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Abstract

In this chapter the recent view about TGD as Poincare invariant theory of gravitation
is discussed. Radically new views about ontology were necessary before it was possible to
see what had been there all the time. Zero energy ontology states that all physical states
have vanishing net quantum numbers. The hierarchy of dark matter identified as macroscopic
quantum phases labelled by arbitrarily large values of Planck constant is second aspect of the
new ontology.

1. The fate of Equivalence Principle

There seems to be a fundamental obstacles against the existence of a Poincare invariant
theory of gravitation related to the notions of inertial and gravitational energy.

a) The conservation laws of inertial energy and momentum assigned to the fundamental
action would be exact in this kind of a theory. Gravitational four-momentum can be assigned
to the curvature scalar as Noether currents and is thus completely well-defined unlike in GRT.
Equivalence Principle requires that inertial and gravitational four-momenta are identical. This
is satisfied if curvature scalar defines the fundamental action principle crucial for the definition
of quantum TGD. Curvature scalar as a fundamental action is however non-physical and had
to be replaced with so called Kähler action.

b) One can question Equivalence Principle because the conservation of gravitational four-
momentum seems to fail in cosmological scales.

c) For the extremals of Kähler action the Noether currents associated with curvature scalar
are well-defined but non-conserved. Also for vacuum extremals satisfying Einstein’s equations
gravitational energy momentum is not conserved and non-conservation becomes large for small
values of cosmic time. This looks fine but the problem is whether the failure of Equivalence
Principle is so serious that it leads to conflict with experimental facts.

It turns out that Equivalence Principle can hold true for elementary particles having so
called CP2 type extremals as space-time correlates and for hadrons having string like objects as
space-time correlates. This is more or less enough to have consistency with experimental facts.
Equivalence Principle fails for vacuum extremals representing Robertson-Walker cosmologies
and for all vacuum extremals representing solutions of Einstein’s equations. The failure is
very dramatic for string like objects that I have used to call cosmic strings. These failures can
be however understood in zero energy ontology.

2. The problem of cosmological constant

A further implication of dark matter hierarchy is that astrophysical systems correspond
to stationary states analogous to atoms and do not participate to cosmic expansion in a
continuous manner but via discrete quantum phase transitions in which gravitational Planck
constant increases. By quantum criticality of these phase transitions critical cosmologies are
excellent candidates for the modelling of these transitions. Imbeddable critical cosmologies are
unique apart from a parameter determining their duration and represent accelerating cosmic
expansion so that there is no need to introduce cosmological constant.

It indeed turns out possible to understand these critical phases in terms of quantum phase
transition increasing the size of large modelled in terms of ”big” cosmic strings with negative
gravitational mass whose repulsive gravitation drives ”galactic” cosmic strings with positive
gravitational mass to the boundaries of the void. In this framework cosmological constant like
parameter does not characterize the density of dark energy but that of dark matter identifiable
as quantum phases with large Planck constant.

A further problem is that the naive estimate for the cosmological constant is predicted
to be by a factor 10120 larger than its value deduced from the accelerated expansion of the
Universe. In TGD framework the resolution of the problem comes naturally from the fact that
large voids are quantum systems which follow the cosmic expansion only during the quantum
critical phases.

p-Adic fractality predicting that cosmological constant is reduced by a power of 2 in phase
transitions occurring at times T (k) ∝ 2k/2, which correspond to p-adic time scales. These
phase transitions would naturally correspond to quantum phase transitions increasing the size
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of the large voids during which critical cosmology predicting accelerated expansion naturally
applies. On the average Λ(k) behaves as 1/a2, where a is the light-cone proper time. This
predicts correctly the order of magnitude for observed value of Λ.

3. Topics of the chapter

The topics discussed in the chapter are following.
a) The relationship between TGD and GRT is discussed applying recent views about the

relationship of inertial and gravitational masses, the zero energy ontology, and dark matter
hierarchy. One of the basic outcomes is the TGD based understanding of cosmological constant
as characterized of dark matter density.

b) The notion of many-sheeted space time interpreted as a hierarchy of smoothed out space-
times produced by Nature itself rather than only renormalization group theorist is discussed.
The dynamics of what might be called gravitational charges is discussed the basic idea being
that the structure of Einstein’s tensor automatically implies that metric carries information
about sources of the gravitational field without any assumption about variational principle.

c) The theory is applied to the vacuum extremal embeddings of Reissner-Nordström and
Schwartschild metric.

d) A model for the final state of a star, which indicates that Z0 force, presumably created
by dark matter, might have an important role in the dynamics of the compact objects. During
year 2003, more than decade after the formulation of the model, the discovery of the connection
between supernovas and gamma ray bursts provided strong support for the predicted axial
magnetic and Z0 magnetic flux tube structures predicted by the model for the final state of
a rotating star. Two years later the interpretation of the predicted long range weak forces as
being caused by dark matter emerged.

The recent progress in understanding of hadronic mass calculations has led to the iden-
tification of so called super-canonical bosons and their super-counterparts as basic building
blocks of hadrons. This notion leads also to a microscopic description of neutron stars and
black-holes in terms of highly entangled string like objects in Hagedorn temperature and in
very precise sense analogous to gigantic hadrons.

e) There is experimental evidence for gravimagnetic fields in rotating superconductors
which are by 20 orders of magnitudes stronger than predicted by general relativity. A TGD
based explanation of these observations is discussed.

1 Introduction

In this chapter the recent view about TGD as Poincare invariant theory of gravitation is discussed.
It must be admitted that the development of the proper interpretation of the theory has been
rather slow and involved rather weird twists motivated by conformist attitudes. Typically these
attempts have brought into theory ad hoc identifications of say gravitational four-momentum
although theory itself has from very beginning provided completely general formulas.

Perhaps the real problem has been that radically new views about ontology were necessary
before it was possible to see what had been there all the time. Zero energy ontology states that
all physical states have vanishing net quantum numbers. The hierarchy of dark matter identified
as macroscopic quantum phases labelled by arbitrarily large values of Planck constant is second
aspect of the new ontology.

1.1 The fate of Equivalence Principle

The motivation for TGD as a Poincare invariant theory of gravitation was that the notion of
four-momentum is poorly defined in curved space-time since corresponding Noether currents do
not exist. There however seems to be a fundamental obstacles against the existence of a Poincare
invariant theory of gravitation related to the notions of inertial and gravitational energy.
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1. The conservation laws of inertial energy and momentum assigned to the fundamental action
would be exact in this kind of a theory. Gravitational four-momentum can be assigned to
the curvature scalar as Noether currents and is thus completely well-defined unlike in GRT.
Equivalence Principle requires that inertial and gravitational four-momenta are identical.
This is satisfied if curvature scalar defines the fundamental action principle crucial for the
definition of quantum TGD. Curvature scalar as a fundamental action is however non-physical
and had to be replaced with so called Kähler action.

2. One can question Equivalence Principle because the conservation of gravitational four-momentum
seems to fail in cosmological scales. It must be however emphasized that here zero energy
ontology implying that the notions of inertial and four-momenta are length scale dependent
concepts could change the situation.

3. For the extremals of Kähler action the Noether currents associated with curvature scalar
are well-defined but non-conserved. Also for vacuum extremals satisfying Einstein’s equa-
tions gravitational energy momentum is not conserved and non-conservation becomes large
for small values of cosmic time. This looks fine but the problem is whether the failure of
Equivalence Principle is so serious that it leads to conflict with experimental facts.

The failure of Equivalence Principle was something which I could not take seriously and I ended
up with a long series of ad hoc constructs trying to save Equivalence Principle instead of trying
to characterize the failure, to find out whether it has catastrophic consequences, and to relate it
to the recent problems of cosmology, in particular the necessity to postulate somewhat mysterious
dark energy characterized by cosmological constant. The irony was that all this was possible since
TGD allows to define both inertial and gravitational four-momenta and generalized gravitational
charges assignable to isometries of M4 × CP2 precisely.

It indeed turns out that Equivalence Principle can hold true for elementary particles having
so called CP2 type extremals as space-time correlates and for hadrons having string like objects
as space-time correlates. This is more or less enough to have consistency with experimental facts.
Equivalence Principle fails for vacuum extremals representing Robertson-Walker cosmologies and
for all vacuum extremals representing solutions of Einstein’s equations. The failure is very dramatic
for string like objects that I have used to call cosmic strings. These failures can be however
understood in zero energy ontology.

1.2 Zero energy ontology

Robertson-Walker cosmologies correspond to vacua with respect to inertial energy and in fact
with respect to all quantum numbers. They are not vacua with respect to gravitational charges
defined as Noether charges associated with the curvature scalar. Also more general imbeddings
of Einstein’s equations are typically vacuum extremals with respect to Noether charges assignable
to Kähler action since otherwise one ends up with conflict between imbeddability and dynamics.
This suggests that physical states have vanishing net quantum numbers quite generally. The
construction of quantum theory [C1, D3] indeed leads naturally to zero energy ontology stating
that everything is creatable from vacuum.

Zero energy states decompose into positive and negative energy parts having identification as
initial and final states of particle reaction in time scales of perception longer than the geometro-
temporal separation T of positive and negative energy parts of the state. If the time scale of
perception is smaller than T , the usual positive energy ontology applies.

In zero energy ontology inertial four-momentum is a quantity depending on the temporal time
scale T used and in time scales longer than T the contribution of zero energy states with parameter
T1 < T to four-momentum vanishes. This scale dependence alone implies that it does not make
sense to speak about conservation of inertial four-momentum in cosmological scales. Hence it would
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be in principle possible to identify inertial and gravitational four-momenta and achieve strong form
of Equivalence Principle. It however seems that this is not the correct approach to follow.

The concept of negative potential energy is completely standard notion in physics. Perhaps
so standard that physicists have begun to regard it as understood. The precise physical origin of
the negative potential energy is however complete mystery, and one is forced to take the poten-
tial energy as a purely phenomenological concept deriving from quantum theory as an effective
description.

In TGD framework topological field quantization leads to the hypothesis that quantum concepts
should have geometric counterparts and also potential energy should have precise correlate at the
level of description based on topological field quanta. This indeed seems to be the case. As already
explained, TGD allows space-time sheets to have both positive and negative time orientations. This
in turn implies that also the sign of energy can be also negative. This suggests that the generation of
negative energy space-time sheets representing virtual gravitons together with energy conservation
makes possible the generation of huge gravitationally induced kinetic energies and gravitational
collapse. In this process inertial energy would be conserved since instead, of positive energy
gravitons, the inertial energy would go to the energy of matter.

This picture has direct correlate in quantum field theory where the exchange negative energy
virtual bosons gives rise to the interaction potential. The gravitational red-shift of microwave
background photons is the strongest support for the non-conservation of energy in General Rel-
ativity. In TGD it could have concrete explanation in terms of absorption of negative energy
virtual gravitons by photons leading to gradual reduction of their energies. This explanation is
consistent with the classical geometry based explanation of the red-shift based on the stretching
of electromagnetic wave lengths. This explanation is also consistent with the intuition based on
Feynman diagram description of gravitational acceleration in terms of graviton exchanges.

1.3 Dark matter hierarchy and hierarchy of Planck constants

The idea about hierarchy of Planck constants relying on generalization of the imbedding space was
inspired both by empirical input (Bohr quantization of planetary orbits) and by the mathematics
of hyper-finite factors of type II1 combined with the quantum classical correspondence.

Quantum classical correspondence suggests that Jones inclusions [19] have space-time correlates
[C8, C9]. There is a canonical hierarchy of Jones inclusions labelled by finite subgroups of SU(2)[18]
This leads to a generalization of the imbedding space obtained by gluing an infinite number of
copies of H regarded as singular bundles over H/Ga × Gb, where Ga × Gb is a subgroup of
SU(2)×SU(2) ⊂ SL(2, C)×SU(3). Gluing occurs along a factor for which the group is same. The
generalized imbedding space has clearly a book like structure with pages of books intersecting along
4-D sub-manifold M2 × S2, S2 a geodesic sphere of CP2 characterizing the choice of quantization
axies. Entire configuration space is union over ”books” corresponding to various choices of this
sub-manifold.

The groups in question define in a natural manner the direction of quantization axes for for
various isometry charges and this hierarchy seems to be an essential element of quantum measure-
ment theory. Ordinary Planck constant, as opposed to Planck constants h̄a = nah̄0 and h̄b = nbh̄0

appearing in the commutation relations of symmetry algebras assignable to M4 and CP2, is nat-
urally quantized as h̄ = (na/nb)h̄0, where ni is the order of maximal cyclic subgroup of Gi. The
hierarchy of Planck constants is interpreted in terms of dark matter hierarchy [C9]. What is also
important is that (na/nb)2 appear as a scaling factor of M4 metric so that Kähler action via its
dependence on induced metric codes for radiative corrections coming in powers of ordinary Planck
constant: therefore quantum criticality and vanishing of radiative corrections to functional integral
over WCW does not mean vanishing of radiative corrections.

Ga would correspond directly to the observed symmetries of visible matter induced by the
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underlying dark matter [C9]. For instance, in living matter molecules with 5- and 6-cycles could
directly reflect the fact that free electron pairs associated with these cycles correspond to na = 5 and
na = 6 dark matter possibly responsible for anomalous conductivity of DNA [C9, J1] and recently
reported strange properties of graphene [45]. Also the tedrahedral and icosahedral symmetries of
water molecule clusters could have similar interpretation [51, F9].

A further fascinating possibility is that the observed indications for Bohr orbit quantization of
planetary orbits [52] could have interpretation in terms of gigantic Planck constant for underlying
dark matter [D7] so that macroscopic and -temporal quantum coherence would be possible in
astrophysical length scales manifesting itself in many manners: say as preferred directions of
quantization axis (perhaps related to the CMB anomaly) or as anomalously low dissipation rates.

Since the gravitational Planck constant is proportional to the product of the gravitational
masses of interacting systems, it must be assigned to the field body of the two systems and charac-
terizes the interaction between systems rather than systems themselves. This observation applies
quite generally and each field body of the system (em, weak, color, gravitational) is characterized
by its own Planck constant.

In the gravitational case the order of Ga is gigantic and at least GM1m/v0, v0 = 2−11 the
favored value. The natural interpretation is as a discrete rotational symmetry of the gravitational
field body of the system having both gravimagnetic and gravi-electric parts. The subgroups of Ga

for which order is a divisor of the order of Ga define broken symmetries at the lower levels of dark
matter hierarchy, in particular symmetries of visible matter.

The number theoretically simple ruler-and-compass integers having as factors only first powers
of Fermat primes and power of 2 would define a physically preferred sub-hierarchy of quantum
criticality for which subsequent levels would correspond to powers of 2: a connection with p-adic
length scale hypothesis suggests itself. Ruler and compass hypothesis implies that besides p-adic
length scales also their 3- and 5- multiples should be important. Note that in the structure of
chromosomes p-adic length scale L(151) ' 10 characterizes beads-on-string structure of DNA
whereas the length scale 3L(151) appears in the coiling of this structure.

1.4 The problem of cosmological constant

A further implication of dark matter hierarchy is that astrophysical systems correspond to station-
ary states analogous to atoms and do not participate to cosmic expansion in a continuous manner
but via discrete quantum phase transitions in which gravitational Planck constant increases. By
quantum criticality of these phase transitions critical cosmologies are excellent candidates for the
modelling of these transitions. Imbeddable critical cosmologies are unique apart from a parameter
determining their duration and represent accelerating cosmic expansion so that there is no need
to introduce cosmological constant.

It indeed turns out possible to understand these critical phases in terms of quantum phase
transition increasing the size of large modelled in terms of ”big” cosmic strings with negative
gravitational mass whose repulsive gravitation drives ”galactic” cosmic strings with positive gravi-
tational mass to the boundaries of the void. In this framework cosmological constant like parameter
does not characterize the density of dark energy but that of dark matter identifiable as quantum
phases with large Planck constant.

A further problem is that the naive estimate for the cosmological constant is predicted to be
by a factor 10120 larger than its value deduced from the accelerated expansion of the Universe. In
TGD framework the resolution of the problem comes naturally from the fact that large voids are
quantum systems which follow the cosmic expansion only during the quantum critical phases.

p-Adic fractality predicting that cosmological constant is reduced by a power of 2 in phase
transitions occurring at times T (k) ∝ 2k/2, which correspond to p-adic time scales. These phase
transitions would naturally correspond to quantum phase transitions increasing the size of the
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large voids during which critical cosmology predicting accelerated expansion naturally applies. On
the average Λ(k) behaves as 1/a2, where a is the light-cone proper time. This predicts correctly
the order of magnitude for observed value of Λ.

1.5 Topics of the chapter

The topics discussed in the chapter are following.

1. The relationship between TGD and GRT is discussed applying recent views about the re-
lationship of inertial and gravitational masses, the zero energy ontology, and dark matter
hierarchy. One of the basic outcomes is the TGD based understanding of cosmological con-
stant as characterized of dark matter density.

2. The notion of many-sheeted space time interpreted as a hierarchy of smoothed out space-
times produced by Nature itself rather than only renormalization group theorist is discussed.
the basic idea being that the structure of Einstein’s tensor automatically implies that metric
carries information about sources of the gravitational field without any assumption about
variational principle.

3. The theory is applied to the vacuum extremal embeddings of Reissner-Nordström and Schwartschild
metric.

4. A model for the final state of a star, which indicates that Z0 force, presumably created
by dark matter, might have an important role in the dynamics of the compact objects.
During year 2003, more than decade after the formulation of the model, the discovery of the
connection between supernovas and gamma ray bursts [26] provided strong support for the
predicted axial magnetic and Z0 magnetic flux tube structures predicted by the model for
the final state of a rotating star. Two years later the interpretation of the predicted long
range weak forces as being caused by dark matter emerged.

The recent progress in understanding of hadronic mass calculations [F4] has led to the identification
of so called super-canonical bosons and their super-counterparts as basic building blocks of hadrons.
This notion leads also to a microscopic description of neutron stars and black-holes in terms of
highly entangled string like objects in Hagedorn temperature and in very precise sense analogous
to gigantic hadrons.

2 TGD and GRT descriptions of space-time

The absolute minimization of Kähler action does not imply Einstein’s equations and the original
attempt to understand GRT was as a long length scale limit of TGD for which GRT space-time
is kind of quantum average space-time obtained by smoothing out topological non-homogenities
representing particles and various structures and describing their presence using various kinds of
currents.

An improved picture is based on the new view about energy, the idea that many-sheeted space-
time in some sense takes care of the smoothing out procedure itself by providing a hierarchy of
smoothed out dynamics, and the realization that Einstein’s equations are to some degree a basic
property of Riemann geometry rather than something implied by a variational principle. The
essential point is that Einstein tensor is obtained by applying a non-linear wave operator to the
metric so that topologically condensed space-time sheets act naturally as the sources of metric.
This interpretation makes sense also in GRT where one can define energy momentum tensor as
source of the gravitational field defined by the induced metric by identifying it as Einstein tensor.
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2.1 Many-sheeted space-time defines a hierarchy of smoothed out space-
times

The notion of quantum average space-time obtained by smoothing out details below the scale
of resolution was inspired by renormalization philosophy and for long time I regarded it as a
fictive concept. The rough idea was that quantum average effective space-times correspond to
the absolute minima of the Kähler action associated with the maxima of the Kähler function.
Therefore the dynamics of the quantum average effective space-time is fixed and the stationarity
requirement for the effective action should only select some physically preferred maxima of the
Kähler function. The topologically trivial space time of classical GRT cannot directly correspond
to the topologically highly nontrivial TGD space-time but should be obtained only as an idealized,
length scale dependent and essentially macroscopic concept. This allows the possibility that also
the dynamics of the effective smoothed out space-times is determined by the effective action.

The space-time in length scale L is obtained by smoothing out all topological details (particles)
and by describing their presence using various densities such as energy momentum tensor Tαβ

# and
Yang Mills current densities Jα

a# serving as sources of classical electro-weak and color gauge fields
(see Fig. 2.1). It is important to notice that the smoothing out procedure eliminates elementary
particle type boundary components in all length scales: this suggests that the size of a typical
elementary particle boundary component sets lower limit for the scale, where the smoothing out
procedure applies.

Figure 1: Intuitive definition of length scale dependent space-time

During development of the many-sheeted space-time concept it has become obvious that the no-
tions of classical space-time and of smoothing out of details are not only activities of a theoretician,
but that the many-sheeted space-time itself can be said to perform renormalization theory.

1. In TGD framework classical space-time is much more than a fiction produced by the station-
ary phase approximation. The localization in the so called zero modes, which corresponds
to state function reduction in TGD, which occurs in each quantum jump (the delicacies due
to macro-temporal quantum coherence will not be discussed here) means that the superposi-
tion of space-time surfaces in the final state of quantum jump, consists of space-time surfaces
equivalent from the point of view of observer.

2. The notion of many-sheeted space-time predicts a hierarchy of space-time sheets labelled by
p-adic primes p ' 2k, k integer with primes and prime powers being in preferred role. The
space-time sheets at a given level of hierarchy play a role of particles topologically condensed
at larger space-time sheets. Hence the physics at larger space-time sheets is quite concretely
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a smoothed out version of the physics at smaller space-time sheets. Many-sheeted space-time
itself performs renormalization group theory, and p-adic primes characterizing the sizes of
the space-time sheets correspond to the fixed points of the renormalization group evolution.

3. There are good reasons to expect that the absolute minimum value for the Kähler action
vanishes for large enough space-time sheets, and that space-time sheets result as small de-
formations of the vacuum extremals at the long length scale limit. The equations derived
from Einstein-Hilbert action for the induced metric can be posed as an additional constraint
on stationary vacuum extremals for which the gravitational four momentum current is con-
served. It must be however emphasized that the structure of Einstein tensor as a source
of the wave equation for the metric is enough to guarantee that gravitational masses make
themselves visible in the asymptotic behavior of the metric.

An important difference to the standard view is that energy momentum tensor is defined by
the Einstein tensor (plus possible contribution of metric) rather than vice versa. Since the
dynamics of the induced EYM fields is dictated by the absolute minimization of Kähler action,
EYM equations cannot in general be satisfied without the introduction of particle currents.
This conforms with the view that Einstein’s equations relate to a statistical description of
matter in terms of both particle densities and classical fields. The imbeddability to H =
M4

+×CP2 means a rich spectrum of predictions not made by GRT. TGD inspired cosmology
and TGD based model for the final state of the star are good examples of these predictions,
and are consistent with experimental facts.

4. Quantum measurement theory with a finite measurement resolution formulated in terms of
Jones inclusions replacing effectively complex numbers as coefficient field of Hilbert space
with non-commutative von Neumann algebra is the most recent formulation for the finite
measurement resolution and leads to the rather fascinating vision about quantum TGD
[C8, C9]. This formulation should have also a counterpart at space-time level and combined
with number theoretical vision it leads to the emergence of discretization at space-time level
realized in terms of number theoretical braids [C3].

5. Dark matter hierarchy whose levels are labelled by the values of Planck constant brings in
an additional complication [C9, C3, D3]. Planck constant actually labels the ”field bodies”
mediating various interactions and gravitational field bodies have a gigantic value of Planck
constant.

The realization of this hierarchy at the level of imbedding space means the replacement of
the imbedding space with a book like structure whose pages are copies of imbedding space
endowed with a finite and singular bundle projection corresponding to the group Zna×Znb

⊂
SO(3)× SU(3). These groups act as discrete symmetries of field bodies.

The choice of these discrete subgroups realizes the choice of angular momentum and color
quantization axes at the level of imbedding space and thus realizes quantum classical corre-
spondence. Any two pages of this book with 8-D pages intersect along common at most 4-D
sub-manifold and the partonic 2-surfaces in the intersection can regarded as quantum critical
systems in the sense that they correspond to a critical point of a quantum phase transition
in general changing the value of Planck constant. Field bodies are four-surfaces mediating
interactions between four-surfaces at different pages of this book.

The value of Planck constant makes itself visible in the scaling of M4 part of the metric of H
appearing in Kähler action. The scaling factor of M4 metric mkl equals to (h̄/h̄0)2 = (na/nb)2

as is clear from the fact that the Laplacian part of Schrödinger equation is at same time
proportional to the contravariant metric and to 1/h̄2. This means that radiative corrections
are coded by the nonlinear dependence of the Kähler action on the induced metric. This
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means that all radiative corrections assignable to functional integral defined by exponent
of Kähler function can vanish for preferred values of Kähler coupling strength. Number
theoretic arguments require this.

2.2 The dynamics of ”gravitational” charges as dynamics without vari-
ational principle

The idea is that the dynamics of topologically condensed matter is about the evolution of ”grav-
itational” counterparts of various currents assignable to Einstein-Yang-Mills (EYM) action with
topologically condensed space-time sheets defining naturally their sources. This dynamics does
not require any variational principle since Einstein tensor has naturally topologically condensed
space-time sheets as its sources. Same applies to the induced YM fields since formally they can be
regarded as solutions of YM equations with sources defined by the divergence of field tensor and
topologically condensed space-time sheets serve naturally as this kind of sources. The identification
of Einstein tensor with energy momentum tensor of YM fields is not implied by this picture.

1. The space-time sheet is a preferred extremal of Kähler action (absolute minimum or a more
general preferred extremal [E2]) and classical electro-weak and color fields are determined
by this dynamics. The energy momentum tensor of Kähler action characterizes the net
four-momentum density. The dynamics of the induced spinor fields is the super-symmetric
counterpart of Kähler action and thus corresponds to the ”inertial sector” of the theory.
The fundamental role of the induced spinor fields in quantum theory suggests the same.
That induced Kähler field and induced spinor field do not directly correspond to change or
difference of any quantum number and are not directly observable would conform with their
”inertial” character.

2. The divergences of classical YM fields are non-vanishing in general and define non-conserved
vacuum gauge currents. Also the net divergences of other contributions to the energy mo-
mentum tensor must vanish and this gives to the analogs of hydrodynamical equations.

3. This interpretation does not allow to understand why long range gauge fields are present
since standard model predicts that gauge fields created by ordinary particles vanish above
weak length scale. The identification of these fields is as fields generated by dark matter,
this notion understood in a very general sense [A1, A2]. Weak fields behave like massless
fields below the p-adic length scale determining the size scale of the space-time sheets of
weak bosons and are vacuum screened above this length scale in the sense that they do
not feed appreciable gauge fluxes to larger space-time sheets: the weak screening occurs in
# contacts modellable using CP2 type extremals. The causal horizon associated with a #
contact behaves as a bound pair of dark partons being partially responsible for these long
range forces. As a matter fact, gauge bosons are identifiable as wormhole contacts. Color
confinement has the same effect on the color gauge fields as weak vacuum screening.

