the
formation of the monopole flux tubes with this dark cyclotron energy?

6.1.4 A model for the formation of Moon

The model for the formation of planets can be applied also to the mysteries of the Moon.

1.

The origin of the Moon is a mystery although the fact that its composition is the same as
that of Earth gives hints. Theia hypothesis proposes that the Moon was formed from the
debris of a collision of a planet with mass of order mass of Mars. The TGD proposal is that
the Moon was formed as Earth expanded suddenly, throwing out a spherical shell which then
developed a hole and suffered a gravitational collapse to form the Moon.

Moon is receding from us. Cosmic recession velocity is 78 percent of this velocity, which
suggests that surplus recession velocity is due to the explosion citebtartpreCE. The breaking
of the spherical symmetry caused by the development of the hole plus the transformation of
the gravitational binding energy to kinetic energy during the collapse would give the Moon
a radial recession velocity which would gradually slow down to the cosmic recession velocity.

It seems that the Moon has effectively turned inside out [E6]. The natural explanation is that
the far face of the Moon corresponds to the surface of the ancient Earth which remained solid
in the explosion and formed an outwards directed bulge, since compression was not possible.
The first guess is that the near face corresponds to the lower boundary of the expanding shell,
which partially transformed to magma in the explosion, which liberated a lot of heat. It turns
out that part of a large fraction of the spherical disk must have transformed to magma form
in the final stages of the gravitational collapse. This conforms with the empirical facts.

The faces of the Moon are very different [E16]. The mechanism of the formation explains
this.

The latest mystery that I learned of, are the magnetic anomalies of the Moon. The TGD based
view of the origin of the Moon combined with the TGD view of magnetic fields generalizing
the Maxwellian view explains all these findings. Monopole flux tubes have a closed cross
section and there is no need for the currents to maintain the. This would also explain the
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stability of the Earth’s magnetic field [L3] and the preservation of the magnetic fields in
cosmic scales.

This leads to a proposal that the Moon was formed in an explosion throwing out a surface layer
of the Earth with the mass of the Moon. This would explain various anomalies listed above. If the
magnetic body of the Earth, or possibly of the Sun, provides the energy needed to overcome the
gravitational force, also the energetic might be understood. As already explained, the gravitational
binding energy for a proton at the surface of the Earth is of the order of 1 eV. Note that for Fe ion
the energy is A=>56 times larger however. The dark gravitational cyclotron energy of a charged ion
at the gravitational magnetic body of the Earth is about 5 eV. For the Sun the energy is about 10
keV, the energy scale assignable to ”cold fusion”. This could make possible the formation of the
Moon in a mini Big Bang.

The basic prediction of the model is that the compositions of the Earth and Moon are the
same. The model of formation based on the collision of a Mars sized object with the Earth does
not predict this. Quite recently, Taylor Reed Ramsey informed me that this seems to be the case.
The article titled ” Composition, structure, and origin of the Moon” by Sossia et al [E17] (see this
and this) provides the details.

6.1.5 Martian dichotomy from the TGD point of view

Mars has a very strange property called Martian dichotomy (see this). The Northern and Southern
hemispheres of Mars are very different. The crust is significantly thicker in southern highlands than
in northern lowlands. The mountains at southern highlands rise even 6 kilometers higher than in
northern lowlands. Southern rocks are magnetized suggesting that Mars has had a large scale
magnetic field. Mars still has short scale magnetic fields as the appearance of Martian auroras
tells. Southern highlands appear to be older than the northern lowlands: the age is estimated from
the density of impact craters. It is also believed that there has been a vast water ocean in northern
lowlands.

Several explanations have been proposed. A mega-impact or several impacts could have pro-
duced the depression in the crust in the northern lowlands area. Second explanation is in terms of
plate tectonics which would be asymmetric.

Also Mars has analogues of earthquakes. They could be called marsquakes. According to the
popular article (seethis)), it is claimed that the study of the marsquakes has led to the understanding
of the Martian dichotomy [EI8]. Its origin would relate to the dynamics deep inside the planet.
The new finding is that the seismic waves associated with the marsquakes lose energy quicker in
southern highlands. This would mean that the temperature in highlands is higher. These findings
suggest that the asymmetry is caused by the internal dynamics of Mars rather than impacts.

