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Field Theory as Oscillator System

Abdullin S.R.
Bauman Moscow State Technical University, Moscow, Russia

E-mail: mai-sal@yandex.ru

In space, we consider a lattice of homogeneous oscillators, taken as an
approximation of the field model (hereinafter —the field). In the equilibrium state, the
energy of the field is subject to the distribution of Gibbs. The field is exposed to
monochromatic radiation (point spectrum) and broadband radiation.

The field responses in the classical and quantum representation (interaction
representation) are investigated. The conditions for the birth and destruction of the
field particles are given.

The phase and group velocities of signals passing through the field are
calculated.

The following characteristics of the studied field are calculated:

- Energy capacity.

- Attenuation.

- Signal transmission efficiency.

- Field relaxation time.

- Field stability.

- Internal field fluctuations.

- The occurrence of side signals.

Along with the abstract field, an example of an electromagnetic field and its
quantum analogue is given.

The possibility of resonance and forced radiation of an abstract field is studied,
and a comparison of these effects with their analogues for the electromagnetic field is
given.



Reformulation of the O(4,2)xSU(3)xU(1) Gauge Theory of
Quantum Gravity using the Generic Torus as Oyibo GUT
Geometrical Object

Akpojotor G.12, Trell E.3, Ibeh G.2* Animalu A.2°

! Delta State University, Abraka, Nigeria
2 International Centre for Basic Research, Abuja, Nigeria
3 University of Link6ping, Linkping, Sweden
* Nigerian Defence Adacemy, Kaduna, Nigeria
> University of Nigeria, Nsukka, Enugu

E-mail: akpogea@delsu.edu.ng

We review and demonstrate that the geometrical and quantization foundation of
the Oyibo grand unification theorem (GUT) is the generic torus as its invariant
geometric object founded on the Lorentz transformation which is the kernel of the
Einstein’s principle of relativity. It is natural to postulate that this common
geometrical foundation is responsible for the remarkable correspondence of the
Oyibo GUT with the Einstein’s unified field equation (UFE) for conformal (including
scale) invariant field theories. We are therefore led to re-opine that the Oyibo
conformal transformations not only has a sound geometrical foundation like the usual
characterization of conformal invariance in projective space-time geometry but also a
quantization foundation for quantum gravity. By using this generic torus as its
geometrical object, we reformulate our O(4,2)xSU(3)xU(1) gauge theory of quantum
gravity.

Paraphoton lasing in periodic dielectrics

Alimkina 1.S.%, Filatov V.V.2, Gorelik V.S.23, Pichkurenko S.V.?
1 Moscow State Pedagogical University, Moscow, Russia
2 Bauman Moscow State Technical University, Moscow, Russia
3 Lebedev Physical Institute, Moscow, Russia

E-mail: gorelik@sci.lebedev.ru

Paraphotons are “dark” pseudoscalar particles, arised by the photon pairing
according to the diagram




However, the energy and momentum conservation allows the process in the
vacuum only, so the y +y — py cross section is extremely low, and the paraphoton's
birth and decay haven’t been detected till now.

Nevertheless, these obstacles can be overcomed by the using of the Bose-
Einstein unitary polaritons' condensate, formed by the electromagnetic field quanta
interacted with medium'’s Lorentz oscillators, so the effective refractive index n =1 as
for a vacuum. Moreover, this way the periodic medium can be used as the tuned
Fabry-Perot, so the conversion becomes resonant.

In the paper, we present the simulation results and the very first experimental
data on paraphoton lasing in crystalline ruby Al,Oz: Cr¥* and in the mesoporous
photonic crystal film of aluminum oxide Al,Os.

The work is supported by the Russian Science Foundation (project No. 19-12-
00242).

ITapadgoToHHad J1a3epHas reHepalus B NEPUOANIECKHUX
AUVICKTPUICCKUX Cpe€aax
Anumknna U.C.Y, ®uaaros B.B.2, Iopeank B.C.%3, IIuukypenko C.B.2
LMITy, Mocksa, Poccus
2MITY um. H.D. baymana, Mockea, Poccus
8 OUAH um. I1.H. Jlebeoesa, Mockea, Poccus

E-mail: gorelik@sci.lebedev.ru

[TapadoToHbl — ‘“TeMHBIE” TICEBIOCKAJSIPHBIC YACTHIIBI, BO3HUKAIOIINE B
pe3ynbTate IBYX(OTOHHOTO CHIapUBAHUS COTIIACHO TUarpaMme

[Ipu >TOM >KeCTKHE YCIOBUS CHHXpPOHH3Ma (IIPOIIECC pa3pelieH TOJHKO B
BaKyyMe) JeJNa0T CEYCHHE PEaKIuH Y + Y — Py HAUYTOKHO MajbIM, YTO BBI3HIBACT
3HAYUTEIBHBIC TPYMAHOCTH JUIsl PETUCTPAIMHM TPOIECCOB POXKACHHUS U pacrajaa
napadOTOHOB.

