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ABSTRACT

The main purpose of this paper isto introduce the new bosonic mechanism and new
treatment of dark energy (<hal-01162606v2> (https: //hal.archives-ouvertes.fr/hal-
01162606v2/document). 2015.).

The bosonic mechanism focuses on obtaining masses by gauge bosons without assuming the
existence of Higgs boson.

The hypothesis on dark energy as the energy of a postulated dark field was made and a
combined gravitational-dark field was introduced.

Thisfield isthe key to a specified approach and allows addressing the fundamental

starting points of the mechanism.

i. Complex scalar field is introduced in the description of the mechanism and is divided
into two components: Goldstone-dark field and tensor-gravitational field;
tensor-gravitational component outlines the physics of obtaining masses by gauge
bosons and causes the existence of Goldstone-dark component, which defines physics
behind the Goldstone theorem.

ii. The meaning of spontaneous symmetry breaking is understood in the context of
changing between ‘mixed’ and ‘pure’ states of gauge field which appears in the framework
of the outlined mechanism and can apply to global and local symmetry without violating
the constraint denoted by Elitzur theorem (Phys. Rev. D 12, 3978-3982, 1975); thusthe
process of symmetry breaking is understood differently from the standard formulation
(Mandl and Shaw, 2010) used in Higgs mechanism and assumes the existence of two paths
(direct and restoring). The entanglement of these two paths is quantified by entropy as a
parameter, based on which paths are chosen.

General theory Langrangian (for interaction) in case of ‘pure’ state of gauge field is due to
the existence of one dimensional cosmic string (‘Mexican hat’ potential);

General theory Lagrangian (for non-interaction) in case of ‘mixed’ state of gauge field is
due to dark energy as the restoring force to restore state of symmetry from local to global
and thus flattening potential from ‘Mexican hat’-type to Goldstone-type. This means that
physics of Lagrangian appearance in the proposed mechanism very different from Higgs
approach.



ili. Noted mechanism incorporates Fierz-Pauli approach (Proc. Roy. Soc. London. A 173,
211-232, 1939) for particles of arbitrary spin and is further developed based on the
outlined hypothesis, thus distinguishing between presented theory and other theories (i.e.,
Massive gravity) from the perspective of relevancy to the Fiertz and Pauli thesis.

It is shown that diffeomorphism invariance is preserved in the noted mechanism and
interaction with matter is allowed. Higgs scalar is obtained within the scope of the
presented approach and isincluded as a part of the mathematical expression, which
describes obtaining mass by vector gauge boson. The noted scalar has properties
consistent with the properties of Higgs scalar observed in the Standard Model.

iv.A possibility of formulating a consistent nonlinear interacting theory, which does not
contradict de Wit (Phys. Rev. D 21, 358-367, 1980) and Deser's arguments
(General Relativity and Gravitation 1, 9-18, 1970) was presented.

v. The cancellation mechanism leading to the absence of the observable Cherenkov
radiation is also addressed in this article.

vi. ADS/CFT correspondence is incorporated into the framework of the outlined
mechanism.

Keyword(s): Unified field theories and models, Quantum mechanics
PACS number(s): 12.10.-g; 03.65.-w
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CHAPTER |: INTRODUCTION

Presented here is the developing theory on the subject of obtaining masses by bosons

(in particular gauge vector bosons).

The scope of the suggested consideration is introducing a mechanism, which is an alternative
to the Higgs mechanism; in addition, the proposed new mechanism incorporates dark energy.
It was considered that work by (V. Fierz and W. Pauli, 1939) should foster another model for
obtaining nonzero masses by fundamental particles.

While negative conclusions regarding construction of consistent interacting theories of higher
spin in a form of the gauge theory of several coupled or self-coupled fields were outlined

(B. de Wit and D. Freedman, 1980), it is noted that spontaneous breakdown of the
unacceptable symmetries is a possibility in order to evade these difficulties ( ref. note below).

D The emphasized original hypothesis behind suggested alternative approach mainly constitutes:

a) Dark field.
P1. Postulate: Dark energy determines the existence of a dark field.

b) Curvature of spacetime (the pseudo-Riemannian metric).
P2. Postulate: Gravitational and dark fields compose a single gravitational — dark field.

T The essence of the mechanism is:

i. massless gravitational-dark field acquires mass due to the spontaneous symmetry
breaking "¢ and the contribution of matter;

ii. massless vector bosons acquire mass due to the interaction with a massive gravitational-
dark field.

T Following are the differences of the underlying mechanism as compared to the Higgs
mechanism:

i. thereisnot ascalar field associated with the Higgs boson, the existence of Higgs
boson is not assumed;

ii. gravitational massless component of a gravitational —dark field acquires mass as a
result of local symmetry breaking ( ref. note, item 2); coupling to matter;

iii. dark massless component acquires mass as aresult of global symmetry breaking;
gravitational field determines the dark field appearance, as the source of the dark field
is the stress-energy tensor; coupling to matter;

iv. gauge bosons acquire mass not as aresult of symmetry breaking but due to the
interaction with a gravitational-dark field,;

v. thereis no specific assumption, which is limited to the consideration by gauge vector
bosons only.



note:

The meaning of the spontaneous symmetry breaking and its relevance to Elitzur theorem
(S. Elitzur, 1975) is emphasized.

1. As specified by the proposed approach there are two paths for spontaneous symmetry
breaking, namely, direct and restoring.

P a) Indirect path:

symmetry breaking mechanism (G-type, described below) is analogous to the standard
approach (F. Mandl and G. Shaw, 2010; R. Durka, 2008; Ivo van Vulpen, 2014)

with Elitzur constraint, i.e., spontaneously breaking global symmetry a explicitly breaking
of local symmetry by a gauge fixing term, ref. egs. (0.1.1) and (0.1.2). Thus, equations of the
proposed theory formally coincide with standard theory equations although the physics are
very different.

As outlined in the essence of the mechanism (Chapter 1), the first stage of this process leads
to mass appearance in dark sector and the second stage leads to mass appearance in
gravitational (metric) sector. This process corresponds to moving gauge field from * mixed’
state at the first stage (coupled with G-D scalar mode) to ‘pure’ state at the second stage
(decoupled from G-D tensor mode). This results in obtaining gauge bosons mass by means of
application of a two-stage schema.

P b) Inrestoring path:

There isarestoring force (due to dark sector in reference to dark energy), which restores the
symmetry from local to global. In this context restoring means cancellation of gauge field in
eg. (0.1.2), so there is no gauge fixing anymore, thus no spontaneous breaking of local
symmetry can occur. State of symmetry is therefore restored to global, ref. eq. (0.1.1).

This process corresponds to moving gauge field from ‘pure’ (-split) state (decoupled from
G-D tensor mode) back to ‘mixed’ state (coupled with G-D scalar mode). Thisresultsin
loosing mass by gauge bosons and returning into massless form.

a, b The process of coupling and decoupling of gauge field, i.e., moving between * mixed’
and ‘pure’ statesis spontaneous and as such is used in this context throughout the paper. This
spontaneous process is entropy directed and driven and plays a crucial role in obtaining
masses in gravitational (metric) sector (G-type). Thus, entropy plays arole of a parameter to
determine preference of a) —path over b) —path.

2. Inthe context of local symmetry, the spontaneous symmetry breaking means that the state
of gauge field spontaneously changes from ‘mixed’ to ‘pure’, thus explicitly breaking local
symmetry by gauge fixing term on @) —path; the state of gauge field can also spontaneously
change from ‘pure’ to ‘mixed’, thus restoring the state of global symmetry by restoring force
on b) —path).



<Flowchart to the mechanism>

|. Model of gravitational-dark field masses:
introduced types of interactions and their interpretations,
presented a symmetry breaking mechanism with corresponding Lagrangians.

Cases:
- before symmetry breaking
- presented the split in a gravitational-dark field as a result of an interaction with a
vacuum state (see note);
- FP Lagrangian for massless fields;
- FP eg. to describe the behavior of massless spin O field and spin 2 field;
- acquire masses by Goldstone- dark field;

Sub-cases:
- no matter
- FP eg. to describe the behavior of massless spin 0 and spin 2 fields;
- after symmetry breaking
- FP Lagrangian for massive fields;
- FP eq. to describe the behavior of massless spin 2 field interaction with an
electro- magnetic field;
- massless spin O field does not interact with an electromagnetic field;
- acquiring masses by a gravitational field;

Sub-cases:
- force-free eq.
- FP eq. to describe the behavior of massive spin 2 field, which determines the
appearance of a massive dark field, as the source of adark field isthe stress-
energy tensor (see note);
- €eg. to describe massive spin O field (note coupling to gravity as it depends on
the spin 2 field);

- matter

- system Lagrangian;

- gravitational massless component acquires mass due to coupling to matter;

dark massless component acquires mass due to coupling to matter.

[1. Model of boson masses, as a result of the application of a specified mechanism:

- with h- B ,z - B interaction
- FP Lagrangian inthe formof h,,z accounts for the interaction with aspin 1

field to address for masses obtained by gauge vector bosons;
- FP eq. for massive spin 2 and spin O fields interaction with massless spin 1 field.

[11. Quantization:
- real and complex scalar fields;
- gravitational field.

IV . Logically connected and interlinked topics.
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CHAPTER II: FRAMEWORK

The main purpose of the paper is the comparison between the noted (new bosonic)
mechanism and Higgs mechanism.
Following is the analysis of these mechanisms:

1. Higgs mechanism.

Higgs approach demonstrates physical and mathematical discrepancies.

a) physical discrepancy consists in formulated instability of vacuum. The subject of the
vacuum instability is outlined in presentations by Joseph Lykken at AAAS and Steven
Hawking in “Starmus’; aswell asin Frank Wilczek’s article in Nature (M.S. Turner and F.
Wilczek, 1982).

(Inthe framework presented in the paper this discrepancy can be explained by referencing the
second law of thermodynamics which states that entropy must increase so asto reach the
state with maximum symmetry, ref. ‘the special symmetry evolution principle’, (J. Rosen,
2005)).

Higgs' approach assumes that gauge bosons acquire mass as aresult of symmetry

breaking and, in this model, there is no driving force to restore the state of maximum
symmetry, i.e., there is no mechanism of increasing entropy in this theory.

This leads to the instability of Higgs' solution (ref. instability of vacuum, (M.S. Turner and F.
Wilczek, 1982)).

b) mathematical discrepancy follows from the analysis outlined in Higgs model presentation
in (F. Mandl and G. Shaw, 2010; R. Durka, 2008; Ivo van Vulpen, 2014) where the main
focus of the analysis is on the usage of unitary gauge, which assumes the elimination of
‘ghost field’; however, proving renormalizibility of this model is provided in ‘tHooft gauge
requiring reintroduction of the ‘ghost field'.

Presence of virtual particles (quantum fluctuations) associated with the ‘ghost field’ leads to
instability of vacuum solution in Higgs model.

Thistwo contradictory mathematical procedures which are required to prove Higgs model
demonstrate build-in mathematical discrepancy and their existence points to the necessity of
introducing the driving force to restore the state of maximum symmetry.

2. The new bosonic mechanism.

The new bosonic approach demonstrates physical consistency and, as result, does not include
mathematical discrepancy.

The mechanism described in this paper represents a stable solution whereas Higgs
mechanism represents an unstable solution. The scalar term obtained within the scope of the
presented approach is consistent in action of assigning mass to vector gauge boson with the
corresponding result obtained by means of Higgs scalar (ref. Chapter 1V, item v. a).

Physical consistency is determined by the following: the mechanism presented in this paper
(ref. Conclusion) incorporates the driving force which restores the state of maximum
symmetry from the state of symmetry breaking.

The dark energy, which isthe driving force, increases the volume, which leads to the

state with more entropy, i.e. symmetry. Thisdriving force is determined by the

requirement to cancel local vacuum fluctuations (i.e. maintain the thermodynamic
equilibrium between baryonic sector and the thermal bath).

7



The thermal bath — micro black hole (b.h.) system increases entropy due to accretion of
matter and uses Hawking' s radiation to make this entropy equal to the baryonic sector
entropy in order to reach thermodynamic equilibrium and obtain stable solution.

Viz. Ansatz: the Higgs mechanism (F. Mandl and G. Shaw, 2010; R. Durka, 2008; Ivo van
Vulpen, 2014), Lagrangian under small perturbations incorporates:

P

1. the appearance of mass term for photon, which is associated with gauge field of the theory
in ‘mixed’ state (case before symmetry breaking);

2. the additional term - e A (f'h ), which is associated with the coupling limit of the
presented theory, thus having specific meaning.

T

1, 2. Unitary gauge is defined as follows:

A(X)=A(X)+1.f (%), f(x)=- (0.0.2)
where,
h(x) ref. eq.(1.1), (1.1b);

the presented mechanism describes Goldstone-dark scalar, ref. eg. (1.3 @) beyond the
decoupling limit.

P P Proving renormalizibility of the presented theory.

T T tHooft gauge is defined as follows:

T.A(x)- k,h(x)=0 (0.0.2)
where,
h(x) ref. eq. (1.1 @);

the presented mechanism describes gravitational scalar, ref. eq. (1.5) in decoupling limit.

This egs. are relevant to the presented new mechanism and they mathematically formulate the
process of spontaneous symmetry breaking on direct path (i.e. transition from the ‘ mixed’
stateto ‘pure’ state of the gauge field). While the former corresponds to tensor-
gravitational::dark field coupling limit, ref. eg. (0.1.1); the later corresponds to tensor-
gravitational::dark field decoupling limit, ref. eq. (0.1.2).

Since the dark mode can initiate vacuum instability in the theory (direct path), this process
have to be augmented by the implementation of the mechanism of restoring symmetry
(restoring path).



3. The description of new bosonic mechanism structure.

This paper introduces the mechanism based on two postulates: P1, P2 and

outlines its structure in <Flowchart to the mechanism>. Next in the paper is the presentation
of the detailed description of the mechanism which is formulated

as a consistent schema build upon different logically connected and interlinked topics.

The methodology presented in the paper addresses the problem of obtaining masses by gauge
vector bosons and the solutions to the interconnected problems within the outlined
framework.

Further consideration is presented in the steps below and is focused on the role which the
electromagnetic field plays in the schema.

l.

Step 1 (ref. Flowchart, paragraph | — Model of gravitational-dark field masses).

AsWeyl’s conjecture associates gauge with a local symmetry and the change of phase with
U (1) gauge symmetry, the electromagnetic field appears as a result of quantum mechanical

consideration of the wave function of a charged particle.

The electromagnetic field, which appears as aresult of the above-mentioned process, is
presented in ‘mixed’ and ‘pure’ states, which accordingly correspond to the cases Before
symmetry breaking (ref. ‘ Lagrangian for non-interaction’) and After symmetry breaking (ref.

note

‘Lagrangian for interaction’) ™.
Step 2 (ref. Flowchart, paragraph | — Case: before symmetry breaking).

The paper presented in this case the description of obtaining mass by dark (Goldstone-dark)
field.

The consideration starts from the assumption that Goldstone and gravitational-dark fields
interact. The composite system of electromagnetic field in ‘mixed’ state and a scalar
gravitational-dark field interact with a vacuum state.

Asresult of this interaction the following is obtained:

a) in the domain of electromagnetic field - vacuum state, vacuum state coincides with the
Goldstone field.

Expectation value of this field spontaneously breaks underlying global symmetry which
leads to the appearance of massless Goldstone bosons.

b) in the domain of gravitational-dark - vacuum state, there appears a split of massless
gravitational and dark components of a massless gravitational-dark field.

Mass term for the dark field appears from substitution F -field (ref. below) in ‘Lagrangian
for non-interaction’.

note.

a‘pure’ state assumes interaction between electromagnetic field and system;
a‘mixed’ stateis represented as the superposition state of composite system including
electromagnetic field.

(Ref. below) for ‘Lagrangian for non-interaction’ and ‘ Lagrangian for interaction’, i.e.
eg. (0.1.1) and eg. (0.1.2) correspondently.



(ref. Flowchart, paragraph | — Sub-case: no matter):

a) it isdemonstrated by the results described above that matter directly contributes only to the
mass of gravitational field;

- for massless spin - 0 (Goldstone) field FP eg. refers to Goldstone mechanism and isinline
with vacuum Einstein eg.;

- for massless gravitational field FP eq. is reduced to O;

- dark field is massive due to the first channel - Step 2.

Step 3 (ref. Flowchart, paragraph | — Case: after symmetry breaking).

The consideration includes different topics logically connected and combined under a
specified title.

(ref. Sub-cases)

1. The paper presents in this chapter the description of obtaining mass by massless
gravitational field and the appearance of Nambu-Goldstone boson.

It addresses the spontaneous breaking of a local symmetry which leads to obtaining mass by
gravitational and Goldstone (appearance of Nambu-Goldstone bosons) components of
gravitational-dark field.

Asaresult of substituting F -field in * Lagrangian for interaction’ presented:

a) mass term for the Goldstone-dark field, i.e. Nambu-Goldstone boson ( Goldstone boson
remain massless in Step 2) provided that there is non - interaction between dark field and
electromagnetic field;

b) massive gravitational field;
(ref. Flowchart, paragraph | — Sub-case: force free eq.):

The appearance of the massive gravitational field determines the second channel (in addition
to the first channel - Step 2) of the source of mass for dark field, namely

the coupling between massive dark field and vacuum metric tensor is described by Klein-
Gordon eg. for gravitational interaction action;

this coupling exists because the source of dark field is stress-energy tensor for scalar field.

10



2. This chapter continues the analysis taking into account the contribution of matter
(baryonic).

(ref. Flowchart, paragraph | — Sub-case: matter):

b) this sub-case determines the second channel (in addition to thefirst channel - Step 3) of
the source of mass for gravitational field, namely the appearance of mass for the gravitational
—dark field is due to “ stress — energy tensor factor” channel.

According to this mechanism, mass for the gravitational field appears directly as aresult of $
stress — energy tensor, while mass term for dark field appears as a result for the account of the
second channel of source of mass for dark field.

In this case, DV Z discontinuity disappears in covariant limit thus reflecting the fact that
massive gravitational-dark field in covariant form couples to matter.

I'l. (ref. Flowchart, paragraph |1 — Model of boson masses).

This chapter of the paper outlines mechanism of assigning mass to the vector gauge bosons
due to the interaction with a massive gravitational - dark field.

Resulted Lagrangian includes terms proportional to square of vector boson field (i.e., mass
terms for vector bosons) as well as terms proportional to square of gravitational field and
dark field parts of gravitational-dark field (i.e., mass terms corresponding to these parts).

['11. (ref. Flowchart, paragraph |11 — Quantization).

The approach in this chapter is focused on reducing the problem of quantization of
gravitational field to the standard methodology of quantization scalar field.

To addressthis issue, the gravitational field is defined through Weyl complex scalar, thus
reducing mathematical formulation of quantization to the quantization of scalar field.

Two modes are specifically addressed:

- quantization of tensor-gravitational field (gravitational field in scalar mode) is represented
as standard expression for quantized scalar field;

- quantization of gravitational field (tensor mode) is represented by the expression for the
quantized form of spin n(=2) field.

The validity of this form is due to the fact that the propagator for spin n(=2) field is
expressed through the propagator of scalar field, so that the tensor mode appears from a
scalar mode and not from tensor rank - 2 mode.

The outline above means that quantization of tensor mode is provided by means of the
extension result obtained for quantized scalar mode transferring to the case of spin n(= 2)

field (on the basis of corresponding propagator identity) and not by direct quantization of
tensor rank - 2 mode (M. Kachelrief3, 2010; J. Thaler, 2003).

11



I'V. (ref. Flowchart, paragraph IV — Logically connected and interlinked topics).

This chapter of the paper addresses different topics including, but not limited to, the
following:

1. the definition of gauge theory (as the theory which is mathematically related to fiber
bundle) application is introduced via ‘inference topology’ defined in the paper and addressing
related aspects.

The subject of inference topology is directly related to the types of curvatures which exist in
the reference to the space-like hypersurface. These types depend on the value of
electromagnetic field and are represented by hypersphere or hypersadle.

The geometry of topological structure constitutes compound of dark (tunnel)

and gravitational (mass) parts.

Geometry is characterized as AdS, for the dark part and Lorentzian CFT for the gravitational

part, which defines the arrow of time.
In the context of gauge theory, the gravitational part is characterized by mass;

while the dark part is represented by connected helicoids with two ends in separate points in
spacetime. This corresponds to the Piccei-Quinn symmetry.

Breaking this symmetry resultsin $ of axion.
‘Inference topology’ radiation dynamics corresponds to the solution of the Navier-Stokes
€g. in blow-up regime.

2. Appendixes of this paper present further itemization of the different topics relevant to the
outlined mechanism.

- Appendix A1l presents the mathematical definition to prove different egs. referred to in
Flowchart.

-Appendix A2 presents considerations which make possible to formulate and prove consistent
Lagrangian of the theory.

-Appendix A3 formulates additional terms which account for non-minimal coupling
in ‘Lagrangian for interaction’.

-Appendix A4 addresses the formulation of underlying statistical field theory which is used to
explain the quantum effects considered in this appendix, namely

a) presented mathematical formulation of compact - 3 manifold to compact - 2 manifold
correspondence. This framework pointsout $ of singularity.

b) presented entropic approach to the analysis of microstates characterizing singularity " .
Noted that the microstates of the system (black body + singularity) are described by quantum
mechanics of non-observables developed in Appendix B - Extensions Chapter.
The paper also presents the formulation of wavefunction as probability to obtain specific
shape at particular point and related to entropy at this point.

12



¢) The following consideration addresses the structure of gravitational field and the context of
the forming singularity.

This chapter of the paper presents the formula for vacuum metric which include mathematical
referenceto $ of connected helicoids outlined in physical description of dark part of
‘inference topology’ geometry. This is followed by the analysis of the expression for the
vacuum metric which is defined by means of ‘power low’ function, thus addressing the
presence of renormalization group; and the b -function behavior, which is determined by dint

of the mechanism generation of entropy (ref.” , in consideration of microstates characterizing
singularity).

In the reference to phase transition, order phase and the behavior of a chaotic attractor of the
system (‘inference topology’) relative to a system parameter are evaluated.