4. The currents associated with isometries and holonomies are in different position in this
description. Poincare currents and color currents can be assigned both to Einstein tensor
and to the energy momentum tensor of Kähler action so that they have both inertial and
gravitational variants. Electro-weak currents have only gravitational counterparts assignable
to the induced electro-weak gauge fields. The induced color gauge field has Abelian holonomy
quite generally and is proportional to the induced Kähler form and vanishes identically for
vacuum extremals. This is consistent with color confinement in the sense that asymptotic
states are color singlets. On the other hand, the vacuum extremals extremizing curvature
scalar belong to M4×S2, S2 homologically trivial geodesic sphere and color charges defined by
Einstein tensor belong SO(3) subgroup of SU(3): hence it is not clear whether gravitational
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color gauge charges vanish. If not, then one would have failure of Equivalence Principle for
color charges.

A more formal prescription goes as follows:

1. The effective action describes the presence of matter using YM currents, particle densities,
cosmic strings, etc.. and can be assumed to contain Einstein Yang Mills action for the induced
gauge fields plus matter currents. Energy momentum tensor can contain also a hydrodynam-
ics part: typical example comes from cosmology. Not only classical electromagnetic and Z0

fields but also W± and color gauge fields can appear as classical fields in macroscopic length
scales. For vacuum extremals which are extremals of curvature scalar classical color gauge
fields vanish and electro-weak gauge field is Abelian.

2. For YM fields the interaction term is just the external YM current multiplied with YM gauge
potential. For the metric the corresponding term is the trace of energy momentum tensor.
This assumption implies the addition of the various interaction terms to the EYM action
density

LEY M → LEY M

+
∑

a

Tr(Jα
a#Aaα)

+ Tαβ
# gαβ . (1)

The YM currents associated with topologically condensed matter are denoted by Jα
a#, where

’a’ refers to a specific component of YM field. The corresponding energy momentum tensor
is denoted by Tαβ

# .

3. L can be decomposed into a sum of terms corresponding to color and electro-weak interactions
and gravitational interaction:

LEY M = Lew + Lc + Lgr . (2)

The couplings associated with the various actions depend on the length scale considered. For
Kähler function, the space-time associated with a given 3- surface is fixed by the requirement
that it corresponds to an absolute minimum of the Kähler action. For the maxima of Kähler
function also the extremization with respect to X3 degrees of freedom is performed. This
procedure is the same as applied usually, when finding the physically interesting solutions of
the effective action. It must be emphasized that the spin glass nature of the TGD Universe
might imply complications.

4. Field equations are solved by taking YM equations and Einstein’s equations as definitions of
the source densities associated with various particle types. The remaining field equations are
then those describing the motion of the topologically condensed matter and are identically
satisfied. One cannot however identify Einstein tensor with the energy momentum tensor of
YM fields.

Consider now the general features of this scenario.
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1. That the absolute minimization of Kähler action defines the fundamental dynamics means an
enormous simplification at the level of principle. For instance, for the topologically condensed
cosmic strings the exterior space-time can be regarded as a small deformation of a vacuum
extremal which is also an extremal of curvature scalar. For g > 1 cosmic string in the center
of the void the predicted gravitational field is analogous to the ”anti-gravitational” field of
a straight string with a negative gravitational string tension in Newtonian approximation.
This repulsive force drives g = 0 cosmic strings to the boundary of the void. GRT based
model predicts flat metric with an angular defect.

2. For sufficiently long length scales the average density of inertial energy vanishes so that
the vacuum extremals of the Kähler action should become important. The proposed model
for inhomogeneous cosmology leads to the conclusion that the length scale, where vacuum
extremals of Kähler action apply is the length scale, at which the density of purely gravita-
tional energy of cosmic strings having no inertial counterpart vanishes . This length scale is
estimated to be about the size scale 108 light years of large voids at present.

3. The study of the imbeddings of various metrics shows that massive objects are in general
accompanied by long range electro-weak fields. Electromagnetic and Z0 fields are the most
plausible candidates, which means that dark gluons and electro-weak bosons with arbitrary
small mass scales but not coupling to ordinary matter are predicted.

2.3 Equivalence Principle in TGD framework

How the principle selecting preferred extremals of Kähler action as generalized Bohr orbits can be
consistent with Einstein’s equations? The energy-momentum tensor of Kähler action is certainly
not proportional to the Einstein tensor. Equivalence Principle encourages the identification of the
inertial energy with gravitational energy. It however seems obvious that the exact conservation of
inertial energy cannot be consistent with the non-conservation of gravitational energy defined by
the Einstein tensor.

2.3.1 What Equivalence Principle means?

Basically the problem is about the relationship between inertial and gravitational four-momenta.
The real achievement at the level of formal rigor is that inertial and gravitational four-momenta
and their generalizations color quantum numbers are well-defined as Noether charges associated
with curvature scalar. The most general option is that cosmological constant and gravitational
constant are by definition chosen so that gravitational and inertial four-momenta are identical.
It however seems un-necssary to introduce cosmological constant and also it seems that one must
accept failure of Equivalence Principle although it does not occur for ordinary matter. For instance,
string like objects which are vacuum extremals but have gigantic gravitational mass are possible.

Here one must however be very cautious. It is asymptotic behavior of gravitational field created
by topologically condensed space-time sheet which matters experimentally, and it is not at all
clear under what conditions the mass parameter characterizing the gravitational field equals to
the gravitational mass of the space-time sheet defined by Einstein tensor. The reason is that one
does not anymore have Einstein’s field equations which in linear approximation identify energy
momentum tensor as the source of gravitational field.

On the other hand, the covariant divergence of Einstein tensor vanishes and the components of
Einstein tensor are essentially what one obtains by applying d’Alembert type operator on compo-
nents of metric. Hence it is natural to regard topologically condensed space-time sheets as sources
of the gravitational field defined by the metric. If these sources corresponds to gravitational
charges of the topologically condensed space-time sheets then there are good hopes of obtaining
Equivalence Principle at the level of asymptotic behavior of the metric. That pseudo-Riemannian
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geometry codes for the dynamics of gravitational field without any variational principle is some-
thing which is highly non-trivial and means that Einstein’s equations derived from EYM action
are only a manner to state Equivalence Principle.

The are good reasons to expect that small deformations of vacuum extremals, which are ex-
tremals of curvature scalar define in the stationary situation exterior metrics. Field equations state
in this kind of situation the conservation of various kinds of gravitational charges. For the simplest
exterior metrics one can indeed cast the conservation laws in a form in which one has Einstein
tensor at the left hand side of field equations and a term depending on geometric data at the right
hand side. The optimistic conjecture is that this more generally is the case but - as noticed - this
is not necessary for the realization of Equivalence Principle in the sense of asymptotic behavior.

2.3.2 Is Equivalence Principle satisfied at elementary particle level?

Years later it is easy to ask whether one should accept as a fact that inertial and gravitational four-
momenta are different in general. The non-conservation of gravitational four-momentum indeed
conforms with experimental facts at the level of cosmology.

TGD predicts gravitational constant as the ratio of gravitational and inertial energies and the
quantum expectation value of this ratio is expected to depend on quantum state. This raises the
possibility that Equivalence Principle holds true for elementary particles and hadrons and also in
the sense of asymptotic behavior of gravitational field.

Topologically condensed CP2 type vacuum extremals define a model for elementary particle.
Their gravitational four-momentum is non-vanishing, light-like, and non-conserved. For free CP2

type extremal the inertial four-momentum vanishes since Kähler currents vanish in M4 degrees of
freedom. In topological condensation CP2 type vacuum extremal is however necessarily deformed
to non-vacuum extremal. The induced four-metric becomes degenerate at the light-like wormhole
throat(s) in the case of fermions (gauge bosons) since the Euclidian signature of metric is changed
to Minkowskian one.

The random zitterwebegung of CP2 type vacuum extremal with light velocity allows to un-
derstand the massivation of fermions in terms of p-adic thermodynamics whereas in the case of
gauge bosons the dominating contribution comes from Higgs mechanism. If the ratio of the gravita-
tional and inertial masses for CP2 type extremals is constant, Equivalence Principle for elementary
particles follows.

This is not quite enough in the recent picture for hadrons in which hadrons corresponds to
string like objects X2 × Y 2 ⊂ M4 × CP2, X2 string orbit in M4 and Y 2 a complex sub-manifold
of CP2 with genus g = 1. The reason for g = 1 is that for g 6= 1 the gravitational mass string
tension is gigantic and negative for g > 1. If one assumes that the super-canonical quanta - also
deformations of CP2 type vacuum extremals - are responsible for most of proton mass describable
at space-time level in terms of hadronic string tension Equivalence Principle for hadrons follows.

Thus one can say that Equivalence Principle is true if all particles which correspond to CP2

type vacuum extremals have same inertial to gravitational four-momentum ratio and previous
conjectures hold true.

This might be all that is needed and the failure of Equivalence Principle might help to resolve
some basic difficulties of recent day cosmology and get rid of cosmological constant.

1. The problem of cosmological constant is the most acute problem of cosmologies based on
GRT and string models. The recent experimental discovery of accelerated cosmic expansion
supports the view that cosmological constant might be non-vanishing. What happens in
TGD framework is not quite obvious.

2. Critical cosmologies are almost unique from the mere existence of the imbedding to M4×CP2.
They predict accelerated cosmic expansion. If one accepts the hierarchy of dark matters
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as macroscopic quantum phases labelled by arbitrarily large values of gravitational Planck
constant, one could interpret the critical cosmologies as space-time correlates for quantum
phase transitions. The interpretation as quantum phase transitions increasing the size of
large void is especially attractive. There would be no need to introduce genuine cosmological
constant and by criticality Λ would characterize the density of dark matter identified as
quantum phases with large value of Planck constant rather that that for dark energy.

One can also represent arguments in favor of genuine cosmological constant.

1. Equivalence Principle for the entire four-momentum rather than energy or rest mass mass
might require both G and Λ. For string like objects carrying Kähler magnetic field one must
indeed introduce both G and Λ since TK is traceless whereas G has a non-vanishing trace. If
one restricts the consideration to exterior metric and requires that it carries only information
about gravitational energy, the situation changes.

2. If Einstein’s equations emerge as structural equations in TGD, the finite size of space-time
sheets could allow a non-vanishing cosmological constant also in TGD. My personal strong
belief has been that cosmological constant vanishes and the justification has been that the
action with a cosmological constant is unbounded. Unfortunately, the situation changes if
Einstein’s equations are not derivable from action but are structural equations. Note also
that if space-time sheets have a finite temporal extension as in zero energy ontology the
volume term in action becomes finite. Hence cosmological constant cannot be excluded.

2.3.3 What it means that Robertson-Walker cosmologies correspond to vacuum ex-
tremals?

Robertson-Walker cosmologies are imbeddable into H = M4
+×CP2 but they are vacua with respect

to the inertial energy. In zero energy cosmology this does not seem to be such a bad problem since
in a given time scale physical states characterized by shorter temporal temporal distance between
positive and negative energy parts of the state do not contribute the quantum numbers of the
state. At the limit of infinite time scale naturally associated with cosmology one obtains vacuum
extremals naturally.

The physical space-times could well be small deformations of vacuum extremals and this is in-
deed what mathematical consistency requires. The purely gravitational four-momentum of vacuum
extremals can correspond to the inertial four-momentum of topologically condensed space-time
sheets at the limit when they are idealized with point-like structures.

2.3.4 Can one predict the value of gravitational constant?

A lot remains to be understood. The value of gravitational constant is one important example in
this respect. For a given space-time sheet defined as a preferred extremal of Kähler action one can
in principle calculate the value of Gclass. Physical gravitational constant G is however expected
to quantum average of Gclass for a given quantum state.

For years ago I found a nice formula relating G to CP2 length scale, the p-adic prime p
characterizing gravitons and equal to M127 in the case of ordinary graviton, and Kähler coupling
strength [C5, D3]. Quantum formula is in question since the exponent for the Kähler action for
CP2 type vacuum extremals appears in it. The task would be to calculate explicitly the Gclass

and its quantum expectation value.
What seems clear is that G is state dependent. For instance, for quantum states concentrated

around almost vacuum extremals (such as hadronic strings) G should be large since they are almost
Kähler vacua and the model for hadrons indeed leads to the identification of strong gravitons with
Gstrong characterized by corresponding p-adic length scale.
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One can write the basic hypothesis for the relationship between Kähler coupling strength, CP2

size R and gravitational constant G [C5, D3] as

exp(−2SK(CP2))
G(p)

=
1

pR2
. (3)

SK(CP2) is Kähler action for CP2 type vacuum extremals with small renormalization reflecting
the fact that entire free CP2 type extremal is not in question topological condensation. The two
sides of this equation suggest an interpretation in terms of two thermodynamics. The vacuum
functional defined by Kähler function would define the thermodynamics of the left hand side and
Planck mass MPl(p) = 1/

√
G(p) defining the fundamental mass equal to Planck mass for p = M127

but depending on p as 1/
√

p. Right hand side would correspond to p-adic thermodynamics with
CP2 mass MCP2 = 1/R defining the fundamental mass in this case. Thus the formula could
be interpreted as stating as equivalence of two different approaches to the calculation of particle
masses.

2.4 Equivalence Principle and zero energy ontology

The hypothesis that space-times are 4-D surfaces of a higher-dimensional space-time of form H =
M4 × S resolves the problem: since Poincare symmetries become symmetries of H rather than
space-time itself. Inertial four-momentum can be defined as a conserved Noether charge and
also gravitational four-momentum can be regarded as a Noether charge albeit non-conserved.
Equivalence Principle can hold true only under some additional conditions. For instance, for
the imbeddings of Robertson-Walker cosmologies inertial four-momentum density vanishes unlike
gravitational four-momentum density, which for a long time remained quite a mystery. The real
understanding of the situation became possible only after the introduction of what I call zero
energy ontology [C2].

In zero energy ontology one replaces positive energy states with zero energy states with positive
and negative energy parts of the state at the boundaries of future and past direct light-cones forming
a causal diamond. All conserved quantum numbers of the positive and negative energy states are
of opposite sign so that these states can be created from vacuum. ”Any physical state is creatable
from vacuum” becomes thus a basic principle of quantum TGD and together with the notion of
quantum jump resolves several philosophical problems (What was the initial state of universe?,
What are the values of conserved quantities for Universe, Is theory building completely useless if
only single solution of field equations is realized?).

At the level of elementary particle physics positive and negative energy parts of zero energy
state are interpreted as initial and final states of a particle reaction so that quantum states become
physical events. Equivalence Principle would hold true in the sense that the classical gravitational
four-momentum of the vacuum extremal whose small deformations appear as the argument of
configuration space spinor field is equal to the positive energy of the positive energy part of the
zero energy quantum state. Equivalence Principle is expected to hold true for elementary particles
and their composites but not for the quantum states defined around non-vacuum extremals.

More precisely, the inertial four-momentum assignable to the 3-D Chern-Simons action is non-
vanishing only if one adds to the CP2 Kähler form a pure gauge part Aa = constant, where a
denotes light cone proper time [B4]. A breaking of Poincare invariance is implied which is however
compensated by the fact that configuration space corresponds to the union of configuration spaces
associated with future and past directed light-cones. If the vacuum extremal is also an extremal
of the curvature scalar, gravitational four-momentum is conserved.

In the case of CP2 type vacuum extremal gravitational stationarity transforms the M4 projec-
tion of the extremal from a random light-like curve to a light-like geodesic allowing an interpretation
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as incoming or outgoing on mass shell particle. General vacuum extremal corresponds to a vir-
tual particle. At the classical level Equivalence Principle requires that the light-like gravitational
four-momentum of CP2 vacuum extremal co-incides with the light-like inertial four-momentum
associated with Chern-Simons action in this situation. This condition relates the value of Aa to
gravitational constant G and CP2 radius R. G would thus appear as a fundamental constant
and quantum criticality should dictate the ratio G/R2. The topologically condensed CP2 type
vacuum extremal necessarily creates a non-vacuum region around it and the resulting inertial
four-momentum corresponds to the gravitational four-momentum.

The strong form of Equivalence Principle would require that the classical 4-momentum associ-
ated with Kähler action of allowed small deformations co-incides with the conserved gravitational
four-momentum of the vacuum extremal extremizing curvature scalar: this might have a natural
interpretation in terms of Bohr orbitology but is not be consistent with zero energy ontology in-
spired picture unless one has double sheeted structure with sheets possessing opposite energies such
that double sheeted structure is approximated by single sheet with Robertson-Walker cosmology in
GRT framework. The identification of gauge bosons as wormhole contacts and gravitons as pairs
of wormhole contacts supports double sheeted structure with sheets possessing opposite arrows of
geometric time. Near the vicinity of wormhole contacts (pieces of CP2 type vacuum extremals) the
sheets which are originally vacuum extremals are deformed to non-vacuum extremals and carry
inertial four-momentum which should be equal to the gravitational four momentum of the vacuum
extremal.

2.5 TGD based model for cosmic strings

The model for cosmic strings has forced to question all cherished assumptions including positive
energy ontology, Equivalence Principle, and positivity of gravitational energy.

2.5.1 Zero energy ontology and cosmic strings

There are two kinds of cosmic strings: free and topological condensed ones.

1. Free cosmic strings are not absolute minima of the Kähler action (the action has wrong sign).
P3 would favor cosmic strings and also their electric duals if they exist. Since the magnetic
field of cosmic string corresponds to CP2 degrees of freedom with Euclidian signature electric
duals do not probably exist.

2. In long enough length and time scales Kähler action per volume must vanish so that the
idealization of cosmology as a vacuum extremal becomes possible and there must be some
mechanism compensating the positive action of the free cosmic strings. The mechanism need
not be local.

The most convincing cancelation mechanism relies on zero energy ontology. If the sign of the
Kähler action depends on time orientation it would be opposite for positive and negative energy
space-time sheets and the actions associated with them would cancel if the field configurations
are identical. Hence zero energy states would naturally have small Kähler action. Obviously this
mechanism is non-local.

In this framework zero energy states correspond to cosmologies leading from big bang to big
crunch separated by some time interval T of geometric time. Quantum jumps can gradually
increase the value T and TGD inspired theory of consciousness suggests that the increase of T
might relate to the shift for the contents of conscious experience towards geometric future. In
particular, what is usually regarded as cosmology could have started from zero energy state with
a small value of T .
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The earlier picture was based on dynamical cancellation mechanism involving generation of
strong Kähler electric fields in the condensation whose action compensated for Kähler magnetic
action [17].

2.5.2 Failure of Equivalence Principle for cosmic strings

The empirical fact is that inertial 4-momentum is conserved whereas gravitational momentum
is not. This suggests that inertial momentum corresponds to Noether charge associated with
Kähler action and gravitational momentum to that associated with curvature scalar for the induced
metric. This means that Equivalence Principle does not hold true in general. A detailed analysis
demonstrates that Equivalence Principle can remain intact for elementary particles and light string
like objects such has hadrons.

For string like objects of form X2 × Y 2 ⊂ M4 × CP2, X2 orbit or string and Y 2 holomorphic
surface of CP2, gravitational mass contains very large contribution coming from the curvature
of Y 2 when the genus of Y 2 is different from g = 1. For sphere the gravitational string tension
is positive and equal to Tgr = dM/dl = 1/4G. The angle defect would be 2π for the standard
almost everywhere flat exterior metric so that it does not make sense. It is however possible to find
exterior metric as an extremal of curvature scalar conforming with Newtonian intuition. For g > 1
the string tension is (1− g)/4G and negative for g > 1. In this case angle deficit is transformed to
angle excess (g − 1)2π > 2π, which make sense also in case of flat exterior metric which however
as such is not imbeddable to M4 × CP2.

Topological condensation creates wormhole contacts having interpretation as gauge bosons
which contribute to gravitational string tension. The natural assumption is that this contribution
has the string tension due to Kähler action as a space-time correlate. Thus Equivalence Principle
holds for g = 1 but not for g 6= 1 which corresponds to purely gravitational energy having no
inertial counterpart.

It is however possible that in sufficiently long length scales the gravitational energies of g > 1
and and g ≤ 1 strings sum up to zero so that cosmic strings would make them effectively invisible
and Equivalence Principle would hold true. This could happen in length scales longer than the
size L ∼ 108 ly of large voids [34].

2.5.3 Topological condensation of cosmic strings

1. Exterior metrics of topologically condensed g > 1 strings

If the sign of the gravitational string tension is negative the simple imbedding of the metric
existing for positive string tension ceases to exist. There exists however a different imbedding for
which angle excess is in a good approximation same as for the flat solution. The solution is not
flat anymore and this implies outwards radial gravitational acceleration. The imbedding of the
exterior metric also fails beyond a critical radius. This is not the only possible exterior metric: also
non-flat exterior metric are possible and look actually more plausible and also this metric implies
radial outwards acceleration as one might indeed expect. What remains to be shown that these
metrics do not only yield small angle defect but are also consistent with Newtonian intuitions as
the constant velocity spectrum for distant stars around galaxies suggests.

The natural interpretation would be as a mechanism generating large void around a central
cosmic string having g > 1 and negative string tension and containing at its boundary g = 1
positive energy cosmic strings with string tension equal to Kähler string tension. Since angle
surplus instead of angle deficit is predicted for g > 1 strings, lense effect transforms in this case
to angle divergence and one avoids the basic objection against big cosmic strings. The emergence
of preferred axes defined by g > 1 strings in the scale of large void could relate to the anomalies
observed in Cosmic Microwave Background.
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Negative gravitational energy of g > 1 cosmic strings could be regarded as that part of grav-
itational energy which causes the accelerated cosmic expansion by driving galactic strings to the
boundaries of large voids which then induces phase transition increasing the size of the voids. This
kind of acceleration is encountered already at the level of Newton’s equations when some of the
gravitational masses are negative.

2. Exterior metrics of topologically condensed g = 1 strings

One cannot assume that the exterior metric of the galactic g = 1 strings is the one predicted
by assuming G = 0 in the exterior region. This would mean that metric decomposes as g =
g2(X2) + g2(Y 2). g(X2) would be flat as also g2(Y 2) expect at the position of string. The
resulting angle defect due to the replacement of plane Y 2 with cone would be large and give rise
to lense effect of same magnitude as in the case of GUT cosmic strings. This lensing has not been
observed.

The constant velocity spectrum for distant stars of galaxies and the fact that galaxies are
organized along strings suggests that these string generate in a good approximation Newtonian
potential. This potential predicts constant velocity spectrum with a correct value velocity.

In the stationary situation one expects that the exterior metric of galactic string corresponds
to a small deformation of vacuum extremal of Kähler action which is also extremal of the curva-
ture scalar in the induced metric. This allows a solution ansatz which conforms with Newtonian
intuitions and for which metric decomposes as g = g1 + g3, where g1 corresponds to axis in the
direction of string and g3 remaining 1 + 2 directions.

2.5.4 Dark energy is replaced with dark matter in TGD framework

The first thing that comes in mind is that negative gravitational energy could be the TGD counter-
part for the positive dark vacuum energy known to dominate over the mass density in cosmological
length scales and believed to cause the accelerated cosmic expansion. This argument is wrong.

1. The gigantic value of gravitational Planck constant implies that dark matter makes TGD
Universe a macroscopic quantum system even in cosmological length scales. Astrophysical
systems become stationary quantum systems which participate in cosmic expansion only via
quantum phase transitions increasing the value of gravitational Planck constant. Critical cos-
mologies, which are determined apart from a single parameter in TGD Universe, are natural
during all quantum phase transitions, in particular the phase transition periods increasing
the size of large voids and having interpretation in terms of an increase of gravitational
Planck constant. Cosmic expansion is predicted to be accelerating during these periods. The
mere criticality requires that besides ordinary matter there is a contribution ΩΛ ' .74 to the
mass density besides visible matter and dark matter.

2. The essential characteristic of dark energy is its negative pressure. Negative gravitational
energy could effectively create this negative pressure during phase transitions increasing the
size of large voids. Since negative gravitational mass would be basically responsible for the
accelerated expansion, one can assume that dark energy is actually dark matter.

3. Note that the pressure is negative during critical period. This is however interpreted as a
correlate for the expansion caused by the phase transition increasing Planck constant rather
than being due to positive cosmological constant or quintessence with negative pressure.

2.5.5 The values for the TGD counterpart of cosmological constant

One can introduce a parameter characterizing the contribution of dark mass to the mass density
during critical periods and call it cosmological constant recalling however that the contribution
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does not correspond to negative pressure now. The value of this parameter is same as in the
standard cosmology from mere criticality assumption.

What is new that p-adic fractality predicts that Λ scales as 1/L2(k) as a function of the p-
adic scale characterizing the space-time sheet implying a series of phase transitions reducing Λ.
The order of magnitude for the recent value of the cosmological constant comes out correctly.
The gravitational energy density assignable to the cosmological constant is identifiable as that
associated with topologically condensed cosmic strings and magnetic flux tubes to which they are
gradually transformed during cosmological evolution.

The naive expectation would be the density of cosmic strings would behave as 1/a2 as function
of M4

+ proper time. The vision about dark matter as a phase characterized by gigantic Planck
constant however implies that large voids do not expand in continuous manner during cosmic
evolution but in discrete quantum jumps increasing the value of the gravitational Planck constant
and thus increasing the size of the large void as a quantum state. Since the set of preferred values
of Planck constant is closed under multiplication by powers of 2, p-adic length scales Lp, p ' 2k

form a preferred set of sizes scales for the large voids.
Classically one can understand the occurrence of the phase transitions increasing the size of

the void as resulting when the galactic strings end up to the boundary of the large void in the
repulsive gravitational field of the big string.

2.5.6 Matter-antimatter asymmetry and cosmic strings

Despite huge amount of work done during last decades (during the GUT era the problem was
regarded as being solved!) matter-antimatter asymmetry remains still an unresolved problem of
cosmology. A possible resolution of the problem is matter-antimatter asymmetry in the sense that
cosmic strings contain antimatter and their exteriors matter. The challenge would be to understand
the mechanism generating this asymmetry. The vanishing of net gauge charges of cosmic string
allows this symmetry since electro-weak charges of quarks and leptons can cancel each other.

The challenge is to identify the mechanism inducing the CP breaking necessary for the matter-
antimatter asymmetry. Quite a small CP breaking inside cosmic strings would be enough. The key
observation is that vacuum extremals as such are not physically acceptable: small deformations of
vacuum extremals to non-vacua are required. The simplest deformation of this kind would induce
a radial Kähler electric field and thus a small Kähler electric charge inside cosmic string. This
in turn would induce CP breaking inside cosmic string inducing matter antimatter asymmetry by
the minimization of the ground state energy. Conservation of Kähler charge in turn would induce
asymmetry outside cosmic string and the annihilation of matter and antimatter would then lead
to a situation in which there is only matter.