Tem He MeHee, yka3aHHBIC 3aTPYAHEHHUS MOXKHO Pa3pelInTh Ha OCHOBEe 0o3e-
KOHJICHCAaTa YHHWTAPHBIX TMOJSPUTOHOB — KBAaHTOB OJJICKTPOMArHUTHOTO TIOJS B
TBEPAOM TeJe, IS KOTOPHIX B3aUMOJICMCTBHE C MATePUATBHBIMH OCIHIUISTOPAMU
MpUBOIUT K A((PEKTUBHOMY 3HAUEHHUIO TIOKA3aTelsl MpeioMieHus N = 1, kak s
Bakyyma. [Ipm 3TOM HCMOTB30BaHHWE MEPUOMAMUECKUX CpPENl TMO3BOJSET JTOOUTHCS
PE30HAHCHOTO YCHJICHHUS TPOIECCOB MapadOTOHHOW KOHBEPCUU W PEKOHBEPCHH,
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MIOCKOJIBKY B 3TOM CJy4yae MEepPUOJUYECKasl CpPela BBICTYNAET B POJIM HACTPOEHHOTO
unreppepomerpa dadpu-Ilepo.

B nanHO#l pa0oTe MBI MPEACTaBIsIEM PE3YJbTAaThl TEOPETUUYECKOTO aHaIM3a U
MpeBapUTEIbHbIE SKCIEPUMEHTAIbHBIE JaHHblE MO MNapadOTOHHON Ja3epHOIl
reHepauud B KpucTammueckom pyoune AbLOz: Cr¥* u  mMesonopucThix
(OTOHHOKPUCTAIUTUYECKUX TUICHKAaX okcuaa amroMuaus AloOs.

PabGora BemmonHeHa mnpu noaaepxkke Poccuiickoro HaydHoro ¢onma (TpaHt
Ne19-12-00242).

Sagnac Dual-Polarized Ring Laser Interferometric Effects
of Gravity on EM-Wave Polarization

Amoroso R.L.
Noetic Advanced Studies Institute, Los Angeles, USA

E-mail: amoroso@noeticadvancedstudies.us

The utility of Sagnac Effect 4-mode dual-photon propagation ring laser
apparatus for measuring the effects of gravitational interactions on the polarization of
an EM-wave is described. The device is designed to study the nature/detection of
gravitational waves in terms of Extended Electromagnetic Theory, where the
postulated longitudinal B®EM-field supports a photon mass anisotropy framework
for G-wave detection. The 4 different beams have 4 different phase velocities,
dependent upon polarization and propagation direction. Motivation was acquired
serendipitously by noticing a disparity in wave packet dispersion/attenuation for
seasonal patterns and periods of no service and intermittent (dropped) service in the
region near the operational cutoff limit of 900 or 1800 MHz telecommunication EM-
wave signals, where signal strength attenuates periodically by factors attributed to
coupled oscillation between the solar field dynamo (physical process generating Sun's
magnetic field) and the Earth’s geomagnetic core dynamo - in conjunction with
seasonal tilt of the Earth’s axis and gravitational changes during sunrise/sunset
periods. Since there are no known thermodynamic effects on the propagation of EM-
waves, we are left to postulate G — EM interaction effects. Experiments conducted by
R.M. Kiehn using dual polarized ring lasers verified that the speed of light can have
these 4 different phase velocities depending upon direction and polarization; the 4-
fold Lorentz degeneracy can be broken with parity and time-reversal symmetry
breaking. In contrast to large-scale LIGO interferometers (current - L-shaped 4 km
arms with 3,000 km separation, proposed - 40 km triangular arm configuration) for
detecting cosmic gravitational waves; our apparatus is tabletop and designed to
measure gravitational effects on photon polarization. Current thinking in
Geometrodynamics assumes gravitational waves travel at the speed of light, where
distance for LIGO interferometry corresponds to a difference in G-wave arrival times
of up to 10 milliseconds. Our model requiring additional theory, suggests that neither
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classical EM-theory nor quantum field theory provide a sufficient framework for
describing these EM — G-wave polarization interactions; which for us requires a
modified M-Theoretic topological approach integrating Newtonian instantaneity with
Einsteinian relativity as described by a unified field mechanical Ontological-Phase
Topological Field Theory.