The appendix pointsto $ of vortex solution in order phase. The paper also addresses the
investigated regimes related to the different behavior of a chaotic attractor. It isalso notedin
the paper that the wormhole structure can form in tunnel area of systemin ‘intermitted
switching’ regime.

- Appendix A5 presents the diagram which depicts the connections between different topics
within a single framework of the theory.

Each part of the diagram is marked and contains the description of the context of the mark.
The text of the appendix following the diagram provides corresponding definitions of the
following items in the diagram:

a) instability point;

b) instanton solution;

¢) soliton solution;

d) exciton model for the BE condensate (this includes the solution of the Navier-Stokes
existence and smoothness problem);

e) role of quantum fluctuations in reference to the presented mechanism.

3. Relevant issues of Lorentz violation and the corresponding constraints are discussed.
The spin-statistics theorem is considered mathematically in the framework of the outlined
approach.

The presented approach denotes that ADS/CFT correspondence can be incorporated

into the framework of the outlined mechanism under the consideration of the theory of
superconductivity.

13



CHAPTER I1I: THE MECHANISM

Model of gravitational-dark field masses.

Following approach specifies tensor-gravitational::dark field h (x) asasingle field and dark

energy as energy of adark field and can formulate a mechanism for obtaining massesin
bosonic systems.

1. Abelian symmetry breaking.

According to the standard approach to spontaneous symmetry breaking (F. Mandl and

G. Shaw, 2010; R. Durka, 2008; Ivo van V ulpen, 2014), the transition from a global
symmetry of the system to alocal symmetry is provided by introducing an interaction gauge
field, i.e. electromagnetic field f,.

Interaction:
i. Before symmetry breaking, vacuum state::tensor-gravitational::dark field F (x) is not

coupled ™ to an electromagnetic (gauge) field:;

ii. When symmetry is broken, the field F (x)is coupled ("™ ref. on symmetry breaking
mechanism) to a gauge electromagnetic field.

note:

! for a phase of the vacuum to define a gauge, a scalar field ® must have a phase

(i.e., be complex), then have a nonzero vacuum expectation valuen .

The vacuum state represents redundant degrees of freedom, i.e., it is manifestly associated
with ‘mixed’ state of electromagnetic field (gauge field) and Goldstone boson (axion).

Thus, N isthe expected value of the vacuum state and appears as a result of gauge symmetry
breaking, which, in this framework, means the following:

a) gauge symmetry isthe gauge structure represented by a set of three labels-components
mentioned above (separated by ::) which denoteF (x);

b) gauge symmetry breaking is the change of gauge structure (i.e., Landau phase transition

with order parameter N ™), which resultsin change of the labeling schema from ‘ mixed’
(ref. Mark 2, Fig. 6 below) to ‘pure’ (-split, ref. Mark 4, Fig. 6 below).

This corresponds to Interaction ii (Chapter |11, paragraph 1) and is not affected by Elitzur’'s
theorem (as Mark 2, Fig. 6 below indicates global symmetry, while Mark 4, Fig. 6 below

indicates local symmetry). As depicted by Mark 4, Fig. 6 below, spontaneous™ breaking of
local symmetry occurs due to the presence of gauge fixing term. The state, which represents
local symmetry isa‘pure’ state of gauge field decoupled (- split) from the G-D tensor mode
(ref. eq. 0.1.2). The cancellation of gauge fixing term reduces symmetry to global (ref. eqg.
0.1.1), thus implying the mechanism of restoring symmetry with dark energy as the driving
force.

14



" this parameter is not aresult of calculation of the expectation value of gauge -covariant
quantity (ref. note 0.1., Interaction ii). Since the gauge redundant term (i.e., fluctuation of
order parameter around its expectation value outside of the ordered phase) equates to zero
and the order parameter is non-zero at the ordered phase then there exist Goldstone modes
in the direction where the symmetry is not broken (assuming there is no Higgs mechanism)
and isdescribed by s - models (ref. Fig. 3, case c) below).

2 the term * spontaneous means spontaneous changing of states from ‘ mixed’ to
‘pure (-split), which denotes the following:

a) explicit breaking of local symmetry (in this case);
b) spontaneous breaking of global symmetry (ref. gauge symmetry breaking above).

15



P without interacting with an electromagnetic field, i.e. before symmetry breaking
(Mexican hat potential has aflat direction, corresponds to a U(1) model —Goldstone)

L(F)=TF -1 (F P -n®)° (0.1.1)

0 F (x) correspondsto 1i);

T this model is an origin of appearancen at the vacuum state, i.e. gives mass to the
Goldstone-dark field (gapless excitation).

P interacting with an electromagnetic field, i.e. after symmetry breaking (transforms
from Lagrangian invariant with respect to global symmetry fromaU(1) group —
Abelian to one invariant with respect to local symmetry or gauge-invariant)

Lmj)z-%PwﬁﬂDH?|Qquﬁf (0.1.2)

where,
Fi :ﬂifk - ﬂkfi;
f, isacovariant four-potential of the electromagnetic field;

the interaction with photons via minimal substitution (ref. 4.8 Problems; (M. Kachelrief3,
2010)

DF =1,F +id F ;

0 F (x) correspondsto 1ii);

T this model is an origin of appearance of only a massive gravitational field and a
Goldstone-dark field (due to the massive Goldstone field).

A ® \/— N9 substitutions eliminate the constant term

ae
g1e f 2" Ig
fromtheeq. (0.1.1) - (0.1.2).
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1.1. Before symmetry breaking.

The theory, as presented here, will assume that the Goldstone field™ and a gravitational-
dark field interact.

Inthis case, ascalar field is complex, applying scheme (F. Mandl and G. Shaw, 2010;

R. Durka, 2008; Ivo van Vulpen, 2014):

F (x) =n +x(x)+ih (x) (1.1)

where,

x () -vacuum state (coincides with Goldstone field);

h (x) - gravitational —dark field is complex due to the interaction with a Goldstone field note?

h (x)=h(x)- iX(x) (118

It is normally assumed that:
h(x)- gravitational field part, i.e. massless tensor of second rank spin 2 field;

X(x)- dark field part, i.e. massless scalar spin O field (dark boson) ™.
When substituting ( 1.1 @) in ( 1.1), the following is obtained:

F (x) =n +x (x)+X(x)+ih(x) (1.1b)

Viz. tensor-gravitational field h{(° <g“‘>hk),< ) isthevacuumvalue} defines scalar,

where<g”‘> is conditioned by the existence of e“C;,, vector field J' (Weyl curvature tensor

Ciy. " Levi-Civitasymbol) when f' =0 ina‘pure’ state, i.e. in accordance with the
theorem on constructing spacetime from a compact manifold, namely (ref. spacetime):

Ta compact manifold can be turned into a spacetime only if its Euler characteristic
is O (the existence of a Lorentzian metric is shown to be equivalent to the existence
of a nonvanishing vector field);

as ametric tensor is attributed to Riemannian manifold (Riemann curvature tensor expresses
the curvature of Riemannian manifold) and Ricci tensor is defined as a trace of the Riemann
curvature tensor, and is related to the matter by means of the Einstein field equation,
therefore, hdefines the physics of the curvature of spacetime.

Ansatz: in case of tensor-gravitational field, eq. ( 1.1 &) defines h (x) and Goldstone-dark
field z (x) is defined by (1.3 b);

thuseg. (1.1 b) represents a‘mixed’ state for a system of gravitational-dark and Goldstone-
dark fields.
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note .

composite system of an electromagnetic f, field and ascalar h gravitational-dark field that

attribute to the geometry of the space-time, described as a superposition (A.S. Davidov,1976)
state, interacts with avacuum state:

Y asaresult of x - f interaction, vacuum state x coincides with the Goldstone field, i.e. x

isthe scalar field of continuous symmetry, which is spontaneously broken to the
Goldstone field.

x field assumesacertain valuen , i.e. avalue of the x field viz., the potential energy is zero
but the value of the x field is nonzero;

n - shift"** infield F (x) correspondsto the vacuum state x which contains no particles:

vacuum state (a vacuum expectation value of a scalar field) &

N expectation value which breaks the internal symmetry of a vacuum, i.e. spontaneous
symmetry breaking occurs &

spontaneous symmetry breaking of the underlying global symmetry leads to the conversion
of components of this x field to Goldstone bosons;

> asaresult of x - h interaction, asplit of h into gravitational (spin 2) and dark
(spin 0) components of single h field appears,

® note the negative sign before the second term, which points out that dark energy is
negative.

note:

have to differentiate the postulated Higgs field from a vacuum state, son isdue to avacuum
state and not the Higgs field.

18



FP. Lagrangian in aform is™® ( for notation (ref. (A 2.1)):

EAG GTATA 3y, 3HCT A, IC

A . (1.2.13)
(A E g T Tx 4 B8&Mxg Tx TX
for massless (k, =0,k, =0) gravitational and dark fields:
L. = &%k o TA A 3&!100 +JA, TC (12.1b)
EM% g ﬂxr X 8eﬂ>m X
Fierz-Pauli eq. for massless gravitational and dark fields without interaction is™
L
C20A, + ‘ITAsk A ldlkﬂAs,_ C Ed.kWC 0
e T 2 I T, 4
(1.2.2 )
3., TPAC_
47 %%

where, X(x) isan auxiliary scalar field in Fierz-Pauli theory, i.e. correspondsto z (X)
in a specified approach.

note .

* without interaction with the electromagnetic field f,
(here and further under interaction with f, assume a‘pure’ state) ;

Z according to the superposition principle (A.S. Davidov,1976), if an auxiliary scalar field
canexist in states described by x and X, then it can exist in a state described by the
Goldstone-dark field

V(x)=x (x)+X(x)

Viz., further refersto adark field, however, where it is appropriate to assume it rather refers
to the Goldstone-dark field.
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Referring to ( 0.1.1) and ( 1.1 b) leadsto (using h- V notation to be intact with (A 2.2.1) )

1 2,1 2 1 1 1 2
LZE(ﬂiV) +§('ﬂih) -3 n’z?2- Sinz (z2+0?)- 5! (22+1?) (1349

where,

a shifted Goldstone-dark field is defined as

V(x) =n +x (x) +X(x) (1.3 Db)

| - self - interaction coupling constant;
k., - massfor F (x) (Igz_h <O);

Incase of n <0, it corresponds to dark energy ™ ; if n >0, it corresponds to gravitational

energy note? ;

massless (k,)for h and mass (k, ©) «/In for V.

it is presented that the Goldstone field and the dark field™® in fact are two real Klein-
Gordon fields.

note .

2 addressing gravitational (gauge) and dark (non-gauge) fields reflects the fact that bosonic
mechanism does not follow from a gauge principle;

* k, appears as aresult of obtaining mass by a dark field, i.e. k, =k, ; ansatz Goldstone boson
does not disappear.
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I. No matter.
1.1.0. Massless gravitational and dark fields (before symmetry breaking).

Viz., (A11)-(A1.2), i.e. FPeg. for Re F (x) and Im F (x) partsin ( 1.1b);
rest-mass k, =0, k, =0

massless spin O scalar field, i.e. Re F (x) part represented for X(x) notet

g oo TC, T a0, T o

+
5 XTI &4

dC= C =0 1.3.0
ey X% 9% &4 " (1304

i.e. inline with the Einstein eq. without matter, ref. Appendix A1, paragraph 2.

Im F (x) part represented by the Fierz-Pauli eq. for massless spin 2 field

A, TA _, (13.0b)
™A% X%,

if applied (A1.3.2) , reduced to zero™ .

note

(ref. A defined by (A 2.1), case f, =0):
! no coupling between <g”‘> and dark boson;

? correspondsto absence of h, in A, .
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1.2. After symmetry breaking.

Following is a presentation of obtaining masses by gravitational and dark components of a
combined gravitational-dark field as a result of spontaneous breaking of local symmetry
and application of Fierz-Pauli approach (V. Fierz and W. Pauli, 1939) in sub-cases.

|. Force-free.

1.2.0. Obtaining masses for gravitational and dark fields.

It corresponds to the interaction of the gravitational field and the Goldstone field with the
electromagnetic field f,.
Ansatz FP eqg. for interaction of massless spin 2 and massless spin 0 Goldstone field with f, ;

then continue to the mechanism of obtaining masses for spin 2 and spin O fields, as aresult of
symmetry breaking.

P (dark field does not interact, i.e. z a x)

T .
iP,=—-id
k ﬂxk k
(1.4.0)
fik =PiPy- PP, :m'&l;I
i
FP. Lagrangian in aform is™®
(1.4.13)

% x K N * 1 e A
Lep =K°AA +P AP A - 2P APA, + T AA, +E{PrAkP & +P AP kC} )

3kcc- §PICPTC*
4 8

note .

' with interaction with electromagnetic field f, .
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for massless spin 2 field interaction with an electromagnetic field
(k, =0k =0)
(1.4.1Db)
- - .1 f ok ax 3 -
LFP = PIAkPIAk - 2PrAszA§k + firAkAk +§{PrAkPkC +PrAkPkC} - §P|CP|C

then for h, x fieldsthe following is obtained:

(L4.10)
_IATAC, zoa 4 o TACTA L LTA T 1 *
Lo = — =t 4 ef - 22—tk =S D¢’ f +=—k = +=f f AC +
FP ﬂx| ﬂx| IAkAk ﬂxr ﬂxs r sAkA& 2 ﬂxr ﬂxk 2 r kAk
1MAIC Lot ac-31CTC  Bace s
2% % 2 8Tx fx 8

i . TA A, . 1A, A, I SO, L TAL
il A AN o AL SWoy o A Sy LA Ty C
I:l IAk X IAk X sA§< % rAk X, AkAk x AkAk x 2 k X
%drp}k 11110 -leckCﬂAk +letrA*k e 3d|C* ﬂ_C+§dIC_ﬂC

!
f

2 T 2 x 8 ' fx 8 ' X

T TR
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Fierz-Pauli eq. for massless spin 2 field interaction with an electromagnetic field (minimal
coupling) inaform

(14.2a)

ZPZAk' Zipips&k+PszA§_%dikP PsAs%-*_ oAt fe At {P P.+P P, }C-%dikPZC:O

- %PZC+PrPsAs:

then for h, x fieldsthe following is obtained:

(1L4.2b)

A, O 1 7A 1 9A 1 9A.
-2 - +2ef 2A, +2— - 2€’f f +2— - 2¢f f d, — +d et f
8 ﬂ Ak ﬂx, ﬂ i SA§< ﬂ SA§ ﬂxr ﬂX SA’S

i

:1 X X, T Tx, ! ;

{-Elﬁé ffc- 21 IC Lol ,kaéTCO Zd,et7c '
2% %, 2 2% % 2 & fx b
i, 9f TAL i IA fo 1A, u
- de— S 2d 2e—S - 2d, +d, e +d, e

+i I, ﬂX Ak A§< ﬂxs A§| ﬂxs As k™ r ﬂxs I B
| y_
+ f qf. 1 ﬂf ﬂC 1 ﬂf qiC ﬂf
UL N LS fop Mep oM, Wicelg IO Wi
P T Y Y T T T 2 2N,

|3aa100 3 T 9A 13 1f AU _

—ef’C- ——=+¢ef f +i -—e—C+e fs +d —Isg=0
1485 4 T T SAS),; AR "R R
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Adheres to the Mexican hat potential, i.e. to the case of unstable equilibrium and in reference
to (0.1.1) a (0.1.2), obtain (omitted terms cubic and quartic in fields h,z ,f )

(using h- V notation to be intact with (A 2.2.2) )
(1.5)

1 w1 2 1 2 1 1 1 2
L:-ZFikF"+E('ﬂiV) +§('ﬂih+enfi) -EI nzzz-EI nz (zz+h2)-§l (zz+h2)

where, ™

mass (k, °) e for h™ and mass (k, ©) +/In for V.

Therefore, a massive gravitational field with mass k, and a massive Goldstone-dark field

with mass k, ™ is obtained.

note .

' coupling to a composite spin 1 field, i.e. electromagnetic and B, leads to an expression

for electromagnetic field

. . 17 .5 . : 1
F.=i(Pf,-P,f,), iP, =—- B, (inforce-free casethan iP, =—);
k ( k k ) ﬂXi ﬂXi

for spin1 B field, the following is obtained:

~ . . 17 .
A,=i(P,B-P,B),iP,=—-if;
=i(PB.- P\B) e
? indeed haf, +i'ﬂih (° z); when Ricci theorem is applied for tensor analysis
)

the following is obtained: f, +Lﬂihk (°z);
@ (gy)

* the k, isnot related tof, , i.e. does not contain charge e as adark field does not interact

with an electromagnetic field;
k appears as aresult of obtaining mass by Goldstone boson, i.e. kK =k, .
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1.2.1. Force-free eq.

Then Fierz-Pauli eg. for X massive spin O field without interaction is

N 2 2 2 i 2
2k2Ak' ZWAk+2:, ﬂ AB( + ﬂ A§ _ Edik ﬂ A‘S lﬁl_ ﬂ C +1dikWC:O
TR Tl 2 T TxTx 4

(16)

2
- §k20+§C- M:o
2 4 I 9x

thus, satisfies P 2.

As the appearance of the spin O field is described by Klein-Gordon eq., then referring to the
massive spin O field, i.e. X(x) ineg. (1.1b), leadsto (ref. Klein-Gordon eq.;
Gravitational interaction, Action)

-1

ﬁﬂi (<gik>ﬁﬂkx)+kxzx:o (1.6.14a)

therefore, dark boson acquires a mass (k, * 0) and is coupled with gravitational potential
field (g*);
this coupling between <g”‘> and dark boson (k, * 0, so no singularity appears) is originated, as

the source of the X field is the stress-energy tensor for scalar field "™, which satisfies the Klein-
Gordon eg.

T =l Mo e{e) e )- ) e a9t kxx @ean

note .

asagradient of scalar can describe only particles of spin 0, and applying analogous to the
Lorentz condition for adark field part (as for gravitational, (V. Fierz and W. Pauli, 1939)),
the following is obtained:

Tk = <gik>kXX*X u <gik>

(asin dark energy (G. ‘t Hooft,, 2008));
thus obeying P 1.
ref. to X not z as Goldstone field x origin is different.
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I1. Mode of masses for gravitational and dark fields (contribution of matter).

Following is a presentation of obtaining masses by gravitational and dark components of a
combined gravitational-dark field as a result of the interaction with matter.

Ansatz Lagrangian™® viz., (B. Janssen, 2006), (S. Deser, 1970)

L=Lep+L +H{kn TG ) +h,T* ()} +{h« z} (2.2)
where,
L., isdefined by (1.2.1);
kineticterm L for matter field acts as a mass term ™
1.
L,- = Eﬂi] 1 (22)

(ref. 4.4 Problems; (M. Kachelrief3, 2010)
heT (i ) term represents the massive spin 2 field h,, which coupleswith T™ (j ) like spin 2

note®

boson, and DV Z discontinuity disappears in acovariant case™" , i.e. in the limit
K,x ® Oobtainsaspin 2 boson and a scalar dark boson, which couples with the stress-energy

tensor(matter); as the stress-energy tensor is defined in aform

TG ) =- 15 79 +§i (1 )? (2:3)

mote—;

"term {h« z} correspondsto {..} for h, with substitution by z ; for z part

iik = Oix '\e_ZY_/

eX(gy)
(keX{g,) T ) +Xx(g")T, (X))
where, T, (X) denoted by ( 1.6.1 b);

2m?=(1j )” - mass due to the contribution of the matter;

® within the outlined mechanism, the disappearance of DV Z discontinuity is determined by
the fact, that in 3D finite-mass relativistic bosons, characterized by BE condensation

transition of the third order. For bosons of mass O(10"*) eV, the condensation transition is

indistinguishable from the second order related to massless relativistic bosons (F. Zwicky,
1961; S. Fujita, T. Kimuraand Y.Zheng, 1991).
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where,

in Minkovski space linear perturbationi, =g, - eh,
e - expansion parameter,
allows for vacuum metric i, =(g,); (B. Altschul, Q. G. Bailey and A. Kostelecky, 2009)

el : u_. , 1
\/E:expngrlog(lik +ehk)EI:|ii +oeh; {h« z}
k=M p'l- coupling strength to the source T, (M - Planck mass).

Consider ™
ik /: _ ik 1 ik - \2 1 2 - \2
" () =~ g + g™ ()" Seh?(1i ) (2.4)
asakinetic termof | , which acts asamassterm for h, proportional to h? o’
For h- h field coupling is described by the term h,T, (h)

0 1 1 1 Lo 0
hT (h) =- hkif %ﬂihl Th +%h, T7h - SThT R, - SAThTA, +§ﬂihﬂ'h+ukLpp§(2.5)

where,

T, (h) -gravitational energy-momentum (stress-energy) tensor.

note .

! the outlined mechanism does not contradict the Coleman-Mandula theorem (S. Coleman
and J. Mandula, 1967), as consistency is preserved due to the fact that the gravitational-dark
field contains only one spin 2 field (gravitational) and one spin O (dark) field;

? term linear in h, isremoved:

W 1 .
gjk - = O (ﬂ] )2 =0
2
where,
metric tensor is generated by matter (G. ‘t Hooft,, 2008)
ik — qr; HE
g =TT ;
and eg. (2.5) takes into account nonlinear effects.

Eqg. (2.5) dso takesinto consideration massive (Fodor, Forgacs and Grandclément, 2014) and
massless or small-mass (Rosen, 2010) self-interacting real scalar fields.
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Diffeomorphism invariance is restored from the breaking state due to the contribution of the
last term in (2.5). Structurally, this term incorporates local field fluctuations and the restoring
path (ref. the essence of the mechanism, Chapter 1), both of which are attributed to the
appearance of scalar field ineq. (1.2.1).

Local field fluctuations can point on the presence of Vainshtein-like behavior

(A.l. Vainshtein, 1972) within the scope of the presented mechanism. As far as the restoring
path is concerned, the appearance of negative energy states associated with the existence of
dark boson, ref. eg. (3.6 &) can explain the appearance of ghost-like mode (D. G. Boulware
and S. Deser, 1972) in nonlinear Fiertz —Pauli theory.