3 Imbedding of the Reissner-Nordström metric

In the following the imbedding of electromagnetically neutral Reissner-Nordström metric to M4
+×

CP2 will be studied. The imbedding generalizes to an imbedding of any spherically symmetric
metric. The imbeddings as vacuum extremals reduce to imbeddings into 6-dimensional M4 ×
Y 2, Y 2 Lagrange manifold (vanishing induced Kähler form). Any vacuum extremal defines a
solution of Einstein’s equations if energy momentum tensor is defined by Einstein’s equations. Non-
vacuum imbeddings of Reissner-Nordström solutions would correspond to homologically non-trivial
geodesic sphere of CP2, and it is implausible that non-vacuum imbeddings could be extremals.
Whether the imbeddings of the metrics believed to describe rotating objects in GRT Universe are
possible at all, is not known but it might well be that the dimension of the imbedding space is too
low to allow them. This would mean that the predictions of TGD concerning gravi-magnetism can
differ from those of GRT.
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3.1 Two basic types of imbeddings

One can construct a large number of imbeddings for Reissner-Nordström metric. These imbeddings
need not be extremals of Kähler action except when they are represent vacua.

1. X4 could be a sub-manifold of M4 × S2
i , i = I, II, where S2

i is one of the geodesic spheres
of CP2. For i = II the imbeddings are vacuum extremals but this is not the case for
i = I. The properties of these imbeddings are essentially those associated with the spherically
symmetric stationary extremals of the Kähler action. Long range electromagnetic and Z0

fields assignable to dark matter [A1, A2, F6] are present but the corresponding forces are by
a factor 10−4 weaker than gravitational force, when the parameter ωR is of order one.

2. The vacuum extremals of the Kähler action are the physically most interesting candidates for
the imbeddings of solutions of Einstein’s equations. For these imbeddings electro-weak fields
are in general non-vanishing. Em neutrality is possible to achieve only for p = sin2(θW ) = 0.
Long ranged W+ and W− fields can be present and they induce a small mixing between
charged dark lepton and corresponding neutrino spinors.

3.2 The condition guaranteing the vanishing of em, Z0, or Kähler fields

In order to obtain imbedding with vanishing em, Z0, or Kähler field, one must pose the condition
guaranteing the vanishing of corresponding field (see the Appendix of the book). For extremals of
Kähler action em Z0 fields are always simultaneously present unless Weinberg angle vanishes. In
practice only the condition guaranteing vanishing of Kähler field is thus interesting.

Using coordinates (r, u = cos(Θ),Ψ, Φ) for CP2 the surfaces in question can be expressed as

r =

√
X

1−X
,

X = D|k + u|ε ,

u ≡ cos(Θ) , D =
r2
0

1 + r2
0

× 1
C

, C = |k + cos(Θ0)|ε . (4)

Here C and D are integration constants. The value of the parameter ε characterizes which field
vanishes:

a) ε = 3+p
3+2p , b) ε = 1

2 , c) ε = 1 ,

p = sin2(ΘW ) . (5)

Here a/b/c corresponds to the vanishing of em/Z0/Kähler field.
0 ≤ X ≤ 1 is required by the reality of r. r = 0 would correspond to X = 0 giving u = −k

achieved only for |k| ≤ 1 and r = ∞ to X = 1 giving |u + k| = [(1 + r2
0)/r2

0)]
ε achieved only for

sign(u + k)× [
1 + r2

0

r2
0

]ε ≤ k + 1 ,

where sign(x) denotes the sign of x.
These imbeddings obviously possess a 2-dimensional CP2 projection. The generation of long

range vacuum weak and color electric fields is a purely TGD based phenomenon related to the fact
that gauge fields are not primary dynamical variables.

For future purposes it is convenient to list the explicit expressions of relevant gauge field when
em or Kähler field vanishes.
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1. Using coordinates (u = cos(Θ), Φ) the expressions for the Kähler form and Z0 field for
space-time surfaces with vanishing em field read as

J = − p

3 + 2p
Xdu ∧ dΦ , X = D|k + u| 3+p

3+2p

Z0 = −6
p
J .

(6)

2. For vacuum extremals (ε = 1) classical em and Z0 fields are proportional to each other:

Z0 = 2e0 ∧ e3 =
r

F 2
(k + u)

∂r

∂u
du ∧ dΦ = (k + u)du ∧ dΦ ,

r =

√
X

1−X
, X = D|k + u| ,

γ = −p

2
Z0 . (7)

For a vanishing value of Weinberg angle (p = 0) em field vanishes and only Z0 field remains
as a long range gauge field. Vacuum extremals for which long range Z0 field vanishes but
em field is non-vanishing are not possible. The only reasonable physical interpretation seems
to be in terms of a hierarchy of electro-weak physics with arbitrarily light weak boson mass
scales.

The effective form of the CP2 metric is given by

ds2
eff = (srr(

dr

dΘ
)2 + sΘΘ)dΘ2 + (sΦΦ + 2ksΦΨ)dΦ2 =

R2

4
[seff

ΘΘdΘ2 + seff
ΦΦ dΦ2] ,

seff
ΘΘ = X ×

[
ε2(1− u2)
(k + u)2

× 1
1−X

+ 1−X

]
,

seff
ΦΦ = X × [

(1−X)(k + u)2 + 1− u2
]

. (8)

This expression is useful in the construction of electromagnetically neutral imbedding of, say
Schwartchild metric. For k 6= 1 u = ±1 corresponds in general to circle rather than single point as
is clear from the fact that seff

ΦΦ is non-vanishing at u = ±1 so that u and Φ parameterize a piece
of cylinder.

3.3 Imbedding of Reissner-Nordström metric

The imbedding of R-N metric to be discussed generalizes with minor modifications to an imbedding
of a spherically symmetric star model characterized by a mass density ρ(rM ) and pressure p(rM )
since the corresponding line element can be written in the form ds2 = A(rM )dt2 − B(rM )dr2

M −
r2
MdΩ2 [23]. For vacuum extremal a solution of field equations results.

Denote the coordinates of M4
+ by (m0, rM , θ, φ) and those of X4 by (t, rM , θ, φ). The expression

for Reissner-Nordström metric reads as
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ds2 = Adt2 −Bdr2
M − r2

MdΩ2 ,

A = 1− a

rM
− b

r2
M

, B =
1
A

,

a = 2GM , b = Gπq2 . (9)

The imbedding is given by the expression

Φ = ω1t + f(rM ) ,

Ψ = kΦ = ω2t + kf(rM ) ,

m0 = λt + h(rM ) ,

λ =

√
1 +

R2ω2
1

4
seff
ΦΦ (∞) , k =

ω2

ω1
. (10)

The components of seff are given by Eq. 8 and general form of imbedding by Eqs. 4 and 5.
The functions f(rM ) and h(rM ) are determined by the condition

λ∂rM
h =

R2

4
seff
ΦΦ ω1∂rM

f (11)

resulting from the requirement gtrM
= 0 and from the expression for grM rM

= −B:

h =
∫

drM

√
Y , Y =

Y1

Y2
,

Y1 = −B + 1 +
R2

4
seff
ΘΘ

(∂rM u)2

(1− u2)
,

Y2 = 1− 4λ2

R2ω2
1

seff
ΘΘ

seff
ΦΦ

. (12)

The condition Y > 0 at the limit r →∞ gives non-trivial conditions. Y1 is positive at large values
of rM and this gives

Y1 = −B + 1 + seff
ΘΘ

(∂rM u)2

(1− u2)
≥ 0

for the allowed values of rM . Y1 can change sign at some critical radius above Schwartschild radius
rS = 2GM since B becomes infinite at rS : this can be avoided only provided one has u → 1 at
rM → rS . Y2 must preserve its sign and this is possible if the value of Rω1 is sufficiently large.
Below r = rS Y1 has positive and also Y2 can be positive down to some critical radius. At r = rS Y1

has infinite discontinuity in case that Y1 approaches finite value from above and CP2 coordinates
are continuous. It is easy to see that square root singularity of Θ as a function of rM − rS is in
question so that the function h is continuous so that the solution is well-defined.

The dependence of u ≡ cos(Θ) on radial coordinate rM is determined by the expression for
gtt = A giving the condition

A = λ2 − R2ω2
1

4
seff
ΦΦ ω2

1 . (13)
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The asymptotic behavior of the coordinate u = cos(Θ) is of form

u ' u∞ +
K

rM
, (14)

u∞ is fixed by the condition A(∞) = 1:

λ2 − R2ω2
1

4
seff
ΦΦ (∞) = 1 ,

seff
ΦΦ = X × [

(1−X)(k + u)2 + 1− u2
]

, X = D|k + u|ε . (15)

The value of K is given by

K =
8GM

R2ω2
1

[
∂seff

ΦΦ

∂u
(∞)

]−1

.

(16)

The values of K and u∞ depend on parameters λ,Rω1, k, D.
For definiteness one can assume that the value of u at infinity is non-negative:

u∞ ≥ 0 . (17)

There are two different solution types depending on the sign of the parameter K.

1. For K < 0 u decreases and approaches to umin ≥ 0 as rM decreases.

2. For K > 0 u increases and approaches to umax ≤ 1. The requirement that the solution can
be continued below Schwartshild radius allows only this option. Below Schwartshild radius
u must transform to a solution of type a).

3.3.1 Imbeddability breaks for a critical value of the radial coordinate

The imbeddability breaks for some critical value of the coordinate rM . The extremal value of u
and the radius rc below which the imbedding fails corresponds to the maximum possible value of
seff
ΦΦ . This value corresponds either to u = 0, 1 or to a vanishing derivative of seff

ΦΦ

∂seff
ΦΦ

∂u
= 0 . (18)

For ε = 1 corresponding to vacuum extremals seff is a fourth order polynomial as a function of u
depending on external parameters. One has

seff
ΦΦ = D|k + u| × [

(1−D|k + u|)(k + u)2 + 1− u2
]

. (19)

seff becomes negative for very large values of u. Hence a restriction of the standard form of the
dual of the cusp catastrophe to the range u ∈ (0, 1) results. Depending on the values of external
parameters there are either 2 maxima or single maximum. For k = 1 the positive extremum
correspond to u = 1/|D|.
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In the case of the Schwartshild metric this gives for the critical radius the expression

rc =
rS

δ
,

δ = 1− λ2 +
R2ω2

1

4
seff
ΦΦ (max) ,

rS = 2GM . (20)

The existing evidence for black hole like objects suggests that it would be better to have δ >> 1
in order to get imbeddings of the Schwartschild metric containing also horizon and part of the
interior region. A sufficiently large value of Rω1 indeed allows to have arbitrarily small value of rc.
There the experimental evidence for the existence of black hole like objects leads to no problems.

3.3.2 The vacuum extremal imbeddings of Schwartschild metric possess electro-weak
charges

The vacuum imbeddings of Reissner-Nodrström and Scwartshild metric necessarily possess some
non-vanishing electro-weak charges. Consider first vacuum extremals. Z0 electric field Z0

tr is
proportional to ω1

Z0
trM

= ω1(k + u)∂rM
u .

(21)

The gauge flux through a sphere with radius rM depends on rM so that Z0 vacuum charge density
is necessarily present.

The condition θ ∝ √
r − rS allowing to continue the imbedding below rM < rS implies that

gauge fluxes, which are proportional to sin(Θ)∂rM
Θ, are finite at r = rS so that the renormaliza-

tions of gauge couplings remain finite at least down to Schwartschild radius.
At large distances the gauge flux approaches to

QZ(∞) =
1
gZ

∫

rM→∞
Z0

trM
r2
MdΩ ,

=
4π

gZ
ω1(k + u∞)K =

4π

gZ
(k + u∞)

8GM

R2ω1

[
∂seff

ΦΦ

∂u
(∞)

]−1

(22)

at the limit rM →∞. Z0 charge is proportional to the gravitational mass. The gauge flux grows
at small distances in accordance with the general wisdom about the coupling constant evolution
of U(1) gauge field.

The requirement that Z0 force is weaker than gravitational force expressed as the condition

Q2
Z

GM2
¿ 1

implies

32π

Rω1gZ
(k + u∞)

[
∂seff

ΦΦ

∂u
(∞)

]−1

¿ R√
G

. (23)
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It seems that a sufficiently large value of Rω1 allows arbitrarily small values for both the Z0 charge
and the critical radius rc. In the earliest scenario, which was based on the assumption that CP2

radius is of order Planck length the situation was different. It is clear that the larger radius of
CP2 makes it possible to avoid too strong classical electro-weak forces.

The non-extremal imbedding to S2
I studied in detail here is Kähler charged and therefore also

Z0 charged since the condition Z0 = 6J/p holds true by electromagnetic neutrality. The value of
the Kähler charge for non-vacuum imbedding depends on the distance from the origin

QK(rM ) =
1

gK

∫

rM=const

JtrM
r2
MdΩ ,

JtrM
= − p

2(3 + p)
ω1|k + u| 3+p

3+2p ∂rM u ,

(24)

The expression for the charge differs only in minor details from that for Z0 charge for vacuum
extremals. Essentially similar conclusions about the behavior of the gauge charges hold true also
in the case of vacuum extremals and the expressions differ only by the value of the parameter ε
characterizing whether em, Z0, of Kähler field vanishes.

3.3.3 Equivalence Principle and critical radius

When one considers Equivalence Principle, one must keep in mind that the Kähler charged imbed-
dings of Reissner Nodström and Scwartschild metrics are not extremals of Kähler action.

1. Equivalence Principle and imbeddings as vacuum extremals

In the case of vacuum extremals the interpretation is that net inertial energy density of the
space-time outside the topologically condensed space-time sheet representing charged system is
vanishing but the density of gravitational energy is non-vanishing and non-conserved in general.
The gravitational mass of the topologically condensed space-time sheet however consists of both
inertial and purely gravitational contribution. For RN solution it is natural to interpret the grav-
itational mass as the gravitational energy of the classical gauge fields. For genuine RN case the
densities of inertial color gauge charges vanish but those for gravitational color gauge charges in
SO(3) ⊂ SU(3) are in general non-vanishing. Schwartschild metric possesses necessarily a vac-
uum densities of some electro-weak gauge charges but the contribution to the gravitational energy
momentum tensor vanishes.

2. Equivalence Principle and imbeddings as non-vacuum extremals

One can consider Equivalence Principle in the case of Kähler charged imbeddings only if one
believes that the imbedding is in a reasonable approximation an extremal. Equivalence Principle
requires that the Kähler mass of the solution should be smaller than its gravitational mass. This
does not pose any conditions on the critical radius since the density of Kähler charge can change
sign inside the critical radius (meaning that antimatter dominates inside the critical radius). Thus
no constraints results.

The strongest form of Equivalence Principle would require that the Kähler mass of the solution
equals to its gravitational mass. It is difficult to see how this could be implied by any deep
principle. This requirement poses a lower limit to the critical radius since the Kähler energy
outside the critical radius should be smaller than the gravitational mass of the system. In the
lowest order approximation this energy is given by the expression

EK

M
=

1
8παKM

∫

rM≥rc

λE2
KdV
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=
λQ2

K

GM2

rS

rc
. (25)

The requirement that electro-weak interactions are much weak than gravitational interaction imply
the condition Q2

K/GM2 ¿ 1 so that the ratio can be equal to 1 as Equivalence Principle requires
only if rS/rc À 1 holds true.

3.3.4 Gravitational energy is not conserved for vacuum imbedding of Reissner-Nordström
metric

The inertial energy associated with Kähler action inside a ball of given radius is not conserved for
Reissner-Nordström metric imbedded as a non-vacuum extremal. This follows from the dependence
m0 = λt+h(rM ) implying that energy current has a radial component and from the non-vanishing
of T rM rM . The non-conservation is not due to the outflow of energy but due to the fact that in the
case of Kähler charged imbedding field equations are not satisfied. The basic reason is that the
contraction of the energy momentum tensor with the second fundamental form is non-vanishing.

For vacuum extremals it is gravitational energy which fails to be conserved. For instance,
for the imbedding of Reissner-Nordström this happens. Only at the limit of Schwartshild metric
gravitational energy is conserved. The vacuum extremals which are extremals of Einstein-Hilbert
action for the induced metric conserve gravitational four momenta and color charges and are
excellent candidates for models of the asymptotic state of star.

The non-stationarity of the vacuum extremal imbedding (m0 = λt + h(rM )) of R-N metric
leads to the following expression for the rate of the change of gravitational energy per time inside
a sphere of radius r

dEvap/dt

E(rM )
=

dE(rM )/dt

E(rM )
+ X ,

X =

∫
T rM rM ∂rM

m0√gdΩ
E(rM )

,

E(rM ) =
∫

T tt∂0m
0√gdV . (26)

The latter term depending on T rM rM takes into account the flow of gravitational energy through
boundaries of the sphere and is in general non-vanishing for Reissner-Nordström metric.

Since the proposed solution ansatz works also in the more general case of a stationary spherically
symmetric star model, characterized by the pressure p(rM ) and the energy density ρ(rM ), one can
write a general order of magnitude estimate for the gravitational energy transfer associated with the
boundary of the sphere approximating h(rM ) with the corresponding function for the Schwartshild
metric for large values of rM as

X ' −∂rM
h(rM )

4πpr2
M

M
. (27)

The explicit expression for ∂rM h(rM ) is given by

∂rM
h(rM ) ' 1

λ

√
Y1

Y2
,

Y1 = −B + 1 +
R2

4
seff
ΘΘ

(∂rM
u)2

(1− u2)
,

Y2 = 1− 4λ2

R2ω2
1

seff
ΘΘ

seff
ΦΦ

. (28)
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Here B is determined by the Einstein equations defining the star model and can be approximated
with its value for Schwartshild metric.

At the surface of the Sun (rM ' 6 · 108 m, particle density n ' 1021/m3, T ' 0.5 eV , M '
1057mp and pressure p ' nT ) the order of magnitude of this term is about X/E ' 2πK10−13/year.
For K ∼ 1 (obtained if the radius of CP2 is of order Planck length) the loss would be of the
same order of magnitude as the inertial energy loss associated with the solar wind: K ∼ 1/k,
104 < k << 108, however implies that the loss is roughly four orders of magnitudes smaller.

It should be noticed that in the case of matter dominated cosmology shows that the rate for
the reduction of the gravitational energy is of the order of (dE/da)/E ' 1/a ' 10−11/year, which
is of the same order as the fusion energy production of Sun. Thus it would seem that the rate
for the change of gravitational energy in cosmological length scales is same as that for the inertial
energy in the solar length scale.

3.4 Anomalous time dilation effects due to warping as basic distinction
between TGD and GRT

TGD predicts the possibility of large anomalous time dilation effects due to the warping of space-
time surfaces, and the experimental findings of Russian physicist Chernobrov about anomalous
changes in the rate of flow of time [41, 42] provide indirect support for this prediction.

3.4.1 Anomalous time dilation effect due to the warping

Consider first the ordinary gravitational time dilation predicted by GRT. For simplicity consider
a stationary spherically symmetric metric ds2 = gttdt2 − grrdr2 − r2dΩ2 in spherical coordinates.
The time dilation is characterized by the difference ∆ =

√
gtt−1. In the weak field approximation

one has gtt = 1 + 2Φgr, where Φgr is gravitational potential. The ordinary time dilation is given
by ∆ =

√
gtt − 1 ' 2Φgr. At the Earth’s surface the gravitational potential of the Earth is about

Φgr = GM/RE ' 10−9.
Consider next the situation for space-time surfaces. There exists an infinite number of warped

imbeddings of M4 to M4 × CP2 given by sk = sk(m0), which are metrically equivalent with
the canonical imbedding with CP2 coordinates constant. New M4 time coordinate is related by
a diffeomorphism to the standard one. By restricting the imbedding to M4 × S1, where S1 a
geodesic circle with radius R/2 (using the chosen convention for the definition CP2 radius), the
time component of the induced metric is gm0m0 = 1−R2ω2/4. The identification of M4 coordinates
as the preferred natural standard coordinate frame allows to overcome the difficulties related to
the identification of the preferred time coordinate in general relativity in the case the metric does
not approach asymptotically flat metric. For this choice an anomalous time dilation

√
1−R2ω2/4

due to the warping results even when gravitational fields are absent. Moreover, the dilation can
be large.

The study of the imbeddings of Scwhartshild metric as vacuum extremals demonstrates that
this vacuum warping is also seen as the degeneracy of the imbeddings of stationary spherically
symmetric metrics. If m0 is used as a time coordinate, anomalous time dilation is obtained also
at rM →∞ and is given by

√
gm0m0 = 1

λ . (29)

This time dilation is seen only if the clocks to be compared are at different space-time sheets. The
anomalous time dilation can be quite large since the order of magnitude for the parameter ωR is
naturally of order one for the imbeddings of R-N metrics.

29



3.4.2 Mechanisms producing anomalous time dilation

Anomalous time dilation could result in many manners.

1. An adiabatic variation of the parameters λ and ω1 of the space-time sheet containing the
clock could be induced by some physical mechanism. For instance, X4

c could move ”over”
a large space-time sheet X4 and gradually form # and #B contacts with it. Topological
light rays (MEs) define a good candidate for X4. The parameter values λ and ω could
change quasi-continuously if X4

c gradually generates CP2 sized wormhole contacts or join
along boundaries bonds connecting it to X4. This process would not affect the gravitational
flux feeded to X4

c .

For instance, if X4 is at rest with respect to Earth, this motion would result from the rotation
of Earth and the effect should appear periodically from day to day. If it is at rest with respect
to Sun, the effect should appear once a year.

The generation of vacuum extremals X4
vac (not gravitational vacua), which is in principle

possible even by intentional action since conservation laws are not broken, could induce
anomalous time dilation by this mechanism.

2. A phase transition increasing the value of h̄ increases the size of the space-time sheet in the
same proportion. This transition could quite well affect also the parameter λ. If this phase
transition occurs for the space-time sheet X4

c at which the clock feeds its gravitational flux,
this mechanism could provide a feasible manner to induce an anomalous time dilation.

3. The system containing the clock could suffer a temporary topological condensation to a
smaller space-time sheet and thus feed its gravitational flux to this space-time sheet. This
would require coherently occurring splitting of # contacts and their regeneration. It is not
possible to say anything definite about the probability of this kind of process except that it
does not look very feasible.

3.4.3 The findings of Chernobrov

The findings claimed by Russian researcher V. Chernobrov support anomalous time dilation effect
[41, 42]. Chernobrov has studied anomalies in the rate of time flow defined operationally by
comparing the readings of clocks enclosed inside a spherical volume with the readings of clocks
outside this volume. The experimental apparatus involves a complex Russian doll like structure of
electromagnets.

Chernobrov reports a slowing down of time by about 30 seconds per hour inside his experimental
apparatus [41] so that the average dilation factor during hour would be about ∆ = 1/120. If the
dilation is present all the time, the anomalous contribution to the gravitational potential would
be by a factor ∼ 107 larger than that of Earth’s gravitational potential and huge gravitational
perturbations would be required to produce this kind of effect.

The slowing of the time flow is reported to occur gradually whereas the increase for the rate of
time flow is reported to occur discontinuously. Time dilation effects were observed in connection
with the cycles of moon, diurnal fluctuations, and even the presence of operator.

Consider now the explanation of the basic qualitative findings of Chernobrov.

1. The gradual slowing of the time flow suggests that the parameter values of λ and ω change
adiabatically. This favors option 1) since the formation of # contacts occurs with some finite
rate.

2. Also the sudden increase of the rate of time flow is consistent with option 1) since the splitting
of # contacts occurs immediately when the sheets X4

c and X4 are not ”over” each other.
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3. The occurrence of the effect in connection with the cycles of moon, diurnal fluctuations, and
in the presence of operator support this interpretation. The last observation would support
the view that intentional generation of almost vacuum space-time sheets is indeed possible.

3.4.4 Vacuum extremals as means of generating time dilation effects intentionally?

Field equations allow a gigantic family of vacuum extremals: any 4-surface having CP2 projection,
which belongs to a 2-dimensional Lagrange manifold with a vanishing induced Kähler form, is a
vacuum extremal. Canonical transformations and diffeomorphisms of CP2 produce new vacuum
extremals. Vacuum extremals carry non-vanishing classical electro-weak and color fields which
are reduced to some U(1) subgroup of the full gauge group and also classical gravitational field.
Although the vacuum extremals are not absolute minima, their small deformations could define
such. These vacuum extremals, call them X4

vac for brevity, could be generated by intentional action.
In the first quantum jump the p-adic variant of the vacuum extremal representing an intention to
create X4

vac would appear and in some subsequent quantum jump it would be transformed to a
real space-time sheet.

The creation of these almost vacuum extremals could generate time dilation effects. The ma-
terial system would gradually generate CP2 sized wormhole contacts and/or join along boundaries
connecting its space-time sheet to X4

vac and this could change the values of the vacuum parameters
λ, ω.

3.4.5 Could warping have something to do with condensed matter physics?

Warping predicts the reduction of the effective light velocity. There is a report [45] of an experi-
mental study of a condensed-matter system (graphene, a single atomic layer of carbon, in which
electron transport is essentially governed by massless Dirac’s equation. According to the report,
the charge carriers in graphene mimic relativistic particles with zero rest mass and have an effective
’speed of light’ c1 = c/300 = 106 m/s.

The study reveals a variety of unusual phenomena that are characteristic of two-dimensional
Dirac fermions. Graphene’s conductivity never falls below a minimum value corresponding to the
quantum unit of conductance, even when the concentrations of charge carriers tend to zero. The
integer quantum Hall effect in graphene is anomalous in that it occurs at half-integer filling factors.
The cyclotron mass mc of massless current carriers in graphene is defined in terms of the energy
of current carrier as E = mcc

2
1.

The authors believe that these phenomena can be understood in the framework of the ordinary
QED and this might be the case. One can however wonder whether the massless Dirac equation for
the 2-dimensional system could correspond to the modified Dirac equation for the induced spinor
fields and whether the reduction of the maximal signal velocity to c1 could have the warping of
the space-time sheet as a space-time correlate. In the idealization that the CP2 projection of the
space-time surface is a geodesic circle of CP2, and using M4 coordinates for space-time surface, so
that one would have Φ = ωt for S2 coordinate Φ, one would have gtt = c2

1 = 1−R2ω2/4 = 10−4/9.