What could one say about the Martian dichotomy in the TGD framework? TGD adds two new
pieces to the puzzle.

1. Moon has an analogous asymmetry but now the hemispheres correspond to the hemisphere
that we see always and the hemisphere we never see. This is due to the phase locking of
the spinning rotation of the Moon with its orbital rotation around Earth. The TGD based
model [L40] assumes that Earth has lost its upper layer in a mini big bang [L34], [L35], which
then formed the Moon. The inner and outer surfaces of the Moon would correspond to the
lower and upper boundary of the layer respectively and this would explain their difference.

2. The crazy idea is that the northern and southern hemispheres of Mars could have lost different
masses in an asymmetric mini big bang leading to the birth of Phobos and Deimos, the two
Moons of Mars (this). The asymmetry should reflect itself in the properties of these moons.
The moons have an irregular shape. Phobos has a diameter of 22.2 km, mass 1.1 x 10'6 kg,
and semimajor axis 13.5 km. Deimos has a diameter of 12.6 km, mass 1.5 x 10'® kg, and
semimajor axis 23.5 km.

3. This suggests the associations northern hemisphere-more massive Deimos-thicker
crust-earlier-farther from Mars and southern hemisphere-lighter Phobos-thinner
crust-later-nearer to Mars.
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The more massive Deimos would have originated in a mini big bang throwing out a consid-
erably thicker layer from the northern Martian hemisphere. This would explain the thinner
northern crust. Large fraction of the magnetic field associated with the surface layer would
have blown out. The TGD view of magnetic fields of the Earth and Sun the monopole flux
tube part of the magnetic fields would have a part concentrated in a surface layer. Deimos
would have originated later than Phobos. One could understand why the southern hemi-
sphere has thicker crust, why it has more impact craters and therefore looks older, and why
it still has a magnetic field consisting of monopole flux tubs. The orbital parameters do
not depend on the mass of the Moon (Equivalence Principle). Deimos would have however
originated earlier and received a recoil momentum and would be now farther from Mars and

Phobos.

The key question concerns the energetics of the transition. Where does the energy compensating
the reduction of the gravitational binding energy come from? An analogous question is encountered
in the model for the formation of the Moon as a mini Big Bangs throwing a spherical layer from the
surface of Earth. It is also encountered in the TGD version of the Expanding Earth model [L9] [L32]
assuming that the radius of Earth grew by a factor 2 in a relatively short time scale and induced
Cambrian Explosion as life from underground oceans bursted to the surface. Mini Big Bangs would
also cause the formation of planets as a surface layer of a star explodes [L34, [L35]. Also Super
Novas would be explosions of this kind. Micro Big Bangs could give rise to solar wind and solar
eruptions [L41].

6.2 Is the model of the Sun consistent with the standard model?

The key question is whether the proposed model is consistent with the standard model of the
Sun. Can the predicted nuclear abundances be consistent with the abundances predicted by the
standard model? Is there a counterpart for the notion of stellar generations with a new generation
formed from the remnants of supernova explosions. I have also proposed that dark fusion as the
TGD counterpart of ”cold fusion” could replace ordinary hot fusion even in the case of the Sun.
How does the model based on Mgg — Mig7 transition relate to this model and can the two views
be consistent?

Mini Big Bangs [L34, [L35] would cause the formation of planets as a surface layer of a star
explodes [L41]. This predicts a new kind of mechanism for the creation of rogue planets (see )
or, more formally, isolated planetary mass objects (iPMO). Also supernovas would be explosions
of this kind. Micro Big Bangs at the surface of the Sun could cause solar wind and coronal mass
ejections (see [this).

In the case of solar wind and related phenomena magnetic fields are involved and must be an
essential aspect of the phenomena. The mechanism for the acceleration of trace amounts of heavy
ions and atomic nuclei of elements such as carbon, nitrogen, oxygen, neon, magnesium, silicon,
sulfur, and iron encountered also in solar plasma is believed to involve magnetic fields but the
mechanism is not understood.

The key ideas are as follows.

1. The mini and micro Big Bangs could be seen as the TGD counterpart for the cosmic expansion
replacing it with a sequence of rapid bursts.