Within the scope of the outlined mechanism, a coupling (tensor- gravitational, ref. Chapter

[11, paragraph 3, item 3.2, sub-item 1) regime and a decoupling (gravitational, ref. Chapter

I11, paragraph 3, item 3.2, sub-item 2) regime can correspondently explain the disappearance

(for example, dRGT and bigravity) and the reappearance (for example, bigravity with doubly
note :

coupled matter) of ghost-like behavior ™*in different modifications and extensions of
massive gravity.

note:

Massive gravity theory with all its modifications and extensions is not considered within the
scope of the presented approach, since it is not relevant to the presented mechanism.
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1.2.2. Model of boson masses.
Introduction of interactions: gravitational —dark - spin 1 field interaction.

Assume the interaction of a massive gravitational — dark field with a massless spin 1 field
(i.e. vector field B, ):

l

P, =—-1B

k ﬂxk k
(2.6.0)

f=Pp,-pp =i 1B 1B
T X
massless B, coupling with massive (h, ,z ), viz. FP. Lagrangian in aform

(26.19

. - - 3 . 3 .
LFP:kZAikAk+PIAkPIAk_ 2PrAszA§k ferkAk {P Akp C +P Akp C} _kZCC' §P|CP|(

i.e. spin 1 field acquires mass as a result of the interaction with massive spin 2 and spin O
fields,
mixed h, - z termsalso account for self interaction;

for h,z ,B fields, the following is obtained:
(2.6.1Db)

Lep =

194, 1C"

TJAIAC  era A o TACTA u
L k -2 -2 +=

(A VBB AR 2p e p e BBAA ST
| y
i o 1A TC 1 _gkz _31CTiC 3 i
T+ZBBKAK 2o P 2B BAC- JCC T 8aaccb

I B B . u
l“AkAka Ak“Aka 2“’*%8 +2Ak“’*k8+“fAkAk s AR
+
I-:- 111Ak sc.lpa IC 114 1110 . 31C 3gc Y

-ZBA, —-= C+=—BA, ->~pgc +>1= gcl

T as avector field masstermin Lagrangian is proportional to BB’ ;
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note

then consider
(26.29)
2k 2A, +2P2A, - 21P|P3Agk+P PA - dikP PSAS%+ f A+ A+ {P P +P P}C-%dikPZC:

3kc-3pcipp A =
2 4

which represents the Fierz-Pauli eq. for massive spin 2 and spin O fields with the interaction;

for h,z ,B fields, the following is obtained:

(2.6.2b)
" LA, 6 T 9A. 1 9A 1 Al
i 2k2A, - K9 +|32 +2— - 2B +2—
| Ak 8 ﬂ Ak ﬂ)ﬂ ﬂxs SASk Xk ﬂxs Bk SA§ |k ﬂ ﬂxs | .
i y
i 1979C,1 191C,1 aé]Co ) i
+d,BBA, - = ———+= L T b tapc |
% ik As 2 1-[ ﬂxk 2 |Bk 2 ﬂxk ﬂxl 2 Bk q |k 8 4 ik b
i 1B ‘HA;< ‘H ‘HAS 1A, 1B , U
4— +d, B, +—r
II ﬂXA I As By B Akl .
:BA+ A - ﬂBkA 1ﬂBk 1B£ 118 +Bk£1 B
£ X T T2 o, T 2 L b
{-Ekc Eﬂco E C_lﬁ-{-BrBsAsy-{-i:'_EEC.{-EAS.{-&&@:O
P2 4Ea 4 Tx X, DT 2 ™ b

note .

eg. for massive spin-1 field (by virtue of interaction) in contrary to free vector boson field,
compare Proca eg.
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2. Symmetry breaking mechanism (G-type).

Following is a schematic representation of the symmetry breaking mechanism for
participating gauge fields (with corresponding Lagrangians specified in: "*°eq. (0.1.1, 2)).

As electromagnetic field f, is represented by U(1) group
f=(f)

and for a gravitational-dark field h (x)
F=()

after modification of the field, the following is obtained:
u:f®F

where,

f au(hf)f=h;

represents spontaneous symmetry breaking as a symmetric system (gravitational — dark) goes
into a vacuum state as aresult of an interaction with an electromagnetic field:

F =u(hf)f
the following is obtained:

u(h,f)=Ff
where,

b o_ .
F % +x§,_<F>+F

and a fluctuating real value field with (x (x)) =0 ;
vacuum expectation value

<F>=§g (27)
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3. Quantization.
Consider the noted in (A 2.1):

i. Following standard approach (F. Mandl and G. Shaw, 2010; R. Durka, 2008; Ivo van
Vulpen, 2014) in application to the real scalar fields contr (A, ), C for (f, =0) and the

complex scalar field C for (f, * 0).
ii. By referring to the gravitational field A, for (fi 1 O).

Therefore, asitemi) iswell defined, refer to itemii).

3.1. Gravitational field.

1. Theregular, unphysical spacetime (M, g, ) addressto the case (f; * 0)in Minkovski

space.
Minkowski space j ' with the flat Minkowski metric is the model of the Lorentzian
manifold.

A Lorentzian manifold is a special case of a pseudo-Riemannian manifold in which the

signature of the metric is (n—1,1); such metrics are called Lorentzian metrics.

So (g, ) isthe Lorentz metric on manifold M .

The singular, physical spacetime (M, 4, ) relatedto (Mg, ) by function W is defined on
M (M E M), such that:

<@ik>zvvz<gik> , W>0 (3.1)

W® O0on S

where, S isasmooth spacelike hypersurfacein M , called the singularity surface
(Anguige and K.P. Tod, 2008), (ref. hypersurface).

2. In gauge theory, curvature (scalar quantity) represents afield, i.e.:

incase (f; 1 0), it can be associated with the gravitational field, thus pointing to the known
association between curvature and gravity;

in case (f, =0), the existence of Wey! curvature for flat manifold determines the dark field

X component ($ for f, =0) of h ", which by virtue of P 1 defines the value of dark energy.

Note

incase (f, =0), derives aflat-space spin-2 theory, i.e. for tensor-gravitational field.
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3. The manifested approach to the quantization of gravitational field 3.ii is reduced to the
consideration 3.i.

Eq. for A, (A 2.1, Viz.) in unphysical spacetime (M, g, ), incase (f, * 0), takeform:
Ak = Ihk

then in physical spacetime (I\% ,@ik) , obtain ref. (3.1):

A =iz, @2)

where, M E M ;
according to §3.1,1-2 W® 0 for S in (M, g, ), thus singularity can exist only in

physical spacetime (I\% ,@ik) viz. A, not divergent.

QO (A 21,1.2.1), eqg. (3.2) defined™:

(ih=Y,P h=iY,ah, :i(gik>Y;)

A :'W<@ik>Y4* (334a)
where, Y ,isthe Weyl complex scalar.

From ( 3.3 @) using def. for Y ,, obtain:

A=z (8,) ( +if) (33b)

where, indexes and dots correspondently denote polarizations and time-differentiation of
gravitational field.

By virtue of the Klein-Gordon eg. time-differentiation can be addressed as follows

(-iN)* +k)h,. =i*f?h,. (33.1)

note:

thus, instead of referring to 3.ii inform (A 2.1), it isreduced to the form (3.3 a) in
case(f, * 0), which isfalls under the case 3.i.



note

then, obtain

A=+ o (8 IR +KE) (. +in ) (34

and apply def. of Laplacian on an arbitrary curved manifold (ref. Laplacian)

=(§") LLLSIPRILS

Vh W 41
" I X (34.1)
where, G, is Christoffel symbol of the first kind (* potentials’)
eq. ( 3.4) takesthe form
(3.5)
- Leth g I Th 2 2p, ©
A= WA gﬂxiﬂxk <@ik> ﬂXi +1 ﬂXiﬂXk |<@ik>G ﬂXi <@ik>khh+ |<@ik>khh B

according to note (ref. eq. (3.3 ).

note:

' in ageneral case Lorentz gauge can not be used:
(- iN)ht, =0

as spacetime is singular (I\% ,@ik) and curved ($ Weyl curvature on: M,M for f.=0;f 10)
incase f; 1 0 omit metric fluctuation in Minkovski space;

? (casef, 1 0, in expanded form (eg. ( 3.5)):

due to singularity mass k and ‘potentials’ G, renormalized by (&, ) (8, ingeneral case,
i.e. including metric fluctuations);

M G, termisassociated with the fact that the gravitational field determines the dark field

appearance, as the source of the dark field is the stress-energy tensor (ref. a gradient of scalar;
note eq. ( 1.6.1 b));

source-free equation terms include a metric and not atime part (in correspondence with
"eref. (A 2.1.1)).
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3.2. Tensor fields.
1. Tensor-gravitational representation.
Consider tensor-gravitational field h(eqg. (3.4)), which satisfies the time-independent Klein-

Gordon eg. (ref. Klein-Gordon eq.) , using complex (‘charged’-- X mass) scalar field
representation:

d®p € . u
h(x) = 7= Sa(p)e ™ +b(p)e™™U (364
(o0 ) 2, § ;

where,
E, =/P*+kK; .
The first term (denote particle with k, > 0) annihilates a particle with positive

energy a graviton (tensor-gravitational mode).
The second term (denote antiparticle with k, <0); and creates an antiparticle with negative

energy a dark boson.

Scalar propagator defined "*®

1
DF(p): p2_ k2+ie
X

(Note the scalar field: the propagator for the complex field is the same as for the real field).
2. Gravitational representation.

Addressed from h gravitational field h, (ref. (A 2.1)), correspondently obtain
(M. Kachelrief3, 2010)
d3p é . + o l;I
=34 ¢ €a (p)eLe ™ +b. (p)e! e (3.6 b)
ah arloi(zp)sZEpgaT(p) ’ (p)eje™ -

A~

0]
where,

tensor fields of rank n correspondsto particles with spin s=n;
polarization tensor e’ (polarization states e}, ).

note:

\ consider ( 3.6 a) as corresponding to scalar mode, where tensor rank 2 mode disappears;
scalar mode appears,

() consider ( 3.6 b) represents tensor mode, where rank 2 mode appears from a scalar mode
(ref. graviton propagator, which is defined by scalar propagator), not from atensor rank 2
mode.
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Propagator for spin s=2 field is derived as a sum over polarization states e, times scalar
propagator

rs

DX (p) =& e“(p)er (P)D:(p)

defined by metric fluctuations (correspond to case f, =0) in ‘t Hooft gauge (M. Kachelrief3,
2010)

L[ (@ (9), +(9), (a). +(9), (a),,)

DI (p)=2

3.7a
p® +ie ( )

incaseof f,* O

28 (@ (o). +(a), (0. +(a). (g, ¢

o)
2

3.7b

p’ - k% +ie ( )

D" (p) =

(Note thefactor of % instead of % in the last term of the propagator. Thisis related to the DVZ

discontinuity (ref paragraph 1.2, ii), i.e. massless gravity differsfromthe k, ® O limit of massive
gravity (J. Thaler, 2003); ref. gravitons of mass O(10 ¥) eV).

Thus™® operatorsin eg. (3.6 @) - ( 3.6 b) denote:

2.1. First term with a positive mass means positive curvature and denotes graviton in

tensor-gravitational ¢ and gravitational representations correspondently; ref. positive
curvature hypersphere (3D spherical surface);

2.2. Second termin eg. ( 3.6 a) - ( 3.6 b) with negative mass means negative curvature
and denotes dark boson and dark boson in form {8, ) coupled with dark field X

correspondently; ref. negative curvature hypersaddle.

note:

! applied Lorentz gauge, i.e. consider Lorentzian manifold ($Weyl curvature);

? casef, 1 0, dueto factor (4, ) ineqg. ( 3.5) obtain:

\ (36a);
tensor-gravitational representation is defined by:
renormalized by (4, ) tensor- gravitational form to denote gravitational field h, .

Causality: ref. 3.1.2 and (1.1 b) tensor- gravitational mode shifted.
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3. Following this, consider two possible types of curvatures, which can exist in reference to
S(incasef,  0):

3.1

Euclidian manifold:

f. =f.° correspondsto changing metric tensor from <g”‘> to (Gy) i-€ <g”‘> =(0y)
(Cartesian tensor).

FLRW metric, k=0.
Lorentzian manifold:

FLRW metric, k =1.

f,>f°  then (g, )+0, hypersphere: defines (A 2.1.1); tensor mode.

FLRW metric, k =- 1(3-dim pseudo-sphere).

f. <f°, then <g“‘>+o“‘ hypersaddle: defines ( 1.1 a); scalar mode.
3.2.

f. =0 obtaincase1.1ref. (A 2.1);

f, 2f° obtaincase2.1ref. (A 2.1).

This outlines the case of changing geometry of spacetime.
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4. The whole topological structure looks like the following compound:

[ ] TN )
“““ N
gravitation Space
a part P | time

(mass)

hyperkahler
> manifold

anti-de Sitter /\ 7\_/
space de Sitter anti-de Sitter
space space
in adark sector the time dimension space represented by the circleand timeisa
is compactified ™ line, so the spacetime is a cylinder.

(ref. Appendix A2, item 1.2.1).

Fig.1 Fiber bundle (fiber- dark part, base- gravitational part)
hypersaddle represent dark part and hypersphere gravitational part.

This geometry corresponds to AdS; (Lorentzian analogue to hyperbolic space) geometry on

the dark part and Lorentzian CFT on the gravitational part (cases for Euclidean™® CFT and
Lorentzian CFT, ref. 3, 3.1);

the shape of the fiber bundle at every point is described by the Gauss-Bonnet theorem,
which addresses the geometric classification of surfaces( paragraph 3, item 3.2,
sub-item 3) according to the uniformization theorem.

U where™,
a) Gravitational part SO(3) group is isomorphic (ref. Spin(3)) toSU(2) ;

the conformal group isisomorphic to the restricted Lorentz group SO*(1,3) , which
preserves direction of time, thus addressing to the arrow of time problem.

note:

° This explains the introduction of ‘ cylinder condition’ in Kaluza-Klein theory.

Also electric and magnetic parts of the Wey! tensor are compactified (G. ‘t Hooft,, 2008),
(G. ‘'t Hooft, 1990) ref.(A 2.1 b).

! Euclidean space is an analogue to Minkovski space;

% thus to tie the definition to the Lorenz group, i.e. one-particle states (address to the
reservations on applicability of FP theory by (S. Weinberg, 1965);

charged fields can not be observable, as they are not invariant under gauge transformations
(A.S. Fulling, 1973).
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Gravitational part due to the Weyl anomaly ( $ Weyl curvature, ref. Fig. 6)
characterized by the central charge (--h mass) £, thus corresponding Hilbert space of
statesis defined by Virasoro algebrafor £:

1. £ =0 conformal symmetry is unbroken and corresponds to the case 1.1;

2.£1 0 conformal symmetry is spontaneously broken, i.e. case 1.2.

In case 2, the dark field does not interact with the electromagnetic field due to the fact
that $ conformal anomaly leads to the following: trace of electromagnetic stress-energy
tensor has non-vanishing expectation value. Inturn, for thisto be true, the trace of

electromagnetic stress-energy tensor must * 0, which contradict to algebraic property
of electromagnetic stress-energy tensor, which istraceless.

T Massive scalar (dark) field from case 1 can not interact with electromagnetic field
incase 2.
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b) Dark part represents the connected helicoids with two ends, each in separate pointsin
spacetime. This corresponds ¢ 0 the Piccei-Quinn Symmetry.

4.1\ Tunnel and topological defects.

1. Spontaneous broken symmetry addresses to the formation of cosmic strings inside and
textures along the helicoids;

note?

Breaking the Piccei-Quinn symmetry in the tunnel resulted in $ of axion, which is

described by:

a) eg. (1.3 a) (G-type symmetry is not broken, i.e. addressed to the aforementioned
symmetry breaking mechanism);

b) coupling to the instanton field (the * misalignment mechanism’) correlated with the
presence of the Bose-Einstein condensate; ref. Fig. 6.

¢) A cosmic string emits radiation:
gravitational as part of the inference topology;
electromagnetic as part of the ‘mixed’ state (also note 2).

P Axionsas part of breaking the Piccei-Quinn symmetry. The dark boson combines
with an axion to form acomplex scalar field (A 2.1.2).

note.

! the tunnel is characterized by $ of U(1) global symmetry (due to the absence of dark-
electromagnetic field interaction);

% in the tunnel part, PQ symmetry is considered as an additional component of U(1) global
symmetry, which relates to the charged complex scalar field (the field is charged due to the
mass of dark field (X) ref. ( 1.3 b)); PQ symmetry is spontaneously broken by the
expectation value of vacuum state, which leads (in case of non-interaction (1.3 a)) to the
appearance of massless Goldstone boson (axion). In case of interaction, gauge symmetry is

broken(®¥ and as aresult the dark boson combines with an axion to form acomplex scalar
field (A 2.1.2).

22 ref. to the appearance of the mass of dark boson (i.e., no massless Goldstone boson
appears in this case).
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2.1. Zero-inference topology a field transverses through the tunnel, as massless (forces
long-range); gravitational part exists, as massless.

2.2. Before symmetry breaking inference topology & tunnel shrinks, as dark part
becomes massive (forces are reduced to short-range), negative mass is transferred to
the objects enclosed by the tunnel; gravitational part exists, as massless.

2.3. After symmetry breaking inference topology a tunnel is not changed from the
previous state; gravitational part exists as massive, thus transferring positive mass

to the enclosed object.

5. vacuum structure in the tunnel.

a) If considering layer Z withthickness L =1 of asmooth vector field f, inside, inthe

physical vacuum the process of creation of electron-(positron, hole) note? pair is defined

by the process of absorption or emission of vector field f, (I -wavelength).

According to eq. (A 4.2)  thisisdescribed by entropy in layer Z , therefore,
changing entropy in Z can be associated with vacuum fluctuations in Z.

b) In the application to the electromagnetic field, detailed calculations are outlined in
Appendix A - Additions Chapter represents the structure of modes and radiation from layer Z .
As seen from eq.(26), modes are characterized by strongly marked peaks of radiation,
therefore, if the right side fiber bundle is attached to the left side fiber bundle ( Fig.1), it
will obtain surfaces of revolution, where:

1. Max kink will correspond to the superposition of maximum radiation from the right-
left fiber bundle connection;
2. Min radiation will correspond to the superposition of minimum radiation from right-
left fiber bundle connection.

The surfaces of revolution (obtained due to consideration of smooth vector field f, structure

of radiation (ref. eg.(26)) represent a universal cover, which defines the structure of compact-
3 manifold (eg. (A 4.2)).

TOte:

! *inference topology’ radiation dynamics that corresponds to the solution of the Navier-
Stokes eg. (A 5.0.1) in blow-up regime leads to the schema (N.H. Katz and N. Pavlovic,
2004; Y. Habara, Y. Nagatani, H.B. Nielsen and M. Ninomiya, 2007), where energy flow is
const at the reduction of volume, due to the existence of 3D steady-state vortex solution
along the helicoids from within the tunnel;

? state of this pair is‘mixed’, which corresponds to ref. (note, eq.( 1.1 b)),

described by density matrix ref. (Appendix A - Additions Chapter, eq. (16)); also ref.
Appendix A4. This description is referred to the Dirac hole-theory. The applicability of this
theory for bosonic systems is specified in (N.H. Katz and N. Pavlovic, 2004; Y. Habara, Y.
Nagatani, H.B. Nielsen and M. Ninomiya, 2007).
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CHAPTER IV: RESULTSAND DISCUSSION

i. Considered here is the new bosonic mechanism for describing the obtaining of masses
by bosons. This mechanism is constructed upon amodel of spontaneous breaking of local
symmetry (applies only in the context of the essence of the mechanism, Chapter 1) and the
hypothesis that the dark energy is represented as energy of adark field in a single gravitational-
dark field.

ii. The model describes massive gravitational and dark fields and their interaction with the
vector field based on the Fierz-Pauli approach.

note

ili. Gauge bosons acquire masses ™" as aresult of the interaction with a massive

combined gravitational- dark field.

iv. Fermion masses are not considered.

v. Physical interpretation of terms proportional to BB (ref. description in Appendix A5,
paragraph 4, eg. (2.6.1 b)).
The following is an explanation of the physical meaning of the terms of eqg. (2.6.1 b):

a) inthe ‘mixed’ state the representation (gravitational-dark field (A 2.1.1)- (A 2.1.2)) is
reduced to case characterized by scalar mode. This corresponds to the Higgs model:

T gauge vector boson mass term is determined by - g BB CC’ (ref. eq. (2.6.1 b)), where C

isinthe formof eq. (A 2.1.2); - %kZC*C isthe corresponding free-field term;

T electromagnetic (gauge) field is massless due to non- interaction with scalar mode.

b) inthe ‘pure state’ the representation (gravitational-dark field (A 2.1.1)- (A 2.1.2)) is
reduced to case characterized by tensor mode. This corresponds to ‘the new bosonic
mechanism’ model:

T gauge vector boson mass term is determined by B B'A, A, (ref. eq. (2.6.1 b)), where A, is
inthe form of eq. (A 2.1.0); k*A, A, isthe corresponding free-field term;

T electromagnetic (gauge) field is massive due to non minimal interaction with tensor mode
(ref. Appendix A3, eg. (A 3.2)), thus corresponding to the Ginzburg -Landau model "¢

note:

Ginzburg -Landau model relations (ref. Fig. 3):
p area a) is related to Higgs model;

p area b) represents the renormalization group flow fromareaa) ® areac); and is defined
by the b - function (ref. Appendix A4, paragraph 3);

p areac) isrelated to sigma model on Calabi-Y au manifold. This model describes the low
energy dynamics of complex 2-dim theories with monopoles (ref. Fig. 6, Mark 2, 4).
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CHAPTER V: CONCLUSION

i. The theory originally addressed the subject of obtaining masses by vector gauge bosons
but the suggested approach is different from the Higgs mechanism.
It includes topological issues and specifies the property and characteristic radiation of
physical vacuum.

ii. Inthe framework of the outlined approach the subject of dark energy and dark matter is
addressed.

It is shown, that the origin and the mathematical description of dark sector naturaly
follows from a specified mechanism.

iii. Asthe theory spans over cosmological sector and includes items 1 and 2, it incorporate
the complete Lagrangian™ of the theory, EoM and canonically quantized

gravitational field.