3.5 Evidence for many-sheeted space-time from gamma ray flares

MAGIC collaboration has found evidence for a gamma ray anomaly. Gamma rays in different
energy ranges seem to arrive with different velocities from Mkn 501 [62]. The delay in arrival times
is about 4 minutes. The proposed explanation is in terms of broken Lorentz invariance. TGD
allows to explain the finding in terms of many-sheeted space-time and there is no need to invoke
breaking of Lorentz invariance.
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3.5.1 TGD based explanation at qualitative level

One of the oldest predictions of many-sheeted space-time is that the time for photons to propagate
from point A to B along given space-time sheet depends on space-time sheet because photon travels
along lightlike geodesic of space-time sheet rather than lightlike geodesic of the imbedding space
and thus increases so that the travel time is in general longer than using maximal signal velocity.

Many-sheetedness predicts a spectrum of Hubble constants and gamma ray anomaly might be a
demonstration for the many-sheetedness. The spectroscopy of arrival times would give information
about how many sheets are involved.

Before one can accept this explanation, one must have a good argument for why the space-time
sheet along which gamma rays travel depends on their energy and why higher energy gamma rays
would move along space-time sheet along which the distance is longer.

1. Shorter wavelength means that that the wave oscillates faster. Space-time sheet should
reflect in its geometry the the matter present at it. Could this mean that the space-time
sheet is more ”wiggly” for higher energy gamma rays and therefore the distance travelled
longer? A natural TGD inspired guess is that the p-adic length scales assignable to gamma
ray energy defines the p-adic length scale assignable to the space-time sheet of gamma ray
connecting two systems so that effective velocities of propagation would correspond to p-adic
length scales coming as half octaves. Note that there is no breaking of Lorentz invariance
since gamma ray connects the two system and the rest system of receiver defines a unique
coordinate system in which the energy of gamma ray has Lorentz invariant physical meaning.

2. One can invent also an objection. In TGD classical radiation field decomposes into topological
light rays (”massless extremals”, MEs) which could quite well be characterized by a large
Planck constant in which case the decay to ordinary photons would take place at the receiving
end via de-coherence. Gamma rays could propagate very much like a laser beam along the
ME. For the simplest MEs the velocity of propagation corresponds to the maximal signal
velocity and there would be no variation of propagation time.

One can imagine two manners to circumvent to the counter argument.

i) Also topological light rays for which light-like geodesics are replaced with light-like curves
of M4 are highly suggestive as solutions of field equations. For these MEs the distance
travelled would be in general longer than for the simplest MEs.

ii) The gluing of ME to background space-time by wormhole contacts (actually representation
for photons!) could force the classical signal to propagate along a zigzag curve formed by
simple MEs with maximal signal velocity. The length of each piece would be of order p-adic
length scale. The zigzag character of the path of arrival would increase the distance between
source and receiver.

3.5.2 Quantitative argument

A quantitative estimate runs as follows.

1. The source in question is quasar Makarian 501 with redshift z = .034. Gamma flares of
duration about 2 minutes were observed with energies in bands .25-.6 TeV and 1.2-10 TeV.
The gamma rays in the higher energy band were near to its upper end and were delayed by
about ∆τ = 4 min with respect to those in the lower band. Using Hubble law v = Hct with
H = 71 km/Mparsec/s, one obtains the estimate ∆τ/τ = 1.6× 10−14.

2. A simple model for the induced metric of the space-time sheet along which gamma rays
propagate is as a flat metric associated with the flat imbedding Φ = ωt, where Φ is the angle
coordinate of the geodesic circle of CP2. The time component of the metric is given by
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gtt = 1−R2ω2 .

ω appears as a parameter in the model. Also the imbeddings of Reissner-Norström and
Schwartschild metrics contain frequency as free parameter and space-time sheets are quite
generally parameterized by frequencies and momentum or angular momentum like vacuum
quantum numbers.

3. ω is assumed to be expressible in terms of the p-adic prime characterizing the space-time
sheet. The parametrization to assumed in the following is

ω2R2 = Kp−r .

It turns out that r = 1/2 is the only option consistent with the p-adic length scale hypothesis.
The naive expectation would have been r = 1. The result suggests the formula

ω2 = m0mp with m0 =
K

R
.

ω would be the geometric mean of a slowing varying large p-adic mass scale and p-adic mass
scale mp.

The explanation for the p-adic length scale hypothesis leading also to a generalization of
Hawking-Bekenstein formula assumes that for the strong form of p-adic length scale hy-
pothesis stating p ' 2k, k prime, there are two p-adic length scales involved with given
elementary particle. Lp characterizes particle’s Compton length and Lk characterizes the
size of the wormhole contact or throat representing the elementary particle. The guess is
that ω is proportional to the geometric mean of these two p-adic length scales:

ω2R2 =
x

2k/2
√

k
.

4. A relatively weak form of the p-adic length scale hypothesis would be p ' 2k, k an odd integer.
M127 corresponds to the mass scale me5−1/2 in a reasonable approximation. Using me ' .5
MeV one finds that the mass scales m(k) for k = 89− 2n, n = 0, 1, 2..., 6 are m(k)/TeV = x,
with x = 0.12, 0.23, 0.47, 0.94, 1.88, 3.76, 7.50. The lower energy range contains the scales
k = 87 and 85. The higher energy range contains the scales k = 83, 81, 79, 77. In this case
the proposed formula does not make sense.

5. The strong form of p-adic length scale hypothesis allows only prime values for k. This would
allow Mersenne prime M89 (intermediate gauge boson mass scale) for the lower energy range
and k = 83 and k = 79 for the upper energy range. A rough estimate is obtained by assuming
that the the two energy ranges correspond to k1 = 89 and k2 = 79.

6. The expression for τ reads as τ = (gtt)1/2t. ∆τ/τ is given by

∆τ
τ ' (gtt)−1/2 ∆gtt

2 ' R2∆ω2 = x[(k2p2)−1/2 − (k1p1)−1/2] ' x(k2p2)−1/2

= x2−79/279−1/2 .

Using the experimental value for ∆τ/τ one obtains x ' .45. x = 1/2 is an attractive guess.
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4 Allais effect and TGD

4.1 Introduction

Allais effect [54, 55] is a fascinating gravitational anomaly associated with solar eclipses. It was
discovered originally by M. Allais, a Nobelist in the field of economy, and has been reproduced in
several experiments but not as a rule. The experimental arrangement uses so called paraconical
pendulum, which differs from the Foucault pendulum in that the oscillation plane of the pendulum
can rotate in certain limits so that the motion occurs effectively at the surface of sphere.

4.1.1 Experimental findings

Consider first a brief summary of the findings of Allais and others [55].

1. In the ideal situation (that is in the absence of any other forces than gravitation of Earth)
paraconical pendulum should behave like a Foucault pendulum. The oscillation plane of the
paraconical pendulum however begins to rotate.

2. Allais concludes from his experimental studies that the orbital plane approach always asymp-
totically to a limiting plane and the effect is only particularly spectacular during the eclipse.
During solar eclipse the limiting plane contains the line connecting Earth, Moon, and Sun.
Allais explains this in terms of what he calls the anisotropy of space.

3. Some experiments carried out during eclipse have reproduced the findings of Allais, some
experiments not. In the experiment carried out by Jeverdan and collaborators in Romania
it was found that the period of oscillation of the pendulum decreases by ∆f/f ' 5 × 10−4

[54, 56] which happens to correspond to the constant v0 = 2−11 appearing in the formula of
the gravitational Planck constant. It must be however emphasized that the overall magnitude
of ∆f/f varies by five orders of magnitude. Even the sign of ∆f/f varies from experiment
to experiment.

4. There is also quite recent finding by Popescu and Olenici, which they interpret as a quanti-
zation of the plane of oscillation of paraconical oscillator during solar eclipse [57]. There is
also evidence that the effect is present also before and after the full eclipse. The time scale
is 1 hour.

4.1.2 TGD based models for Allais effect

I have already earlier proposed an explanation of the effect in terms of classical Z0 force [G1]. If
the Z0 charge to mass ratio of pendulum varies and if Earth and Moon are Z0 conductors, the
resulting model is quite flexible and one might hope it could explain the high variation of the
experimental results.

The rapid variation of the effect during the eclipse is however a problem for this approach and
suggests that gravitational screening or some more general interference effect might be present.
Gravitational screening alone cannot however explain Allais effect. Also the combination of gravita-
tional screening and Z0 force assuming Z0 conducting structures causing screening fails to explain
the discontinuous behavior when massive objects are collinear.

A model based on the idea that gravitational interaction is mediated by topological light rays
(MEs) and that gravitons correspond to a gigantic value of the gravitational Planck constant
however explains the Allais effect as an interference effect made possible by macroscopic quantum
coherence in astrophysical length scales. Equivalence Principle fixes the model to a high degree and
one ends up with an explicit formula for the anomalous gravitational acceleration and the general
order of magnitude and the large variation of the frequency change as being due to the variation of
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the distance ratio rS,P /rM,P (S, M ,and P refer to Sun, Moon, and pendulum respectively). One
can say that the pendulum acts as an interferometer.

4.2 Could gravitational screening explain Allais effect

The basic idea of the screening model is that Moon absorbs some fraction of the gravitational
momentum flow of Sun and in this manner partially screens the gravitational force of Sun in a disk
like region having the size of Moon’s cross subsection. The screening is expected to be strongest
in the center of the disk. Screening model happens to explain the findings of Jevardan but fails in
the general case. Despite this screening model serves as a useful exercise.

4.2.1 Constant external force as the cause of the effect

The conclusions of Allais motivate the assumption that quite generally there can be additional
constant forces affecting the motion of the paraconical pendulum besides Earth’s gravitation. This
means the replacement g → g+∆g of the acceleration g due to Earth’s gravitation. ∆g can depend
on time.

The system obeys still the same simple equations of motion as in the initial situation, the only
change being that the direction and magnitude of effective Earth’s acceleration have changed so
that the definition of vertical is modified. If ∆g is not parallel to the oscillation plane in the original
situation, a torque is induced and the oscillation plane begins to rotate. This picture requires that
the friction in the rotational degree of freedom is considerably stronger than in oscillatory degree
of freedom: unfortunately I do not know what the situation is.

The behavior of the system in absence of friction can be deduced from the conservation laws
of energy and angular momentum in the direction of g + ∆g. The explicit formulas are given by

E =
ml2

2
(
dΘ
dt

)2 + sin2(Θ)(
dΦ
dt

)2 + mglcos(Θ) ,

Lz = ml2sin2(Θ)
dΦ
dt

. (30)

and allow to integrate Θ and Φ from given initial values.

4.2.2 What causes the effect in normal situations?

The gravitational accelerations caused by Sun and Moon come first in mind as causes of the effect.
Equivalence Principle implies that only relative accelerations causing analogs of tidal forces can
be in question. In GRT picture these accelerations correspond to a geodesic deviation between the
surface of Earth and its center. The general form of the tidal acceleration would thus the difference
of gravitational accelerations at these points:

∆g = −2GM [
∆r

r3
− 3

r ·∆rr

r5
] . (31)

Here r denotes the relative position of the pendulum with respect to Sun or Moon. ∆r denotes the
position vector of the pendulum measured with respect to the center of Earth defining the geodesic
deviation. The contribution in the direction of ∆r does not affect the direction of the Earth’s
acceleration and therefore does not contribute to the torque. Second contribution corresponds to
an acceleration in the direction of r connecting the pendulum to Moon or Sun. The direction of
this vector changes slowly.
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This would suggest that in the normal situation the tidal effect of Moon causes gradually
changing force m∆g creating a torque, which induces a rotation of the oscillation plane. Together
with dissipation this leads to a situation in which the orbital plane contains the vector ∆g so that
no torque is experienced. The limiting oscillation plane should rotate with same period as Moon
around Earth. Of course, if effect is due to some other force than gravitational forces of Sun and
Earth, paraconical oscillator would provide a manner to make this force visible and quantify its
effects.

4.2.3 What would happen during the solar eclipse?

During the solar eclipse something exceptional must happen in order to account for the size of
effect. The finding of Allais that the limiting oscillation plane contains the line connecting Earth,
Moon, and Sun implies that the anomalous acceleration ∆|g should be parallel to this line during
the solar eclipse.

The simplest hypothesis is based on TGD based view about gravitational force as a flow of
gravitational momentum in the radial direction.

1. For stationary states the field equations of TGD for vacuum extremals state that the grav-
itational momentum flow of this momentum. Newton’s equations suggest that planets and
moon absorb a fraction of gravitational momentum flow meeting them. The view that gravi-
tation is mediated by gravitons which correspond to enormous values of gravitational Planck
constant in turn supports Feynman diagrammatic view in which description as momentum
exchange makes sense and is consistent with the idea about absorption. If Moon absorbs
part of this momentum, the region of Earth screened by Moon receives reduced amount of
gravitational momentum and the gravitational force of Sun on pendulum is reduced in the
shadow.

2. Unless the Moon as a coherent whole acts as the absorber of gravitational four momentum,
one expects that the screening depends on the distance travelled by the gravitational flux
inside Moon. Hence the effect should be strongest in the center of the shadow and weaken
as one approaches its boundaries.

3. The opening angle for the shadow cone is given in a good approximation by ∆Θ = RM/RE .
Since the distances of Moon and Earth from Sun differ so little, the size of the screened
region has same size as Moon. This corresponds roughly to a disk with radius .27×RE .

The corresponding area is 7.3 per cent of total transverse area of Earth. If total absorption
occurs in the entire area the total radial gravitational momentum received by Earth is in
good approximation 92.7 per cent of normal during the eclipse and the natural question is
whether this effective repulsive radial force increases the orbital radius of Earth during the
eclipse.

More precisely, the deviation of the total amount of gravitational momentum absorbed during
solar eclipse from its standard value is an integral of the flux of momentum over time:

∆P k
gr =

∫ ∆P k
gr

dt
(S(t))dt ,

∆P k
gr

dt
(S(t)) =

∫

S(t)

Jk
gr(t)dS . (32)

This prediction could kill the model in classical form at least. If one takes seriously the
quantum model for astrophysical systems predicting that planetary orbits correspond to
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Bohr orbits with gravitational Planck constant equal to GMm/v0, v0 = 2−11, there should
be not effect on the orbital radius. The anomalous radial gravitational four-momentum could
go to some other degrees of freedom at the surface of Earth.

4. The rotation of the oscillation plane is largest if the plane of oscillation in the initial situation
is as orthogonal as possible to the line connecting Moon, Earth and Sun. The effect vanishes
when this line is in the the initial plane of oscillation. This testable prediction might explain
why some experiments have failed to reproduce the effect.

5. The change of |g| to |g + ∆g| induces a change of oscillation frequency given by

∆f

f
=

g ·∆g

g2
=

∆g

g
cos(θ) . (33)

If the gravitational force of the Sun is screened, one has |g + ∆g| > g and the oscillation
frequency should increase. The upper bound for the effect corresponds to vertical direction
is obtained from the gravitational acceleration of Sun at the surface of Earth:

|∆f |
f

≤ ∆g

g
=

v2
E

rE
' 6.0× 10−4 . (34)

4.2.4 What kind of tidal effects are predicted?

If the model applies also in the case of Earth itself, new kind of tidal effects are predicted due
to the screening of the gravitational effects of Sun and Moon inside Earth. At the night-side the
paraconical pendulum should experience the gravitation of Sun as screened. Same would apply to
the ”night-side” of Earth with respect to Moon.

Consider first the differences of accelerations in the direction of the line connecting Earth to
Sun/Moon: these effects are not essential for tidal effects. The estimate for the ratio for the orders
of magnitudes of the these accelerations is given by

|∆g⊥(Moon)|
|∆g⊥(Sun)| =

MS

MM
(
rM

rE
)3 ' 2.17 . (35)

The order or magnitude follows from r(Moon) = .0026 AU and MM/MS = 3.7 × 10−8. These
effects are of same order of magnitude and can be compensated by a variation of the pressure
gradients of atmosphere and sea water. The effects caused by Sun are two times stronger. These
effects are of same order of magnitude and can be compensated by a variation of the pressure
gradients of atmosphere and sea water.

The tangential accelerations are essential for tidal effects. They decompose as

1
r3

[
∆r − 3|∆r|cos(Θ)

r

r

]
.

π/4 ≤ Θ ≤ π/2 is the angle between ∆r and r. The above estimate for the ratio of the contributions
of Sun and Moon holds true also now and the tidal effects caused by Sun are stronger by a factor
of two.

Consider now the new tidal effects caused by the screening.

1. Tangential effects on day-side of Earth are not affected (night-time and night-side are of
course different notions in the case of Moon and Sun). At the night-side screening is predicted
to reduce tidal effects with a maximum reduction at the equator.
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2. Second class of new effects relate to the change of the normal component of the forces and
these effects would be compensated by pressure changes corresponding to the change of
the effective gravitational acceleration. The night-day variation of the atmospheric and sea
pressures would be considerably larger than in Newtonian model.

The intuitive expectation is that the screening is maximum when the gravitational momentum
flux travels longest path in the Earth’s interior. The maximal difference of radial accelerations
associated with opposite sides of Earth along the line of sight to Moon/Sun provides a convenient
manner to distinguish between Newtonian and TGD based models:

|∆g⊥,N | = 4GM × RE

r3
,

|∆g⊥,TGD| = 4GM × 1
r2

. (36)

The ratio of the effects predicted by TGD and Newtonian models would be

|∆g⊥,TGD|
|∆g⊥,N |

=
r

RE
,

rM

RE
= 60.2 ,

rS

RE
= 2.34× 104 . (37)

The amplitude for the oscillatory variation of the pressure gradient caused by Sun would be

∆|∇pS | = v2
E

rE
' 6.1× 10−4g

and the pressure gradient would be reduced during night-time. The corresponding amplitude in
the case of Moon is given by

∆|∇ps|
∆|∇pM | =

MS

MM
× (

rM

rS
)3 ' 2.17 .

∆|∇pM is in a good approximation smaller by a factor of 1/2 and given by ∆|∇pM | = 2.8×10−4g.
Thus the contributions are of same order of magnitude.

MM/MS ME/MS RM/RE dE−S/AU dE−M/AU
3.0× 10−6 3.69× 10−8 .273 1 .00257
RE/dE−S RE/dE−M gS/g gM/g
4.27× 10−5 01.7× 10−7 6.1× 10−4 2.8× 10−4

Table 1. The table gives basic data relevant for tidal effects. The subscript E, S, M refers
to Earth, Sun, Moon; R refers to radius; dX−Y refers to the distance between X and Y gS and
gM refer to accelerations induced by Sun and Moon at Earth surface. g = 9.8 m/s2 refers to the
acceleration of gravity at surface of Earth. One has also MS = 1.99×1030 kg and AU = 1.49×1011

m, RE = 6.34× 106 m.
One can imagine two simple qualitative killer predictions assuming maximal gravitational

screening.

1. Solar eclipse should induce anomalous tidal effects induced by the screening in the shadow
of the Moon.
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2. The comparison of solar and moon eclipses might kill the scenario. The screening would
imply that inside the shadow the tidal effects are of same order of magnitude at both sides
of Earth for Sun-Earth-Moon configuration but weaker at night-side for Sun-Moon-Earth
situation.

4.2.5 An interesting co-incidence

The value of ∆f/f = 5 × 10−4 in experiment of Jeverdan is exactly equal to v0 = 2−11, which
appears in the formula h̄gr = GMm/v0 for the favored values of the gravitational Planck constant.
The predictions are ∆f/f ≤ ∆p/p ' 3 × 10−4. Powers of 1/v0 appear also as favored scalings of
Planck constant in the TGD inspired quantum model of bio-systems based on dark matter [M3].
This co-incidence would suggest the quantization formula

gE

gS
=

MS

ME
× R2

E

r2
E

= v0 (38)

for the ratio of the gravitational accelerations caused by Earth and Sun on an object at the surface
of Earth.

It must be however admitted that the larger variation in the magnitude and even sign of the
effect does not favor this kind of interpretation.

4.2.6 Summary of the predicted new effects

Let us sum up the basic predictions of the model assuming maximal gravitational screening.

1. The first prediction is the gradual increase of the oscillation frequency of the conical pendulum
by ∆f/f ≤ 3×10−4 to maximum and back during night-time in case that the pendulum has
vanishing Z0 charge. Also a periodic variation of the frequency and a periodic rotation of the
oscillation plane with period co-inciding with Moon’s rotation period is predicted. Already
Allais observed both 24 hour cycle and cycle which is slightly longer and due to the fact that
Moon rates around Earth.

2. A paraconical pendulum with initial position, which corresponds to the resting position in the
normal situation should begin to oscillate during solar eclipse. This effect is testable by fixing
the pendulum to the resting position and releasing it during the eclipse. The amplitude of
the oscillation corresponds to the angle between g and g +∆g given in a good approximation
by

sin[Θ(g, g + ∆g)] =
∆g

g
sin[Θ(g, ∆g)] . (39)

An upper bound for the amplitude would be Θ ≤ 3×10−4, which corresponds to .015 degrees.
Z0 charge of the pendulum would modify this simple picture.

3. Gravitational screening should cause a reduction of tidal effects at the ”night-side” of Moon/Sun.
The reduction should be maximum at ”midnight”. This reduction together with the fact that
the tidal effects of Moon and Sun at the day side are of same order of magnitude could explain
some anomalies know to be associated with the tidal effects [61]. A further prediction is the
day-night variation of the atmospheric and sea pressure gradients with amplitude which is
for Sun 3× 10−4g and for Moon 1.3× 10−3g.

39



To sum up, the predicted anomalous tidal effects and the explanation of the limiting oscillation
plane in terms of stronger dissipation in rotational degree of freedom could kill the model assuming
only gravitational screening.

4.2.7 Comparison with experimental results

The experimental results look mutually contradictory in the context provided by the model assum-
ing only screening. Some experiments find no anomaly at all as one learns from [54]. There are
also measurements supporting the existence of an effect but with varying sign and quite different
orders of magnitude. Either the experimental determinations cannot be trusted or the model is
too simple.

1. The increase (!) of the frequency observed by Jeverdan and collaborators reported in
Wikipedia article [54] for Foucault pendulum is ∆f/f ' 5× 10−4 would support the model
even quantitatively since this value is only by a factor 5/3 higher than the maximal effect
allowed by the screening model. Unfortunately, I do not have an access to the paper of Jever-
dan et al to find out the value of cos(Θ) in the experimental arrangement and whether there
is indeed a decrease of the period as claimed in Wikipedia article. In [60] two experiments
supporting an effect ∆g/g = x× 10−4, x = 1.5 or 2.6 but the sign of the effect is different in
these experiments.

2. Allais reported an anomaly ∆g/g ∼ 5 × 10−6 during 1954 eclipse [59]. According to mea-
surements by authors of [60] the period of oscillation increases and one has ∆g/g ∼ 5×10−6.
Popescu and Olenici report a decrease of the oscillation period by (∆g/g)cos(Θ) ' 1.4×10−5.

3. In [58] a reduction of vertical gravitational acceleration ∆g/g = (7.0±2.7)×10−9 is reported:
this is by a factor 10−5 smaller than the result of Jeverdan.

4. Small pressure waves with ∆p/p = 2 × 10−5 are registered by some micro-barometers [59]
and might relate to the effect since pressure gradient and gravitational acceleration should
compensate each other. ∆gcos(Θ)/g would be about 7 per cent of its maximum value for
Earth-Sun system in this case. The knowledge of the sign of pressure variation would tell
whether effective gravitational force is screened or amplified by Moon.

4.3 Allais effect as evidence for large values of gravitational Planck con-
stant?

One can represent rather general counter arguments against the models based on Z0 conductivity
and gravitational screening if one takes seriously the puzzling experimental findings concerning
frequency change.

1. Allais effect identified as a rotation of oscillation plane seems to be established and seems
to be present always and can be understood in terms of torque implying limiting oscillation
plane.

2. During solar eclipses Allais effect however becomes much stronger. According to Olenici’s
experimental work the effect appears always when massive objects form collinear structures.

3. The behavior of the change of oscillation frequency seems puzzling. The sign of the frequency
increment varies from experiment to experiment and its magnitude varies within five orders
of magnitude.
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4.3.1 What one an conclude about general pattern for ∆f/f?

The above findings allow to make some important conclusions about the nature of Allais effect.

1. Some genuinely new dynamical effect should take place when the objects are collinear. If
gravitational screening would cause the effect the frequency would always grow but this is
not the case.

2. If stellar objects and also ring like dark matter structures possibly assignable to their orbits
are Z0 conductors, one obtains screening effect by polarization and for the ring like structure
the resulting effectively 2-D dipole field behaves as 1/ρ2 so that there are hopes of obtaining
large screening effects and if the Z0 charge of pendulum is allow to have both signs, one
might hope of being to able to explain the effect. It is however difficult to understand why
this effect should become so strong in the collinear case.

3. The apparent randomness of the frequency change suggests that interference effect made
possible by the gigantic value of gravitational Planck constant is in question. On the other
hand, the dependence of ∆g/g on pendulum suggests a breaking of Equivalence Principle.
It however turns out that the variation of the distances of the pendulum to Sun and Moon
can explain the experimental findings since the pendulum turns out to act as a sensitive
gravitational interferometer. An apparent breaking of Equivalence Principle could result if
the effect is partially caused by genuine gauge forces, say dark classical Z0 force, which can
have arbitrarily long range in TGD Universe.

4. If topological light rays (MEs) provide a microscopic description for gravitation and other
gauge interactions one can envision these interactions in terms of MEs extending from
Sun/Moon radially to pendulum system. What comes in mind that in a collinear config-
uration the signals along S-P MEs and M-P MEs superpose linearly so that amplitudes are
summed and interference terms give rise to an anomalous effect with a very sensitive de-
pendence on the difference of S-P and M-P distances and possible other parameters of the
problem. One can imagine several detailed variants of the mechanism. It is possible that
signal from Sun combines with a signal from Earth and propagates along Moon-Earth ME
or that the interferences of these signals occurs at Earth and pendulum.

5. Interference suggests macroscopic quantum effect in astrophysical length scales and thus
gravitational Planck constants given by h̄gr = GMm/v0, where v0 = 2−11 is the favored
value, should appear in the model. Since h̄gr = GMm/v0 depends on both masses this could
give also a sensitive dependence on mass of the pendulum. One expects that the anomalous
force is proportional to h̄gr and is therefore gigantic as compared to the effect predicted for
the ordinary value of Planck constant.

4.3.2 Model for interaction via gravitational MEs with large Planck constant

Restricting the consideration for simplicity only gravitational MEs, a concrete model for the situ-
ation would be as follows.