2. A phase transition changing the effective Planck constant and relevant p-adic length scale
could take place. This phase transition would liberate large cyclotron energy making it
possible to overcome the gravitational force.

3. The notion of magnetic bubble [L34, [L33] identified as a layer formed by a network of
monopole flux tubes and forming the basic structural element of the magnetic body together
with radial U-shaped gravitational monopole flux tubes could be crucial. For instance, this
leads to a model for the solar wind based on the reconnection of flux tubes of a surface layer
of the Sun formed by magnetic monopole flux tubes.

4. A natural guess is that nuclear fusion is involved in the case of the Sun. I have considered
several options for what the fusion-like process could be in the TGD Universe. The standard
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option is ordinary nuclear fusion in the core but is plagued by several conflicts with empirical
facts.

The first TGD inspired proposal is based on ”cold fusion” [L6, [L2] identified as dark fusion
giving rise to dark proton sequences with dark Compton length of order electron Compton length.
The dark nucleon sequences would spontaneously decay to ordinary nuclei. This could ignite
ordinary fusion but one can also consider the option that ordinary fusion is not needed at all.

1. The elegance of the "no hot fusion” option inspires the question whether dark fusion at a
surface layer of the Sun could produce the radiation energy of the Sun and the solar wind.
The energy scale for the gamma rays from the transition of the dark nuclei is about 10 keV
and considerably lower than the MeV scale for the ordinary nuclei.

2. This option should be consistent with the ordinary model of nuclear fusion. The first objection
is that this seems to realize the stellar evolution so that it occurs at the level of a single star.
This view conforms with the fact that nuclei up to nuclear masses of Fe are present in the
solar wind. It has been also found that the distribution of stars in various stages of evolution
does not seem to depend on the cosmic time.

3. Can this view be consistent with the assumption that the evolution of stars is by supernova
explosions providing material for the subsequent generation of stars? Zero energy ontology
allows us to consider the possibility that the supernova explosions are quantum tunnelling
events involving two "big” state function reductions (BSFRs) changing the arrow of time.
This view might allow us to understand why the fraction of the heavier nuclei in the surface
layer increases in the supernova explosions.

There is also a second proposal. In [L4I] T have considered a rather radical, one might call
it totally crazy, proposal that the Sun contains a surface layer in which the monopole flux tubes
carry nuclei of Mgg hadrons physics with mass scale which is 512 times higher than for the ordinary
hadron physics.

1. The transformation of Mgg nuclei to ordinary nucleons in p-adic cooling would be responsible
for the solar wind and also for the energy production of the Sun. The interior of the Sun
could be totally different from what has been believed. This layer would be gravitationally
dark and have thickness of order of gravitational Compton length of the Sun which is Rg /2.

2. This model should reproduce the predictions of the standard model of solar energy production
assuming nuclear fusion in the solar core. Suppose that the dark fusion at the surface layer
produces the same distribution of nuclei as the ordinary fusion. Suppose that the end product
of Mgg — Mgy transition consists of dark nuclei of M7¢7 hadron physics, which spontaneously
transform to the ordinary nuclei. If the composition of the solar wind codes for the outcome
of the ordinary fusion, the model could be consistent with the standard model.

3. Ordinary nuclear reactions (, which could take place as dark fusion by tunnelling by two
BSFRs) are possible between the ordinary nuclei produced in the phase transition and affect
the distribution of the nuclei. There are some indications that the ”cold fusion” produces
the same distribution of nuclei and these indications have been used as a justification for the
claims about fraud.

Consider now the role of gravitational magnetic monopole flux tubes in the case of the Sun.
Did their dark cyclotron energy make possible the energy production by the Sun?

1. Somewhat surprisingly, the magnetic field at the surface of the Sun is the same order of
magnitude as the magnetic field of Earth. One can estimate the value of solar gravitational
Planck constant fig,. = GMgm,/fp in the case of protons with mass m = m, and corre-
sponding dark cyclotron energy. The Nottale’s model for the planetary orbits as Bohr orbits
implies By ~ 271! for the Sun and suggests 8y ~ 1 for the Earth. The ratio of the solar mass
to the mass of the Earth is Mg/Mg ~ 3 x 10°.