It was checked for the asymptotic behavior and coincides with Einstein eq. within
appropriate limits.

iv. Obtained results have specific applications, for example:

1. Case of changing spacetime geometry;

2. It is shown how the theory naturally leads to AAS/CFT correspondence;

3. Obtained reformulation of quantum mechanical wavefunction, i.e. presented the way
to treat wavefunction as a continuous function, which describes the object from inside
and outside;

4. Based on the group theory, mathematically demonstrated the solution to the arrow of
time problem;

5. Obtained a mathematical topological explanation to the entanglement problem and a
mechanism of the existence of stable traversable and non-traversable wormholes.

v. Introduced physics approach, which allows the solution of the Navier-Stokes
existence and smoothness problem.

vi. Discussed the cancellation mechanism (ref. Appendix C - Supplementary Chapter,
paragraph 1), which can explain the absence of the observable Cherenkov radiation in the
theory.

vii. In order to prove this theory it must be shown to satisfy precision experimental
constraints on quantum corrections.

note:

Lagrangian for the outlined mechanism is described by the formula eg. (1.4.1 d).

Gauge vector boson mass terms are defined in Lagrangian eg. (2.6.1 b) and
are proportional to BB ; their description is outlined in Appendix A5, paragraph 4.
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APPENDICES

Appendix A
1. The second channel of the mass source for dark field.
1. Derivation of eq. (1.6.1 @) fromeqg. (1.6) (incase f, =0).

From the first eq. condition (=0) is satisfied for:

A, A1, TPALU_
2k*A, - 2W =d, =
A A2 B 27 T

0

(A0
°C 1
ﬂxlﬂxk 4 ik
then using relations
TA _y TA TA _, TA
Iix91x 'HXS‘ITX XX, 'HXS'ITXk
with the second eq.
2
- Ekzc +§C- A _ (A 0.19)
2 4 X
will obtain (A 0.1) inaform:
2 2 3
2k°A, - ZWAk+3d,k8 k"C+— C =0
@
(A0.11
2
__Te + 1d,kWC 0
T, 4

follow (V. Fierz and W. Pauli, 1939) for symmetrical tensor A, whose trace vanishes, then
consider;

45



case il k

szk -WA =
(A0.114a)

E:O
1%

to satisfy eq. (A 0.1.1).

By substitution (A 2.1) into (A 0.11 a) from first eq., eg. ( 1.6.1 &) is derived.

2. Ansatz Fierz-Pauli eq. ( 1.6) for (k =0)viz,,

where derivation of the metric is a small quantity of first order (V. Fierz and W. Pauli, 1939)
for:

the metric tensor
Oy =dy + 0.9 =9

and the metric fluctuation

= A +%dikcig =C;

is reduced to the same eg. as Einstein eg. for space containing no matter:

(A.1)
g 1, .0 TC T & b'ﬂzae 1 7 & ,1, .80
WA, +=d,c? s L dC_ 14, twe- +=d,.c=c
A A P EAK O e & AN M N g T2 Y
1
W —O
™ 9%, EA’

where C isdefined by (A 2.1) (incase f, =0);
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fromthis eqg., asystem of eg. for A- C components is obtained correspondently:

TA , TA 1, TA _

-WA, + +=d, -
™I T 2 TxTIX
(A1.1a)
2
T =0
T
and C component
A o6 TC T A, 6, T o i‘ﬂael
-We=d,C:Z- —+— = dC_ d WC - C =0
€475 Tl TxIx 84 5 Ml §4 5 2K Xk 84 %
(AL.1b)
2
&y 99
XT84 " g
thiseq. (Al.1a) - (A1.1b) isreduced to
'WAk+ﬁ+ﬂ=0 (A12a)
™I X Tx
2 .
wq o TC T ay o T &y c9-0 (A1.2b)

dC= d
e tCs 1XT% TXTX &4 5 XM &4 " &

a7



where A, satisfiesthe wave eq.

WA, = szk (A13.1)
with condition

ﬂ:o
fix

for k,=0,k =0

but choosing a gauge to satisfy

W _o (A1.3.2)
1%

thisis an analog to the Lorentz condition for electromagnetic potentials;

2
A =0 (AL13.3)
%%
and
Ct0 (A13.4)
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2. Lagrangian of the presented theory.

Consider an expression for Lagrangian from which equations in full nonlinear form are

derived.

Let us consider eg. (1.4.1 a) and compare it with eg. (A 2.0) (general form of eq.

(1.2.14)).

ﬂAk ﬂAk _ ZﬂAk ﬂA&k _ EkZCZ _ §££+ﬁ£
ix 9% ix T 4 8T Tx M Tx

Lo =K2AA, +

this FP eq. can be obtained from eg. (1.4.1 @) in case of no interaction.

According to the approach developed in § 1.1.:

I. The following correspondence exists:

casef, =0 | C}, =0 casef 10| Cy 1 0

ip, = P, =g,
fix,

Contr(Ak) :iiix Ak :ihk

C=n +x C=n+Xx +ix

where

awave-field A, isasymmetrical tensor of the second rank (ref. Fierz-Pauli);
C isanauxiliary scalar field.

(A 2.0)

(A 2.1)

1. Forf =0 dark field isnot coupled ( ref . "¢ o, ( 1.4.1)), follow FP schema A, red,

also C real.

1.1. According to (Anguige and K.P. Tod, 2008) the electric and magnetic parts of the Weyl

tensor of g, are defined by:

— d
Eik - Ci((:jktct

1
B.k = Eeféd Ckfcdtetf
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where

t¢ unit timelike vector,
isdetermined by $ C}, 1 0;

ie (g*)U (E.B,)."Cj*0

(ref. theorem on constructing spacetime from compact manifold);

1.2.1f Cj, =0:

o O

Eik
By

= P A =iX
gik>:O

—

by Weyl curvature hypothesis at start-up time (Lorentz metric);

1.2.1. If C *0:

E. 'O
B, O b A =iX+contr{E,,B,}ih
<gik>1 0

then obtain the case of ( tensor-dark field), i.e. g,, decoupled from the dark field X

viz. A, a(g*) A,

if <g”‘> is coupled with the gravitational field h, ( tensor-gravitational field), then

Goldstone-dark field V( ref . ™ eq. ( 1.3.0)) can be considered:;

(A21a)

(A 2.1b)

if (gik> coupled with the dark field X, then Goldstone and dark fields is of different origin.

\ ih(x) isthe Weyl complex scalar Y, (ref. Weyl scalars);

this term leads to the Mexican hat potential and determines a Goldstone boson existence

(ref. complex scalar field theory).
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2. for f, 1 O dark field does not interact with the electromagnetic field, therefore, omit the
Goldstone-dark field terms; according to the FP schema, A, , C are complex.

2.1 1f Cj 1 0:

E.,*O

B.* 0 P A =ih, (A2lc)
Ot 0

(Lorentz metric)

where

Qo,. metric fluctuation, i.e. (g, ) a g,:
(ihk =i <gik>h aig,h=ig, <gik>hka Oix :<gik>+0ik)

A. =it &+o, (g*)d (A 2.1.0)
second term represents the gravitational entropy.
3. combining cases 1, 2 (ref. (A 2.1)) "™

\ awavefield A, :

A gjikdfo +(1' dfo)aziiideO +ih, gl' dfo) +<gik>(df0 B dS)B (A211)

can exist in states described by h, and X, then it can exist in a state described by the
gravitational - dark field h (ref. ( 1.1 a)), i.e. further referring to a gravitational field,
however, where it is appropriate it refers to the gravitational -dark field;

compare (1.1a) and case 1.2.1, A, =ih,"” Cj, * O isobtained.

A ( ; C},k 10f, = 0) represents a state, which incorporates a characteristic of time (time

scalar i, ) and characteristic of space (metric tensor g, ), thus defining spacetime.
\ anauxiliary scalar field:

C=n+x +ix (1- d) (A 2.1.2)

where complex scalar field referred to by Goldstone theorem and (f = O) represents
massless Goldstone bosons; when (fi 1 O) represents pseudo-Goldstone bosons.

note:

this interpretation corresponds to the principle of general covariance in general relativity
(ref. Wheeler- DeWitt eg.), compare to case 2.1.
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I. By substituting (A 2.1) correspondently into mass terms for eg. (1.4.1 a) and
(A20):

Lt e e e @\ (A2.2.0)
caef, =0:

compare ( 0.1.1) and mass term for eg. (A 2.0) and by virtue of Goldstone theorem (k, =0)
and (ref. ( 1.3 @) note 3) , obtain

2 xn? =2 ((g")) A2
e kg : JIn (if quartic interaction terms are omitted and the constant terms are contracted),
masses for dark field (ref. ( 1.3 b)) are obtained.

L e e e @\ (A2.2.2)
caef, ! 0:
fromeq. (C. Itzykson and J-B. Zuber, 1980; M.E. Peskin and D.V. Schroeder, 1995)
of complex massless boson field coupled minimally with an electromagnetic field (compare

(0.1.2)) and eg. (1.4.1 @) by virtue of dark field, which does not interact with electromagnetic
field, therefore Goldstone-dark field can be omitted altogether, and the following is obtained

Z(Thorean)’ =kEAA,

note?

thenref. to eg. (1.5) ™" , obtain masses for gravitational field k, = e1 .

Thus, it is confirmed that masstermsin FP eg. (A 2.0) and (1.4.1a) and eg. ( 1.3 b) and
(1.5) correspond and have the same values.

T Based onthe following facts:
1. FPLagrangian (A 2.0) isanon interactive limit of (1.4.1 a);

2. Fierz-Pauli field eg. ( 1.2.2 8@ and (1.4.2 b)) for massless gravitational and dark fields
can be obtained correspondently from (A 2.0) and (1.4.1 a) by performing the variations.

note

0) fTherefore, follows the conclusion that eg. (1.4.1 @) is sought for Lagrangian ™.

note:
the mechanism of appearing masstermsin FP eq. (A 2.0) and (1.4.1 @) is specified in
paragraph 1.
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3. Considering of non-minimal coupling.

note

In additional termsthe fields h,z ,f, in (1.5) appear, i.e.

L}, =2 z (Th+ef,)- V2ef ,h(T,z +enf ) ++/2¢%f nh
(A3.1)

(2, = 2(z2+h2)
where
Noether’s current (or real-valued fields) is
i =ign(1z +ef,)- z (Th+ef,)g
seeref. innote 2on ( 1.5);
last termin L}, of N - h coupling.
Therefore, the following is obtained:
(A3.11) L', =iV2d  j, +J/2¢% nh

12, =t ?(z2+?)

To retain a correct number of degrees of freedom for spin 2 field, non minimal interaction
termisto appear (C.R. Hagen, 1972)

I‘nonmin :%ieha Fabhti) (A 32)

note:

this approximation holds in the case of minimal electromagnetic coupling.
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4. The quantum effects and underlying statistical field theory.
The structure of quantum effects.

1. Following with the consideration of the theorem of Stokes' and corresponding connections
to gradient, curl, and divergence theorems (ref. Stokes' theorem); obtain (I.E. Tamm, 1979):

curl theorem

K ds= c‘jotnf' ds (A 4.1)
L S

where

[ib'otnf' ds=0

divergence theorem

K .ds= cyivi dv (A42)
S \Y

Green’ stheorem

Qv -j Ry )dv:ﬁ)g)e/ 1111]—n-j "]"in%s (A 4.3)

using Helmholtz diff. eq. and Lie brackets definition, from (A 4.2) , (A 4.3), derives:
[y o i] =divf (A 4.4)

note:

where

note:
noted that in order for necessary and sufficient condition for a smooth vector field f' to bethe
gradient of F - function, the curl of f must be equal to 0 (Poincare’s theorem), since

gradF:Eﬁ,
in
obtained
. 9 r .y r
rad qjr)j=y —n-j =(-n
grad(y 4 1) Y q i gy 1

where, factorized on boundary, i.e. due to the existence boundary conditions on surface S
whep changing from - }1 to }1:

f=grad(y 4 ) ;

y 1) ¢ arewavefunctions of state of the inside and outside surfaces (i - shapes)
correspondently.
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P eq. (A 4.2) denotes the correspondence of compact-3 manifold to compact -2

manifold ™ ;
f ;. represent information written on the surface.

P Existence of the singularity follows from egs., refersto the contour L of surface S,
which limits volume V .
This contour determines the boundary of the singularity under consideration.

1.1. The following addresses to singularity.

i. use paralelism of eg. for the entropy of the set of events and the quantity of
information described by this set through the eq.

H=-4 P(A)log, P(A) (A 4.5)
j=1
P(Aj) is probability of event A ;
and the formula, which specifies the entropy of adiscrete variable X with defined
probabilities™

n

H=-4 plog, p, (A 4.6)

=1

p,; isprobability of value x;;
and refersto the reflective correspondence(bijection) between the event and the microscopic
state of the (defined by singularity) system, which can comprise from injective metric spaces.

note:

° This leads to the AdS/CFT correspondence taking into account the following:

1. condensation of massless relativistic bosons in 2D phase transition of the third order is

consistent with the condensation of 3D finite-mass relativistic bosons (F. Zwicky, 1961,

S. Fujita, T. Kimuraand Y .Zheng, 1991);

2. @) and assumption on barrier — black hole dynamic (ref. Appendix A4, paragraph 2.1,

Fig.7). Thisresults in the appearance of free massless relativistic bosons moving in 3D.
b) Since no condensation occursin 1D (F. Zwicky, 1961; S. Fujita, T. Kimuraand

Y .Zheng, 1991), this dimension represents quantum (Bohmian) trajectories (ref. note 2,

Appendix A5, paragraph 2.2, sub-itemii).

! Also addresses to the differential entropy (with continuous series of values):

¥
H=- f (x)log, f (x)dx

-¥

f (x) is probability density function, can be expressed through the wavefunction of

Schrodinger eg. in the framework of acertain physical system model (ref. note 2,
Appendix A4, paragraph 1, item 1.1, sub-itemii).
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ii. Viz., correspondence between continuous distribution of value of non-observables
and discrete distribution of the events, noted by the eq.

f(x)=a pd(x- %) (A 4.7)

n
o]
k=1

where the events addressed to the microscopic states of the system under consideration,
described by the quantum mechanics of non-observables™® |

iii. injective metric spaces directed into the interior of the black body is indeed the entropy
generation attributed to the emission of radiation into a vacuum;

according to (P. Wirfel, 1988) generation of entropy is not dueto the emission of radiation
into the vacuum, but rather the absence of absorption from the vacuum, which comprises the
case.

Vacuum Black hole - Singularity -
coordinate gravitational
photon number singularity
(‘mixed’ state) ~_ (black body) (heat reservoir)
A
n(x)=n(¥)
R 0 r X

Fig. 2 System (black body + singularity)
Ref. (Fig. 1 (P. Wurfel, 1988));

2. eq. (A 4.4) addresses the collapse wavefunction, as postulate of quantum mechanics,
which is complete information about the system encoded in its wavefunction;

therefore, the wavefunction™® can be considered as probability to obtain specific i - shape
(i.e. particle) received at particular point as a projection of information at particular time,

described by entropy at this point - divf .

note:

% to develop this approach, a certain physical system model (time series to address non-
observables) is utilized;
ref. Appendix B — Extensions Chapter.

* P, which is defined in the section Appendix B — Extensions Chapter determines quantum
potential for the i - shape.
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3. eq. (A 2.1.1) addresses the structure of awave-field

ihk A
\ s models of Calabi-
c) tensor Y au manifolds
__- bundle

b

_ related by renormalization group flow

-
a - Landau- Ginzburg
/ model
0 X

Fig. 3 By dint of a),b),c)

a)f, =0, (g"):\ ih (g");

_ Xy 00 @ 00
b) f, 10, (gy):\ <gik>=<g'k>p f2V=i"V =Hom(V,C):\ h*=CCAV+*AGCAV +*

& o5 & o
with atensor representation of GL(n) USO(3)1 GL(n)

o) f, 2 0:f, >, g,:\ ihg, =ih((gy)+0,) =ih, (g") ((g) +0,) =i, (1+0, (g*))

ref Appendix A2, paragraph 2.1.
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Ok

<gik> S \ due to topological soliton (topological defect), i.e.,
1 i one dimensional cosmic string corresponding to Mexican

due to metric fluctuations

5 hat potential

Fig. 4 Metric tensor as a representation by the power law
function (f i)n

1. areaa)-b) Fig. 3 f, <f?°

<g”‘>=((f i)n +Ji)q"+((f i)n +Ji)J"+d"‘

and represents dyadic product;
where

n=12;

J'-stochastic uncertainty

J' =e’”‘CJ'.,k,

i.e. stochastic uncertainty defined by the Weyl curvature tensor (ref. Viz., ( 1.1 b));

g isthe torsion 2-form (due to the metric torsion tensor: ref. connected helicoids,
paragraph 3.2, item 4).

2.areac) Fig. 31 f,>f°

i =(0y ) +0, (ref. caseb), Fig. 3);
0, - metric fluctuations are due to entropy (T. Jacobson, 1995).

note:

metric variations are separated into two parts.

1. induced ( vacuum(quantum)) metric fluctuations, which determine the existence of
primordial fields, are due to stochastic source leading to the exponential instabilities;

2. intrinsic ( classical) metric perturbations, which relate to the entropy and represent
feedback mechanism, cancel instabilities arising due to the induced part.
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Therefore, sector a)-b) Fig .3 represents a renormalization group with a specification of the
renormalization trajectory (for the group equation) of the metric parameter g, by the power

law function.

note”

T Dependence of the b -function onthe energy scale is determined by dint of the

mechanism generation of entropy (Fig. 2), which iscaused by f' and is described by

the Gell-Mann-Low eg.(consideration address fixed physical mass) and not of

Callan - Symanzik type.

Figure 4 (in the framework applied to Calabi-Y au manifolds in two complex dimensions)
outlines the importance of account for topological defects considering renormalization group
flow (G. Zumbach, 1995).

The power exponent addresses the critical exponent note

in the phase transition.
i. Inthe order phase (spontaneous symmetry breaking of G-type), specifies:

1. order parameters indicate the presence of line-like excitations such as vortex (notel,
Fig.1, paragraph 5) or defect lines (G. Zumbach, 1995).

ii. according to (C. Grebogi, E. Ott and J.A. Yorke, 1986), values of the critical exponents for
boundary crises and interior crises regimes are obtained:

n=1/2 for one-dimensional maps with a quadratic maximum; a cosmic string.

n=2 for two-dimensional maps, also appliesto three-dimensional continuous-time systems.
(& domain wall, False vacuum).

X = P X,

which recovers a Henon map for thecase J ® 0 for aone-dimensional map; and
Xp1 = P- X -y,

Yo =%,

For atwo-dimensional map,

where

J isthe Jacobian of the map ( const).

note:

% explicit expression for b -function in case of scalar F* theory isinref. (A.A. Vladimirov
and D.V. Shirkov, 1979);

' it has no explicit dependence on the reduced temperature.
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1. The chaotic transient regime and the intermittent bursting addresses to the Mark 1 on
Fig. 6; (ref. to example: Ikeda map).
$ f' aspart of composite system with field h (ref. note eq.( 1.1 b)).

2. Intermittent switching addresses to the Mark 3 on Fig. 6; (ref. to example: Forced
double-well duffing equation)

with two minima

1
a 2

X=x~—_-
&a o

case: p= p, correspondsto eg. ( 1.3 a);

the external force determined by the presence of radiation from layer Z ( ref., Fig.1);

case: p> p, corresponds to the intermitted switching between x>0 and x<0 wells;

this can address to forming the conditions of $ wormhole geometry in atunnel area (Fig.1).

p, p, - parameters and addresses to the critical value.
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4. Application to wormhole geometry.

Inference topology structure (Fig.1) in a double symmetric geometry can connect these
geometries by a double tunnel.

g S

double tunhel (wormhole)

Fig. 5.1 two tunnels construct awormhole structure
(dynamics of tunnels is defined by:
ref. Paragraph 4.1, item 2: 2.1-2.3).

Inverse topology of the geometrical model in Fig. 5.1 represents connected chain
as depicted in Fig. 5.2

N L.
connected chain is formed

Fig. 5.2 inverse geometrical model.
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5. Connections between different topics within a single theoretical framework.

To aunified field theory

Stable solution; Dark mattter, @$f,

Unstable solution, $f, =0,$g,, ; vacuum

| nstability / manifold
point 1

EM-G-D 2
BE condensate

't Hooft (monopole)
Q vector field
(Weyl curvature)

n expected value
broke symmetry
spontaneously
(global symmetry)

Spontaneous 3

Appearance of scalar fields G-D, $f, =0

EM

(0.11) T
D
Tensor — ' | Goldstone
gravitational field \| field
Goldstone-dark
split =

Spontaneous 4

(0.1.2)

Instanton solution, $f, * 0,U Uncertainty principle

Expected value of the tachyon condensate from the BE-
tachyon condensate (funnel, Dirac monopole)n

increases as Wey! curvature increased;
broke symmetry spontaneously (local symmetry)

Soliton solution, $f; * 0,U
Uncertainty principle

Fig. 6 Ref. Symmetry breaking mechanism and eq. (1.1 b)

(EM: electromagnetic field, D: dark field,
G: gravitational field).

62



Mark 1.
low entropy content; Weyl curvature tensor vanish.
Mark 3:

i.$ scalar mode comprises a tensor-gravitational field + dark field; consider the Weyl
curvature increase;

ii. assigh mass to the dark boson, ref. ( 1.3 ).
Mark 4.

assign mass to the gravitational field and the appearance of the massive Goldstone boson,
ref. (1.5).

Mark 5:

assign mass to particles, ref. Model of boson masses.

Corollary:

The EM field does not interact with the D field, due to the difference in underlying
mechanisms of appearance.

The G field is present during noted processes, i.e. it can be applied to the D and the EM
fields.

P Possibility for the asymmetry between baryons and antibaryons.

1. Mark 1-3 outlines a possibility for asymmetry between the baryonic and dark matter due to

the appearance of the electromagnetic field ina‘mixed’ state after gauge, conformal
symmetry breaking. The annihilation of massive dark matter particles results in antimatter
production which (according to the mechanism described in Appendix A5, paragraph 3, sub-

item @)) leads to the CP violation (ref. Appendix C - Supplementary Chapter , paragraph 1) in

the presence of the electromagnetic field in a‘mixed’ state and results in asymmetry.