1. The picture based on topological light rays suggests that the gravitational force between two
objects M and m has the following expression

FM,m =
GMm

r2
=

∫
|S(λ, r)|2p(λ)dλ

p(λ) =
hgr(M, m)2π

λ
, h̄gr =

GMm

v0(M,m)
. (40)
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p(λ) denotes the momentum of the gravitational wave propagating along ME. v0 can depend
on (M,m) pair. The interpretation is that |S(λ, r)|2 gives the rate for the emission of
gravitational waves propagating along ME connecting the masses, having wave length λ, and
being absorbed by m at distance r.

2. Assume that S(λ, r) has the decomposition

S(λ, r) = R(λ)exp [iΦ(λ)]
exp [ik(λ)r]

r
,

exp [ik(λ)r] = exp [ip(λ)r/h̄gr(M, m)] ,

R(λ) = |S(λ, r)| . (41)

The phases exp(iΦ(λ)) might be interpreted in terms of scattering matrix. The simplest
assumption is Φ(λ) = 0 turns out to be consistent with the experimental findings. The
substitution of this expression to the above formula gives the condition

∫
|R(λ)|2 dλ

λ
= v0 . (42)

Consider now a model for the Allais effect based on this picture.

1. In the non-collinear case one obtains just the standard Newtonian prediction for the net forces
caused by Sun and Moon on the pendulum since ZS,P and ZM,P correspond to non-parallel
MEs and there is no interference.

2. In the collinear case the interference takes place. If interference occurs for identical momenta,
the interfering wavelengths are related by the condition

p(λS,P ) = p(λM,P . (43)

This gives

λM,P

λS,P
=

h̄M,P

h̄S,P
=

MM

MS

v0(S, P )
v0(M, P )

. (44)

3. The net gravitational force is given by

Fgr =
∫
|Z(λ, rS,P ) + Z(λ/x, rM,P )|2p(λ)dλ

= Fgr(S, P ) + Fgr(M,P ) + ∆Fgr ,

∆Fgr = 2
∫

Re
[
S(λ, rS,P )S(λ/x, rM,P ))

] h̄gr(S, P )2π

λ
dλ ,

x =
h̄S,P

h̄M,P
=

MS

MM

v0(M,P )
v0(S, P )

. (45)

Here rM,P is the distance between Moon and pendulum. The anomalous term ∆Fgr would
be responsible for the Allais effect and change of the frequency of the oscillator.
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4. The anomalous gravitational acceleration can be written explicitly as

∆agr = 2
GMS

rSrM

1
v0(S, P )

× I ,

I =
∫

R(λ)R(λ/x)cos
[
Φ(λ)− Φ(λ/x) + 2π

(ySrS − xyMrM )
λ

]
dλ

λ
,

yM =
rM,P

rM
, yS =

rS,P

rS
. (46)

Here the parameter yM (yS) is used express the distance rM,P (rS,P ) between pendulum
and Moon (Sun) in terms of the semi-major axis rM (rS)) of Moon’s (Earth’s) orbit. The
interference term is sensitive to the ratio 2π(ySrS − xyMrM )/λ. For short wave lengths the
integral is expected to not give a considerable contribution so that the main contribution
should come from long wave lengths. The gigantic value of gravitational Planck constant
and its dependence on the masses implies that the anomalous force has correct form and can
also be large enough.

5. If one poses no boundary conditions on MEs the full continuum of wavelengths is allowed.
For very long wave lengths the sign of the cosine terms oscillates so that the value of the
integral is very sensitive to the values of various parameters appearing in it. This could
explain random looking outcome of experiments measuring ∆f/f . One can also consider
the possibility that MEs satisfy periodic boundary conditions so that only wave lengths
λn = 2rS/n are allowed: this implies sin(2πySrS/λ) = 0. Assuming this, one can write the
magnitude of the anomalous gravitational acceleration as

∆agr = 2
GMS

rS,P rM,P
× 1

v0(S, P )
× I ,

I =
∞∑

n=1

R(
2rS,P

n
)R(

2rS,P

nx
)(−1)ncos

[
Φ(n)− Φ(xn) + nπ

xyM

yS

rM

rS

]
.

(47)

If R(λ) decreases as λk, k > 0, at short wavelengths, the dominating contribution corresponds
to the lowest harmonics. In all terms except cosine terms one can approximate rS,P resp.
rM,P with rS resp. rM .

6. The presence of the alternating sum gives hopes for explaining the strong dependence of the
anomaly term on the experimental arrangement. The reason is that the value of xyrM/rS

appearing in the argument of cosine is rather large:

xyM

yS

rM

rS
=

yM

yS

MS

MM

rM

rS

v0(M,P )
v0(S, P )

' 6.95671837× 104 × yM

yS
× v0(M,P )

v0(S, P )
.

The values of cosine terms are very sensitive to the exact value of the factor MSrM/MMrS

and the above expression is probably not quite accurate value. As a consequence, the values
and signs of the cosine terms are very sensitive to the values of yM/yS and v0(M,P )

v0(S,P ) .

The value of yM/yS varies from experiment to experiment and this alone could explain
the high variability of ∆f/f . The experimental arrangement would act like interferometer
measuring the distance ratio rM,P /rS,P . Hence it seems that the condition
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v0(S, P )
v0(M,P )

6= const. (48)

implying breaking of Equivalence Principle is not necessary to explain the variation of the
sign of ∆f/f and one can assume v0(S, P ) = v0(M,P ) ≡ v0. One can also assume Φ(n) = 0.

4.3.3 Scaling law

The assumption of the scaling law

R(λ) = R0(
λ

λ0
)k (49)

is very natural in light of conformal invariance and masslessness of gravitons and allows to make
the model more explicit. With the choice λ0 = rS the anomaly term can be expressed in the form

∆agr ' GMS

rSrM

22k+1

v0
(
MM

MS
)kR0(S, P )R0(M, P )×

∞∑
n=1

(−1)n

n2k
cos [Φ(n)− Φ(xn) + nπK] ,

K = x× rM

rS
× yM

yS
.

(50)

The normalization condition of Eq. 42 reads in this case as

R2
0 = v0 × 1

2π
∑

n( 1
n )2k+1

=
v0

πζ(2k + 1)
. (51)

Note the shorthand v0(S/M,P ) = v0. The anomalous gravitational acceleration is given by

∆agr =

√
v0(M, P )
v0(S, P )

GMS

r2
S

×XY ×
∞∑

n=1

(−1)n

n2k
cos [Φ(n)− Φ(xn) + nπK] ,

X = 22k × rS

rM
× (

MM

MS
)k ,

Y =
1

π
∑

n( 1
n )2k+1

=
1

πζ(2k + 1)
. (52)

It is clear that a reasonable order of magnitude for the effect can be obtained if k is small enough
and that this is essentially due to the gigantic value of gravitational Planck constant.

The simplest model consistent with experimental findings assumes v0(M, P ) = v0(S, P ) and
Φ(n) = 0 and gives

∆agr

gcos(Θ)
=

GMS

r2
Sg

×XY ×
∞∑

n=1

(−1)n

n2k
cos(nπK) ,

X = 22k × rS

rM
× (

MM

MS
)k ,

Y =
1

π
∑

n( 1
n )2k+1

=
1

πζ(2k + 1)
,

K = x× rM

rS
× yM

yS
, x =

MS

MM
. (53)
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4.3.4 Numerical estimates

To get a numerical grasp to the situation one can use MS/MM ' 2.71× 107, rS/rM ' 389.1, and
(MSrM/MMrS) ' 1.74× 104. The overall order of magnitude of the effect would be

∆g

g
∼ XY × GMS

R2
Sg

cos(Θ) ,

GMS

R2
Sg

' 6× 10−4 . (54)

The overall magnitude of the effect is determined by the factor XY .

1. For k = 0 the normalization factor is proportional to 1/ζ(1) and diverges and it seems that
this option cannot work.

2. The table below gives the predicted overall magnitudes of the effect for k = 1, 2/2 and 1/4.

k 1 1/2 1/4
∆g

gcos(Θ) 1.1× 10−9 4.3× 10−6 1.97× 10−4

For k = 1 the effect is too small to explain even the findings of [58] since there is also a
kinematic reduction factor coming from cos(Θ). Therefore k < 1 suggesting fractal behavior
is required. For k = 1/2 the effect is of same order of magnitude as observed by Allais. The
alternating sum equals in a good approximation to -.693 for yS/yM = 1 so that it is not
possible to explain the finding ∆f/f ' 5× 10−4 of Jeverdan.

3. For k = 1/4 the expression for ∆agr reads as

∆agr

gcos(Θ)
' 1.97× 10−4

∞∑
n=1

(−1)n

n1/2
cos(nπK) ,

K =
yM

yS
u , u =

MS

MM

rM

rS
' 6.95671837× 104 . (55)

The sensitivity of cosine terms to the precise value of yM/yS gives good hopes of explaining
the strong variation of ∆f/f and also the findings of Jeverdan. Numerical experimentation
indeed shows that the cosine sum alternates and increases as yM/yS increases in the range
[1, 2].

The eccentricities of the orbits of Moon resp. Earth are eM = .0549 resp. eE = .017. Denoting
semimajor and semiminor axes by a and b one has ∆ = (a− b)/a = 1−√1− e2. ∆M = 15× 10−4

resp. ∆E = 1.4 × 10−4 characterizes the variation of yM resp. yM due to the non-circularity of
the orbits of Moon resp. Earth. The ratio RE/rM = .0166 characterizes the range of the variation
of ∆yM = ∆rM,P /rM ≤ RE/rM due to the variation of the position of the laboratory. All these
numbers are large enough to imply large variation of the argument of cosine term even for n = 1
and the variation due to the position at the surface of Earth is especially large.

The duration of full eclipse is of order 8 minutes which corresponds to angle φ = π/90 and at
equator roughly to a ∆yN = (

√
r2
M + R2

Esin2(π/90) − rM )/rM ' (π/90)2R2
E/2r2

M ' 1.7 × 10−7.
Thus the change of argument of n = 1 cosine term during full eclipse is of order ∆Φ = .012π at
equator. The duration of the eclipse itself is of order two 2 hours giving ∆yM ' 3.4 × 10−5 and
the change ∆Φ = 2.4π of the argument of n = 1 cosine term.
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4.3.5 Other effects

There are also other strange effects involved.

1. One should explain also the recent finding by Popescu and Olenici, which they interpret as
a quantization of the plane of oscillation of paraconical oscillator during solar eclipse [57]. A
possible TGD based explanation would be in terms of quantization of ∆g and thus of the
limiting oscillation plane. This quantization could reflect the quantization of the angular
momentum of the dark gravitons decaying into bunches of ordinary gravitons and providing
to the pendulum the angular momentum inducing the change of the oscillation plane. The
knowledge of friction coefficients associated with the rotation of the oscillation plane would
allow to deduce the value of the gravitational Planck constant if one assumes that each dark
gravitons corresponds to its own approach to asymptotic oscillation plane. The flux would
be reduced in a stepwise manner during the solar eclipse as the distance traversed by the flux
through Moon increases and reduced in a similar manner after the maximum of the eclipse.

2. There is also evidence for the effect before and after the main eclipse [57]. The time scale
is 1 hour. A possible explanation is in terms of a dark matter ring analogous to rings of
Jupiter surrounding Moon. From the average orbital velocity v = 1.022 km/s of the Moon
one obtains that the distance traversed by moon during 1 hour is R1 = 3679 km. The
mean radius of moon is R = 1737.10 km so that one has R1 = 2R with 5 per cent accuracy
(2 × R = 3474 km). The Bohr quantization of the orbits of inner planets discussed in [D7]
with the value h̄gr = GMm/v0 of the gravitational Planck constant predicts rn ∝ n2GM/v2

0

and gives the orbital radius of Mercury correctly for the principal quantum number n = 3
and v0/c = 4.6× 10−4 ' 2−11. From the proportionality rn ∝ n2GM/v2

0 one can deduce by
scaling that in the case of Moon with M(moon)/M(Sun) = 3.4 × 10−8 the prediction for
the radius of n = 1 Bohr orbit would be r1 = (M(Moon)/M(Sun))×RM/9 ' .0238 km for
the same value of v0. This is too small by a factor 6.45× 10−6. r1 = 3679 km would require
n ∼ 382 or n = n(Earth) = 5 and v0(Moon)/v0(Sun) ' 2−4.

4.4 Could Z0 force be present?

One can understand the experimental results without a breaking of Equivalence Principle if the
pendulum acts as a quantum gravitational interferometer. One cannot exclude the possibility that
there is also a dependence on pendulum. In this case one would have a breaking of Equivalence
Principle, which could be tested using several penduli in the same experimental arrangement.
The presence of Z0 force could induce an apparent breaking of Equivalence Principle. The most
plausible option is Z0 MEs with large Planck constant. One can consider also an alternative purely
classical option, which does not involve large values of Planck constant.

4.4.1 Could purely classical Z0 force allow to understand the variation of ∆f/f?

In the earlier model of the Allais effect (see the Appendix of [G1]) I proposed that the classical Z0

force could be responsible for the effect. TGD indeed predicts that any object with gravitational
mass must have non-vanishing em and Z0 charges but leaves their magnitude and sign open.

1. If both Sun, Earth, and pendulum have Z0 charges, one might even hope of understand-
ing why the sign of the outcome of the experiment varies since he ratio of Z0 charge to
gravitational mass and even the sign of Z0 charge of the pendulum might vary. Constant
charge-to-mass ratio is of course the simplest hypothesis so that only an effective scaling of
gravitational constant would be in question. A possible test is to use several penduli in the
same experiment and find whether they give rise to same effect or not.
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2. If Moon and Earth are Z0 conductors, a Z0 surface charge cancelling the tangential compo-
nent of Z0 force at the surface of Earth is generated and affects the vertical component of the
force experienced by the pendulum. The vertical component of Z0 force is 2FZcos(theta) and
thus proportional to cos(Θ) as also the effective screening force below the shadow of Moon
during solar eclipse. When Sun is in a vertical direction, the induced dipole contribution
doubles the radial Z0 force near surface and the effect due to the gravitational screening
would be maximal. For Sun in horizon there would be no Z0 force and gravitational tidal
effect of Sun would vanish in the first order so that over all anomalous effect would be small-
est possible: for a full screening ∆f/f ' ∆g2/4g2 ' 4.5 × 10−8 would be predicted. One
might hope that the opposite sign of gravitational and Z0 contributions could be enough to
explain the varying sign of the overall effect.

3. It seems necessary to have a screening effect associated with gravitational force in order to
understand the rapid variation of the effect during the eclipse. The fact that the maximum
effect corresponds to a maximum gravitational screening suggests that it is present and
determines the general scale of variation for the effect. If the maximal Z0 charge of the
pendulum is such that Z0 force is of the same order of magnitude as the maximal screening of
the gravitational force and of opposite sign (that is attractive), one could perhaps understand
the varying sign of the effect but the effect would develop continuously and begin before the
main eclipse. If the sign of Z0 charge of pendulum can vary, there is no difficulty in explaining
the varying sign of the effect. An interesting possibility is that Moon, Sun and Earth have
dark matter halos so that also gravitational screening could begin before the eclipse. The real
test for the effect would come from tidal effects unless one can guarantee that the pendulum
is Z0 neutral or its Z0 charge/mass ratio is always the same.

4. As noticed also by Allais, Newtonian theory does not give a satisfactory account of the tidal
forces and there is possibility that tides give a quantitative grasp on situation. If Earth
is Z0 conductor tidal effects should be determined mainly by the gravitational force and
modified by its screening whereas Z0 force would contribute mainly to the pressure waves
accompanying the shadows of Moon and Sun. The sign and magnitude of pressure waves
below Sun and Moon could give a quantitative grasp of Z0 forces of Sun and Moon. Z0 surface
charge would have opposite signs at the opposite sides of Earth along the line connecting
Earth to Moon resp. Sun and depending on sign of Z0 force the screening and Z0 force
would tend to amplify or cancel the net anomalous effect on pressure.

5. A strong counter argument against the model based on Z0 force is that collinear configu-
rations are reached in continuous manner from non-collinear ones in the case of Z0 force
and the fact that gravitational screening does not conform with the varying sign of the dis-
continuous effect occurring during the eclipse. It would seem that the effect in question is
more general than screening and perhaps more like quantum mechanical interference effect
in astrophysical length scale.

4.4.2 Could Z0 MEs with large Planck constant be present?

The previous line of arguments for gravitational MEs generalizes in a straightforward manner to
the case of Z0 force. Generalizing the expression for the gravitational Planck constant one has
h̄Z0 = g2

ZQZ(M)QZ(m)/v0. Assuming proportionality of Z0 charge to gravitational mass one
obtains formally similar expression for the Z0 force as in previous case. If QZ/M ratio is constant,
Equivalence Principle holds true for the effective gravitational interaction if the sign of Z0 charge
is fixed. The breaking of Equivalence Principle would come naturally from the non-constancy
of the v0(S, P )/v0(M, P ) ratio also in the recent case. The variation of the sign of ∆f/f would
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be explained in a trivial manner by the variation of the sign of Z0 charge of pendulum but this
explanation is not favored by Occam’s razor.

5 A model for the final state of the star

As found, the energy production by fusion inside stars is of the same order of magnitude as the
rate of change for the gravitational energy associated with the recent matter dominated cosmology.
Since no energy is produced in the final state of the star, the stationary solutions provide a natural
model for the final state of the star.

Besides stationarity, there is also a second new element, namely color and electro-weak long
ranged forces coupling to the dark matter. For instance, for Kähler charged extremals one necessary
has classical Z0 force even when classical em force can vanish. For Schwartshild solution this force
becomes very strong at small values of the radial distance. Therefore the presence of the Z0

force, and presumably also other classical electro-weak forces, are expected play crucial role in the
dynamics of the compact objects. The most plausible physical interpretation is in terms of dark
matter.

The topics to be discussed in the following are:

1. Spherically symmetric stationary model for the final state of the star. It is found that the
model cannot be completely realistic since the stationarity assumption fails at the origin and
at the surface of the star.

2. Generalization of the model to what could be called dynamo model in order to achieve
stationarity.

3. The possible consequences of long range weak and color forces associated with dark matter,
in particular the Z0 force, concerning the dynamics of the compact objects.

The original discussion was based on a different view about energy and motivated the study of
Kähler charged solutions with the stationarity property. These 4-surfaces are not extremals of the
Kähler action. The replacement of the stationary solutions with vacuum extremals requires however
only the replacement of the geodesic sphere S2

I with S2
II implying that both em and Z0 fields are

unavoidably present (or even W± fields, depending on vacuum extremal). A serious limitation of
the model is that it is single-sheeted. Indeed, the fact that the rotation axis and magnetic axis
of super novae are different can be seen as a signal of many-sheeted-ness: the dominantly em and
Z0 fields would reside at different space-time sheets and would correspond to ordinary and dark
matter. Of course, entire hierarchy of space-time sheets are expected to be present.

5.1 Spherically symmetric model

The simplest model for the final state of the star that one can imagine is obtained by assuming
time translation invariance plus spherical symmetry and imbeddability to M4 × S2

i , where S2
i ,

i = I, II is the geodesic sphere of CP2. For the homologically non-trivial sphere S2
I the solution

is not an extremal whereas S2
II gives an extremal with a vanishing density of inertial energy. In

the original discussion cosmological constant was assumed to vanish. There are excellent reasons
to assume that this constant is so small that it does not have any appreciable effects in the scale
of the star and can thus be neglected. The nice feature of this kind of model is that symmetry
assumptions plus stationarity requirement fix almost completely the model: no assumptions about
the equation of state for the matter inside the star are needed.

The solution ansatz giving rise to vacuum extremal corresponds to a surface X4 ⊂ M4
+ × S2

II ,
where S2

II is the homologically trivial geodesic sphere of CP2. The solution ansatz has the same
general form as the imbedding of spherically symmetric metric.
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m0 = λt + h(r) ,

Θ = Θ(r) ,

Φ = ωt + k(r) . (56)

The requirement that gtr vanishes, implies a relationship between the functions h(r) and k(r).
One might think that the simplest model is obtained, when the functions h(r) and k(r) vanish
identically. One doesn’t however obtain physically acceptable solutions in this manner: this is seen
by expressing the grr component of the metric in terms of the mass function

−grr = 1 +
R2

4
(∂rΘ)2 =

1

1− 2GM(r)
r

.

At the radii of order star radius (larger than Schwartshild radius rS = 2GM) the gradient of Θ
must be of the order of 1/R and this is inconsistent with the finite range of possible values for Θ.

As already shown the field equations GαβDβ∂αhk = 0 are obtained by varying the integral of
the curvature scalar over the space time surface. Field equations reduce to conservation conditions
for suitably chosen conserved current: for instance the relevant components of the gravitational
4-momentum and gravitational color currents and express the conservation of gravitational four-
momentum current and corresponding color currents.

The expression for the induced metric is given by

ds2 = Bdt2 −Adr2 − r2dΩ2 ,

B = λ2 − R2ω2

4
sin2Θ ,

A = 1 +
R2

4
(∂rΘ)2 +

R2

4
sin2Θ(∂rk)2 − (∂rh)2 . (57)

The vanishing of the gtr component of the metric implies the condition

λ∂rh− R2

4
sin2 Θω∂rk = 0 . (58)

The expressions for the components of Einstein tensor for spherically symmetric stationary metric
are given by

Grr =
1

A2
(−∂rB

Br
+

(A− 1)
r2

) ,

Gθθ =
1
r2

[− ∂2
rB

2BA
+

1
2Ar

(
∂rA

A
− ∂rB

B
)

+
∂rB

4AB
(
∂rA

A
+

∂rB

B
] ,

Gtt =
1

AB
(−∂rA

Ar
+

(1−A)
r2

) . (59)

A solution of the field equations with one-dimensional CP2 projection and vanishing gauge
fields is obtained by specifying the solution ansatz in the following manner

49



Θ =
π

2
,

h(r) = hr ,

k(r) = kr . (60)

The requirement that grt vanishes gives the condition

hλ = R2ωk/4 .

The functions A and B are in this case just constants. Since A differs from unity, the resulting
metric is however non-flat and the non-vanishing components of the Einstein tensor are given by
the expressions

Gtt =
(1−A)
ABr2

,

Grr = − (1−A)
A2r2

. (61)

Field equations can be written as conservation conditions, say for the components of gravitational
4-momentum and the conserved ”gravitational” color charges associated with the symmetry Φ →
Φ + ε. Quite generally, ”gravitational” isometry currents have only time and radial components
and radial component represent radial flow to or from the origin. Since the time component is
time independent, the field equations state that radial flow is constant so that radial component
of the current must behave as 1/r2. This is guaranteed provided the condition

∂r(Grr√g) = 0 (62)

holds true: this is indeed the case since Grr is proportional to 1/r2.
The radial flow of gravitational energy is non-vanishing due to m0 = λtt + h(r) behavior and

given by the expression

Jr =
Grrh

16πG
.

The conservation condition for Jr fails to be satisfied at origin, which acts as a source or a sink
for the gravitational energy. Conservation law fails also at the surface of the star.

One can consider several interpretations.

1. Gravitational mass could be genuinely non-conserved at these locations. Dark particles resp.
antiparticles with positive resp. negative energy would be created in the center of star such
that the net density of inertial energy remains zero. Positive and negative energy particles
would flow along their own space-time sheets to the outer surface and annihilate there so
that there would be no net growth of the gravitational mass. The simplest possibility is that
# contacts, which correspond to bound states of parton and negative energy antiparton [F6],
split to give rise to particles of opposite inertial energy. At the outer surface # contacts fuse
together again.

2. Second option assumes the conservation of gravitational four-momentum. At the surface
the non-conservation could result from the flow of the gravitational 4-momentum to a larger
space-time sheet via join along boundaries bonds. No net flow of inertial energy would be
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involved since positive and negative energy flows must cancel each other. For example, for a
physically acceptable solution the gravitational energy might flow radially from or towards
the z-axis, flow to say north pole at the surface of the object and return back along z-axis.
Gravitational energy could also flow at origin to a second space-time sheet and return back
at the surface of the star.

The (gravitational) mass function of the solution is given by the expression

M(r) =
λ

16πG

(A− 1)
AB

√
ABr . (63)

Mass is positive for Minkowskian metric with B > 0 and Euclidian metric but negative for the
interior black hole metric (A < 0, B < 0). Mass is proportional to the radius of the star and in
order to obtain an object with about Schwartshild radius one must assume that the parameter k
is of the order of 1/R.

Concerning the physical interpretation of the Θ = π/2 solution following remarks are in order:

1. Various gauge fields vanish since CP2 projection is actually a geodesic circle. The inter-
pretation is that various gauge charges vanish. Note that one-dimensional CP2 projection
conforms with the similar property of Robertson Walker cosmologies.

2. Both gravitational, color and weak forces vanish inside the star and the motion along ra-
dial geodesics takes place with constant velocity. This is consistent with the radial flow of
gravitational energy.

3. Solution ansatz allows generalizations. For example, the following modification is stationary
with respect to energy: m0 = λt, Φ = ω1t+k1r, Ψ = ω2t+k2r, u = constant < ∞, Θ = π/2.
By choosing the values of the parameters suitably all the field equations are satisfied but
stationarity is not achieved.

4. The solution should allow gluing to the Schwartshild metric at Θ = π/2. As found, for
the imbedding of Schwartshild metric the Θ = 0 correspond to the Schwartchild radius so
that Θ = π/2 would most naturally correspond to rM < rS . Since radial gauge fluxes are
non-vanishing and finite at Schwartshild radius, they must be non-vanishing Θ = π/2 surface
too, so that the star would carry surface charges and behave somewhat like a conducting
sphere.

5.2 Dynamo model

The previous considerations have shown that the spherically symmetric solution is probably not
physically realistic as such and it seems also clear that spherical symmetry must be given up and
be replaced with a symmetry with respect to rotations around z-axis in order to obtain more
realistic solutions. Since realistic stars rotate and have strong magnetic fields it is natural to
ask whether rotation and magnetic fields might provide remedy for the pathological features of
the solution. The rotation of the gauge charged matter (in ”gravitational” sense) indeed creates
classical gauge magnetic fields, which become very strong near the surface of the star, where the
condition Θ ' π/2 holds. If matter is approximately gauge neutral in the interior, the gauge fields
should vanish to a very good approximation in the interior and the previous solution should be a
good approximation to the actual situation. The rotating star could therefore be regarded as a
rotating electro-weak conductor. Both Z0 and em fields are present for a vanishing Kähler field
and the ratio of field strengths is γ/Z0 = −sin2(θW )/2 ' −1/8 (see Appendix) so that Z0 field
dominates.
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The generation of strong em and Z0 electric and magnetic fields suggests a mechanism guaran-
teing the stability of the solution: star behaves like a dynamo. For solutions with a 2-dimensional
CP2 projection em and Z0 electric and magnetic fields are automatically orthogonal. For Θ ' π/2
they are very strong and dominate over gravitation and centrifugal force. Therefore the stability
of the surface region naturally results from the cancellation of the electric and magnetic em and
Z0 forces (Ē + v̄ × B̄ = 0), which takes place, when the velocity field of the matter is suitably
chosen. This condition is completely analogous to the vanishing of Kähler Lorentz 4-force which
seems to be a general property of the solutions of field equations [D1] and there are reasons to
hope non-vacuum extremals describing rotating star can be found.