Appendix. Quark structure and octonions [8].

The octonion (Cayley) algebra is studied in a split basis by means of a
formalism that brings outs its quark structure. The groups SO(8), SO(7), and G2 are
represented by octonions as well as by 8x8 matrices and the principle of triality is
studied in this formalism. Reduction is made through the physically important
subgroups SU(3) and SU(2) ® SU(2)SU(2) @ SU(2) of G2, the automorphism group
of octonions.

Atom Nucleus Proton

T i
Quarks

and
Gluons
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Generalized Lie Algebraic Geometry in R3xSO(3)
Configuration Space for SU(3) of Elementary Particles and for
Wave-packing of Atomic Structure

Animalu A.1}?, Akpojotor G.23, Edeagu S.24, Trell E.°

! University of Nigeria, Enugu, Nigeria
2 International Centre for Basic Research, Abuja, Nigeria
% Delta State University, Abraka, Nigeria
4 University of Nigeria, Nsukka, Nigeria
® University of Linkdping, Linkoping, Sweden

E-mail: akpogea@delsu.edu.ng; nascience@aol.com

In this paper, we show, by extending Lie’s original 1871 thesis “on
philosophical reflections upon the nature of Cartesian geometry” based on
“transformation by which surfaces that touch each other are turned into similar
surfaces between the Plucker line geometry and a geometry whose elements are the
space’s spheres” to include toroidal deformation of the sphere, how analgebraic
geometric principle of duality between points, lines and planes of 3-diemsional space
provides a sufficiently general framework for realizations of Lie-algebra and its Lie-
iIsotopic and Lie-admissible generalizations in solid state configuration space
R3x SO(3) compatible with translational periodicity of 3-dimensional space lattice.

The generalization provide not only representation of SU (3) symmetry of extended

(string-like) elementary particles with complementary duality of leptons and baryons,
but also dual wave-packet representation of atomic structure and the periodic table,
highlighting the significance of the fact that Mendeleev originally moulded his two-
dimensional rendering of the periodic system on the dual Sanskrit
grammar/phonetics.
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On the Habble-Lemaitre law

Antonyuk P.N.
Lomonosov Moscow State University, Moscow, Russia

E-mail: pavera@bk.ru

The Habble-Lemaitre law considers a fundamental relation between velocity and
distance. However, this relation is not true for large values of velocity and distance.
The special theory of relativity allows us to conclude that the Habble-Lemaitre law
remains true with a single change — the replacement of velocity with rapidity.

Space-time: from Indefinite at the Locality to Generality
at the Infinite

Avramenko A.E.
P.N. Lebedev Physical Institute of the Russian Academy of Sciences, Moscow, Russia

E-mail: avr@itaec.ru; avr@prao.ru

The article discusses physical and theoretical generalizations of the time-space
metrics, based on invariant coordinate time transformations, set over the intervals of
the observed periodic emission of neutron stars - pulsars, in spatial reference systems.
The metric correspondence of the pulsar radiation intervals, expressed analytically by
the observed rotation parameters, and the formal-mathematical ephemeris time, based
on the laws of motion of the Solar system's celestial bodies, is shown. A
generalization of the physical principle of Galilean relativity to the entire galactic
space, in which the front of electromagnetic waves of periodic radiation of a pulsar
extends, is substantiated.

Synchronization of spatial reference systems for the observed passage of the
wave front of the coherent radiation of a pulsar corresponds to the axiomatic
matching of the initial conditions of the space coordinates and time scales for the
observed rotation parameters of the pulsar in the homogeneous Galileo space of the
Galaxy. In that space all points and time moments are equal, all the directions of the
coordinate axes are equal, all inertial systems are equal and, as a result, all physical
processes in such coordinates systems, including the observed coherent radiation of a
pulsar, are indistinguishable from each of them.