2. Mark 4-5 corresponds to obtaining mass by particles as a result of a spontaneous symmetry

breaking with the electromagnetic field in a‘pure’ state.
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note

1. Consideration™* of the Bose-Einstein-tachyon condensate with funnel leads to
the Navier-Stokes eq. in the form (N.H. Katz and N. Pavlovic, 2004; Y. Habara, Y. Nagatani,
H.B. Nielsen and M. Ninomiya, 2007):

r.\r r - ur
Wv_. (V) v-+nDv- %Np+f (A 5.0.1)

where \'/-velocity vector field; n -coefficient of kinematic viscosity; 1 -represents gravity
and includes electromagnetic forces; r -density; p - pressure.

According to the outlined approach, define the convection term, by a vector calculus identity

+(N' v)' v (A 5.0.2)

where, the second term defines the funnel (Dirac monopole);
also term 1 can represent in the form
f=z (A 5.0.3

where
1
z =f, +aﬂih’ ref. (note 2, eg. (1.5)).

As specified in (in: D. Vorberg, W. Wustmann, R. Ketzmerick and A. André Eckardt, 2013)
rotating the Bose-Einstein condensate develops vortices, which are phase singularities (ref.
notel, 3.2-5 and Appendix A5, paragraph 2.1, sub-itemiii).

note:

the condensation temperature T, of this condensate comprised of free relativistic bosons

massless and massive is specified in ref. (F. Zwicky, 1961; S. Fujita, T. Kimuraand Y .Zheng,
1991).



2. Instability point "*°.
Define the point in spacetime e°

lime =¢e° (A5.1)

lel® 0
Q +e® 0, -e® 0,\ noise fluctuations appear inthe area e around e =0, i.e.
$ resonator due to noise-induced fluctuations around equilibriump
\ inherent fluctuations (J lack of global restoring force due to a continuous global
symmetry.
Corollary:

i. curve and rift spacetimein e® \ Weyl curvature appears with a characteristics
mark 1; source of N , ref. note (paragraph 1.1).

ii. define entropic arrow of time (Q mark 2 (Weyl curvature increase),
ref. Appendix A2, paragraph 1.1.

iii. refer to the scalar domain b
mark 3: dueto mass for theD\ F (x) ischarged (i.e. complex scalar);

tensor gravitational field refers to the renormalization group, ref. Fig. 3;

\ ineq. (1.1b), appliesto the phase domain.

note.

Ref. Kibble mechanism and address the sector a)-b) Fig .3.
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note

2.1. Instanton solutions™e.

Consider black holes ($ exclusive principle), i.e. :

i. Area bounded by event horizon [r,0] denoted by the Heisenberg uncertainty princi ple™*

h

DEDt 2 (A 5.2)

where,
PDt® 0, DE® ¥ ; (A5.2149)

this solution corresponds to the Bose-Einstein condensate represented by fields, which lost
both information component™ " x=0 and mass " xI [r.0].

note®

ii. Quantum tunneling
x1 [r.q

, Which occurs under the barrier — black hole, characterized by

Toi:e, DE?0 (A 5.2.1b)

P transmitted wave constitutes energy flux and can be related to the Hawking
radiation;
spectrum of radiation is analogous to spectrum of black body radiation.

iii. Bose-Einstein condensate indicates $ 't Hooft monopole.
Phase domain Appendix A5, paragraph 2, sub-itemiii , related to spontaneous symmetry
breaking and emergence of scalar fields in vacuum ref. ( 1.1 b).

note:

3D steady-state vortex solution of (A 5.0.1);

! reservations by Pauli regarding time operator can be addressed by the following
considerations (V.S. Olkhovsky and E. Recami, Nuovo Cimento, 1974);

% ref. Appendix A4.
® The graviton mass O(10 #) eV (F. Zwicky, 1961; S. Fujita, T. Kimuraand Y.Zheng,

1991) appears under this consideration as the mass of the ground state (Kaluza-Klein) modes,
which exist in BE condensate.
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My, L

(i) A

0 +e
Fig. 7 Corollary of instanton solution
(f, =0, xI [r,0[; f, 2 0," xI [O,R]);
by dint of @), b).

a) <hkh”‘> is tachyon condensation, ref. tensor-gravitational field h isincluded in complex
part of eq. ( 1.1 b);

b) mathematical expression for spacetime is reduced to scalar <g“‘gik> .

Barrier —black holeinthe area x = 0 ‘peels off’ "¢ information structure and mass
from matter fields, thus obtaining a ‘sandwich’ structure within the framework denoted by
egs. (A4.1)-(A43).
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note:

! this represents a virtual particle, which infalls into b.h.; the outside virtual particle state
correlates with the state of the particle in b.h., i.e. these two particles (subsystems) exist ina
‘mixed’ state. Complete quantum system comprised from these subsystems existsin a‘pure
state™ | i.e. accounting for off-diagonal elements of the density matrix, which represent the
coherences in the system of the ‘mixed’ states. Thistakes into account correlations between
vacuum entangled states (the state of the particle in b.h. is defined in the framework of
AdS/CFT correspondence) (G. ‘t Hooft, 1990), but not the correlations between outside
states, which do not exist in thermal case. The decoherence of quantum superposition of
outside statesin low-energy limit is due to the contribution of gravitational field when
background spacetime is considered, ref. (1. Pikovski, M. Zych, F. Costaand C. Brukner,
2015).

Y proof of this statement utilizes formulas (2.3), (3.11) and (4.2) from Appendix B. The
concluding results are represented by the following egs. (b &a[Ln],b a]n,m|, i.e.

correspondently orthogonal and non-orthogonal sets of thewholeset b” b a [L m] ):
a) for density matrix:

Jn.m]

Mom =8 PR =17 (A5.2.2a)
bb'

where

the state of the particle in b.h.(non-observables) is described by the non-orthogonal set;
the state of the outside particle (observable state, which is vacuum entangled with non-
observable state) is described by the orthogonal set.

Thus the whole set, which represents ‘mix’ of these sets (‘mixed’ set) corresponds to the
‘mixed’ state.

According to the formula above, the unitarity is preserved due to the contribution of
off-diagonal elements, which represent interactions and correlations between the outside
virtual particle state and the state of the particle on the horizon.

b) for the trace of the density matrix:

Tr(r)=4 [K|=1 (A 5.2.2b)

due to the normalization of the total probability.

Z Under this framework, vacuum is represented as a self-consistent system comprised of
apositive energy (b.h.) component and a negative energy (w.h.) component.

The vacuum fluctuations appear as aresult of stochastic nature of equilibrium between

these two components, which are interconnected by the mechanism of broken symmetry
(ref. Chapter 111, paragraph 1, noteitem 0.1).

Under the Dirac hole-theory notation, this system is represented as a zero band-gap structure
with valence and conductivity bands formed by w.h. and b.h. correspondently.
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At equilibrium this system is compensated (i.e. preserves a zero band-gap structure) and goes
out of equilibrium due to the symmetry breaking, thus leading to the appearance of a non-
zero band-gap.

note*

2. 2. Soliton solutions™*® ( $ exclusive principle).

Consider a certain physical system, i.e. :
i. area denoted by the Heisenberg uncertainty principle (5.2)
where,
PDt® ¥,DE® 0 (A 5.3)
this solution corresponds to the orbit structure;

the state of the inside and outside surfaces (as described in noteto eq. (A 4.4)) reflects the
homomorphism between the structure of the field, where the quantum mechanical description
of the outermost part is given by quantum mechanics of non-observables (ref. Appendix B-
Extensions Chapter), and connection with the innermost part which is given by eq. (A 4.4).

ii. Developed in the Appendix B-Extensions Chapter mechanism is an outline, which presents

deriving of awell- defined particle trajectories™®  in the relation to the Nelson stochastic
mechanics (E. Nelson, 1966), and directly related to the forming of such trgjectoriesin the
mechanism described by the crisis-induced intermittency (C. Grebogi, E. Ott, F. Romeiras and
J.A. Yorke, 1987) in the case of the quadratic map (ref. to example: Pairwise merging of
chaotic bands in period-doubling cascades).

p, p,, parameters and address to the forming of unstable orbits of period m.

note:

! given mathematical description of this solution in the framework of the soliton solution of
(A 5.0.2).

? quantum (Bohmian) trajectories form the microscopic structures (i - shapes), i.e., a
microscopic quantum state described by the wavefunction P, which comprise BE condensate

(i.e., amacroscopic quantum state described by the wavefunction P**¥*¢), This
wavefunction determines quantum potential of BE condensate.

Both wavefunctions mentioned above are defined in the section Appendix B-Extensions
Chapter.

Creation of this macroscopic quantum state occurs as a result of free masslessrelativistic
boson condensation moving in 3D and relates to the condensation condition T <T,

(F. Zwicky, 1961; S. Fujita, T. Kimuraand Y.Zheng, 1991), i.e., black-body radiation regime
referenced in Appendix A4, paragraph 1.1, sub-itemiiii.
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3. Inthe application to the exciton model for the Bose-Einstein condensate.

Consistence of a condensate can be represented by two types of component structures
which comprise it, namely:

i. bh-bf: black hole + baryonic foam,

ii. wh-df: white hole + dark matter foam.

These two types of exciton-like structures comprise the BE condensate corresponding to:
1. Mark 2: in the form of ‘mixed’ state. Correspondsto Fig. 4, 1;

a caei), $f, isapart of ‘mixed’ state:

this type represents spacetime in the granulated form, i.e. inference structure Fig.1 collapses
to a chain of mass parts as tunnel parts are reduced to zero.

f. confined to a surface of mass partsas r granulated in a micro b.h. (mass part) and a
baryonic foam (tunnel part).
Ref. Appendix A5, paragraph 2.1,

a caseii), 9$ f, asapart of ‘mixed’ state:
this type represents the granulated form, which consists of micro w.h. and a dark matter asa
foam.

In this case Appendix A5, paragraph 2.1 can not be applied in can not enter area of 3, ii.

2. Mark 4:intheform of ‘pure’ state, where condensate is shaken by EM.
Correspondsto Fig. 4, 2;

a case $f, isapart of ‘pure’ state:

this type represent continuous, smooth gravitational structure; f, localized to volume
as r isnot granulated.

a Case w $f, isapart of ‘pure’ state:

this type represents a continuous, smooth dark matter structure; f, does not exists.

note:

in previous version of this document dated Aug. 27, 2009, the following is outlined:
there exists a possibility of tunneling near b.h. as a mechanism leading to the Hawking
radiation ( i.e. applicability of the Schwinger effect);

there exists an analogue b.h. laser-like structure, which appears as a result of quantum
tunneling (Appendix A5, paragraph 2.1, sub-itemii; also, ref. experiment (J. Steinhauer,
2014)) with periodic boundary conditions.
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The following conjectures on CP symmetry are related to inference topology:

a) Asresult of contact with athermal bath "¢, provided that dark part does not interact with
f., the component structure bh-bf leads to:

1. Mass part is broken;
2. Tunnel part is unbroken.

b) Asresult of absence of contact with athermal bath, provided that f, cannot enter the area,
the component structure wh-df leads to:

1. Mass part is unbroken;
2. Tunnel part is broken.
P So the structure of the inference topology adheres to the CP symmetry and by dint of

the Landau-Y ang theorem determines the hypothesis, which is due to postulates
P1, P2.

T A microb.h. (mass part) and a baryonic foam (tunnel part) corresponds to topological
structure ref. Fig. 1 and represents positive energy.

The topological structure of micro w.h. and a dark matter as afoam corresponds to anti-
structureref. Fig. 1 and represents negative energy.

Cancellation of these two types of structures creates vacuum structure with vacuum staten .
Cancellation mechanism is analogous to the creation of cooper pairsin BCS theory, but in
this case micro b.h.- micro w.h. components are bound by the exchange of dark bosons.

note:

Fig. 2 addresses the case of time-periodically driven by electromagnetic field in a‘ mixed’
state systems in weak contact with athermal bath (in: D. Vorberg, W. Wustmann, R.
Ketzmerick and A. André Eckardt, 2013).
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4. Implication of quantum fluctuations.

Considering inference topology presented in Fig.1, then due to the second law of
thermodynamics and as specified in paragraph 3.1, i) the following is obtained:

tunnel part is represented by mass part represented by micro b. h. +
baryonic foam, foam of virtual b. h.(athermal bath);
baryonic symmetry is violated micro b.h. accretion of matter corresponds
due to presence of virtual b.h.; to the increase of entropy;
virtua b.h. is produced by tachyon
condensation of axions;

system of baryonic foam — thermal bath- micro b.h.(considering Hawking's radiation) comes
to the thermodynamic equilibrium, i.e. state with max symmetry.

— T~
micro b.h. remnant (particle), virtua b.h. determines
soliton solution; the existence of 4 space-
time dimensions,

Fig. 8.1 The explanation of the value of mass
acquired by gauge bosons.

1. Asreferenced in paragraph 1, item 1.2.2 the vector boson mass term is determined by
BB A.A. (r€f. eg. (2.6.1 b)), where A, is defined in the following form eq. (A 2.1.0);

2. combined dark boson - axion mass term (ref. Paragraph 4.1.1) is determined by
- 33 B CC’ (ref. eq. (2.6.1 b)), where C isin the following form eg. (A 2.1.2).

a) Mass of axion (cold dark matter) (L. Visinelli and P. Gondolo, 2014; D.J.E. Marsh, D.
Grin, R. Hlozek and P.G. Ferreira, 2014) ¢ jsinthe range of 100 Gev, which corresponds
to the gauge boson masses.

This correspondence follows from the fact that mass term for the reversible inference
topology’ structure (dark - axion« gravitational, Fig. 1. 4) is reduced to the vector boson
mass term (as explained in paragraph 4, item 4.1.2, sub-item 2.3).

note? ¢

"€ (G.W.Fraser, et.al., 2014; C. Bonvin, R. Durrer and R. Maartens, 2014):

1 denotes experimental proof of axion existence;

2 the appearance of Dirac monopole (ref. Fig. 6, Mark 4) is determined by existence of
primordial magnetic field, which also addresses the magnetic field in Primakoff effect.

% reversibility reflects geometrical equivalence between dark and gravitational sectors and
mathematical symmetry between corresponding terms in Lagrangian eg. (2.6.1 b).
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Structure: WIMP - Gravitational instanton ™¢

gravitational
instanton

WIMP

Fig. 8.2 Gravitational instanton (ref. Fig. 6 below,
Mark 2, 4); WIMP (ref. Fig. 6, Mark 3).

WIMP (dark part U tunnel) interacts with baryonic matter by means of gravitational
instanton (gravitational part U mass).

b) The value of dark energy ™ is determined by the requirement to cancel local vacuum

fluctuations (i.e. maintain thermodynamic equilibrium between the baryonic sector and the
thermal bath).

note:

! Gravitational instanton U 4-dim hyperkahler manifold (ref. Fig.1);
instanton is defined as vector bundle with self-dual connectionson j*.

? Incaseof (f, * 0), thevalue of dark energy is defined based on the conditions

indicating equality between the baryonic sector’s entropy constraint reduced to

4p nats on one side and the entropy of thermal bath — micro black hole (b.h.) system
determined by eg. ((A 4.6), note 1) and (A 4.7) on another side.

Dark energy influence is incorporated explicitly into eq. (A 4.7) by means of

replacing eq. (4.1, ref. Appendix B — Extensions Chapter)) with eg. denoting the forced
NL SE with the dark energy as driving force.

Incase of (f, =0) the value of dark energy (ref. paragraph 3, item 3.1, sub-item 2)
isdetermined by egs. (A 2.1 a)- (A 2.1 b).
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Appendix A — Additions Chapter: Electrodynamics of thin (non-geometric case) layers.

Aninterzone radiation from plane-paralel plate dueto direct-band-gap transitionsis theoretically
studied.

The plate thickness in one direction is less or of the order of the radiation wave length. The system
of characterigtic nodes for the radiation being emitted from such a plate is obtained.

It is shown that the radiation has strongly marked radiation peaks for resonance transmission.

1. Introduction and purpose.

Over prolonged periods the problem of investigation of cavity resonators radiation character for
non-geometrical optics has been given a significant attention.

A sufficiently completed overview of investigationsin thisfield isgivenin (H.P. Baltes and F.K.
Kneubuhl, 1972), where different sudies containing solutions in the form of infinite serieswith
residual terms of different kinds are listed; also, the radiation of samples of different geometry is
consdered.

These reaults remain topical until present. Asthe appropriate review showed, the works published
afterwards do not comprise any significant supplementary information.

The aim of this section isto obtain an analytically precise solution for the problem being discussed
as applied to physical vacuum, which enables to appropriately take into account the properties of a
plane-pardlel plate asaresonaor.

The solution for the problem in case of different geometries may be found in asimilar way.
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2. Plane-parallel plate modes.
a) The system of modes.

Transitions between two different states of a hole in the filled band under the secondary
quantized radiation emission are represented by the Hamilton operator:

U
_ eyt Irr
where,
rr Phc @ i, reo
A =3 BTN 1a
o ?é%nan b3"2 (19)

Here the denotations are as follows:

\'/5 - holes velocity operator; Af - secondary quantized vector potertid; W, - n mode

frequency; by |o,| - Bose operator of creation (annihilation) for n -mode; é,f - describes the polarization
characterigtics and space sructure for n -mode;

n includes: m - polarization index |s, p|. j -modeindex |r,I,L]|.

('43 - longitudinal wave vector; the mode cross structure is determined by wave vectors—

continuous ones a,(-q for I,r modes, and discrete k - for L mode;

r,l,L -right, left, and in-plate localized modes respectively; V - normalized volume.

Asdated in (V.S. Pekar, 1974), the modes system for the medium with dielectric constant e’ isderived
from the following equations:

rr 0
rotrota - ~—*- e =0 2
a, S5 a, 2
L odfe’rE =g | (2a)
V n nn
(v)

which should be solved separately for S -polarization |divar,f =0 and p - polarization |o|iv:'5nrr 1 0.
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In aone-dimensional case with inhomogeneous conditions being under consideration
(f =(t',x),&, - normal to the plate) the solution for the system (2-2a) will be as follows

1 O p .r L.
irr)l@ex %GH Ng er Mo 1G d( x np)li“;l (3)

x+$x x+ x_e X
Poa e e x ob

where the first item represents the solution for S -polarization, and the second and the third
ones- for p -polarization.

n,
Let usconsider only S -type solutions for which the scalar functions aq‘f are derived from
the following equations:

2n 7 "2 ~
day w6 , U _
+teg—=€ -( =0
dx> & cC g b U3
9 o

where, L - normalized length in X - direction.
b) Mode structure.

For the piecewise-homogeneous medium, the wave equation is solvable for regions where
€* = const . At jumps of €* the boundary conditions
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(3b)



-0 4

are used.

In order to find dl the condants of the wave equation for dratified medium, in addition to the
boundary conditions (BC) at all the jumps of e*-,two BC'sa +¥ are needed.

Types of solutions:

r -and | - olutions the amplitude of right-incident (r) or left-incident (1) waveisgiveni.e.
twoBC'sareset a +¥ or - ¥

L - solutions: localized modes for which aqX|_+§ =0.

r N n
é,: is continuous at jumps of e* (i.e aq‘f ad aqf) functions are continuous), but
p

— i dea o9 . .
- polarization-generated term Waiée aqxg hasa jump at the interface.

Since the system (2—24) is linear and homogeneous, one of the constantsfor L -solutionsiis
not determined by BC and dispersion equation is obtained.

Let us consider three-layer medium case:

11x<0
e*=le%,0<x<d (©)
le,d <x
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Solutions for the system (3 a, b) are sought in the following form:

1 A exp(igx) + A exp(-igx),x<0
W ::'a+exp(ikx)+a_ exp(-ikx),0<x<d
} B, exp(iéix) + B exp(- ifix),d < x

where, wave vectors:

2

-5

2,
1
|3

@O
(@]

[%2]
N

)
o)

@y
1
Q'I'O:m [SEE O:N Q'I'O:m

2

-0

D

]
T
T
f
y
T
T
T
b

=
I
o]

(@]

Using (4) at jumps of e* will be obtained:
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x=d

a, exp(ikd) +a exp(- ikd) = B, exp(itid) + B, exp(- i¢id) (70)
kga, exp(ikd)- a exp(-ikd)g= 1B, exp(itid) - B. exp(-itd)g

L -solution
System (7 g b) takes the form:
A=a, +ta

u

G'A:ik(a+- a) ;

B=a, exp(ikd) +a exp(-ikd) ?/ ®
:

- éillB =ik ga, exp(ikd) - a exp(- ikd)filb

where,

, 2 U
q =47 22 >0
Ecy i

2 Y (89)
&q: qbz_?ige>0.:.
Cg p
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From (8) a system of two equationsfor a, ,a_solvability condition is obtained, which
leads to the dispersion equation:

g - ik q +ik

- (&q'+ik)exp(ikd) - (@ﬁ'_ ik)eXp(-ikd) =0 9

From (9) an expression for a discrete set of vectors k can be obtained

=2

g4 -k

- — =ctg kd (10)
k(ﬁ +@ﬁ|i

When all the coefficientsin (8) are expressed through a, , the following is obtained:
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N

AL (_' )

! -explg x|, x<0
Lik+g

N ik-q .

a, =a, jexp(ike)+ -exp(-ikx), 0<x<d 1)
T ik+g
[ . s
i€ ik- g RS- 0
i éexp(ikd) + -exp(- ikd)dexp&- ¢ (x- d)Y, d <x
18 ik+q io° |

where, a, © a,

| -solution

System (7a b) will take form:

A+A =a,+a
q(A-A)=k(a-a)
a, exp(ikd) +a exp(-ikd) =B, exp(itid)

kga. exp(ikd) - a exp(- ikd)y= B , exp(itd)],

(12)

—— =

When all the coefficientsin (12) are expressed through a, and anew normalization constant
a, = a, exp(ikd) isintroduced, the following is obtained:
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_ o k- guexp(i
i §(q+k)exp(-|kd)+(q- k)exp(lkd)k+2§e)(p2(%qx)

i
i
i+ gq- k)exp(-ikd)+(q+k)exp(ikd):;“Eeng_'qx), x<0

aq ai: e &qu q (13)
:expgk(x d)g+ 2exp@|k(x d)g, 0<x<d
i
i 2K
1k+éi|eng&q(x d)g, d<x

r -solution

System (7 & b) will be:

A =a, t+a U

-9A =k(a, - a !