5.2.1 Conditions for the vanishing of the induced Kähler field

Although the situation becomes too complicated in order to allow the finding of exact solutions
describing rotating star, one can identify some general properties of the solution ansatz describing
the rotating configuration with Kähler electric and magnetic fields. In order to study the general
properties of the solution ansatz in its most general form the explicit expressions for the line
element and Kähler form of CP2 given by the expression

ds2 =
dr2

F 2
+

r2

4F 2
(dΨ + cos(Θ)dΦ)2 +

r2

4F
(dΘ2 + sin2(Θ)dΦ2) ,

J =
r

2F 2
dr ∧ (dΨ + cos(Θ)dΦ) +

r2

2F
sinΘdΘ ∧ dΦ ,

F = 1 + r2 , (64)

0
are needed.

The vanishing of Kähler field is can be guaranteed by the conditions (not the most general
ones, canonical transformations generate new solutions)

Φ = qΨ ,

dr

dθ
= −qrF

sin(θ)
1 + qcos(θ)

. (65)

Note that this ansatz excludes the case qcos(Θ) = −1 for which only W± fields are non-vanishing.
For this ansatz the expressions for em and Z0 fields (see Appendix for general formulas) are

γ = −sin2(ΘW )R03 , Z0 = 2R03 ,

R03 = −qr2Fsin(θ)dΘ ∧ dΨ .
(66)

Here R03 denotes a component of spinor curvature.

5.2.2 Topological quantum numbers

The crucial point is that the expansions for the angle coordinates Φ and Ψ using spherical coordi-
nates contain linear terms in t, r and φ

Φ = n1φ + ω1t + k1 ,

Ψ = n2φ + ω2t + k2 . (67)
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The functions k1 and k2 corresponds to Fourier expansion in terms of the plane waves exp(inφ)
with coefficients depending on the coordinates (t, r, θ).

The terms depending linearly on φ imply a nontrivial topological structure for the gauge fields
not present for the ordinary Maxwell fields. What happens is that space-time divides into regions,
which correspond to different values of the topological quantum numbers (n1, n2). In the bound-
aries of these regions the values of the coordinates u and Θ must be such that different values of Φ
and Ψ correspond to same point of CP2. From the expression of the line element one finds that for
Ψ the point u = 0 and the sphere u = ∞ corresponds to these kinds of points. For Φ the surfaces
u = 0 and u = ∞, Θ = 0 correspond to these kinds of surfaces. The form of Φ and Ψ implies that
both electric and magnetic gauge fields are nontrivial and rather closely related as is clear from
the expression for the Kähler form. Therefore the non-triviality of the winding numbers n1 and
n2 is what seems to be the crucial, purely TGD based feature of rotating gauge field structures.

5.2.3 Stationary, axially symmetric ansatz with a non-vanishing Kähler field

To make the discussion more concrete, let us assume that the induced metric is invariant with
respect to rotations around z-axis and time translations. This is achieved if CP2 coordinates
(apart from linear dependence on φ) depend on the coordinates rM and θ only.

r = r(rM , θ)
Θ = Θ(rM , θ) ,

ki = ki(rM , θ) , i = 1, 2 . (68)

This kind of ansatz is clearly consistent: field equations reduce to four equations since second
fundamental form is orthogonal to the four-surface and there are four free functions of r and
θ: one has effectively two dimensional field theory. Since the general solution ansatz for field
equations relies on the vanishing of the Lorentz Kähler force central for the dynamo mechanism,
it is of interest to study the general properties of the solution ansatz with a non-vanishing Kähler
field. This ansatz can give as special cases space-time sheets carrying Z0 and em fields with
magnetic fields having different rotation axis.

In order to further simplify the discussion let us assume that X4 corresponds to a sub-manifold
of M4 × S2

I . For instance, the ansatz

r = ∞ ,

Θ = Θ(rM , θ) ,

Φ = nφ + ωt + k(rM , θ) . (69)

is consistent with this assumption. A simpler ansatz is obtained by assuming k(rM , θ) = 0. This
ansatz has the following properties.

1. Induced Kähler (and Z0-) electric and magnetic fields are automatically orthogonal since CP2

projection is two-dimensional. In fact, the orthogonality holds to an excellent approximation
also for the values of u different but near to u = ∞ since the resulting additional components
of the Kähler field are extremely small. Kähler electric and magnetic fields are given by

ErM
= JrM t = −∂rM

cos(Θ)ω/2 ,

Eθ = −∂θcos(Θ)ω/2 ,
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Bθ = −∂rM
cos(Θ)n/2 ,

BrM
= −∂θcos(Θ)n/2 .

(70)

The field strengths are related by

E = vB ,

v =
ω

n

√
−gφφ

gtt
' ω

n
ρ , (71)

where ρ denotes radial distance from the rotation axis. v can be interpreted as a velocity
type parameter. The requirement that v < 1 gives a lower bound for the value of n: n > ωr0,
where r0 denotes the radius of the star: the condition implies that n must be larger than
the mass of the star using Planck mass as unit. Somewhat counter intuitively, small rotation
velocities seem to correspond to large values of n.

2. Kähler electric and magnetic fields indeed provide a possible mechanism guaranteing the
stability of the star at the surface, where Z0 forces dominate over gravitation and centrifugal
force. Star behaves like a dynamo: matter rotates with a velocity guaranteing the vanishing
of the Z0 force. It should be noticed that no upper bound for the rotation velocity except
that resulting from causality is obtained (Ω < 1/r0). Therefore this mechanism might explain
the observed very large rotation velocities (for instance in Super Nova SN1987A), which are
hard to understand in GRT based models [24].

3. The ansatz indeed describes a rotating object. First, the dynamo mechanism for the stability
necessitates the presence of rotation and determines rotation velocity also. Secondly, the
presence of Kähler magnetic field can be understood as being created by the rotation of
gauge charges. Thirdly, the gtφ component of the induced metric and therefore the angular
momentum density J t

z ∝ Gtφr2sin2θ is non-vanishing. A rough order of magnitude estimate
for the angular momentum gives J ' M

√
Gn. In order to obtain angular momentum of

order MR ' GM2 the order of magnitude for the parameter n must be n ' M
√

G or the
mass of the star using Planck mass as unit or: notice that also the Kähler charge of the star
is of the same order of magnitude.

4. The gluing of the solution to Schwartshild solution realized as a vacuum extremal is possible
at a surface Θ = 0, which corresponds to Scwartschild radius, since at this surface different
values of Φ correspond to same point of CP2. The gluing condition gives additional constraint
u = ∞ at rM = rS .

5. The experience with the radially symmetric solution ansatz suggests that Θ is very nearly
constant Θ ' π/2 in the interior and varies considerably only at the surface of the star where
Θ must go to zero in order to allow gluing to Schwartshild metric at r = rS . A possible
picture is therefore the following. On z-axis there is a Z0 charged vortex creating radial Z0

electric field and Z0 magnetic field in the direction of the vortex. In order to obtain cyclic
energy flow matter velocity near the surface of the star must have besides the rotational
component a component in θ direction (Z0 force vanishes in this direction).

6. An interesting possibility is that the vortex actually corresponds to a Kähler charged cosmic
string which has gradually lost its enormous inertial mass by a generating pairs of positive
and negative energy particles, such that positive energy particles have left the string and
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participated in the formation of the star. The weakening of the magnetic field would have
forced a gradual thickening of the cosmic string to an ordinary magnetic flux tube. This ’stars
as pearls in necklace’ picture would be consistent with the idea that cosmic strings serve as
seeds of galaxy and star formation. Both negative and positive energy strings should be
present in order to guarantee vanishing of net inertial energy and one can wonder whether
the axis of Z0 and em magnetic fields correspond to these two kinds of strings.

5.2.4 Does Sun have a solid surface?

The model for the asymptotic state of star predicts that mass at given space-time sheet is con-
centrated in a spherical shell so that star would have a multi-sheeted onion-like structure. This
brings in mind the model for the formation of planetary systems in which spherical layers of quan-
tum coherent dark matter serve as templates for the formation of visible matter which eventually
condensed to planets [D7, J6]. It would not be surprising if also younger stars and also planets
would possess similar structure. This picture is in conflict with the simplest model of Sun as a gas
sphere.

Recently new satellites have begun to provide information about what lurks beneath the pho-
tosphere. The pictures produced by Lockheed Martin’s Trace Satellite and YOHKOH, TRACE
and SOHO satellite programs are publicly available in the web. SERTS program for the spectral
analysis suggest a new picture challenging the simple gas sphere picture [44]. The visual inspection
of the pictures combined with spectral analysis has led Michael Moshina to suggests that Sun has
a solid, conductive spherical surface layer consisting of calcium ferrite. The article of Moshina [44]
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 [44] deserves a summary.

Before SERTS people were familiar with hydrogen, helium, and calcium emissions from Sun.
The careful analysis of SERTS spectrum however suggest 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 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 Sun using light at
wave lengths corresponding to three lines of ferrite ions (171, 195, 284 Angstroms). On 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 structure rotate uniformly.

The existence of rigid structures idealizable as spherical shells in the first approximation would
conform with the model for the final state of star extrapolated to a qualitative picture about the
structure younger stars.

5.3 Z0 force and dynamics of compact objects

The fact that long ranged color fields and weak fields, in particular Z0 electric fields, could be-
come strong under certain conditions and in fact dominate over gravitation might have interesting
consequences in the physics of compact objects. Besides the dynamo mechanism guaranteing the
stability of the compact object the following ideas come immediately into mind.

1. In GRT based models Super Nova explosion is explained in terms of the pressure of the
collapsed matter. Numerical simulations however fail to produce the explosion [24] and it
might even be that GRT based models in fact predict the collapse to black hole. Z0 and em
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electric fields created by dark matter plus the existence of particles with Z0 charge, which
are suggested by TGD based model of nucleus and condensed matter to be present already
in ordinary condensed matter, might provide a natural mechanism preventing the formation
of the black hole (also excluded by the failure of complete imbeddability). When matter
collapses to a sufficiently small volume the value of Θ approaches π/2 in the surface region
and very strong repulsive radial Z0 force is generated and could indeed lead to the explosion.
Very light exotic variants of Higgs bosons identified as wormhole contacts having lefthanded
weak charge provides a possible mechanism generating Z0 charge.

2. The strong Z0 fields at the surface of the star might provide energy source and acceleration
mechanism for very high energy cosmic rays and a mechanism producing very high energy
X-rays. These rays would be dark matter particles but could transform to ordinary matter by
the mechanism discussed in [F9, J6]. For instance, one can imagine the ejection of a particle
beam from the surface of a compact object: particles in dark matter phase gain very high
energies in the Z0 electric field and emit brehmstrahlung in the direction of their motion:
most intense emission appears in the region very near the surface of the star, where the
Z0 electric field is strongest. This kind of mechanism might provide alternative explanation
for the pulsars. In standard explanations the emission takes place in the direction of the
magnetic axis, which does not coincide with the rotation axis. In present case the emission
point could be anywhere on the surface of the star and magnetic and rotation axes might
well coincide as they do in the simplest model. What one has to do is to invent a mechanism
creating the surface instability pushing the matter from the surface of the star to the Kähler
electric field.

3. The topological character of the magnetic structures might have applications also in the
physics of the ordinary stars. It is known that solar magnetic fields correspond to definite
isolated structures [25]. Since electromagnetic fields must be accompanied by Kähler fields
it is tempting to assume that these structures indeed correspond to the structures predicted
by TGD. At the surface of the Sun the value of Θ near π/2 are possible and therefore Z0

force can be very strong inside the magnetic structures.

5.4 Correlation between gamma ray bursts and supernovae and dynamo
model for the final state of the star

The correlation between gamma ray bursts and supernovae is certainly the cosmological discovery
of the year 2003 [26, 27].

1. The first indications for supernova gamma ray burst connection came 1998 when a supernova
was seen few days after the gamma ray burst in the same region of sky. In this case the
intensity of the burst was however by four orders of magnitude weaker than for the typical
gamma ray bursts so that the idea about the correlation was not taken seriously. On 29
March, observers recorded a burst christened as GRB030329. On 6 April, theorists at the
Technion Institute of Technology in Israel and CERN in Geneva predicted that there would
be signs of a supernova in the visible light and infrared spectra on 8 April [26]. On cue,
two days later, observers picked up the telltale spectrum of a type Ic supernova in the same
region of sky, triggered as the collapsing star lost hydrogen from its surface. It has now
become clear that a large class of gamma ray bursts correlate with supernovae of type Ib and
Ic [28], and that they could thus be powered by the mere core collapse leading to supernova.
Recall that supernovae of type II involve hydrogen lines unlike those of type I. Supernovae
of type Ib shows Helium lines, and Ic shows neither hydrogen nor helium but intermediate
mass elements instead. Supernovae of type Ib and Ic are thought to result as core collapse
of massive stars.
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2. One of the most enigmatic findings were the ”mystery spots” accompanying supernova
SN1987A at a distance of few light weeks at the symmetry axis at opposite sides of the
supernova [30]. Their luminosity was nearly 5 per cent of the maximal one. SN1987A was
also accompanied by an expanding axi-symmetric remnant surrounded by three concentric
rings.

3. The latest finding [29] is that the radiation associated with the gamma ray bursts is maximally
polarized. The polarization degree is the incredible 80± 20 per cent, which tells that it must
be generated in an extremely strong magnetic field rather than in a simple explosion. The
magnetic field must have a strong component parallel to the eye sight direction.

According to the updated model discussed in detail in [D5], cosmic strings transform in topo-
logical condensation to magnetic flux tubes about which they represent a limiting case. Primordial
magnetic flux tubes forming ferro-magnet like structures become seeds for gravitational conden-
sation leading to the formation of stars and galaxies. The TGD based model for the asymptotic
state of a rotating star as dynamo leads to the identification of the predicted magnetic flux tube
at the rotation axis of the star as Z0 magnetic flux tube of primordial origin and assignable to
dark matter. Besides Z0 magnetic flux tube structure also magnetic flux tube structure exists
at different space-time sheet but is in general not parallel to the Z0 magnetic structure. This
structure cannot have primordial origin (the magnetic field of star can even flip its polarity).

The flow of matter along Z0 magnetic (rotation) axis generates synchrotron radiation, which
escapes as a precisely targeted beam along magnetic axis and leaves the star. The identification is
as the rotating light beam associated with ordinary neutron stars. During the core collapse leading
to the supernova this beam becomes gamma ray burst. The mechanism is very much analogous to
the squeezing of the tooth paste from the tube.

TGD based models of nuclei [F8] and condensed matter [F9] suggests that the nuclei of dense
condensed matter develop anomalous color and weak charges coupling to dark weak bosons having
Compton length Lw of order atomic size. Also lighter copies of weak bosons can be important
in living matter. This weak charge is vacuum screened above Lw and by dark particles below it.
Dark neutrinos, which according to TGD based explanation of tritium beta decay anomaly [F8]
should have the same mass scale as ordinary neutrinos, are good candidates for screening dark
particles. The Z0 charge unbalance caused by the ejection of screening dark neutrinos hinders
the gravitational collapse. The strong radial compression amplifies the tooth paste effect in this
kind of situation so that there are hopes to understand the observed incredibly high polarization
of 80± 20 per cent [29].

5.5 Z0 force and Super Nova explosion

The mechanism behind Super Nova explosion is not completely understood. The general picture
is roughly the following.

1. The formation of iron means the end of the nuclear processes. The inner parts of the star
contract and the degeneracy pressure of the non-relativistic electrons (EF ∝ ρ2/3) increases
and compensates the gravitational force. The equilibrium state is not stable. When the mass
of the iron core approaches Chandrasekhar mass 1.4MSun electrons become relativistic. The
milder dependence of the electron Fermi energy on density EF ∝ ρ1/3 at the relativistic limit
leads to the loss of stability. The high Fermi energy of the electrons allows also the reactions
p + e− → n + νe implying decrease of the electronic pressure and neutronization of nuclear
matter in the core. Gravitational collapse starts.

2. Collapse stops, when the density of the core reaches the density of the nuclear matter. The
degeneracy pressure of the neutrons stops contraction, a shock wave is created and the shock
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wave and neutrino radiation blow the outer regions of the star away so that Super Nova
explosion results.

The problem of this scenario is that numerical simulations do not lead to a strong enough Super
Nova explosion and the star tends to collapse into a black hole. A repulsive long ranged Z0 force
predicted by TGD based model of atomic nuclei [F8] generating an additional pressure provides a
possible mechanism hindering the collapse and leading to the explosion.

1. The TGD based model for nuclei [F8] and condensed matter [F9] suggests that the nuclei of
dense condensed matter develop anomalous color and weak charges coupling to dark weak
bosons having Compton length Lw of order atomic size. Weak charge is due to the charged
color bonds between nucleons: for instance, tetraneutron can be understood as an alpha
particle containing two negatively charged color bonds [F8]. This weak charge is vacuum
screened above Lw and by dark particles below it. The charged bonds could exist and also
generated between nucleons of different nuclei during collapse.

Dark neutrinos, which according to the TGD based explanation of tritium beta decay
anomaly [F8] should have the same mass scale as ordinary neutrinos, are good candidates for
screening dark weak force partially below length scale Lw. In equilibrium color force com-
pensates the partially screened Z0 force in the bonds. For the ordinary condensed matter
densities vacuum screening effectively eliminates the force between neighboring nuclei, and
the force makes it visible only via low compressibility. The gravitational collapse could be
hindered by the strong additional pressure created by the repulsive Lw-ranged weak interac-
tion between nucleons becoming manifest in the resulting dense phase.

2. In the initial state Z0 charge is screened by dark neutrinos below Lw so that the repulsive Z0

force is weaker than gravitational force and attractive color force associated with the bonds.
Neutronization reactions p + e− → n + νe trigger the collapse. During collapse density
increases so that dark neutrinos are not able to screen the anomalous Z0 charge density.
The dark neutrino radiation escaping from the star can also reduce the Z0 screening. The
resulting repulsive weak force implies a rapid increase of pressure with increasing density
and thus a very low compressibility as it is proposed to imply also in the case of ordinary
condensed matter[F9]. The repulsive weak force thus stops the collapse to black-hole.

3. The study of the spherically symmetric star models as 4-surfaces imbedded in M4
+ × CP2

shows that the extreme nonlinearity of Kähler action implies that Z0 force dominates over
gravitation near the surface of the star.

5.6 Microscopic description of black-holes in TGD Universe

In TGD framework the imbedding of the metric for the interior of Schwartshild black-hole fails
below some critical radius. This strongly suggests that only the exterior metric of black-hole makes
sense in TGD framework and that TGD must provide a microscopic description of black-holes.
Somewhat unexpectedly, I ended up with this description from a model of hadrons.

Super-canonical algebra is a generalization of Kac-Moody algebra obtained by replacing the
finite-dimensional group G with the group of symplectic transformations of δM4

± × CP2. This
algebra defines the group of isometries for the ”world of classical worlds” and together with the
Kac-Moody algebra assignable to the deformations of light-like 3-surfaces representing orbits of
2-D partonic surfaces it defines the mathematical backbone of quantum TGD as almost topological
QFT.

From the point of view of experimentalist the basic question is how these super-canonical
degrees of freedom reflect themselves in existing physics and the pleasant surprise was that super-
canonical bosons explain what might be called the missing hadronic mass and spin. The point is
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that quarks explain only about 170 MeV of proton mass. Also the spin puzzle of proton is known
for years. Also precise mass formulas for hadrons emerge.

Super-canonical degrees of freedom represent dark matter in electro-weak sense and highly en-
tangled hadronic strings in Hagedorn temperature are very much analogous to black-holes. This
indeed generalizes to a microscopic model for black-holes created when hadronic strings fuse to-
gether in high density.

5.6.1 Super-canonical bosons

TGD predicts also exotic bosons which are analogous to fermion in the sense that they correspond
to single wormhole throat associated with CP2 type vacuum extremal whereas ordinary gauge
bosons corresponds to a pair of wormhole contacts assignable to wormhole contact connecting
positive and negative energy space-time sheets. These bosons have super-conformal partners with
quantum numbers of right handed neutrino and thus having no electro-weak couplings. The bosons
are created by the purely bosonic part of super-canonical algebra [B2, B3, B4], whose generators
belong to the representations of the color group and 3-D rotation group but have vanishing electro-
weak quantum numbers. Their spin is analogous to orbital angular momentum whereas the spin
of ordinary gauge bosons reduces to fermionic spin. Recall that super-canonical algebra is crucial
for the construction of configuration space Kähler geometry. If one assumes that super-canonical
gluons suffer topological mixing identical with that suffered by say U type quarks, the conformal
weights would be (5,6,58) for the three lowest generations. The application of super-canonical
bosons in TGD based model of hadron masses is discussed in [F4] and here only a brief summary
is given.

As explained in [F4], the assignment of these bosons to hadronic space-time sheet is an attractive
idea.

1. Quarks explain only a small fraction of the baryon mass and that there is an additional
contribution which in a good approximation does not depend on baryon. This contribution
should correspond to the non-perturbative aspects of QCD. A possible identification of this
contribution is in terms of super-canonical gluons. Baryonic space-time sheet with k = 107
would contain a many-particle state of super-canonical gluons with net conformal weight of
16 units. This leads to a model of baryons masses in which masses are predicted with an
accuracy better than 1 per cent.

2. Hadronic string model provides a phenomenological description of non-perturbative aspects
of QCD and a connection with the hadronic string model indeed emerges. Hadronic string
tension is predicted correctly from the additivity of mass squared for J = 2 bound states of
super-canonical quanta. If the topological mixing for super-canonical bosons is equal to that
for U type quarks then a 3-particle state formed by 2 super-canonical quanta from the first
generation and 1 quantum from the second generation would define baryonic ground state
with 16 units of conformal weight. A very precise prediction for hadron masses results by
assuming that the spin of hadron correlates with its super-canonical particle content.

3. Also the baryonic spin puzzle caused by the fact that quarks give only a small contribution
to the spin of baryons, could find a natural solution since these bosons could give to the spin
of baryon an angular momentum like contribution having nothing to do with the angular
momentum of quarks.

4. Super-canonical bosons suggest a solution to several other anomalies related to hadron
physics. The events observed for a couple of years ago in RHIC [21] suggest a creation
of a black-hole like state in the collision of heavy nuclei and inspire the notion of color glass
condensate of gluons, whose natural identification in TGD framework would be in terms of
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a fusion of hadronic space-time sheets containing super-canonical matter materialized also
from the collision energy. In the collision, valence quarks connected together by color bonds
to form separate units would evaporate from their hadronic space-time sheets in the collision,
and would define TGD counterpart of Pomeron, which experienced a reincarnation for few
years ago [22]. The strange features of the events related to the collisions of high energy
cosmic rays with hadrons of atmosphere (the particles in question are hadron like but the
penetration length is anomalously long and the rate for the production of hadrons increases
as one approaches surface of Earth) could be also understood in terms of the same general
mechanism.

5.6.2 Are ordinary black-holes replaced with super-canonical black-holes in TGD
Universe?

Some variants of super string model predict the production of small black-holes at LHC. I have
never taken this idea seriously but in a well-defined sense TGD predicts black-hole like states asso-
ciated with super-canonical gravitons with strong gravitational constant defined by the hadronic
string tension. The proposal is that super-canonical black-holes have been already seen in Hera,
RHIC, and the strange cosmic ray events.

Baryonic super-canonical black-holes of the ordinary M107 hadron physics would have mass
934.2 MeV, very near to proton mass. The mass of their M89 counterparts would be 512 times
higher, about 478 GeV. ”Ionization energy” for Pomeron, the structure formed by valence quarks
connected by color bonds separating from the space-time sheet of super-canonical black-hole in
the production process, corresponds to the total quark mass and is about 170 MeV for ordinary
proton and 87 GeV for M89 proton. This kind of picture about black-hole formation expected to
occur in LHC differs from the stringy picture since a fusion of the hadronic mini black-holes to a
larger black-hole is in question.

An interesting question is whether the ultrahigh energy cosmic rays having energies larger than
the GZK cut-off of 5 × 1010 GeV are baryons, which have lost their valence quarks in a collision
with hadron and therefore have no interactions with the microwave background so that they are
able to propagate through long distances.

In neutron stars the hadronic space-time sheets could form a gigantic super-canonical black-
hole and ordinary black-holes would be naturally replaced with super-canonical black-holes in TGD
framework (only a small part of black-hole interior metric is representable as an induced metric).
This obviously means a profound difference between TGD and string models.

1. Hawking-Bekenstein black-hole entropy would be replaced with its p-adic counterpart given
by

Sp = (
M

m(CP2)
)2 × log(p) , (72)

where m(CP2) is CP2 mass, which is roughly 10−4 times Planck mass. M is the contribution
of p-adic thermodynamics to the mass. This contribution is extremely small for gauge bosons
but for fermions and super-canonical particles it gives the entire mass.

2. If p-adic length scale hypothesis p ' 2k holds true, one obtains

Sp = klog(2)× (
M

m(CP2)
)2, (73)
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m(CP2) = h̄/R, R the ”radius” of CP2, corresponds to the standard value of h̄0 for all values
of h̄.

3. Hawking-Bekenstein area law gives in the case of Schwartschild black-hole

S =
A

4G
× h̄ = πGM2 × h̄ . (74)

For the p-adic variant of the law Planck mass is replaced with CP2 mass and klog(2) ' log(p)
appears as an additional factor. Area law is obtained in the case of elementary particles if
k is prime and wormhole throats have M4 radius given by p-adic length scale Lk =

√
kR

which is exponentially smaller than Lp. For macroscopic super-canonical black-holes modified
area law results if the radius of the large wormhole throat equals to Schwartschild radius.
Schwartschild radius is indeed natural: a simple deformation of the Schwartschild exterior
metric to a metric representing rotating star transforms Schwartschild horizon to a light-like
3-surface at which the signature of the induced metric is transformed from Minkowskian to
Euclidian.