The physical characteristics of the accuracy and resolution of measured values
of time and distance over any length within the galactic space of about 10° light years
and duration within the estimated time interval of about 10 — 107 years typical for
neutron stars were generalized. The estimated uncertainty of local measurements of
the pulsar time intervals is in the range from 1 ms to 10> ns. The corresponding
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uncertainty in the measurement of length, which is within the range from 0.3 cm to
3+10° cm, shows a gradual decrease with an increasing measurement interval. The
obtained estimates of accuracy and resolution, summarize the physical data on the
timing of the pulsars B1919 + 21, B0809 + 74, B0834 + 06, B0329 + 54, B1822-09,
B0531 + 21, J1509 + 5531, observed on the radio telescope BSA FIAN (Pushchino)
for several decades (40 years or more), in combination with the data of modeling of
coordinate-time intervals on galactic scales.

On the exponential decrease of the “cosmological
constant” in the superearly Universe

Babourova O.V.%, Frolov B.N.?

12 Moscow Pedagogical State University (MPGU), Institute of Physics, Technology and
Information Systems, Moscow, Russia
! Moscow Automobile and Road Construction State Technical University (MADI), Moscow,
Russia

E-mail: ! ov.baburova@mpgu.edu; 2 bn.frolov@mpgu.edu

Based on the theory of Poincaré—Weyl-Dirac gravity, it is obtained that at the
superearly stage of the Universe, the effective cosmological constant decreases
exponentially from a huge value at the beginning of the Big Bang to its modern
value.

At the early stage of the Universe, when the rest masses of elementary particles
have not yet emerged, all interactions were carried out by massless quanta. In this
case, these interactions have the property of scale invariance, as was suggested by
Zel'dovich and Harrison. The symmetry group of the space is the Poincaré-Weyl
group [1]. It was shown that the space-time is Cartan—Weyl space with curvature and
torsion 2-forms, as well as the nonmetricity 1-form with the Weyl condition, and
also, an addition to the metric tensor, a scalar field b appears that coincides with the
scalar field introduced by Dirac.

The theory constructed is applicable to the superearly stage of a homogeneous
isotropic and spatially flat Universe with the Friedman—Robertson—Walker metrics
with a scale factor a(t). If the values of the coupling constants of the Lagrangian are
very small, we get an approximate solution of the gravitational field and the scalar
field b equations in the form,

b(t)= cthl (t+1t,), a(t) = a,(16sh’l (t+t,) + ch™ 'l (t+1t,)), 1 = (L/12). (1)

The hypothesis on the exponential decrease of the effective cosmological

constant B*A (as a consequence of the fields dynamics in the superearly Universe)

was expressed in [2,3]. The main thing of the solutions (1) and that found in [3] is

that these solutions for £*A exponentially sharply decrease at small t and approach
A (but not zero) at large values of t.
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IKCMOHEHIUAJIbHOE YMEHbIIEHHE “KOCMOJIOrHYeCKOM
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Ha ocnoBe Teopum rpasutanuu Ilyankape—Bewns—/{upaka yCcTaHOBIEHO, 4TO
Ha cBepxpaHHel craguu BcenenHol 3¢dekTHBHAsS KOCMOJIOTHMYECKas MOCTOsTHHAsS
AKCIIOHEHIIMAJIbHO YMEHBIIAETCSI OT OrPOMHOIO 3HAauyeHHWs B Hadaine bosbmioro
B3pbIBa 1O COBPEMEHHOI'O 3HAUYCHUS.

Nonmetricity plane waves in post Riemannian spacetime
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It is obtained that the nonmetricity of the plane wave is determined by five
arbitrary functions of retarded time. A theorem on the structure of plane nonmetricity
waves in a post Riemannian affine-metric space is proved.

Plane nonmetricity waves in an affine-metric space is studied. We call an affine-
metric space (L4,g) to be a plane wave type, and its metrics, torsion and

nonmetricity to be plane waves, if its metrics gaﬂ, torsion 2-form T¢, and

nonmetricity 1-form Qa B admit a symmetry group G5 of space-time motions with
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. B a B : :
the conditions, LX gaﬂ_o, L, T% =0, LXQa,B_O’ where LX is the Lie

X
derivative along the vector field X:(a+b’x+c’y)8v+béx+céy [1]. Here a=const,

b(u), c(u) are arbitrary functions of retarded time u, and b’, ¢’ are their derivatives.
It was obtained that the space (L4, g) of the plane wave type is determined only

by five arbitrary functions of retarded time [2].
Theorem [2]: The nonmetricity 1-form of the affine-metric space (L,,g) of the

plane wave type has the following structure: its three irreducible parts invariant under
the Lorentz transformations, namely, the Weyl 1-form, the trace 1-formand the spin 3
1-form, are defined by one arbitrary function each, and the spin 2 1-form is
determined by two arbitrary functions.