W =k ) v (14)

a, exp(ikd) +a. exp(-ikd) = B, exp(itid) + B. exp(- itid)
kga. exp(ikd) - a exp(- ikd)y= 6gB. exp(itd) - B exp(-itd)g,
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When all the coefficientsin (14) are expressed through a_ , the following is obtained:

i k2+kqexp(- igx), x<0
] it+gexp(|kx)+exp(|kx) 0<x<d
- _aTEiE(Mk)t;gexp(ikd%(@ﬁ- k) exp(- ikd)ge’(pé&qz(é;" d)g ®
if% k)t;gexp(ikdh(&hk)exp(-ikd)gexpéi%x' JEPP
where, a ° a

After substitution of expressions(11), (13), (15) into the normalization condition (3b), the
constants a, ,a, ,a, areobtained respectively.

3. Equation for photon density one-particle matrix.

Inthe problem bang consdered, the interaction between holes and the photons emitted by the holes
during the transition from the heavy to light part of the energy spectrum are assumed to be
weak.

According to (V.G. Barjachtar and S.V. Peletminsky, 1963), stationary quantum kinetic
equation for one-particle matrix for photon density will be:

i(wn. - Wn) N .= LE"‘:?{N, f} (16)

where,  LIP{N, f} - collision operator.
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Similarly, as presented in (F.T. Vasko, 1988), in case of great distances equation (16) is
transformed, with respect to Wigner representation, in to the following form:

NG (g x
A # = |_(Rp) (17)

where, L(Rp) - relaxation mechanisms governing the process of photon attenuation beyond the
d -layer (holes are localized within the layer, with thickness d = g.').
Boundary condition for equation (17) is:

v.Ng (a0 = L0 (1) (172)

where, the expression for non-diagonal (with respect to index j ) photon generation rate

Lg'p) . {f} presented using dipole approximation for matrix transition element has the

THN

following form:

2pe)’h
L(rp) ry :( pe) W) M(;/J\ %B‘n E) gfn{) (1- f . )d (e - +Wq - enﬁ)’
%1 wVe® ik & o np np
(18)
N r r, " %r @ ’ (EDH . r |r|0%r é (EDH ' r |r|(.j*
M;i?é?\p‘np% np=———=a) »|np tgnp|=———a) wynp*
o ¢ a s S

where, e, fr - dispersion laws and distribution functions for light (n=1) and heavy ( n = h)

holes respectively.



Given description for photon emission is applicable where conditions

-1

29! ?
X s q/\ ’Iph-p - q/\ (19)

are satisfied (1, , - photon relaxation length in case of on -hole scattering).
The left hand inequality is satisfied where photons are registered in the far-field zone,
while the right hand inequality eliminates from consideration the term specifying on-hole

photon relaxation.

4. Formulafor far zonefield energy.

Let us consider the secondary quantized operator for Poynting's vector in symmetrized form:

F N
S=if
|

7

K F - <k F <
Cép- pu. C gy gl (20)
€ 0 pe O

The first termin (20) in view of (1 a) is re-presentable in the following form:

(20a)

With a precision of the second order nonzero contribution (with respect to photon interaction)

F + +
to the average value <S> will be only from <q bn.> and <q bv.>
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from (20 a) it is obtained:

<q b.>grot & &l <q bn.>grot & 532 (2)

Similarly, examine the second term in (20);

thus, the following is obtained:

r_ ih, Wy [+ \ . \alr o Il
o ) g i)

From (20) the average value for Poynting's vector operator in symmetrized form is obtained,
which, when (21), (22) under approximation of photon mode macro occupancy
(V.B. Berestetsky, E.M. Lifshytsand L.P. Pytayevsky, 1989) istaken into account, will have

the following form:
r_h Wi/ o L Ire. Irs P (A (SN
S=—2323 —”|'< b.>erot T alU- <b. >erot T al Wy (23
A ({00 )gota’ 2 8- (o, Fota " a 'ty

Condder radiationin x < 0 area Usng (23) withrespect to (6) (in which A =0 are set) and (17 a),
the following is obtained:
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r . K
S(') — é h é’l é L(rP)JJ { f} A_J*A_J (24)

Using (13), (15) (L -mode is excluded for it attenuates beyond the plate), ad (18), compute(24)
for Lattinger's isotropic model (V.F. Hantmacher and |.B. Levinson, 1984). Then, the following
is obtained:

r
S()—-(EXJ; fzhz sin’q
P Vhay,esm?
w2 | 80 (a- 8 (k- 77) (k- o)k 2L LAl €2)
e Yot ()" (k)
_l _l..
i éhwh g u'® i éhwh u 09
| eXpa D (T)g i ¢ iexpe D (T)E [T
| e m U,.L G 1 e m a, .l =
' KT i KT s
! Pl I+
f b & 1 b o
N
where,q = [, E,',i- 1-1
m m h
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Using (25), it is obtained:

e | ¢ (a- 6 + (1 7)1 &)sincia A A<lal'f (26)
ige Ug?(k+a)"  (k+a)},
-1 1
| Shw h ae q éhwh_ uo
| epg . (Mg 1 ¢ iema d -m(T)g g =
| e m Uyl G 1M u,q b =
' KT Yy ¢ KT y =
! g I P
f b & f b o

Thus, the theoretical study of physical vacuum radiation for non-geometrical opticsis
conducted.

It is shown that the radiation is characterized by strongly marked pesksfor resonancetransmission
as can be seen from (26).
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Appendix B — Extensions Chapter: The quantum theory of non-observables.

This mathematical modeling can be considered primarily as a contribution to applications of
guantum mechanics.

Consider many-objects interaction systems on sampling of a certain physical system.

In this article presented is a general expression of the interaction Hamiltonian for pair
interaction, which can be used in Schrodinger’ s equation and can be applied to any many-
objects mathematical modeling. Consideration is given to a mathematical description of a
model, which uses quantum mechanics formalism to determine the outcomes depicting an
average of the non-observable measurements for i-th ‘pure’ state and the * superposition’
state.

Also calculated is the influence of perturbations on quantum states, and a specified

condition for noise induced fluctuations.

A central problem of quantum mechanics is formulating a probabilistic model of the time
evolution of quantum states measurements, allowing reliable predictions on their future
deviation, when taking measurements of specified quantum mechanical value from its average
value.

Theoretical and statistical analysis of data questions martingale model, i.e. the use of arandom
walk and more general martingale techniques to model behavior of quantum states
measurements.

Measurements do not completely follow the random walk (a Winner process is the scaling
limit of random walk in dimension 1) (R.N. Mantegna and H.E. Stanley, 2000), (D. Rickles,

2007). Noted model can be considered as approximation limit of the approach ™ , which is
based on the Schrodinger equation (A. Khrennikov, 2006), (D. Dirr, S. Goldstein and N.
Zanghi, 1992).

Such relation between the Brownian motion and the Schrédinger equation is specified by the
Feynman-Kac formula (P.E. Kloeden and E. Platen, 1992).

In this article the presented quantum mechanics approach is also in references (W. Seagal and
|.E. Seagal, 1998), (E. Nelson, 1966), (N.C. Petroni and M. Pusterla, 2009) which is based on
a hidden analogy between modeling for the states of a certain physical system on one side, and
the many-objects problem in quantum mechanics on the other.

The behavior of thei-th state in a certain physical system is affected by a certain physical
system perturbations and other states. A certain physical system can be considered as a
physical system (K. Ilinski, 2001), (P. Bak, S.F. Norrelykke and M. Shubik, 1999), which
undergoes the same many- objects interactions, but with states in place of the bodies.

Using this analogy as the way to account for state -to- state interactions, and influence of
different certain physical system perturbations on state, which have affected state and a certain
physical system over time, a mathematical wavefunction formalism of quantum mechanics
may be introduced.

The main goal isto introduce mathematical formalism for a wavefunction of awhole certain

physical system P*P“*¢ and a specific i-th state in a certain physical system P . This approach
allows to define time dependence for an average ( > of non-observable measurements for i-th
state g and acertain physical system q. Individual behavior of g and ( related to the

presented model used for forecasting various univariate GARCH-type time series properties in
the conditional variance and an ARMA specification in the conditional mean (D. Wurtz, Y.
Chalabi and Y. Luksan, 2002).
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1. Perturbation theory.

A certain physical system can be viewed as a sum of two parts: areplication part and a
replicable part. The replication part should consist of a min- number of states, which is
sufficient to represent a certain physical system.

If wavefunction of a certain physical system is p**e***with wavefunctions of the replication
part isp, and the replicable part isp, (r -replication, r' -replicable), then, based on a
superposition principle (A.S. Davidov,1976):

PPesEe=p + p. (1.1

will present as alinear approximation (such that accuracy of the approximation tends to
improve as the number of the degenerate states gets smaller)

o i m
prese-ap , g e (1.2)
1=n+1

wherein n represents areplication state and m represents all states in a given certain physical
system i -state (State in a certain physical system).
According to (A.S. Davidov,1976) in the first term (1.2), the wavefunction p, is multiplied by
coefficients of expansion (any complex numbers, not depending on time), corresponding to the
same state, and, analogically, in the second term (1.2) for pir. (scale invariant), therefore,

expansion coefficients in (1.2) may be omitted:

m

aP' +4 aP

i=1 i=n+1

Psuperstate

Qo5

Consider the first term, replication part, asthe ‘ superposition’ state and the second term as the
replicable part, as perturbation to the ‘ superposition’ state, which is how all statesin a certain
physical system, not included into the first replication part, are affected by it. Thisis a standard
consideration of perturbation theory (L.V. Keldysh, 1964).

"¢ 1 Developed approach does not address the Bohmian wave modeling, up to the point of
considering the guiding eq. in specified context [ref. note® to eq. (B 17)] with the main focus on
nonlocality and contribution of the electromagnetic field f (ref. noteto eq. (A 4.4)). This

consideration of the guiding eg. complements the description of wavefunction whose™™" value
on the boundary is the same as the value on the opposite boundary (periodic boundary condition).

 Also (O.A. Choustova, 2007) distinguish between different studies from the perspective of
relevancy to the aforementioned problem and to decouple from the consideration of other
applications of quantum mechanics formalism for noted research, e.g. (E. Haven, 2003); or
implementation of the path integral methods (B.E. Baaquie, 2004) within the framework of the
developed formalism.
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- Suitable criteriafor the state to be entered in the replication or the replicable part
correspondently.

Consider an orthonormal basis (S. Lang, 1984). When adapted to a certain physical system it
requires determination of states, which forms a states system coordinate, in which all other
states can be presented. Analogous to a mathematical system coordinate, this * superposition’
state must consist of orthogonal securities (not correlated). It isa matrix of orthogonal states,
which will create this system and size of matrix - n from the equation (1.2) and will determine
the * superposition’ state size.

Such system as a mathematical normal system will be independent. It will not necessarily be
stable or self consistent all the time, because a certain physical system dynamics a certain

physical system can frequently go out of equilibrium (F. Allen, S.C. Myersand R. A. Brealey,
2006).

2. Proposed model.

The general method of calculating a wavefunction of a normal (orthogonal) part —the
‘superposition’ state was described in Appendix B1. This method is based on eliminating a
not-normal (non-orthogonal) part from the ‘ superposition’ state.

Based on the foregoing, an approach to a certain physical system can be formulated as follows:

Lemma (2.1):

a) Consider acertain physical system as a set of states, characterized by wavefunction p,
for i-th system state.

b) Each wavefunction p. represents a state from an orthogonal system (* superposition’ state)

or non-orthogonal system, which can be represented through expansion by use of
‘superposition’ state states.

c) Wavefunction p>®=s*¢  of a certain physical systemat t comprise superposition of
wavefunctions p, for each system statesin t.

d) A dynamic of a system wavefunction psr*s®¢ jsarrived at by superposition of dynamic
(sum of dynamics) p, wavefunctions for each of the system states.

e) A dynamic of wavefunction p. for i-th system state described by the Hamilton-
Schrodinger equation.
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- Representation of non-orthogonal input through an orthogonal system of states.

According to Appendix B1 it is possible to find a wavefunction of orthogonal part p_, but a

real system distortsat any given moment t out of equilibrium because of the contribution of
awavefunction of the non-orthogonal part P, of the system.

To estimate atotal contribution of p . into ps*<a¢ in equation (1.1) usesform (1.2)
Pr':_é P. (2.2)
where pir. is awavefunction of an i-th state from a non-orthogonal part.

Can pir. express through wavefunctions of the i-th state from the ‘ superposition’ state:

b

K, P, (2.3)

P=

Qo5

o
Il

1

where kib -expansion coefficient for wavefunction of thei-th state from the non-normal set p .

on orthogonal basis of wavefunctions for states from normal set |:>rb :

- Representation of a system dynamic.

Presented is a system as a combination of an equilibrium part, characterized by a normal
system- the ‘superposition’ state and represented by the | , - orthogonal Hamiltonian:

V] i

_ & ui
HrPr_ia:lFrPr (24)

where | - operator of equilibrium system meaning orthogonal;

and a non-equilibrium part characterized by a non-normal system -other states are not included
into the ‘ superposition’ state (dependable on the ‘ superposition’ state) and represented by
they , - non-orthogonal Hamiltonian.
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Dependable states play arole of getting the * superposition’ state out of equilibrium, so they
play arole of an outside perturbation related to the ‘ superposition’ state and can be presented
as.

£ P (2.5)

Qos

U —_—
H.Pr™

i=n+1

where | - - operator of a non-equilibrium system meaning a non-orthogonal.

Then total Hamiltonian is represented based on (1.2), (2.4) and (2.5) as

H P =HotHu (26)
U

where H ?Hpg;

the operators ' and ' will depend ontime t and p, , p.. will not depend ontime t
(Heisenberg picture). Future consideration will be based on the Schrodinger picture,
where £' and ' donot depend ontime t, but p, , p- are time dependent.

3. Considering Hamiltonian.

Applying the following properties for the orthogonal part |:>ir and the non-orthogonal part pir.
correspondently:

a) configuration-space of measurements for the orthogonal part Q +~R +n , R4 -real set
domain

q=(q, .-~ q,), Where q isthe measurement of i-thstateoninterval il [L..n];

n

configuration-space of measurements for non-orthogonal part Q; =R +m' :

wherethewholeset Q" =Q Q‘(0 R R ) R -rea s;

b) time t.
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- Calculation of the respective contribution of the orthogonal and non-orthogonal parts.

Will represent operators of number of v of thei-th orthogonal state in the form (operator

u' . . .y .
= is the operation of multiplication by m ):

FP=mP il L] (31)
M - number of degenerate of i-th state (orthogonal) on i I [1,..n];

and correspondently:
Ui

E. - operators of number of the i-th non-orthogonal state,

(). - Number of degenerate of i-th state (non-orthogonal) on i 1 In.....m| .

- Calculating a contribution of perturbations.

Into (2.6) H,, aso include the system perturbations (mathematical perturbation as a weak

disturbance to the system, etc), which contributes as an outside perturbation related to the
‘superposition’ state and can be presented in the following form:

HY" (Gan) (32)

where i | [l...n] , because do not have to take into account q' properties of anon-
orthogonal system, which can be represented through orthogonal states of the system
characterized by propertiesq .

Consider configuration-space for sources of perturbation 5 = N S, N -normal set, then

a=(a,.as) (33)

where g, - I-th perturbation is defined on interval IT [1,...,s| and correspondsto perturbations
(also ref. Appendix B13).
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Allowing that perturbation and changing the measurement of i-th state independently (locally),
affects each state of the system, represented in the following form:

i A a Al
"W Gmanal) = O "Hilaa) v A @.a) (3.4)
itj=1
where
first term - allows that changing of the measurement of an i-th state affects the behavior of

aj-thstateit j (non-local interaction);
second term- includes contribution of perturbations g, and needs not contain a non-local

interaction of states (i.e. local i = ).

- Representation of a non-factorized states interaction term.
Lemma (3.5):

a). For anon-local interaction, if there is any change in measurement, one state will affect
measurements of all other agents of the system and represent a symmetric form:

intHij( i’qj): imHij(qj’qi) (35.0)

which encompasses a symmetry property of H ij following from the invisibility of thei, j-th

states on the complete space Qm :

b). Perturbations, which do not contain interactions, can be represented in a bilinear form:

i AI (qi’qi): * AI (qzi) (35.2)
where
Hamiltonian has symmetric and bilinear properties to satisfy both of these
property forms, must be a symmetric bilinear form, which is equivalent to a quadratic
form, then obtains (3.5.2).
¢). Form (3.5.2) must be real by definition and this property correspondsto a
Hermitian form and a Hermitian form (symmetric sesquilinear form) is a sesquilinear

form (S. Lang, 1984) on acomplex vector spaceV isamap V™ VAaC, asusquelinear
form generalizes to the Euclidian form:

intHij( i’qj): intHi,- (qiqj) (35.3)
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d). Because correspondence between quadratic forms on V and symmetric forms
onV given by (over aring where 2 invertible):

B (0.a)=5®(a+a)- Qa)- Q(a) 8

andonV’"~ V&aC can be presented by a wavefunction of an orthogonal part for the i-th state as
(inaform according to Lemma (2.1, a)):

(3.5.4)

p.(a)=€4 (36)
defined on the configuration-space of measurements Q + and satisfying conditions (a)-(d).
Then satisfying the Lemma (3.5,) obtained an interaction term between statesil | inthe
following form:
T A iq&iq®
iy (a.a)=m m, €919

3.7)
"' (a.a,)=m), 3%

influence of perturbations (mathematical perturbation as a weak disturbance to the system, etc)
can present in the following form:

“A (0.9)= *m*m e' D
38)
% A\I (Qi’Qi): % m: e " 9

where

there are different perturbations to the interaction Hamiltonian T g set (3.3) (independent or local).
Substituting in (2.6) with (3.4), (3.7), (3.8) is computed as:

H = |é:l méq +
a m e’ -
é 6 k meld am ed (39)
where HE% HUpigdefined onset Q" .



Substituting in (2.6) with (3.9) can present a system in terms of orthogonal states

(‘superposition’ state):

(- & mets
& g ' < i *b i
a am opr(y)p (v)dy e+
i=n+1 b=1 R,
~ LY isn i ; .a 2
O O O mjeqiqj aImie 'q, (3.10
=1 itj=1

the coefficients of the expansion in (2.3) of the wavefunction pir. by the normal orthogonal system of
functions |:>ir determined by the formula (A.S. Davidov,1976)

(3.11)

kib: 0 Pir'(Y) |;>t: (y) dy

Canrepresent (. (third term) in (3.10) in the form:

nol A 2 i
Hint:O O rnl,-€=‘=+

l=1 =+

and after substitution (3.12) in (3.10) obtains:

=4 me?
g] on < i * b
a am opr(y)p(v)de*+
i=n+l b=1 R,
S 8 m'eh A9 G & edd
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4. Hamilton-Schrédinger equation.

The dynamic of the i-th state wavefunction p, (qi ,t) is described by Hamiltonian

equations in the form of the Schrédinger equation (T. Tao, 2014; A.R. Bishop, M.G. Fored,
D.W. McLaughlin and E.A. Overman |1, 1990):

""""" =H, (4.0
qt

with initial condition p (,0) =p,(q,) -
where | represented by (3.13) and defined on set Qm .

If know pi(qi,o) then using (4.1) can find the i-th state wavefunction dynamic (also ref. to
Appendix B8):

(4.2)

According to Lemma (2.1, d) the dynamic of awavefunction for a certain physical system
presee (ql _____ q.ta, ) can be presented as a superposition (1.2) of the dynamic of

3 s
I:)SUPerState (ql ..... qn,t;al) = 2‘ Pi(qi,t;ql ..... .14, qn,al) = 91' € " Pi(qi’o) (4.3)
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- Consider the application of the Hamiltonian for Schrodinger equation in the form of degree
n=2.

Applying equation (3.13) to (4.1) obtains:

ﬂP G i-1,4i+ n, int
. (q Gy G Givg, dn@ ) _ Ho(qi)+alH: (qi;ql,,,, Qi Oigreen qn,al) (4.4)

It

For first state (4.4) with third term in equation (3.13) in the form of degree n=2 (simple case
interaction only with second state) " :

1P, LU0, a, int
h (qﬂ ) = Ho(q1)+a'H1 (ql;qZ’al) (4.9)
t

Let | =1, then from (4.4) obtains:

(4.6)

h ‘ITP1( dpt;0, ,al)
Tt

me® +y " (a:a,a,)

where
“Hwaeay)= m €9% am et ¢ %

g = mm,, iy = mAm, g = Sm, M m,

From equations (4.2) and (4.6), obtain a Hamilton-Schrodinger dynamic for a wavefunction of
the first state in the form:

patga) =€ " piq.0) (4.7)

where

12120

H= me% + i €9% = amief & %
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Analogically for the second state (4.4) with the third term in the equation (3.13) in the form of
the degree n=2 (simple case interaction only with the first state):

1P.(a.taa,)

ih = Ho(q2)+a|Hi2”t(q2;ql,a|) (4.8)
qt
Let | =1, then from (4.4) obtains:
P\ gt : in
h 2( 2ﬂ l) — mZGQz +alH2 (qz;ql,al) (4.9)
t

where

12120

alHizm(qz;ql,a ) m2 eqlq2 alm alm €§

From equations (4.2) and (4.9), obtain a Hamilton-Schrodinger dynamic for a wavefunction of
the second state in the form:

-itH,
P ataa) =€" Pyq,0) (4.10)

where

12120

= me® + i, €%% et &

Follow (4.3) applying (4.7) and (4.10):

I:)Supersmte (ql’ant;al) = Pl(qlit;qZ’al) * PZ(qZ’t;Oﬂ’al) (4.11)
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obtains:

itLHY" -itme% - itme %
P** (q.ata) =€ " [pla0) € " +Pfe0) € " ] (412

and Hiznt (qz;ql,al) o alHilm (ql;qz,al) can represent in the form:

2

(e )e @007 a2 o FRa
lHl ql’qZ’al = m2 e 112 1 2 1ml lmze 1 2y

ap ap
" Qq,
|qlq2 - alq16‘1q2| is the most important factor of measurements in different frames of reference

of specified quantum mechanical value and is determined by the contribution of the
perturbations.
Individual outcomes of the measurements for the i-th state g, and a certain physical system q

are purely statistical (O.A. Choustova, 2007).
In the Schrodinger picture use quantum-like formalism to determine the outcomes (time

dependence) for an average ( ) of non-observable @, and  , (A.S. Davidov,1976)

IS spread,;

(also ref. to Appendix B10).

note:

In general, in case of the ‘ superposition’ state:

q (t)

Sk
- Qyo-

1
NN

m(t)=§afl Mm@ ; qft)=
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5. Predicting future values in time series.