4. The formula for the gravitational Planck constant appearing in the Bohr quantization of
planetary orbits and characterizing the gravitational field body mediating gravitational in-
teraction between masses M and m [D7] reads as

h̄gr =
GMm

v0
h̄0 .

v0 = 2−11 is the preferred value of v0. One could argue that the value of gravitational Planck
constant is such that the Compton length h̄gr/M of the black-hole equals to its Schwartshild
radius. This would give

h̄gr =
GM2

v0
h̄0 , v0 = 1/2 . (75)

The requirement that h̄gr is a ratio of ruler-and-compass integers expressible as a product
of distinct Fermat primes (only four of them are known) and power of 2 would quantize the
mass spectrum of black hole [D7]. Even without this constraint M2 is integer valued using
p-adic mass squared unit and if p-adic length scale hypothesis holds true this unit is in an
excellent approximation power of two.

5. The gravitational collapse of a star would correspond to a process in which the initial value
of v0 , say v0 = 2−11, increases in a stepwise manner to some value v0 ≤ 1/2. For a supernova
with solar mass with radius of 9 km the final value of v0 would be v0 = 1/6. The star could
have an onion like structure with largest values of v0 at the core as suggested by the model
of planetary system. Powers of two would be favored values of v0. If the formula holds true
also for Sun one obtains 1/v0 = 3× 17× 213 with 10 per cent error.

6. Black-hole evaporation could be seen as means for the super-canonical black-hole to get rid
of its electro-weak charges and fermion numbers (except right handed neutrino number) as
the antiparticles of the emitted particles annihilate with the particles inside super-canonical
black-hole. This kind of minimally interacting state is a natural final state of star. Ideal
super-canonical black-hole would have only angular momentum and right handed neutrino
number.
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7. In TGD light-like partonic 3-surfaces are the fundamental objects and space-time interior
defines only the classical correlates of quantum physics. The space-time sheet containing the
highly entangled cosmic string might be separated from environment by a wormhole contact
with size of black-hole horizon.

This looks the most plausible option but one can of course ask whether the large partonic 3-
surface defining the horizon of the black-hole actually contains all super-canonical particles so
that super-canonical black-hole would be single gigantic super-canonical parton. The interior of
super-canonical black-hole would be a space-like region of space-time, perhaps resulting as a large
deformation of CP2 type vacuum extremal. Black-hole sized wormhole contact would define a
gauge boson like variant of the black-hole connecting two space-time sheets and getting its mass
through Higgs mechanism. A good guess is that these states are extremely light.

6 Gravimagnetism and TGD

Gravimagnetism is one of the predictions of GRT which is being tested experimentally. TGD pre-
dicts deviations from the predictions of GRT which unfortunately are not seen in the satellite ex-
periment to be discussed below. The claimed discovery of gravimagnetic effect in super-conductors
having strength 20 orders of magnitude larger than predicted by GRT raises the question whether
TGD might explain the effect.

6.1 Gravity Probe B and TGD

Gravity Probe B experiment tests the predictions o General Relativity related to gravimagnetism.
Only the abstract [31] of the talk C. W. Francis Everitt summarizing the results is available when
I am writing this.

The NASA Gravity Probe B (GP-B) orbiting gyroscope test of General Relativity, launched
from Vandenberg Air Force Base on 20 April, 2004, tests two consequences of Einstein’s theory: 1)
the predicted 6.6 arc-s/year geodetic effect due to the motion of the gyroscope through the curved
space-time around the Earth; 2) the predicted 0.041 arc-s/year frame-dragging effect due to the
rotating Earth. The mission has required the development of cryogenic gyroscopes with drift-rates
7 orders of magnitude better than the best inertial navigation gyroscopes. These and other essential
technologies, for an instrument which once launched must work perfectly, have come into being
as the result of an intensive collaboration between Stanford physicists and engineers, NASA and
industry. GP-B entered its science phase on August 27, 2004 and completed data collection on
September 29, 2005. Analysis of the data has been in continuing progress during and since the
mission. This paper will describe the main features and challenges of the experiment and announce
the first results.

The article [32] gives an excellent summary of various test of GRT. The predictions tested by
GP-B relate to gravimagnetic effects. The field equations of general relativity in post-Newtonian
approximation with a choice of a preferred frame can in good approximation (gij = −δij) be
written in a form highly reminiscent of Maxwell’s questions with gtt component of metric defining
the counterpart of the scalar potential giving rise to gravito-electric field and gti the counterpart
of vector potential giving rise to the gravimagnetic field.

Rotating body generates a gravimagnetic field so that bodies moving in the gravimagnetic
field of a rotating body experience the analog of Lorentz force and gyroscope suffers a precession
similar to that suffered by a magnetic dipole in magnetic field (Thirring-Lense effect or frame-drag).
Besides this there is geodetic precession due to the motion of the gyroscope in the gravito-electric
field present even in the case of non-rotating source which might be perhaps understood in terms
of gravito-Faraday law. Both these effects are tested by GP-B.
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In the following I represent some general comments about how TGD and GRT differs and also
say something about the predictions of TGD concerning GP-B experiment.

6.1.1 TGD and GRT

Consider first basic differences between TGD and GRT.

1. In TGD local Lorentz invariance is replaced by exact Poincare invariance at the level of the
imbedding space H = M4 × CP2. Hence one can use unique global Minkowski coordinates
for the space-time sheets and gets rids of the problems related to the physical identification
of the preferred coordinate system.

2. General coordinate invariance holds true in both TGD and GRT.

3. The basic difference between GRT and TGD is that in TGD framework gravitational field is
induced from the metric of the imbedding space. One important cosmological implication is
that the imbeddings of the Robertson-Walker metric for which the gravitational mass density
is critical or overcritical fail after some value of cosmic time. Also classical gauge potentials
are induced from the spinor connection of H so that the geometrization applies to all classical
fields. Very strong constraints between fundamental interactions at the classical level are
implied since CP2 are the fundamental dynamical variables at the level of macroscopic space-
time.

4. Equivalence Principle holds in TGD only in a weak form in the sense that gravitational energy
momentum currents (rather than tensor) are not identical with inertial energy momentum
currents. Inertial four-momentum currents are conserved but not gravitational ones. This
explains the non-conservation of gravitational mass in cosmological time scales. At the
more fundamental parton level (light-like 3-surfaces to which an almost-topological QFT is
assigned) inertial four-momentum can be regarded as the time-average of the non-conserved
gravitational four-momentum so that equivalence principle would hold in average sense. The
non-conservation of gravitational four-momentum relates very closely to particle massivation.

6.1.2 TGD and GP-B

There are excellent reasons to expect that Maxwellian picture holds true in a good accuracy if one
uses Minkowski coordinates for the space-time surface. In fact, TGD allows a static solutions with
2-D CP2 projection for which the prerequisites of the Maxwellian interpretation are satisfied (the
deviations of the spatial components gij of the induced metric from −δij are negligible).

Schwartschild and Reissner-Norström metrics allow imbeddings as 4-D surfaces in H but Kerr
metric [33] assigned to rotating systems probably not. If this is indeed the case, the gravimagnetic
field of a rotating object in TGD Universe cannot be identical with the exact prediction of GRT
but could be so in the Post-Newtonian approximation. Scalar and vector potential correspond to
four field quantities and the number of CP2 coordinates is four. Imbedding as vacuum extremals
with 2-D CP2 projection guarantees automatically the consistency with the field equations but re-
quires the orthogonality of gravito-electric and -magnetic fields. This holds true in post-Newtonian
approximation in the situation considered.

Hence apart from restrictions caused by the failure of the global imbedding at short distances
it might be possible to imbed Post-Newtonian approximations into H in the approximation gij =
−δij . If so, the predictions for Thirring-Lense effect would not differ measurably from those of
GRT. The predictions for the geodesic precession involving only scalar potential would be identical
in any case.
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The imbeddability in the post-Newtonian approximation is however questionable if one as-
sumes vacuum extremal property and small deformations of Schwartschild metric indeed predict
a gravimagnetic field differing from the dipole form.

1. Simplest candidate for the metric of a rotating star

The simplest situation for the metric of rotating start is obtained by assuming that vacuum
extremal imbeddable to M4×S2, where S2 is the geodesic sphere of CP2 with vanishing homological
charge and induce Kähler form. Use coordinates (Θ, Φ) for S2 and spherical coordinates (t, r, θ, φ)
in space-time identifiable as M4 spherical coordinates apart from scaling and r-dependent shift in
the time coordinate.

1. For Schwartschild metric one has

Φ = ωt , sin(Θ) = f(r) . (76)

f is fixed highly uniquely by the imbedding of Schwartschild metric and asymptotically one
must have

f = f0 +
C

r

in order to obtain gtt = 1− 2GM/r (≡ 1 + Φgr) behavior for the induced metric.

2. The small deformation giving rise to the gravimagnetic field and metric of rotating star is
given by

Φ = ωt + nφ (77)

There is obvious analogy with the phase of Schödinger amplitude for angular momentum
eigenstate with Lz = n which conforms with the quantum classical correspondence.

3. The non-vanishing component of Ag is proportional to gravitational potential Φgr

Ag
φ = gtφ = (n/ω)Φgr . (78)

4. A little calculation gives for the magnitude of Bθ
g from the curl of Ag the expression

Bθ
g =

n

ω
× 1

sin(θ)
× 2GM

r3
. (79)

In the plane θ = π/2 one has dipole field and the value of n is fixed by the value of angular
momentum of star.

5. Quantization of angular momentum is obtained for a given value of ω. This becomes clear by
comparing the field with dipole field in θ = π/2 plane. Note that GJ , where J is angular mo-
mentum, takes the role of magnetic moment in Bg [32] appears as a free parameter analogous
to energy in the imbedding and means that the unit of angular momentum varies. In TGD
framework this could be interpreted in terms of dynamical Planck constant having in the most
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general case any rational value but having a spectrum of number theoretically preferred val-
ues. Dark matter is interpreted as phases with large value of Planck constant which means
possibility of macroscopic quantum coherence even in astrophysical length scales. Dark mat-
ter would induce quantum like effects on visible matter. For instance, the periodicity of small
n states might be visible as patterns of visible matter with discrete rotational symmetry.

2. Comparison with the dipole field

The simplest candidate for the gravimagnetic field differs in many respects from a dipole field.

1. Gravitomagnetic field has 1/r3 dependence so that the distance dependence is same as in
GRT.

2. Gravitomagnetic flux flows along z-axis in opposite directions at different sides of z = 0
plane and emanates from z-axis radially and flows along spherical surface. Hence the radial
component of Bg would vanish whereas for the dipole field it would be proportional to cos(θ).

3. The dependence on the angle θ of spherical coordinates is 1/sin(θ) (this conforms with the
radial flux from z-axis whereas for the dipole field the magnitude of Bθ

g has the dependence
sin(θ). At z = 0 plane the magnitude and direction coincide with those of the dipole field
so that satellites moving at the gravimagnetic equator would not distinguish between GRT
and TGD since also the radial component of Bg vanishes here.

4. For other orbits effects would be non-trivial and in the vicinity of the flux tube formally
arbitrarily large effects are predicted because of 1/sin(θ) behavior whereas GRT predicts
sin(θ) behavior. Therefore TGD could be tested using satellites near gravito-magnetic North
pole.

5. The strong gravimagnetic field near poles causes gravi-magnetic Lorentz force and could
be responsible for the formation of jets emanating from black hole like structures. This
additional force might have also played some role in the formation of planetary systems and
the plane in which planets move might correspond to the plane θ = π/2 where gravimagnetic
force has no component orthogonal to the plane. Same applies in the case of galaxies.

3. Consistency with the model for the asymptotic state of star

In TGD framework natural candidates for the asymptotic states of the star are solutions of
field equations for which gravitational four-momentum is locally conserved. Vacuum extremals
must therefore satisfy the field equations resulting from the variation of Einstein’s action (possibly
with cosmological constant) with respect to the induced metric. Quite remarkably, the solution
representing asymptotic state of the star is necessarily rotating.

The proposed picture is consistent with the model of the asymptotic state of star. Also the
magnetic parts of ordinary gauge fields have essentially similar behavior. This is actually obvious
since CP2 coordinates are fundamental dynamical variables and the field line topologies of induced
gauge fields and induced metric are therefore very closely related.

As already discussed, the physicists M. Tajmar and C. J. Matos and their collaborators working
in ESA (European Satellite Agency) have made an amazing claim of having detected strong grav-
imagnetism with gravimagnetic field having a magnitude which is about 20 orders of magnitude
higher than predicted by General Relativity [46, 47, 48]. Hence there are some reasons to think
that gravimagnetic fields might have a surprise in store.

When I am writing this (day later than what is above I have learned that the error bars for
the frame-dragging effect are still twice the size of the effect as predicted by GRT. Already this
information would have killed TGD inspired model unless the satellite would have been at the
equator.
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6.2 Does horizon correspond to a degenerate four-metric for the rotat-
ing counterpart of Schwartshild metric?

The metric determinant at Schwartschild radius is non-vanishing. This does not quite conform
with the interpretation as an analog of a light-like partonic 3-surface identifiable as a wormhole
throat for which the determinant of the induced 4-metric vanishes and at which the signature of
the induced metric changes from Minkowskian to Euclidian.

An interesting question is what happens if one makes the vacuum extremal representing imbed-
ding of Schwartshild metric a rotating solution by a very simple replacement Φ → Φ + nφ, where
Φ is the angle angle coordinate of homologically trivial geodesic sphere S2 for the simplest vacuum
extremals, and φ the angle coordinate of M4 spherical coordinates. It turns out that Schwartschild
horizon is transformed to a surface at which det(g4) vanishes so that the interpretation as a worm-
hole throat makes sense.

The modification implies that the components gtφ and grφ of the Schwartschild metric be-
come non-vanishing and gφφ component receives a small modification. Using the notations of the
subsection ”Imbedding of Reissner-Nordström metric”, one has

gtφ = ω1n× R2

4
seff

φφ ,

grφ = ∂rM fn× R2

4
seff

φφ ,

∆gφφ = n2 × R2

4
seff

φφ . (80)

It is easy to see that grφ/gtφ is of order
√

rS/r, rS = 2GM , so that in an excellent approximation
grφ = 0 holds true at large distances and previous considerations related to gravimagnetic fields
remain true.

The vanishing of the 4-D metric determinant reduces to that for 3-D metric determinant det(g3)
associated with (t, r, φ). In the case of the Scwartshild metric this determinant is given by

det(g3) = −gφφ −Ag2
rφ +

g2
tφ

A
,

A = 1− 2GM

r
≡ 1− u . (81)

Since A changes sign at Schwartchild radius rs = 2GM , the determinant can indeed vanish near
rs. In a good approximation can neglect the contribution of grφ in the equation and put r = rS in
the slowly varying functions. This gives

R2

4
ω2

1seff
φφ ' λ2

(82)

from the condition u = rS/r = 1 applied to the induced metric. This gives

gφφ ' −r2
Ssin2(θ)− n2

ω2
λ2 ,

gtφ ' −n

ω
λ2 . (83)
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The singular surface for which det(g3) vanishes satisfies the approximate equation

u− 1 =
g2

tφ

gφφ
(r = rS) =

n2λ4

ω2r2
Ssin2(θ)− n2λ2

. (84)

Since the left hand side can have both signs, the solution certainly exists but it can happen that
part of it is inside and part outside Schwartshild radius.

θ = 0 allows solution only for r > rS : hence some portion of the surface is always outside rS .
If the condition

λ2 >
ω2r2

S

n2
(85)

is satisfied, the surface belongs belongs as a whole to the region r > rS . The singular surface has a
cigar like shape approaching sphere r = λ2rS , λ > 1 at large quantum number limit n →∞. For
n = 0 no solution is obtained. If one assumes that black hole horizon is analogous to a wormhole
contact, only rotating black hole like structures with quantized angular momentum are possible in
TGD Universe.

6.3 Has strong gravimagnetism been observed?

Physicists M. Tajmar and C. J. Matos and their collaborators working in ESA (European Satellite
Agency) have made an amazing claim of having detected strong gravimagnetism with gravimagnetic
field having a magnitude which is about 20 orders of magnitude higher than predicted by General
Relativity [47]. If the findings are replicable they mean a revolution in the science of gravity and,
as one might hope, force a long-waited serious reconsideration of the basic assumptions of the
dominating super-string approach.

The starting point of the theory of Tajmar and Matos [46] is the so called Thomson magnetic
moment generated in rotating charged super-conductors adding a constant contribution to the
exponentially damped Meissner contribution to the magnetic field. This contribution can be un-
derstood as being due to the massivation of photons in super-conductors. The modified Maxwell
equations are obtained by just adding scalar potential mass term to Gauss law and vector potential
mass term to the equation related the curl of the magnetic field to the em current.

The expression for the Thomson magnetic field is given by

B = 2ωRns × λ2
γ , (86)

where ωR is the angular velocity of superconductor, ns is charge density of super-conducting
particles and λγ = h̄/mγ is the wave length of a massive photon at rest. In the case of ordinary
superconductor one has λγ =

√
m∗/q∗ns, where m∗ ' 2me and q∗ = −2e are the mass and charge

of Cooper pair. Hence one has

B = −2
m∗

2e
ωR . (87)

Magnetic field extends also outside the super-conductor and by measuring it with a sufficient
accuracy outside the super-conductor one can determine the value of the electron mass. Instead of
the theoretical value m∗/2me = .999992 which is smaller than one due to the binding energy of the
Cooper pair the value m∗/2me = 1.000084 was found by Tate [48]. This inspired the theoretical
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work generalizing the notion of Thomson field to gravimagnetism and the attemnpt to explain the
anomaly in terms of the effects caused by the gravimagnetic field.

Note that in the case of ordinary matter the equations would lead to an inconsistency at the
limit mγ = 0 since the value of Thomson magnetic field would become infinite. The resolution of
the problem proposed in [46] is based on the replacement of rotation frequency ω with electron’s
spin precession frequency ωL = −eB/2m so that the consistency equation becomes B = −B = 0
for a unique choice 1/λ2

γ = − q
mn. One could also consider the replacement of ω with electron’s

cyclotron frequency ωc = 2ωL. To my opinion there is no need to assume that the modified
Maxwell’s equations hold true in the case of ordinary matter.

6.3.1 Gravimagnetic field

The perturbative approach to the Einstein equations leads to equations which are essentially
identical with Maxwell’s equations. The gtt component of the metric plays the role of scalar
potential and the components gti define gravitational vector potential. Also the generalization to
the super-conducting situation in which graviphotons develop a mass is straightforward. Just add
the scalar potential mass term to the counterpart of Gauss law and vector potential mass term to
the equation relating the curl of the gravimagnetic field to the gravitational mass current.

In the case of a rotating superconductor Thomson magnetic moment is replaced with its grav-
imagnetic counterpart

Bgr = −2ωRρmλ2
g . (88)

Obviously this formula would give rise to huge gravimagnetic fields in ordinary matter approaching
infinite values at the limit of vanishing gravitational mass. Needless to say, these kind of fields
have not been observed.

Equivalence Principle however suggests that the gravimagnetic field must be assigned with the
rotating coordinate frame of the super-conductor. Equivalence principle would state that seing the
things in a rotating reference frame is equivalent of being in a gravimagnetic field Bgr = −2ωR in
the rest frame. This fixes the graviphoton mass to

1
λ2

gr

= (
mgr

h̄
)2 = Gρm . (89)

For a typical condensed matter density parameterized as ρm = Nmp/a3, a = 10−10 m this gives
the order of magnitude estimate mgr ∼ N1/210−21/a so that graviton mass would be extremely
small.

If this is all what is involved, gravimagnetic field should have no special effects. In [46] it is
however proposed that in superconductors a small breaking of Equivalence Principle occurs. The
basic assumptions are following.

1. Super-conducting phase and the entire system obey separately their gravitational analogs of
Maxwell field equations.

2. The ad hoc assumption is that for super-conducting phase the sign of the gravimagnetic field
is opposite to that for the ordinary matter. If purely kinematic effect were in question so
that graviphotons were pure gauge degrees of freedom, the value of m2

gr should should be
proportional to ρ∗m and ρm − ρ∗m respectively.

3. Graviphoton mass is same for both ordinary and super-conducting matter and corresponds
to the net density ρm of matter. This is essential for obtaining the breaking of Equivalence
Principle.
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With these assumptions the gravimagnetic field giving rise to acceleration field detected in the
rest system would be given by

B∗
gr =

ρ∗m
ρ
× 2ω (90)

This is claimed to give rise to a genuine acceleration field

g∗ = −ρ∗m
ρ

a (91)

where a is the radial acceleration due to the rotational motion.

6.3.2 Explanation for the too high value of measured electron mass in terms of
gravimagnetic field

A possible explanation of the anomalous value of the measured electron mass [48] is in terms of
gravimagnetic field affecting the flux Bohr quantization condition for electrons by adding to the
electromagnetic vector potential term q∗Aem gravitational vector potential m∗Agr. By requiring
that the quantization condition

∮
(m∗v + q∗Aem + m∗Agr)dl = 0 (92)

is satisfied for the superconducting ring, one obtains

B = −2m

e
ω − m

e
Bgr . (93)

This means that the magnetic field is slightly stronger than predicted and it has been known that
this is indeed the case experimentally.

The higher value of the magnetic field could explain the slightly too high value of electron mass
as determined from the magnetic field. This gives

Bgr =
∆me

me
× 2ω =

∆me

me
× eme ×B . (94)

The measurement implies ∆me/me = 9.2×10−5. The model discussed in [46] predicts ∆me/me ∼
ρ∗/ρ. The prediction is about 23 time smaller than the experimental result.

6.4 Is the large gravimagnetic field possible in TGD framework?

TGD allows top consider several alternative solutions for the claimed effect.

1. TGD predicts the possibility of classical electro-weak fields at larger space-time sheets. If
these couple to Cooper pairs generate exotic weak charge at super-conducting space-time
sheets the Bohr quantization conditions modify the value of the magnetic field. Exotic weak
charge would however mean also exotic electronic em charge so that this option is excluded.
It would also require that the Z0 charge of test bodies used to measure the acceleration field
is proportional to their gravitational mass.
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2. TGD suggests a hierarchy of strong gravities analogous to those generated by spin 2 mesons.
These gravitons behave like massless particles below the appropriate Compton length. This
Compton length can be arbitrarily long at higher levels of dark matter hierarchy. Electrons
do not however couple to these gravitons so that this option soes not seem to work.

3. The rotation of the super-conductor would correspond quite concretely to a rotation of the
corresponding space-time sheet. Also the space-time sheet defining the magnetic and gravito-
magnetic body of the system could participate to the rotation. Since the rotation affects the
shape of the space-time surface the breaking of the Equivalence Principle is unavoidable.
This predicts gravitational analogs of the effects found in rotating magnetic systems [43],
for instance the radial gravitational field Egr = vBgr but does not seem to be enough to
understand what is involved.

4. As already noticed, the failure of Equivalence Principle could be understood if the grav-
imagnetic fields of super-conducting and ordinary matter do not interfere. Many-sheeted
space-time suggest the lack of interference is caused by the fact that super-conducting and
ordinary matter reside at different space-time sheets. If the measurement of the gravimag-
netic field (or rather its change causing Faraday effect and tangential acceleration) is carried
out at either space-time sheet a breaking of Equivalence Principle is observed. In the similar
manner magnetic field is affected via Bohr rules for angular momentum and gives rise to the
desired effect. In this framework the model of [46] looks rather plausible one.

5. Induced field concept implies extremely tight correlations between induced classical gauge
fields and induced gravitational field and one expects that the magnetic field associated with
the rotating super-conductor gives rise to a gravimagnetic field so that ordinary Meissner
and Thompson effects would force their gravitational counterparts. This is not at all obvious
in standard physics framework. It turns out however that the predicted gravimagnetic field
is far two small in the simplest model.

6. The dependence of the mass of graviphoton on magnetic penetration length involves Planck
constant. TGD predicts a hierarchy of Planck constants h̄(k) = λkh̄0. This means that for
given value of mγ and mgr there is a hierarchy of increasing photon graviton rest Compton
length defining the penetration depths for superconductors. It turns out that if graviphotons
are dark, one can indeed understand the huge value of gravimagnetic field in TGD framework.

6.4.1 Key observations

Two observations are essential for what follows.

1. It would seem that the superposition of the of the gravimagnetic fields of the superconduct-
ing and ordinary ordinary matter gives the net gravimagnetic field which would not give
any anomalous effects. The breaking of Equivalence Principle could be understood if these
fields do not interfere in the experimental situation. In TGD framework the separation of
ordinary matter and Cooper pairs at separate space-time sheets can explain the absence of
the interference.

2. In order to obtain large enough an effect one must assume that ρ∗m contains an additional
contribution besides Cooper pairs. In TGD framework the presence of also other particles
besides Cooper pairs at super-conducting space-time sheets could increase the value of ρ∗m
by a factor of order 23. For instance, the space-time sheet could contain 23me/mp protons
23me/Amp heavier atoms per electron.
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6.4.2 Could gravimagnetism and breaking of Equivalence Principle be forced by the
induced field concept?

The safest starting point seems to be that the separation of super-conducting phase to its own
space-time sheet induces the reduction ρm → ρm − ρ∗m at the space-time of ordinary matter. If
the photograviton is not modified correspondingly one has in inertial frame effective Bgr obtained
by the replacement ρ− ρm → −ρ∗m in the defining formula as one goes to rest system. This gives
also the sign of the gravimagnetic field correctly. The task is to find whether the notion of induced
gauge field is consistent with or can even predict the generation of Bgr.

TGD predicts an extremely tight correlation between various kinds of classical fields so that
the Thomson magnetic field associated with super-conductor is expected to be accompanied by a
gravimagnetic field which need not have a value consistent with the Equivalence Principle.

The assumption that the space-time sheet in question has a CP2 projection belonging to either
Lagrange manifold Y 2 of CP2, say homologically trivial geodesic sphere, or to a non-trivial geodesic
sphere allows to model the situation in a simple manner. For the homologically trivial sphere field
equations are identically satisfied by the vacuum extremal property. The treatments are essentially
identical so that the consideration is restricted to the non-vacuum case for definiteness.

For the simplest cylindrically symmetric situations CP2 coordinates can be expressed as (Θ =
f(ρ), Φ = ωt − nφ) cylindrical coordinates for M4. Kähler magnetic field would be gKBK

ρφ =
sin(Θ)ρn and gravimagnetic vector potential would have the non-vanishing component Agr

φ =
gtφ = −R2 sin2(Θ)nω. This would give Bgr

ρφ = −2R2ωsin(Θ)gKBK
ρφ. For the ratio 2meBgr/gKBK

one would obtain

2meB
gr

gKBK
= −2R2ωmesin(Θ) . (95)

Equivalence Principle would require 2meBgr/eBem = 1 so that one would have

2R2ωmesin(Θ) = −x . (96)

where one has eBem ≡ xgKBK . The value of x is completely fixed for homologically non-trivial
geodesic sphere. In the appendix of [1] it is shown to be x = 3− 2sin2(θW ), where sin2(θW ) ' .23
denotes Weinberg angle.