For the Sun with 3y = 2711 E. is scaled up by the factor (Mg/Mg/By to E. = 2.76 GeV,
almost 3 proton masses, which looks nonsensicall In the radical model for solar energy
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production involving Mgg hadrons this scale would be natural. A possible interpretation is
as nuclear binding energy for Mgg nuclei: one has 512 x 5 MeV= 2.56 GeV.

2. Could one think that the p-adic cooling of Mgg nuclei to ordinary nuclei begins with their
decay to Mgg nucleons such that the gravitational cyclotron energy for Mgg nucleons (, which
does not dependence on the mass) at the monopole flux tubes with magnetic field strength
of about Be,gq = .2 Gauss provides the energy needed to split the Mgg nuclear bonds so that
the outcome is free Mgg nuclei unstable against the p-adic cooling to Mip7 nuclei?

3. For 1/8y = 1, the solar cyclotron energy would be E, = 1.38 MeV, which corresponds to
the energy scale of weak nuclear interactions. They would make possible weak transitions
transforming neutrons to protons and vice versa even if the final state would consist of dark
nucleon sequence. The nuclear binding energy per nucleon for light nuclei is around 7 MeV
and looks somewhat too large: note however that 1/8y = n > 1 is possible for the horizontal
monopole flux tubes and is consistent with quantum criticality.

What could these results mean? Solar wind contains nuclei up to Fe, the heaviest nucleus
produced in ordinary fusion and there is also a mysterious finding that the solar surface contains
solid iron. One can consider several options.

1. Quantum criticality suggests that several values for g, corresponding to different values of
Bo are possible. Just for fun, suppose that the horizontal flux tubes at the solar surface have
Bo ~ 1 whereas the gravitational U-shaped flux tubes with 8y ~ 27!! are radial.

For By > 1 horizontal flux tubes with cyclotron energy about 1.38 MeV, ordinary nuclear
reactions and even fusion might take place near the surface of the Sun. Could dark cyclotron
photons from monopole flux tubes with 1 < 1/8; < 7 transforming to ordinary gamma
radiation ignite the ordinary nuclear fusion in the surface layer and in this way explain why
the standard model works so well?

2. The second, more radical, option is that the dark nuclei as products of dark fusion and having
a binding energy scale of 2.6 GeV, possibly produced as the outcome of the Mgg — Mig7
transition, first ordinary nucleons as the dark cyclotron photons with energy about 2.6 GeV
split the Mgg nuclear bonds. These nucleons could form dark nucleons with nuclear binding
energy about 10 keV, which in turn transform to ordinary nucleons as in dark fusion. Note
that also the ordinary nuclear fusion could be reduced to dark fusion involving tunnelling by
two BSFRs. If so, the attempts to realize nuclear fusion in nuclear reactors would be based
on wrong assumptions about the underlying physics.

3. The density of the Sun at the photosphere is ~ 10~* kg/m?® whereas the average density of
the Sun is 1.41 x 10® kg/m? (the average density of Earth is 5.51 x 10® kg/m?®). The density
is extremely low so that surface fusion at photosphere cannot explain the energy production
of the Sun. The surface fusion layer should exist at some depth where the density is not far
from the average density of the Sun. One candidate is a layer above the surface of the solar
core. As found its thickness should be of the order of Earth radius.

4. The solar core, usually believed to be the seat of hot fusion, has radius about .2Rg and its
mass is roughly .8 percent of the mass of the Sun. This brings in mind the strange finding
that .5 percent of the mass needed to explain the fusion energy power produced in the solar
core seems to be missing. Could this missing mass be associated with a layer near the surface
layer of the Sun and could it be responsible for the solar wind?

The radius of Earth is 1/109 times the radius of the Sun and the gravitational Compton
length L, g of the Sun equals to Ly s = Rp/2 and is therefore .5 percent of Rg! What
could these coincidences mean? If the Sun has a layer of thickness AR with the average
density of the Sun, one has AM/M = 3(ps/prp)AR/R ~ .75AR/R. For AR = Rp one
obtains AM/M =~ .75 per cent, not far from .5 per cent. Could the Sun have a layer of
thickness about R with density .75pg.

Acknowledgements: I want to thank Avril Emil for interesting questions related to the notion
of local Big-Bang.
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