1. Consider stochastic process with a state space g, i.e. sochastic process F isacollection
{F:t1 T}

where each F, is q - valued random variable (( F. th,...Ftk ) israndom variable taking values

in q,).

Let F bean g-valued stochastic process, such that

(FO) F (m’stz) 5.1
1.1) This process includes random shocks, which is represented by perturbations, thus
these shocks can propagate to future values of the time series.
2. Follow finite mixture ARMA heteroskedastic model approach for nonlenear modeling
2.1) without assumptions:

a) independent identically-distributed random variables (i.i.d.); normally
distributed data;

b) mean E(q,)isidentical for all valuesof t.

2.2) incorporate conditional heteroskedasticity, which can be attributed
(G.C. Lamoureux and W.D. Lastrapes,1990) to atime dependence in the rate of
information arrival to the system.

ARMA (p,l) with m and s,? incorporated correspondently in (B 3), (B 8)

attn. Appendix B10:
_ J . J
q=m+K+al)iq;raak. (5.2)
i=1 i=1
wherej, j , (for AR); g, q, (for MA) are parameters of the model; F, (for CH) denote the

error terms s > -defined, that is not an ARCH approximation.

- The derivation of equation for amodel with input F (m ,sf) :
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1. Referring to (5.2), then simulating a random vector approach, which reduces F (m S f) to

awhite random vector e, :
F =Ae +m (5.2.1)

where

NI

A=EL?,

E, L isrelated to adiagonalization of a covariance matrix cov(F ) (for the calculation of E, L
refer to Appendix B11);

e : f(mstz) i.e. incorporate heteroskedasticity, ref. 2.2; f not anormal distribution.

Multiplying (5.2) by g, ,, and taking expected value yields:
J . J
E[a6. ]=m E[a. .|+ E[Fa..]+a] E[a G ]+ A GE[F. iG] (52.2)
i=1 i=1
Calculate separately each termin (5.2.2):
E[d. )= md,,;
E[thtm] = EéAet +m)qt—ma:ASt2dm+mrrdm;
J . d .
al iE[qt-iqt-m]:al iOm-i
i=1 i=1
where autocorrelation function of q

9n = E[Aq. ]

| | ~ o
aqdE[F.a..]=aaEgAe.,+ma. .f=ASOn+mnd, Qg ;
i=1 i=1

i=1
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Then can present (5.2.2) intheform:

R X g
gm = 2rT]rrdm-l-'AStzdm-l- 5] igm—i +AStZQm+mrrdma qi (53)
i=1

i=1

For an AR model, modified Y ule-Walker equations (R. Prado and M. West, 2010)
provide a fit. From (5.3) obtains:

(5'4) On = gl iOm-i +Ast2dm+ mmjm
i=1
for m3 0.
For m<O0:
J . N
Omn=al Gy, tASd,+mnd, (5.4.2)
i=1
For m>0:
é u
&, 9., 9,KU,
g u e’ T gd 0
6 = p
Q0= G 9.K g 2y
gy e ug g
g © u
e Y]
solving all | .
For m=0:
J . N
Go=al) 9 TAS+mm (54.2)
k=1
solving m.
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2. Follow the two-stage LSM (N. Sandgren and P. Stoica,2006) calculate F, in the form:

F =F(B)q, (5.5)
where
d.
F(B)=1+gj B (5.5.1)
i=1
B -backshift operator;
F =Ae, (5.5.2)
solving €, ;
than obtains:
6F.10
g-F» [ql...ql]gt 3 (5.6)
BF. B
solving al q.

The model order p selected viathe Akaike's information criterion; p=2I.
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6. Summary.

In this Appendix B - Extensions Chapter the model for predicting future values in time series
IS presented.

Using parallelism (E. Nelson, 1966) between stochastic approach and quantum mechanics a
Schrodinger equation can be applied to incorporate complicated behavior of a certain physical
system, which is considered as many- objects interaction system.

Within the model framework obtained is the theoretical expression in lover limit

approximation (a, =11 =1) and “1H :”t in the form of degree n=2
for an average ( ) of non-observable g and astandard deviation S of Q, which specifies

how the actual value (final measurement) is dispersed from the average value (mean final
measurement) attn. Appendix B10 and incorporates heteroskedasticity features.

1. Introduced is the corresponding stochastic process to model stochastic behavior of the
system.

As aresult, the formulation of the stochastic process F (m ,S f) underlying the model

incorporates the behavior of a certain physical systems through the Hamiltonian of the
Schrodinger equation.

This process represents an input of the model and is not restricted by the i.i.d. assumption and
isrelated to the correlated, non-normally distributed data

2. Obtained an expression for conditional mean of measurement of i -th state, which depends
on time, meaning it allows for non-stationarity.

3. Calculated an expression for conditional variance of measurement of i -th gate, which
depends on time, meaning it incorporates heteroskedasticity.

4. Shocks (perturbations) are assumed to be uncorrelated, but not necessarily i.i.d. conditioned.
Calculated influence of shocks on states behavior.

5. Specified condition for measurements in different frames of reference of a specified
guantum mechanical value.

6. Noted applicable time interval for the model.

7. Obtained expression for standard deviation of measurement can be considered asa ‘signal’
for noting fleeting moves in states behavior.
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/. Expression for a normalized wavefunction.

Normalization condition for the wavefunction of the first state considering that the
integral diverges (A.P. Prudnikov, Yu.A. Brychkov and O.I. Marichev, 1986)

¥ 2tmsing
cE h dgq® ¥ (B 0.1)
0

i.e. pl(ql,t;qz,al) is not square-integrable can present in the form:

Qo 2MNG oy
i t 3 e dg,= n2pJ, ,ni N (B0.2)
Do Qf:Qf+n2p( JH q? %= € h

only ontheinterval g1 g9°,0°, +n2p g, the j - probability is defined ontheinterval q,.
The integral is defined on the space L, (Q) where Q isthe configuration measurement space
QI R",, let denote map

L, o o +kDay ® L, &0, +n2pf, nl N.kT R,

then
0 2tm sing,
q tkDg —=——=
. 2tmlo
) { 5 e N dg=kpgJ, 22MO -1 (B021)
Lo Qf:Qf+qu( JH q? “ & h

Transition from the equation (B 0.1) to (B 0.2) meansthat on the interval ¢, acontinuous

spectrum can be approximated as discrete, so the wavefunction can be normalized, then can
represent a normalized wavefunction of the first sate in the form:

Yl(qlit;qZ’al) :% Pl(ql,t;qz,al) (B 0.3

where N? - the norm of the wavefunction Pl( q,t;0.a 1) :
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Equation (B 0.2) satisfies a condition on the tOT t -interval;

from the outcome of the measurement for the first state ¢ (t) at t, definedas ¢, :t® ¢
can obtain:

a’= () P t,=a'(a’)

where ¢, * - inverse function of @, (t) ontheinterval g,(q°l q), t, « ©’and bijective onthe
domain t and the codomain q, if considered for one exchange;

then can represent (B 0.2) in the form:

atmo_, o #20(q’)m ¢
t,) M 23, MO0 ppg, 2 RN (B 04
O N AT ;

.
ol a;:ar +2p

Consider (B 0.2) in the small vicinity of ¢ (n=1), then

o - o] <kDg=2p

and from (B 0.4.1) obtains:

a2mo_, 22" (q’)m0d
(t,)H quJ08 2 Equloé o (B 0.4.2)

.
cul 0y:q; +kDg

Considering (B 0.4.2), a normalized wavefunction (has a unit norm) of the first sateis
computed as:

Yl(ql’t;qZ’al) = @1-1( 0) - Pl(ql’t;qZ’al) (B 0.5)
\/qulo o (@) m

$ h

Q A4« O

and is defined on the interval g, .
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8. Constant hin eqg. (4.1).

Ref. (A.S. Davidov,1976) if associate fields f, (t) in classical field theory with a
measurement of the state g, (t) , then transition from the classical to the quantum field theory is

provided by interpreting conjugate variables, i.e. ¢ (t) and its conjugate q (t) assubjected to
the canonical commutation relations

£ (1).q, (1)g=ira (- 1) ®06)

where

I, ] indexes of states,

so h isconst in commutator for the measurement and measurement time derivative of the
state.

9. Expression for an average of non-observable measurement.

In explicit form, the average of non-observable measurement of the first state ¢ , in fixed state
1

pl( a,t;0, ,al) is computed as:

(a)= L ¢ " qdq B 1)

where o Jo¥[ .

tm - tuning parameter for the system (refer to the linear approximation in (1.1)).
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Considering that the integral diverges, i.e. can only be computed onthe interval, g1 [O, rp]
obtains:

0+mp 2tm sing,

1 N h
= - o€ qda, (B2)
<1>quQrp D, a'(a’)mo
¢ ;
let denote map
L,[0IDg] ® L,[O,np], nT N,JIT R,
Consider (B 2) in the small vicinity of ¢, (n=1), then
|| <IDg=p
and from (B 2) obtains
04| 2tm sing,
< > 1 ‘qu h snqgd (B23)
- = - 0 sngdqg, ,n=1 (B23a
1 Ha)m O
1)
Can represent (B 2 @) in the form:
%+IDq 2tm, cosg,
1
=- - 5 € M cosgdg (B 2.1)
<q1>qlTQIDq 20" (g’ )m, 0 po
qu|0§ P
g 2
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and from (B.2.1) obtains:

_ 1 . a2tim 6
<CI > R = : ..IIDqug— (B2.1a)
@ 1 0 o) h
1/ alDg qu|o§ (o )mli )
@
Can present in the form:
_ 1 a2tm 0
= ~ 1Dal + (B3)
<q1>qli 01Dq <Dl éaql'l(qf)mg &h 5
0 h _
2

g% P(q.tql ,,,,, A1 G, qa)P(Q.tql ,,,,, A1 G, qa) g (B 4)
.2
8ql (q| t; 0y Gi-1is. 0@ ) P(q| t; 0y G-+ 002 ) g
For thefirst state inthe fixed state Pl(qlt o8 ) obtains (in Schrédinger picture)
s g’ (o) =(a") - (o) =
&P a,t0.a,) Plautica,) 3 (B4a)

a0, ST

- ga%apl(ql,tiqZ ) Pl(qlt R )
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Let’s compute a standard deviation for thefirst state ¢  in the fixed state Pl( q.t0p.a 1) :
1
calculate each termin (B 4 a) separately:

2tmsing,
< 2>: : oo " g B5)
RY AN COLER
quIOéhi
g
where af Jo¥ ;
ontheinterval, g1 [0,np] obtains:
< 2> - O+n|092tmﬁnql 2d (B 6)
= > B
ql ql anp " @Oﬂ'l(oﬂo)mlg 8 G 0%
P
g

let denote map

L,[0IDg] ® L,[0,np], nT N,JIT R,
Consider (B 6) in the small vicinity of ¢, (n=1), then

|| <1Dg=p

and from (B 6) obtains:

1 oipg 2msinG,
’ = €@ " sn?qdg ,n=1 (B6a
<ql >q70:lm 0 gzoa'l(ff)m? 0
9
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Can represent (B 6 a) in the form:

%+IDq - 2tm, cosq,
2 1 R h
<q > .= _ - 0 € cos® g,dg, (B 6.1)
4! 01bq qulog62 ]
2

and from (B 6.1) obtains:

<q 2> TOIDq: = - |iDg -Gy, 22 0 (B613g
O

<CI 2>0&T ooy - ﬁtml G2, Mo B7)

Substituting (B 3), (B 7) in (B 4) obtains:

_ 1 h &8¢ ae?tmlo ae?tmw
SP:L(ql)_\/ @(Jﬂ'l(oﬂo)ml \/\/_ 682618 ?Dqlg — (B8
g

Q A4 -- O:

where

there is an existing dependence on ¢° (6° = ¢, (&, ));
randomness is included through parameter Dq (for thei-th state Dg, =q, - ¢°).
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11. Expression for E,L .

As F isasgtochastic process with a state space q(ref. Appendix B5, paragraph 1), the random

vector F takes values in the column vector q

o]
1
3)(050)3\
oooc

then cov(F) representsa covariant matrix of the vector q in the form:

Koq=Cov(q)= Eg(q- E[a])(a- E[d])’ 8: E(qq")- m (B9
is Hermitian symmetric and positive semidefinite, can diagonalize the matrix as:
Ky =cov(q)= ELE' (B9a)
where
E - orthogonal matrix of eigenvectors (K -column is eigenvector g, of K K= (1 Nq);
N
a M; =N,, M;- geometric multiplicity of I, ),
i=1
L - diagonal matrix of eigenvalues (i.e. L, =1,);
can represent eigenvalue equation in the form:
Kgd=l a (B 10)
this yields a characteristic equation:
det(Ky, - 11)=0 (B 11)

solving all of eigenvalues | .
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For each eigenvalue | , has a specific eigenvalue equation:
(Ke- 1l )a=0 (B 11a)

solving for eigenvectors g, associated with the eigenvalue |, .
Algorithm for solving (B 11), (B 11 a) is iterative.

12. Specified applicable time interval for the model.

Asaresult of consideration (refer to Appendix B10):
Dq=q(Dt) b Dt=q,*(Da)

where ¢ (t) is defined by (5.2);
time interval can be represented in the form:

g, (Dt) =p (B 12)

13. Influence of perturbations.

Allow, that local interaction of states affected by perturbations can consider dependence
measurement of the i -th state on perturbations a, , i.e. *'¢; (° ¢ (a,)) in equation (3.8).

Consider shock wave a, intheform 'A Jy(t) (S. Solomon, 2002) disturbance - disturbance
interactions as aresponse to a, .

Then represent ® g, as convolution of measurement of the i -th state g , not affected by
perturbations a, and a shock wave, which approached the system:

a'qi(t) ="Adp (t)Jo(t-t)dt (B 13)
to

where

g (t) defined by (5.2);
t - t,- time delay between time, when shock wave reaches system t, and system responses,

'A - shock wave amplitude;
t-t - define information in a form of durations between system events.
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In particular durations supplemented by information on disturbance activity and a no-
information case, represented by Poisson arrivals of events (M. Coppejans and |. Domowitz,
1999).

To model the durations of disturbance within the time interval, use an autoregressive conditional

duration (ACD) model to describe the evolution of time durations for (high disturbance) states"™®:

t-t =t, =q,x

where

X, i.i.d. random variables, x, >0; E(x)=1;

o J
g =a,taat, +a ba,;

i=1 i=1

and a,>0,a,30,b, 3 0,i>0;

for approximate time interval refer to Appendix B12.

note:

the ACD model and GARCH model refer to the clustering of datain systems.

The autoregressive form of ACD (q, p) allows to capture the duration clustering observed in
high frequency data, i.e., small (large) durations followed by other small (large) durationsin a
way similar to the GARCH model accounting for deviation, when taking measurements of
specified quantum mechanical value from its average value clustering (M. Pacurar, 2006).
This isthe difference between the use of ACD-type and CH (GARCH-type) in (B 13) and (5.2)
correspondingly.
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Consider Taylor series expansion, in the small interval Dt :

fio (to)\ ¢

Ua(to + Dt) |Dt=t-t0 :ql(tO) + it

From (B 12) obtains:

Applying mean-value theorem for (B 15) obtains:

% % OO

alql lAqlgt p ql__
é 'Ht E;E;

].DtéJl(Dt)So,o( )- (D) S, (Dt)g-
jee o e 0 e 06 e 0 &
16 p-lg%7€ p-19%7 o ¢ p-19°~ p-1g% 7o ¢
7Dt - lTeJ - 1. Dt - 1. Dt- — l+S_ -
P Y0 () 26 ¢ ﬂoﬂ(to)ﬁﬂg o t) - é T t) < é
Tg It g@é Tt o Tt o Mt o

where

0<g<1.
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note:

! superposition principle, i.e. systemr E r' can exist in the states described by P,

and p ., then it can exist in the state described by P*P*%%¢;

and this is equally related to partsr | r E r' described by |;>ir andr' | rE r'described by pir.
for p, P, correspondingly;

so PP b | p . are wavefunctions of states which can attaintothe system r Er' andr, r

parts;

according to the superposition principle, sum of ‘pure statesisagain ‘pure’ state, so acertain
physical system is expanded to orthogonal and non-orthogonal terms ( ‘pure’ group states),
eg. (1.2);

each group state is expanded to a set of i-th system states, where i | [l...n] on orthogonal set;

il ]nm] on non-orthogonal set correspondently, eg. (1.2).

? wavefunction p, for i-th system state expressed in aform of solution of the Schrodinger

equation (4.4).

Viz. as an approximation limit of the Schrédinger equation;

ansatz a general expression of the interaction Hamiltonian for pair interaction, which can be
used in the Schrédinger’ s equation.

p, is factorized for non-interaction approximation, i.e.

TH (A5G0 Gy g G080 ) =0;
probability distribution is characterized by probability density function f (y) defined by

P(q)P(a).

P, isnot factorized (the behavior of thei-th state of the system is affected by system

perturbations a, and other states j ), so any changes of measurement g will change the
measurement of other statesi? j;

e (@G Gy Gy G,08,) 20
conditional probability distribution is characterized by conditional probability density function

f, (y1* X =x) defined by |5}(qi )R (q |.) where

i def Y relatedto Hy(q);

y=aq;

) def X ={0y,0 1 Gsrs- G} relatedto 2 ™ (A, Gy s gy Qg Aoy )
xI *X, x=q;.

Ref. (A.S. Davidov,1976).
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® a) In reference to the subject of the stochastic structure of spacetime, consideration of
nonlocality (ref. eq. (4.1) and compare notes 0, 0™ (M. Veltman, 2013)) the mechanism
continues from the connection between Bohmian mechanics and Schrédinger eg.

Consider contribution of n- 1 states, i.e. for i -th state (4.4) with third termin eg. (3.13) in the
form of degree n- 1 and apply eg. (4.3).

The configuration spaceQ + of n- 1 states evolves according to the guiding eg., accounting

for an electromagnetic field applying to i -th sate measurement, points to the connection with
Bell’ s theorem and the direction of measurement:

(B17)
‘| A * s L ‘u
e i) (o (i) §
.I.é - * l;ll
d_élzllr €. ppersale ((51,...,(5n,t;a|) (- ihNi) spersate (al,...,én’t;al) G
dt 2;° P &
:I:, - 2" ecri |
super e r r
% ‘P perstat (ql,...,qn,t;al) |p
Applying (B 12) obtains:
(B17a
i s * o~ Siperdate <
) 6 )

1200 I € * l:"

Y516 _apesae ([ L . oy r r. i
(Ei _ c‘) %Il g_ P perstat (ql,,..,qn,t,a,) ('thi)Psuperstate (ql,...,qn,t,al) Hlydt
o I 1 r i

i o,
——

2 |

!
.I.
p

where
q ® ¢ ineq. (4.3) - (4.4).

T thus defines dependence on f'i , and determines existence of the described stochastic process
F (m.s?), which defines ¢ .

b) The approach specified in (A. Chantasri, J. Dressel and A.N. Jordan, 2013) determines the
path for chosen initial and final quantum states that satisfy both preselection and postselection

boundary conditions.

The outlined mechanism does not require specifying postselection condition and defining path
astrajectory associated with a specific quantum state.

The prediction of postselection result is based on the underlying progressively measurable

stochastic process g, (ref. eg. (5.2)).
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Appendix C - Supplementary Chapter.

1. On the subject of Lorentz violation.

1.1. This chapter addresses physical and mathematical considerations related to Lorentz
violating termsin eq. (2.6.1 b). Detalization of physical origin of approximately non-
manifestation of Lorentz violations in experiments and corresponding mathematical
interpretation reflecting underlying physical processes is related to the context of the paper
outlined in paragraph 4, item 4.1.2, sub-item 2.3.

(A211D-(A212)®
complex mode
tensor (2-di mL
b
Fig.1 (Morin surface)
n- connected ®

Schemato connect
1« 2 specified in Gauss-Bonnet
[60] theorem 1

‘inference topology’ -- \[

geometrical image of

correspondsto (A.E. |

Homotopy principle ® gravitational-dark field  |<
Smale’s paradox (A2.11)-(A212) 3
reflects
Fig.1 I
ref. (paragraph 4, item T -y
4.1.2, sub-item 2.3) Katz schema .- 41
/
address (N.H. Katz and N. = !
Pavlovic, 2004; Y. Habara, Y. | - /;’ /
Nagatani, H.B. Nielsenand M. ., ) o B
; : Navier-Stokes K /
Ninomiya, 2007) ) g exigtonce and /.-’ /
smoothness problem /
5

0/.

Fischer, 2003)

Lorentzian
CFT

7

leadsto ADS/CFT

‘/.
-

‘Jcoﬂfo/rmal Ricci flow |

a /
the surfaces of revolutioﬁ
represent auniversal  /
cover, which defines t
structure of compact-

manifold, ref. (eg. (26))

6

Calabi-Y au manifold
Yn 2-complex
dimensions ®
{SU(2) isomorphic A}
4-real dimensions
Calabi-Yau 3-folds +
time)
!
| C
hyperkahler manifold
{C 30}
(Ricci flat manifold
R =0;
is changed due to
$Weyl tensor C},, )

C
Weil-Petersson metric
(Z. Luand M.R.
Douglas, 2009)

a
3D steady-state vortex
solution along the
helicoids (hyperbolic
surfaces)

Fig. 9 Mathematical correspondences required to
formulate underlying physical processes.
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The following scheme is applied:

1. Inthe ‘vacuum state' the radiation dynamics of ‘inference topology’ isrelated to
the classical statistical case (Ref. paragraph 4, item 4.1.2, sub-item 2.1);

2. inthe ‘mixed’ state the radiation dynamics of ‘inference topology’ isrelated to
the classical statistical case and is determined by the first law of thermodynamics
(Ref. paragraph 4, item 4.1.2, sub-item 2.2).