The condition is impossible to satisfy in precise sense since sin(Θ) cannot be constant so that
at least a small breaking of Equivalence Principle is unavoidable but probably does not offer an
explanation of the effect. The assumption that that BK is constant implies sin(Θ) = α + βρ2 and
implies that also Bgr is constant in the lowest order approximation.

The condition above would require an extremely large value of the parameter ω of order ω ∼
1/meR

2 ∼ 1019/R. This would imply that the induced metric has Euclidian signature by gtt <
1 − R2ω2sin2(Θ) < 0. It would also imply a huge Kähler electric field gKEK = gKBK

ρφω/n. The
situation is obviously same also in the case that the value gravimagnetic field has the value needed
to explain the experimental findings of Tate.

6.4.3 Could the large gravimagnetic field correspond to dark graviphotons?

A possible way out of the difficulty is based on the assumption that the graviphotons are dark and
have a large value of Planck constant increasing in turn the value of λgr and thus gravimagnetic
field.

The TGD based model for the hierarchy of Planck constants associated with the dark matter
hierarchy assumes that the various values h̄ = λkh̄0, λ ' 211 correspond at the level of imbedding
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space to a book like structure. Different algebraic extensions of rational numbers and p-adic
numbers correspond to different values of Planck constant and copies of imbedding space. The
metrics for these different copies differ by a scaling in M4 degrees of freedom and are glued together
by along a subset of rationals such that the distances of the glued points from the common origin
of glued copies of M4 are identical. The configuration space of 3-surfaces decomposes into sectors
labelled by unions of future and past light cones and the dips of these light cones define the
preferred origins.

The key observation is that the role of Planck constant in the d’Alembertian at the level of the
imbdding space is to multiply M4 part of the d’Alembertian but leave CP2 part unaffected. This
is in accordance with the fact that induced spinor connection corresponds to gauge couplings not
involving h̄ and also with the fact that the scaling of CP2 spinor connection does not make sense.
At the level of induced spinor fields Planck constant in turn corresponds to the scaling factor of
the M4 part of the induced metric.

Hence it is natural to assume that contravariant M4 metric scales as h̄2(k) ∝ λ2k. λ ' 211

as a function of h̄ whereas CP2 metric is not affected. This would mean that M4 contribution
to the induced covariant metric scales as λ−2k: this implies that Kähler action can be seen as a
function of the value of Planck constant and thus codes for the higher level corrections in powers of
h̄. This allows to have TGD to predict a series of higher order corrections in powers of h̄ although
the perturbation theory defined by the configuration space functional integral could reduce to the
lowest order approximation as the general number theoretic and integrability arguments inspired
by symmetric space property of the zero mode constant sectors of the configuration space suggest.

Using scaled coordinates in which M4 metric is represented by a unit tensor, this geometrization
of the dynamics of Planck constant would mean an effective scaling R2 → λ2kR2 for the CP2 radius
R increasing the contribution of the CP2 metric to the induced metric. This is just what is needed
to preserve the Minkowskian signature of the induced metric in ultrastrong gravimagnetic fields.

For a dynamical Planck constant the expression for ω would become ω ∼ 1/meλ
2kR2 ∼

1019/λ2kR. The requirement that the signature of the induced metric is Minkowskian gives
gtt = 1−R2λ2kω2 > 0. This boils down to the conditions

λk >
x

Rme
∼ 1019x ,

ω ≤ me

x2
, (97)

where x is the numerical constant defined earlier. Using λ ' 211 this would give k ≥ 6. The
hierarchy of dark matter levels associated with living matter contains k = 7 levels relevant to
human consciousness and k = 7 corresponds to a characteristic time scale of about 50 years [M3].

One can deduce an estimate for the dark graviphoton mass by assuming the value for λgr

implied by Bgr necessary to explain the anomaly observed by Tate [48]. This would give

mgr ∼
√

N

10
× 1

102a
, (98)

where gravitational mass density has been parameterized as ρm = Nmp/a2, a = 10−10 m. Note
that the rest energy is above the thermal threshold at room temperature. The mass corresponds
to an ordinary Compton length of order 10 nm, size scale for Cooper pairs and cell membrane
thickness which emerges as a fundamental length scale characterizing Cooper pairs in the TGD
based model for high Tc super-conductor [J1, J2, J3]. TGD inspired model of living matter predicts
that also the magnetic structures corresponding to scaled up variants of cell membrane having sizes
scaled up by λk are fundamental [M3].
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A possible physical interpretation for the origin of the ordinary graviphoton mass would be
that the confinement of longitudinal graviton inside a magnetic flux tube of thickness L(151) = 10
nm gives its a non-vanishing effective rest mass due to the confinement in transversal degrees of
freedom which is same for all scaled up variants. The effect would be completely analogous to the
generation effective photon mass in waveguide. For k = 6 level the Compton length of the dark
graviphoton would be about 1011 m, the size scale of the solar system, so that a genuine long range
interaction would be in question.

The gravitational mass of the photon associated with super-conductivity would be enormous
for ordinary value of Planck constant. For the ordinary value of Planck constant the mass would
be around mγ ' 10−3me and for k = 6 one would have mγ ' 1016me. This weird implication
suggests that super-conducting photons are ordinary. In this case the wavelength would be of order
one nanometer and of the same order of magnitude as the wavelength of ordinary graviphoton,
which supports the interpretation that transversal confinement to magnetic flux tubes gives rise
to the mass in both cases.

The model ties together both electron mass scale, the order of magnitude for the size of Cooper
pairs, cell membrane thickness crucial for high Tc super-conductivity, and the size scale of the
solar system which in the case finite space-time sheets would give natural estimate for the much
lower mass scale of the ordinary graviphoton. This raises the hope that the model might have at
least something to do with reality. The model also suggest that dark gravimagnetism might be of
importance in living systems.

6.4.4 Other explanations

One can consider also other explanations for the strong gravimagnetic effect.

1. Are p-adically scaled variants of graviton in question?

The recent view about coupling constant evolution assumes that Kähler coupling strength is
invariant under p-adic coupling constant evolution whereas gravitational constant is proportional
to L2

p [C5]. In this framework gravitons correspond to the Mersenne prime M127 = 2127−1 defining
the p-adic length scale of electron. The motivation comes from the hypothesis that gauge bosons
in general correspond to Mersenne primes and that M127 is the largest Mersenne prime, which
does not correspond to completely super-astrophysical p-adic length scale.

One can however consider the possibility that in some situations -perhaps in the case of super-
conductor - the space-time sheet mediating gravitational interaction - gravitonic field body - corre-
sponds to some larger prime. The scaling of G by a factor 1020 would require scaling of electronic
p-adic length scale by a factor of order 1010 to give 2.5 cm length scale.

2. Super-canonical strong gravitation

TGD predicts also super-canonical spin two quanta and these give rise to strong gravitation
with G or order L2

p. Super-canonical bosons are responsible for the non-perturbative aspects of
hadron physics [F4, F5] and super-canonical strong gravitation relates very closely to the stringy
description of hadrons. There are good reasons to believe that strong gravitation prevails only at
the hadronic space-time sheet. Also black-holes would in TGD framework correspond to gigantic
hadron like structures resulting when the hadronic space-time sheets have fused together to form
single highly entangled string like structure [F5]. Thus it would seem that super-canonical strong
gravitation cannot give rise to a gravimagnetic effect.
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7 Is gravitational constant really constant?

The most convincing TGD based model for the p-adic coupling constant evolution identified hith-
erto [C5] predicts that gravitational coupling constant is proportional to the square of p-adic length
scale: G ∝ L2

p. Together with p-adic length scale hypothesis this would predict that gravitational
coupling strength can have values differing from its standard value by a power of 2. p = M127 would
characterize the space-time sheet mediating ordinary gravitational interactions. In the following
possible indications for the variation of G is discussed.

7.1 The case of Bullet cluster

The studies of the Bullet cluster [37, 38], provide the best evidence to date for the existence of
dark matter. Bullet cluster [36] consists of two colliding clusters of galaxies (strictly speaking, the
term refers to the smaller one of the two clusters). The major components of the cluster pair,
stars, gas and the putative dark matter, behave differently during collision, allowing them to be
studied separately.

The stars of the galaxies, observable in visible light, were not greatly affected by the collision,
and most passed right through, gravitationally slowed but not otherwise altered. The hot gas of
the two colliding components, seen in X-rays, represents about 90 per cent of the mass of the
ordinary matter in the cluster pair. The gases interact electromagnetically, so that the velocity
change for the gases of clusters is larger than for the stars of clusters. The dominating dark matter
component was detected indirectly by its gravitational lensing. The observation that the lensing
is strongest in two separated regions near the visible galaxies, confirms with the assumption that
most of the mass in the cluster pair is in the form of collisionless dark matter.

Particularly compelling results were inferred from the Chandra observations of the bullet clus-
ter. Those authors report that the cluster is undergoing a high-velocity [around 4500 km/s] merger,
evident from the spatial distribution of the hot, X-ray emitting gas, but this gas lags behind the
sub-cluster galaxies. Furthermore, the dark matter clump, revealed by the weak-lensing map, is
coincident with the collisionless galaxies, but lies ahead of the collisional gas.

Later came the work of Glennys Farrar, Rachel Rosen, and Volker Springler [39] suggesting
that the situation might not be as simple as this (for a popular article see [40]). The velocity of
the bullet of dark matter is higher than it should be in the cold dark matter scenario (CDM). The
proposal is that dark matter has its own additional attractive interaction of finite range, ”fifth
force”. Since the finite range of the force is not actually significant in the situation considered,
the model is mathematically equivalent with a model assuming that dark gravitational coupling
strength. A good fit is obtained by assuming that the net effective gravitational force is by a factor
2 stronger than gravitational force.

The hypothesis is claimed to solve also some other problems of the cold dark matter scenario
(CDM). The number of dwarf galaxies around ordinary galaxies is considerably smaller than pre-
dicted by CDM. The strong binding of dark matter in dwarfs would make them more compact
and this in turn would mean that the binding of visible matter is weaker so that ordinary galaxies
would have ripped this matter off and dwarfs would be more difficult to detect. CDM also predicts
less galaxy clusters and stronger attraction for dark matter could resolve the problem.

TGD predicts that gravitational constant is proportional to the square of p-adic length scale:
G ∝ L2

p ≡ L(k)2, p ' 2k, k integer, in particular power of prime. Ordinary gravitational constant
would correspond to p = M127 = 2127 − 1, which is the largest Mersenne prime which is not
completely super-astrophysical and corresponds to electron’s p-adic length scale. One can however
ask whether it might be possible to have situations in which the p-adic length scale assigned to
the space-time sheets mediating gravitational interaction differs from M127. L(k) k = 27 = 128,
would would correspond to G → 2G. The growth of the gravitational coupling strength could be
a transient phenomenon taking place only during the collision.
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7.2 Shrinking kilogram

The definition of kilogram [49] is not the topics number one in coffee table discussions and definitely
not so because it could lead to heated debates. The fact however is that even the behavior of
standard kilogram can open up fascinating questions about the structure of space-time.

The 118-year old International Prototype Kilogram is an alloy with 90 per cent Platinum and
10 per cent Iridium by weight (gravitational mass). It is held in an environmentally monitored
vault in the basement of the BIPMs House of Breteuil in Sevres on the outskirts of Paris. It has
forty copies located around the world which are compared with Sevres copy with a period of 40
years.

The problem is that the Sevres kilogram seems to behave in a manner totally in-appropriate
taking into account its high age if the behavior of its equal age copies around the world is taken as
the norm [49, 50]. The unavoidable conclusion from the comparisons is that the weight of Sevres
kilogram has been reduced by about 50 µg during 118 years which makes about

dlog(m)
dt

= −4.2× 10−10/year .

for Sevres copy or relative increase of same amout for its copies.
Specialists have not been able to identify any convincing explanation for the strange phe-

nomenon. For instance, there is condensation of matter from the air in the vault which increases
the weight and there is periodic cleaning procedure which however should not cause the effect.

7.2.1 Could the non-conservation of gravitational energy explain the mystery?

The natural question is whether there could be some new physics mechanism involved. If the copies
were much younger than the Sevres copy, one could consider the possibility that gravitational mass
of all copies is gradually reduced. This is not the case. One can still however look what this could
mean.

In TGD Equivalence Principle is not a basic law of nature and in the generic case gravitational
energy is non-conserved whereas inertial energy is conserved (I will not go to the delicacies of
zero energy ontology here). This occurs even in the case of stationary metrics such as Reissner-
Nordström exterior metric and the metrics associated with stationary spherically symmetric star
models imbedded as vacuum extremals as has been found.

The basic reason is that Schwartschild time t relates by a scaling and shift to Minkowski time
m0:

m0 = λt + h(r)

such that the shift depends on the distance r to the origin. The Minkowski shape of the 3-volume
containing the gravitational energy changes with M4 time but this does not explain the effect. The
key observation is that the vacuum extremal of Kähler action is not an extremal of the curvature
scalar (these correspond to asymptotic situations). What looks first really paradoxical is that
one obtains a constant value of energy inside a fixed constant volume but a non-vanishing flow
of energy to the volume. The explanation is that the system simply destroys the gravitational
energy flowing inside it! The increase of gravitational binding energy compensating for the feed of
gravitational energy gives a more familiar looking articulation for the non-conservation.

Amusingly, the predicted rate for the destruction of the inflowing gravitational energy is of
same order of magnitude as in the case of kilogram. Note also that the relative rate is of order
1/a, a the value of cosmic time of about 1010 years. The spherically symmetric star model also
predicts a rate of same order.

This approach of course does not allow to understand the behavior of the kilogram since it
predicts no change of gravitational mass inside volume and does not even apply in the recent
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situation since all kilograms are in same age. The co-incidence however suggests that the non-
conservation of gravitational energy might be part of the mystery. The point is that if the inflow
satisfies Equivalence Principle then the inertial mass of the system would slowly increase whereas
gravitational mass would remain constant: this would hold true only in steady state.

7.2.2 Is the change of inertial mass in question?

It would seem that the reduction in weight should correspond to a reduction of the inertial mass
in Sevres or its increase of its copies. What would distinguish between Sevres kilogram and its
cousins? The only thing one can imagine is that the cousins are brought to Sevres periodically.
The transfer process could increase the kilogram or stop its decrease.

Could it be that the inertial mass of every kilogram increases gradually until a steady state is
achieved? When the system is transferred to another place the saturation situation is changed to
a situation in which genuine transfer of inertial and gravitational mass begins again and leads to
a more massive steady state. The very process of transferring the comparison masses to Sevres
would cause their increase.

In TGD Universe the increase of the inertial (and gravitational) mass is due to the flow of
matter from larger space-time sheets to the system. The additional mass would not enter in via
the surface of the kilogram but like a Trojan horse from the interior and it would be thus impossible
to control using present day technology. The flow would continue until a flow equilibrium would
be reached with as much mass leaving the kilogram as entering it.

7.2.3 A connection with gravitation after all?

Why the in-flow of the inertial energy should be of same order of magnitude as that for the
gravitational energy predicted by simple star models? Why Equivalence Principle should hold for
the in-flow although it would not hold for the body itself? A possible explanation is in terms of
the increasing gravitational binding energy which in a steady situation leaves gravitational energy
constant although inertial energy could still increase.

This would however require rather large value of gravitational binding energy since one has

∆Egr =
∆MI

M
.

The Newtonian estimate for Egr/M is of order GM/R, where R ' .1 m the size of the system.
This is of order 10−26 and too small by 16 orders of magnitude.

TGD predicts that gravitational constant is proportional to p-adic length scale squared

G ∝ L2
p .

Ordinary gravitation can be assigned to the Mersenne prime M127 associated with electron and
thus to p-adic length scale of L(127) ' 2.5× 10−14 meters. The open question has been whether
the gravities corresponding to other p-adic length scales are realized or not.

This question together with the discrepancy encourages to ask whether the value of the p-
adic prime could be larger inside massive bodies (analogous to black holes in many respects in
TGD framework) and make gravitation strong? In the recent case the p-adic length scale should
correspond to a length scale of order 108L(127). L(181) ' 3.2× 10−4 m (size of a large neuron by
the way) would be a good candidate for the p-adic scale in question and considerably smaller than
the size scale of order .1 meter defining the size of the kilogram.

This discrepancy brings in mind the strange finding of Tajmar and collaborators [46, 47, 48].
suggesting that rotating super-conductors generate a gravimagnetic field with a field strength by a
factor of order 1020 larger than predicted by General Relativity. I have considered in this chapter
a model of the finding based on dark matter. An alternative model could rely on the assumption
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that Newton’s constant can in some situations correspond to p larger than M127. In this case the
p-adic length scale needed would be around L(193) ' 2 cm.

8 Machian Principle and TGD

Machian Principle has not played any role in the development of TGD. Hence it is somewhat
surprising that this principle allows several interpretations in TGD framework.

8.1 Non-conserved gravitational four-momentum and conserved inertial
momentum at 4-D space-time level

Consider first the situation at the level of classical theory identifiable in terms of classical dynamics
for space-time surfaces.

1. In TGD framework one must distinguish between non-conserved gravitational four-momentum
and conserved inertial four-momentum identified as conserved Poincare four-momentum at
the level of 4-D space-time dynamics and associated with the preferred extremals of Kähler
action defining the analogs of Bohr orbits (no path integral over all possible space-time sur-
faces but functional integral over light-like partonic 3-surfaces). A collection of conserved
vector currents rather than tensor results and this resolves the problems due to ill-definedness
of four-momentum in General Relativity which served as the primary motivation for the iden-
tification of space-times as 4-surfaces of H = M4 × CP2.

2. Non-conserved gravitational four-momentum densities can be identified as a linear combina-
tion of Einstein tensor and metric tensor (cosmological constant) by contracting them with
the Killing vectors of M4 translations. Collection of, in general non-conserved, 4-currents
result but gravitational four-momentum is well-defined quite generally unlike in General
Relativity. Only for the asymptotic stationary cosmologies corresponding to extremals of
the curvature scalar plus constant for the induced metric gravitational four-momentum is
conserved.

8.2 Inertial four-momentum as the average of gravitational four-momentum

The first question is how non-conserved gravitational and conserved inertial four-momentum relate
to each other. Certainly Equivalence Principle in a strong form cannot hold true.

1. In zero energy ontology the total quantum numbers of states vanish and positive and negative
energy parts of states have interpretation as initial and final states of particle reaction at
elementary particle level where geometro-temporal distance between them is short (TGD
inspired theory of consciousness forces to distinguish between geometric time and subjective
time). Positive energy ontology emerges as an effective ontology at observational level when
the temporal distance between positive and negative energy parts of the state is long as
compared to the time scale of conscious observer. The recent understanding about bosons
as wormhole contacts between space-time sheets with positive and negative time orientation
suggests that the two space-time sheets in question correspond to positive and negative
energy parts of the state. This brings in mind the picture of Connes about Higgs mechanism
involving two copies of Minkowski space.

2. The intuitive idea is that the conserved inertial four-momentum assignable to the positive
energy part of the state is the average of the non-conserved gravitational four momentum and
depends on the p-adic length scale characterizing the pair of space-time sheets connecting
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positive and negative energy states. The average is over a p-adic time scale characterizing
the temporal span of the space-time sheet. This average is coded by the classical dynamics
for the preferred extremal of Kähler action defining the generalized Bohr orbit.

8.3 Non-conserved gravitational four-momentum and conserved inertial
momentum at parton level

A deeper level description of the situation is achieved at parton level. For light-like partonic
3-surfaces the dynamics is defined by almost topological QFT defined by Chern-Simons action
for the induced Kähler form. The extrema have 2-D CP2 projection. Light-likeness implies the
replacement of ”topological” with ”almost topological” by bringing in the notions of metric and
four-momentum.

1. The world of classical worlds (WCW) decomposes into a union of sub-WCW:s associated
with preferred points of imbedding space H = M4

± × CP2. The selection of preferred point
of H means means a selection of tip of future/past directed light-cone in the case of M4

± and
selection of U(2) subgroup of SU(3) in the case of CP2. There is a further selection fixing
rest system and angular momentum quantization axis (preferred plane in M4 defining non-
physical polarizations for massless bosons) and quantization axis of color isospin and hyper-
charge. That configuration space geometry reflects these choices conforms with quantum-
classical correspondence requiring that everything quantal has a geometric correlate.

2. At the level of S-matrix the preferred points of H defining past/future directed light-cones
correspond to the arguments of n-point function. In the construction of S-matrix one in-
tegrates over the tips of the light-cones parameterizing sub-WCW:s consisting of partonic
3-surfaces residing inside these light-cones (×CP2). Hence a full Poincare invariance results
meaning the emergence of conserved four-momentum identifiable as inertial four-momentum
assignable to the preferred extremals of Kähler action defining Bohr orbits. These light-cones
give rise to Russian doll cosmology with cosmologies within cosmologies such that elementary
particles formally correspond to the lowest level in the hierarchy.

3. Parton dynamics is associated with a given future/past light-cone. At parton level one has
Lorentz invariance and only the mass squared is conserved for the partonic time evolution
dictated by random light-likeness. There is a very delicate point involved here. Partonic
four-momentum is non-vanishing only if CP2 Kähler gauge potential has also M4

± component
which is pure gauge. Mass squared is conserved (Lorentz invariance) if this component is in
the direction of proper time coordinate a of the light-cone and if its magnitude is constant.
From the point of view of spinor structure M4

± and CP2 are not totally decoupled. This does
not break gauge invariance since Kähler gauge potential does not give rise to U(1) gauge
degeneracy but only to 4-D spin glass degeneracy.

4. The natural identification of the conserved classical partonic four-momentum is as the non-
conserved gravitational four-momentum defined for a space-time sheet characterized by a p-
adic time scale. In accordance with zero energy ontology, a length scale dependent notion is
in question. At single parton level Equivalence Principle would state that the conserved grav-
itational mass is equal to inertial mass but would not require equivalence of four-momenta.

8.4 Inertial four-momentum as average of partonic four-momentum and
p-adic thermodynamics

1. The natural hypothesis is that inertial four-momentum at partonic level is the temporal
average of non-conserved gravitational four-momentum. This implies particle massivation
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in general since the motion of light-like parton is in general random zitterbewegung so that
only mass squared is conserved. The average is defined always in some time scale identifiable
as the p-adic time scale defining the mass scale via Uncertainty Principle. There is actually
hierarchy of p-adic time scales coming as powers of p. Inertial mass vanishes only if the
motion is non-random in the time scale considered and this never occurs exactly for even
photon and graviton.

2. The quantitative formulation of the averaging relies on p-adic thermodynamics for the integer
valued conformal weight characterizing the particle [F2]. By number theoretic universality
this description must be equivalent to real thermodynamics with quantized temperature.
Quantization of the mass scale is purely number theoretical: p-adic thermodynamics based
on standard Boltzman weight exp(L0/T ) does not make sense since exp(x) has always unit
p-adic norm so that partition sum does not converge. One can however replace this Boltzman
weight with pL0/Tp , which exists for Tp = 1/n, n = 1, 2, ..., if L0 is a generator of conformal
scaling having non-negative integer spectrum. This predicts a discrete spectrum of p-adic
mass scales and real thermodynamics is obtained by reversing the sign of exponent.

Assuming a reasonable cutoff on conformal weight (only two lowest terms give non-negligible
contributions to thermal average) and a prescription for the mapping of p-adic mass squared
to its real counterpart the two descriptions are equivalent. Note that mass squared is the
average of conformal weight rather than the average of four-momentum squared so that
Lorentz invariance is not lost. Note also that in the construction of S-matrix four-momenta
emerge only via the Fourier transform of n-point function and do not appear at fundamental
vertices.

3. Also the coupling to Higgs gives a contribution to the mass [F2]. Higgs corresponds to a
wormhole contact with wormhole throats carrying fermion and anti-fermion quantum num-
bers as do all gauge bosons. Higgs expectation should have space-time correlate appearing
in the modified Dirac operator. A good candidate is p-adic thermal average for the gen-
eralized eigenvalue of the modified Dirac operator vanishing for the zero modes. Thermal
mass squared as opposed to Higgs contribution would correspond to the average of integer
valued conformal weight. For bosons (in particular Higgs boson!) it is simply the sum of
expectations for the two wormhole throats.

4. Both contributions are basically thermal which raises the question whether the interpretation
in terms of coherent state of Higgs field (and essentially quantal notion) is really appropriate
unless also thermal states can be regarded as genuine quantum states. The matrix character-
izing time-like entanglement for the zero energy quantum state can be also thermal S-matrix
with respect to the incoming and outgoing partons (hyper-finite factors of type III allow the
analog of thermal QFT at the level of quantum states [C3]). This allows also a first principle
description of p-adic thermodynamics.

8.5 Various interpretations of Machian Principle

TGD allows several interpretations of Machian Principle and leads also to a generalization of the
Principle.

1. Machian Principle is true in the sense that the notion of completely free particle is non-
sensible. Free CP2 type extremal (having random light-like curve as M4 projection) is a
pure vacuum extremal and only its topological condensation creates a wormhole throat (two
of them) in the case of fermion (boson). Topological condensation to space-time sheet(s)
generates all quantum numbers, not only mass. Both thermal massivation and massivation
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via the generation of coherent state of Higgs type wormhole contacts are due to topological
condensation.

2. Machian Principle has also interpretation in terms of p-adic physics [E1]. Most points of
p-adic space-time sheets have infinite distance from the tip light-cone in the real sense. The
discrete algebraic intersection of the p-adic space-time sheet with the real space-time sheet
gives rise to effective p-adicity of the topology of the real space-time sheet if the number
of these points is large enough. Hence p-adic thermodynamics with given p also assigned
to the partonic 3-surface by the modified Dirac operator makes sense. The continuity and
smoothness of the dynamics corresponds to the p-adic fractality and long range correlations
for the real dynamics and allows to apply p-adic thermodynamics in the real context. p-Adic
variant of Machian Principle says that p-adic dynamics of cognition and intentionality in
literally infinite scale in the real sense dictates the values of masses among other things.

3. A further interpretation of Machian Principle is in terms of number theoretic Brahman=Atman
identity or equivalently, Algebraic Holography [E3]. This principle states that the number
theoretic structure of the space-time point is so rich due to the presence of infinite hierarchy
of real units obtained as ratios of infinite integers that single space-time point can represent
the entire world of classical worlds. This could be generalized also to a criterion for a good
mathematics: only those mathematical structures which are representable in the set of real
units associated with the coordinates of single space-time point are really fundamental.
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