The results obtained proves the possibility of transmitting information with the
help of nonmetricity waves, since the presence of arbitrary functions allows them to
be arbitrarily encoded in the source of these waves.
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[Tony4yeHo, 4YTO HEMETPUYHOCTh IUIOCKOM BOJHBI ONPEAEIACTCS IATHIO
MPOU3BOJIbHBIMH (DYHKIMAMM 3ama3jiblBaroiiero BpemeHu. JlokazaHa TteopeMa o
CTPYKTYpPE TJIOCKUX BOJIH HEMETPUYHOCTH B MOCTPUMAHOBOM adPrHO-METpUIECKOM
MIPOCTPAHCTBE.
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Dark Fluid Electrodynamics
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We consider the Cosmic Dark Fluid as a quasi- medium, in which
electromagnetic waves propagate, and magneto-electric field structures emerge and
evolve. We use the concepts and mathematical formalism, elaborated in the
framework of classical covariant electrodynamics of continua, and study dark analogs
of the well-known medium-effects, such as optical activity, birefringence, piezo-
magnetism, electrostriction and dynamo-optical activity.

The Dark Fluid is assumed to be formed by a duet of a Dark Matter (a
pseudoscalar axionic constituent) and Dark Energy (a constituent with rheological
properties). We focus on the models, which describe electrodynamic effects induced
by the gravitational pp-waves propagating in the Dark Fluid environment. Our
consideration is accompanied by examples of exact solutions to the extended master
equations.
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The Cosmological Parameter: Constant or Dynamical
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The cosmological constant or parameter, Lambda, has a long and interesting
history. It was first introduced by Einstein in 1917 [1] in order to obtain a static
model of the universe. At that time, it was believed that the universe was static, and
the evidence of an expanding universe came later with the observations of Slipher
and Hubble. Thereafter Einstein abandoned the cosmological constant, calling it the
biggest blunder of his life. However, as the saying goes, once a genie is let out of the
bottle, it is very difficult to get it back in again. In 1988, the discovery of an
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expanding universe has revived interest in the term, and it plays a very important role
in explaining dark energy. The so-called ACDM model is the most widely accepted
explanation for dark energy.

There are several problems associated with the cosmological constant, such as
the cosmological constant problem [2]. Current observations indicate that the value of
Lambda is fairly small, whilst particle physics predicts a much larger value by 120
orders of magnitude. This remains a major outstanding problem in theoretical
cosmology today.

There have been several attempts to solve the cosmological constant problem.
One simple idea is that of a dynamical Lambda [3]. The simplest way of introducing
a variable Lambda is to make the cosmological constant Lambda a variable function
of time in the field equations, with a corresponding change of the energy
conservation equation. However this simple approach cannot be derived from a
variational principle from an action. But, a variable Lambda arises naturally in some
theories, such as scalar-tensor theories [4] and the scale covariant theory of
gravitation [5].

A variable Lambda may also be regarded as being equivalent to a model with a
generalised equation of state, which arises in some modified gravity theories [6]. The
advantages of a variable Lambda are solutions to the dark energy problem, the
cosmological constant problem, the entropy problem and avoidance of the initial
singularity.

Hence, it is worthwhile to review the status of a dynamical Lambda term in
cosmology.
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Cosmic transit behavior and anisotropic Cosmological
models
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We have constructed some anisotropic cosmological models the framework of
self interacting Brans-Dicke theory. Unified dark fluid equation of state has been
considered to simulate the presence of dark energy and the associated late time
cosmic acceleration phenomenon. The observational constraints on the unified dark
fluid have been discussed. In the context of late time cosmic speed up phenomenon, it
Is believed that, the universe has undergone a transition from a phase of cosmic
deceleration to a cosmic acceleration. A hybrid scale factor is used to obtain a cosmic
transit behavior. The cosmic dynamics have been investigated in detail.