This results in the following:

[H

Tunnel shrifksasn expected value of —
vacuum state breaks global symmetry Gravitational part (scalar mode, ref. eq.(2.4))
(ref. Fig. 6, Mark 2) increases due to the accretion of matter

7/
’

Fig. 10.1 Tunnel- gravitational part dynamics (step 1).
3.ina‘pure’ state the radiation dynamics of ‘inference topology’ isrelated to
the quantum statistical case and is determined by the dynamics of Navier-Stokes eq.
(A 5.0.2) (ref. paragraph 4, item 4.1.2, sub-item 2.3).

This results in the following:

geometrically
denotes
D) <--"""| Bekenstein
b bound
2 congtraint

The expected value of the tachyon condensate \
from the BE-tachyon condensate (ref. Fig. 6, :

Mark 4) breaks spontaneous symmetry (local
symmetry). The increase of the expected value
leads to tunnel shrinking to ‘zero geometry’.

Gravitational part increases up to the
‘Lorentz consistent geometry’, which
corresponds to Bekenstein bound
constraint

Fig. 10.2 Tunnel- gravitational part dynamics (step 2).
Fig. 10.2 represents ‘direct’ path:

‘zero geometry’ in tunnel part « ’Lorentz consistent geometry’ in gravitational part.
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Piccei-Quinn dynamic /\;Lore_ntz
represents negative---__| 9 consistent
spread as it increases i ‘ Lorentz violating
past ‘zero geometry’ < IS positive as it

"1 increases beyond

—v Lorentz consistent

Tunnel increases up to ‘ Piccei-Quinn geometry’ Gravitational part increases up to the
asaresult of breaking global symmetry (in ‘Lorentz violating geometry’

addition to global U(1) symmetry (ref. eq.
(0.1.1)) and the adjustment for approximate

global symmetry (ref. paragraph 4, item 4.1.1,
note 2)).

Fig. 10.3 Tunnel- gravitational part dynamics (step 3).
Fig. 10.3 represents ‘ feedback’ path:

‘Piccel-Quinn geometry’ intunnel part « ’Lorentz violating geometry’ in gravitational part.

Negative CP violating note! spread in tunnel part cancels positive Lorentz violating spread in
gravitational part. This leads to obtaining geometry of Bekenstein bound constraint (Fig. 10.2),
which corresponds to normalized Ricci flow.

As such, the compensation of these two mechanisms can explain the negative results of the
experimental searches on the Lorenz violation (V.A Kostelecky and N. Russell, 2014).

note?

The cases of breaking symmetry is defined by Mark 2 for global and Mark 4 for gauge
correspondingly (ref. Fig. 6).

T Mark 2 describes obtaining axions (massless goldstone boson from paragraph 1.1). Inthis
case, Lorentz symmetry is global.

T Mark 4 isdescribed by eg. (A 2.1.2); Goldstone boson becomes massive in tensor mode (ref.
eg. (1.5), note 3). Inthiscase, Lorentz symmetry becomes local (V.A Kostelecky and
N. Russell, 2014) (Lorentz symmetry breaking does not force CPT symmetry breaking).

note:

! broken Piccei-Quinn symmetry addresses CP violation dynamic, which is related to Lorentz
violation dynamic( Fig. 10.3);

? spontaneous breaking of CPT and Lorentz symmetry is related to the vacuum instability
(topological soliton (topological defect), i.e., domain wall) and becomes CPT- and
Lorentz-symmetric in the vacuum stable case, even though other non-related to the vacuum
stability symmetries (ref. eg. (0.1.1)-(0.1.2)) can be violated.

In this case, CPT symmetry breaking implies Lorentz symmetry breaking, thus

$ CP violation forces $ Lorentz violation as the compensating mechanism.
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Steady
Ricci L-
solution

Physical program to define
Katz scheme [16]

Physical program:

Tunnel increases due to elimination of the
second mass channel (ref. eg. (1.6.1 @)

Fig. 9
Mark 4 ® Mark 5« Mark 6

\

Gravitational part (tensor mode)
decreases due to Hawking' s radiation

Fig. 10.4 Tunnel-gravitational part dynamics (step 4).

Dark part (tunnel) dynamic restores the state of maximum symmetry from the state of
symmetry breaking (ref. Conclusion; Framework, paragraph 2), which leadsto ‘vacuum state’

thus obtaining steady Ricci solution.

As specified in (Z. Lu and M.R. Douglas, 2009) (ref. Fig.9, Mark 2), a) U isb) where:

a) Calabi-Yau manifold (D. Gaiotto, S. Gukov and N.Seiberg, 2013) in 2-complex dimensions

(Z.L. Gap and S.-T. Yau, 1986) (4-real dimensions«

Calabi-Y au 3-folds + time);

b) Hyperkahler manifold (1 Ricci flat manifold R, =0) U Weil-Petersson metric.

note

Ricci flow
considered:

T Ricci-flat (Euclidian) is unchanged;

affects metric (ref. paragraph 3), thus Thurston model geometries can be

T sphere (Lorentzianian) is collapsed to a point (for unrenormalized Ricci flow) in case of
positive curvature (mass part). This point actslike an attractor (for renormalized Ricci flow) in

case of positive curvature;

T hyperbolic is an expansion for negative curvature (example: tunnel is negatively curved

2-manifold, n-connected).

note:

ref. Hamilton - Perelman theory of Ricci flow.




Corollary:
i) Ricci flow produces singularities (ref. Appendix A4);

i) The a) case related to Fig. 10.4 points out correspondence between cigar soliton solution
(complex plane® complex mode in the bosonic mechanism) « ‘Bryant soliton’+ time
(ref. Appendix A5, paragraph 2.2).

iii) In case of Ricci flow, Thurston model geometries act like an attractor, thus
pointing out the applicability of the developed chaotic attractor theory (ref. Appendix A4,
paragraph 3, sub-itemii)).

iv) All closed 3- manifolds accept metrics with negative Ricci curvature (B.R. Greene, C. Vafa
and N.P. Warner, 1989).

This directly follows from the ‘inference topology geometry’ (Fig.1), which admitsto

positive (mass) and negative (tunnel) geometries.

1.2. Presented below (Fig.11) is the graphical representation of the connections between

a) the symmetry breaking approach™° developed in the theory and b) the Lagrangian of the
theory (including case - Lagrangians) in the context of Lorentz non-invariance of the presented
theory Lagrangian eg. (1.4.1 a).

note:

specified in the section 1.1 the dynamic cancellation of Lorentz violation is applicable to the
Lagrangian (1.4.1 &). Inthiscontext, referencesto ‘direct’ path and ‘ feedback’ path are
interconnected with ‘direct’ and ‘restoring’ paths of the symmetry breaking mechanism, which
refers to dark sector of the theory as the driving force for restoring broken symmetry and, at the
same time, appears as the source of Lorentz invariance violation. Ref. (D. Blas, M. M. Ivanov
and S. Sibiryakov, 2012) on possibility of constraining deviation from Lorentz invariance in
dark sector.
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Massive FP
Lagrangian (1.2.1 a)

Massless FP
Lagrangian (1.2.1b)

Lagrangian for non-
interaction (1.3 @)

/

Reduced to |..
zero -~

Before symmetry breaking (non-
interaction with electromagnetic
field in ‘mixed’ state).

Inline with
Einstein eq.
without matter

-.| Massless FP eg. for

gravitational field
(no matter) (1.3.0 b)

Massless FP eq. for
dark field
(no matter) (1.3.0 8

(First channel)

The explanation of
symmetry breaking (global,
local) within the framework
of the outlined mechanism
is presented in different
parts of the manuscript
depending on the context
(i.e., in Abstract; inthe
essence of the mechanism in
Chapter |, itemi; in
discussion of different
gauges in Ansatz Chapter |1,
paragraph 2; in reference to
Elitzur theorem in note
Chapter 111, paragraph 1,
itemi.

appearance of mass for
dark field

Massless FP eg. (1.2.2 @)

(Second channel)
appearance of mass
for gravitational
field

After symmetry breaking
(interaction with electromagnetic

field}gure’ state).

Massive FP
Lagrangian (1.4.1 a)

Massless FP eq. (1.4.2 b)

Massless FP

Lagrangian (1.4.1 b)

(First channel)

appearance of mass for

Lagrangian for
interaction (1.5)

gravitational field

Lagrangians and EoM.
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FP eg. for massive
gravitational field
(metter) (2.1)

N

FP eg. for massive
dark field

(matter) (1.6.1 @)

(Second channel)
appearance of mass
for dark field

Fig. 11 Symmetry breaking relations, case -



I nteraction with massless
vector gauge boson

.

FP Lagrangian (2.6.1 b) FPeg. (26.2b)

Fig.12 Representation of obtaining spin 1 boson masses.

11,12 F

1. ‘direct’ path is associated with symmetry breaking and is related to scalar mode.
This mode is Lorentz invariant, ref. (F. Halzen and A.Martin, 1984);

2. ‘restoring’ path which is associated with restoring symmetry from the breaking state is
related to vector mode™®. This mode is characterized by the cancellation of gauge field in
‘pure’ state ref. the essence of the mechanism (Chapter 1), but maintaining it in ‘mixed’ state.
This mode violates Lorentz invariance as this path is determined by the role of dark sector.

The subject of spontaneous Lorentz breaking is addressed in the article by B. Altschul, Q. G.
Bailey and V.A. Kostelecky, 2009 where the gravitational coupling involving Lorentz violation
is said to be controlled by coefficient fields (ref. V.A. Kostelecky, 2004). The article and
references therein also address constraints on some coefficients.

note

This is due to the vector character of gauge field and the bivector structure of dark sector.
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1.3. Mathematical analysis of eg. (2.6.1 b) and (1.4.1 a) is conducted in accordance with
physical considerations which are presented in Appendix C - Chapter 1 in paragraph 1.1 and in
paragraph 1.2 correspondently.

a) The analysis of eg. (2.6.1 b) can be conducted based on the analysis of eq. (1.4.1 @) (theory
Lagrangian). Ref. Fig. 10.1-Fig.10.4 for the connection to physical structure.

T case of photonin ‘mixed’ state

1. Tunnel- gravitational part dynamics (step 1- symmetry breaking direction):
1.1. terms of type A and h.c. is 3- formdenote volume dynamics;
X

note*

1.2. termsof type - C and h.c. spontaneously break global U(1) symmetry ™= .

T case of photon in ‘pure’ state
terms of type f* represent mass terms for photon.

2. Tunnel- gravitational part dynamics (steps 2 and 3 — symmetry breaking direction):
‘direct’ path

2.1. terms of type % and h.c. correspond to scalar (divergence) and bivector fields

T

are responsible for breaking local symmetry (i.e., gauge field explicitly breaks local symmetry,
ref. Elitzur theorem).

note?

note:

' In*mixed state, according to G-type mechanism (i.e., symmetry breaking with
electromagnetic field in ‘ mixed' state), eg. (2.7) resultsin{F ) =n .

This value corresponds to nonvanishing vacuum expectation of Nambu-Goldstone mode

eg. (1.1 b), while vanishing value equals0. Complex form of this eg. account for appearance

of Nambu-Goldstone mode for scalar field F due to global symmetry breaking by
electromagnetic field in ‘mixed’ state.

ZListed below is the definition of N acting on the space dimensions

NM =N>xM + NUM where M is multivector field.

Ca

a
a

a Nd =R +NUU , whered - vector field:
a Nw, where w- scalar field.

212

M M
M M

=

N acting ontype (r,s) tensor field of order n & tensor field of order n+1.
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‘feedback’ path (in the context of returning to global symmetry breaking)

3.1. redefined according to the transition from ‘mixed’ ref. Fig. 6, Mark 2 to ‘pure’ ref. Fig. 6,
Mark 4 states, terms of type - C and h.c. break global symmetry (Piccei-Quinn).

4. Tunnel-gravitational part dynamics (step 4 — symmetry restoring direction):
‘restoring’ path ref. note, Appendix C - Chapter 1, paragraph 1.2

4.1. termsof type 1 k* , A, (a contr (A,) : X i.e, dark field); and of type

2 k* ,2 ImC (a ReC i.e, corresponding to unbroken symmetry for the constraint f, =0)

are eliminated from eg. (1.4.1 @), which denotes ‘vacuum’ state. Simultaneous elimination of
the noted terms and the reduction of constraint f, =0 can be interpreted as the mutual

cancellation of dark field (i.e., tensor-dark field reduced to scalar form) and gauge field (i.e.,
transfer photon in ‘mixed’ state); ref. Appendix C - Chapter 1, paragraph 1.1, item 1.

From eq. (1.4.1 a) under a specified constraint, the following is obtained (viz. k ° k(h ,Z)):

terms of type contr (A, ) = X include multiplier k?, (cf. eq. (1.1a); Q ' (st.) ‘mixed’ state
\ k,=0)

where

eg. (1.1 a) isthe mathematical representation of the ‘inference topology’ geometrical structure
V.S. ‘vacuum’ state;

terms of type ReC include multiplier k?, (cf. note 2, eq. (1.2.24); Q ' (st.) ‘mixed state
\ k =0).

The mass part of eq. (1.4.1 a) in ‘vacuum’ state is determined by the contribution
of mass from dark sector, i.e. massterms of ‘pure’ state are reduced to mass terms of
‘mixed’ state.

v.S. mass part in eg. (1.4.1 b) isrelated to the consideration of ‘mixed’ state as non-interaction
limit of the ‘pure’ state (cf. eq. (1.4.1 @). Under this notation, ‘vacuum’ state accounts for the
existence of mass terms due to the dark sector.

b) The eq. (2.6.1 b) for spin 1 boson would be analyzed in the same way.

Eq. (2.6.1 b) and eqg. (1.4.1 @) are invariant under the following substitution:
B, a €, (cf. eg. (1.4.0) and eg. (2.6.0)).
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T T Thus, the following is obtained (viz. eq. (L4.1a) ' (st.) eq. (A 2.1))™* :

(C0.1.4.13)
TKZAANA, =ih, ,$f, 1 Oh ahz ax <'pure’ v
LFP—:OM$f =0h ah,z ax <'mixed’ ;,+
A ANA, & contr (A,),2%f ,h aXz ax<' vacuump
W IR,
% 1% CAA
1A, TA, 1A, 1C° 1A 9C 1 39C 1C’
2Tk =3 e’ f += ——sz eff AC- ————
™ Tx. AiAx 2% T 2 AL 2 ™ % 2 A 8 1% Tx
1KIC'ClIC=n+x +ix ,$f; 2 O0h ahz ax <’ pureu
-§|OM$f =0h ah,z ax <'mixed' y
k2C ClC =n +x,@%f, ,h a X,z a X <'vacuum' i)
- §e2f|2CC*+
\l \l \l c I u
IAk A IAk Ak stp& Ak"'Zd Ak Ag( AkAk AkAk ﬂxr E «C ﬂf(}rk I
| y
1 1 1 ﬂC 3 ﬂC i
I rAk___ C i _d Ak & C —+d C— :
2 T 2 X, 8 x 8 T b
N.B.

Multivector field is a mathematical expression, which corresponds to physical structure
including $ mass, tunnel and type of mass-tunnel connection ref. Figl, which are reflected in
gauge/gravity duality.

Geometric representation of mass dynamics is mathematically described by the divergence part
and geometrical representation of tunnel dynamics is mathematically described by the bivector
part.

Maxwell eq (two divergence- type and two curl- type) mathematically describesthe
electromagnetic gauge field. Thiseg. is geometrically represented by mass and tunnel
dynamics. Mathematical-geometrical correspondence is the proof of postulated structure of
‘inference topology’.

note:

k®Kg,) =0 <’unbroken’ state.
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note

2. On the subject of quantum statistics™*°.

The following egs. outline the dependence of ‘ gauge bosons of interaction’ statistics and
fermions statistics upon gravitational-dark component (ref. renormalization group, Appendix 4,

paragraph 3).

a) Bosons, transfer of interaction:
Spin (S) 1

b) Fermions:

Spin(S.) 2

Bosons, transfer of mass:

Graviton (G)
Dark (D)
Spin(&) 2
Spin(S;) O

a) Equality between ‘ gauge bosons of interaction’ and gravitational-dark component:
S =S (C21)

The formula above indicates involvement of dark boson.
This eg. mathematically represents the statement, that rescaling the system
‘gauge bosons of interaction’ « gravitational-dark by factor S; isequivalent to rescaling

gauge field by afactor S.® .

b) Equality between fermions and gravitational-dark component:

S =5 (C22)
The formula above indicates involvement of interaction by dint of (C 2.1).

This eg. mathematically represents the statement, that rescaling the system
fermion« gravitational-dark by factor S, isequivalent to rescaling

fermion field by afactor S, %= .

note:

Ref. n- vector model (n=4) (H.E. Stanley, 1968).
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Under the present consideration, the reflection between a) and b) cases is defined by means of
the rescaling factor S; .
Thus, the following is obtained:

aébo 86330
c23
% QSDQJ &S, » (€239

vectors parity (p=- 1).

Appearance of the negative sign before S, leadsto Pauli expulsion principle, i.e.
denotes the fact that fermionic system is described by antisymmetric wavefunction.
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3. On the subject of AdS/CFT correspondence ™.

3.1. Derivation of gauge/gravity duality can be explained within the framework of the outlined
approach and follows from it. Utilizing results obtained in paragraph 2 (v.s. Appendix C) it is
possible to apply Dirac sea (not Higgs ocean) specification of vacuum to the consideration of
cross relation between superconductivity and the presented approach.

The following consideration of different statesref. eg. (C 0.1.4.1 ) is presented below in
application to type-11 superconductivity.

a) ‘unbroken’ state

_-1 surface of Dirac sea is
not affected

Fig. 13.1 No vortices ($ superconductivity).
In this case, surface is unbroken, so @$ h,f, b (F)=0 (ref. G-type, paragraph 2).

b) ‘vacuum’ state ® ‘mixed state

1 surface of Dirac seais
breaking

Fig. 13.2 Vortices breaking surface ($ superconductivity).

In this case surface is breaking, i.e., spontaneous global symmetry breaking has occurred. This
corresponds to the case noted as Before symmetry breaking (ref. ‘ Lagrangian for non-
interaction’). Thus, the following is obtained:

P$f ,$h® X,z ®X b $f,=0,%h®h ,z® x WF)=n

this results in appearance of false vacuum for scalar field F cf. eg. (1.1 b) initiated by the
effect of BE condensate vortices (ref. Appendix A5, paragraph 1) penetrating surface.
Goldstone theorem is applicable in this case. Thisisthe case of massive dark boson creation
ref. eg. (1.3 &), which results in transfer from false to true vacuum.

132



Under this scenario, the interaction of gravitational part of h -field with electromagnetic field
‘locked’ within Dirac sea boundary results in appearance of photon massref. eg. (A 3.2).

The dark field, mathematically represented by bivector field ref. NB (Appendix C - Chapter 1,
paragraph 1.3), is expelled from the inner side of sea boundary due to Meissner effect, which
results in localizing it on the outer side of surface structure.

C) ‘pure state

| surface of Dirac sea is
broken

Fig. 13.3 Vortices have broken surface (@$ superconductivity).

In this case, the surface is broken, i.e., explicit local symmetry breaking has occurred.
This corresponds to the case noted as After symmetry breaking (ref. ‘Lagrangian for
interaction’). Thus, the following is obtained:

$f.10,h®h, z®x Il ' (st) fAX

this results in appearance of true vacuum for scalar field F cf. eq. (1.1 b) initiated by the effect
of BE condensate vortices (ref. Appendix A5, paragraph 1) which have penetrated surface.
Thisisthe case of massive gravitational field creation ref. eq. (1.5).

T Dark component at stage b) is attached to bounded (by the Dirac sea boundary due to
unbroken geometry) surface structure, and gravitational component at stage c) which
represents internal (unbounded by the Dirac sea boundary due to broken geometry) volume
structure. These components reflect surface-volume connection according to mathematical
duality cf. postulate P2.

In application to elementary particles (ref. Appendix A5, paragraph 2.2) thisresultsin
AdS/CFT =

3.2. Inthe outlined framework, black hole can be considered as type-1 superconductor.
In this case, surface is inevitably broken and the tunneling to atrue vacuum for scalar field F
cf. eq. (1.1 b) isdueto instanton effects (ref. Appendix A5, paragraph 2.1).

note

The stages of surface breaking of Dirac sea correspond to stages of penetration of
electromagnetic field in vacuum, which results in gradual distraction of original
superconducting state of vacuum.
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4. Mass scale structure.

4.1. The following diagram depicts mass scales (in order of magnitude) in the framework of the
specified mechanism

Masslessh -field
(‘unbroken’ state) N CPT invariance Vacuum state
B | ; (O|
. C superconductivit
fMassless h - field ) Ssp y = o
and massive X -field _ CP invariance
(‘Vmuum’ state ® N —_—  —=------
‘mixed’ state)
< K
0
Dark boson mass
scale 1 S
\ . e CP violation
: -8
‘aviton mass scale .- ) N
ure state) o7 =
Dn /'/./ \\
Mixed state
. Fig. 14 Mass scales and corresponding symmetries. <|:> |
Pure state 0
(Rl

Mathematical definitions below are used to describe the following expressions:

a) the ‘mixed” ® ‘pure statetransition is defined by

(PlL

pure

R (RLe,

mixed

R)+D, (C 4.1)

b) the ‘vacuum’ ® ‘mixed’ state transition is defined by

(Ro|Lee, |F2) (O] Les,..,

0)+ D, (C4.2)
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c) the‘vacuum’ state(F }° ((0|F|0)) =n and 'unbroken’ state (F)° ((0|F |0)) =0
define G-type spinor in eq. (2.7).

In these equations, LFPW , Lep .+ Lep a@redenoted correspondently by eq. (C0.1.4.18) in

‘pure’, ‘mixed’ and ‘vacuum’ states with substitution of (Appendix C, paragraph 1, item 1.3,
sub-item 4.1 b).
P isdenoted by (Appendix B, eq.(4.1)); B, =Pl H, ® H,.
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