Double layers in the Weyl+Einstein gravity

Berezin V.A.%, Dokuchaev V.1.%2, Eroshenko Y.N.%, Smirnov A.L.}
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Unlike General Relativity, where the singular hypersurface may contain, at
most, the Dirac delta-function both in the matter energy-momentum tensor in the
right-hand side of the Einstein equations and in the second derivatives of the metric
tensor in their left-hand side, the so-called quadratic gravity allows the existence of
the double layer, i.e., the derivative of the delta-function. But this derivative is absent
in the energy-momentum tensor (no mass-dipole analogous to the charge-dipoles in
the classical electrodynamics), so the double layer is a purely geometrical
phenomenon ant it may be treated as the purely gravitational shock wave. The
mathematical formalism was elaborated by J. M. M Senovilla for the generic
quadratic gravity. Our choice of the Weyl+Einstein gravity is motivated by the fact
that the latter differs from the generic case in some aspects and requires separate
consideration. Moreover, we confined ourselves to the spherically symmetry, because
in such a case the theory becomes, essentially, two-dimensional. The three-
dimensional hypersurface reduces to the world-line, and it becomes much easier to
understand every step in the calculations and interpretations of the results. The main
results are the following. We derived the matching conditions for the spherically
symmetric singular hypersurface in the Weyl+Einstein gravity. It was found that in
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the presence of the double layer, the matching conditions contain an arbitrary
function, and this result is quite new and very important. One of the consequences of
such freedom is that the trace of the extrinsic curvature tensor of the singular
hypersurface is necessarily equal to zero. We suggested the physical interpretation for
the exterior flux and pressure of the surface matter energy-momentum tensor of the
shell. In General Relativity they are zero by virtue of the Einstein equations. In the
quadratic gravity they are not necessarily zero. Our interpretation is that these
components describe the energy flow and the momentum transfer of the particles
produced by the double layer itself. Moreover, the requirement of the zero trace of
the extrinsic curvature tensor implies that exterior pressure equals zero, and this fact
also supports our suggestion, because it means that for the observer sitting on the
shell, the particles will be seen created by pairs, and the sum of their momentum
transfers must be zero. We derived also the matching conditions for the null
hypersurface, and this is, again, quite new. We found that the spherically symmetric
null double layer in the Weyl+Einstein gravity does not exist at all.

Some remarks on the topological features of the relativity
theory

Bezerra V.B.
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The gravitational analogues of two different physical phenomena are discussed,
namely the electromagnetic Aharonov-Bohm and the Brownian motion. In the case of
the Aharonov-Bohm effect it is solved the Klein-Gordon equation for some
configurations of the gravitational field to show that the energy spectrum of a scalar
particle in the region where the gravitational field vanishes depends on the flux
associated to this field through the region from which the particle is excluded.
Among the gravitational fields considered, a special emphasis is given to the cosmic
string space-time, in which case the holonomy transformations are also calculated
and the obtained results discussed.

The second physical phenomenon, which consists in the Brownian motion of
charged point particles, induced by quantum vacuum fluctuations of the
electromagnetic field arising from the effects of a non-trivial topology, are analyze, in
an expanding universe. In particular, the topological manifolds of the spatial section
are considered as being of the following kinds: 3-torus, half turn space, one quarter
turn space, one third turn space and one sixth turn space. Thus, it is shown what are
the influences of these topologies on the velocity dispersions which arises from the
quantum vacuum fluctuations induced by these different topologies, with special
emphasis to the different roles played by each one the topologies considered.
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A New Solution of the Einstein-Maxwell Field Equations
for a Compact Object
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The solutions of the Einstein-Maxwell equations which satisfy the physical
criterion are of great interest because they can be considered as models for the
compact object. We choose static spherical symmetric and charged space-time and
obtained the solution of the Einstein-Maxwell field equations with linear equation of
state. There is no singularity present in the solution and it matched with the Reissner—
Nordstrom solution at the boundary. We checked that solution satisfied the physical
criterion for specific values of the parameters and we discussed the stability of the
solution in detail. This solution can be considered as a model for compact object.

On the conformal group of globally hyperbolic spacetimes

Bleybel A.
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In [1] Zeeman has shown that the group of causal automorphisms of Minkowski
spacetime coincides with the group & generated by orthochronous Lorentz
transformations, space-time translations and dilatations. Later, in [3] (applying results
of [2]) D. Malament has generalized these results to arbitrary smooth time orientable
Lorentzian manifolds A7. More precisely, he showed that any causal automorphism
of M is automatically a conformal automorphism. Hawking et al. have generalized
these results to arbitrary strongly causal Lorentzian manifolds.

To the best of our knowledge, there is yet no general result concerning the
(non)-triviality of the group of conformal automorphisms of a strongly causal
spacetime. In this paper we intend to fill this gap using results from causal set theory,
and techniques reminiscent of model theory. More precisely, we show the following:

For an infinite random causal set, (together with some extra assumption) it is
possible for the causal automorphisms group to be non-trivial (i.e. there are non-
identity causal automorphisms). Here a random causal set is intuitively thought of as
a causal set obtained by a Poisson process on a, i.e. randomly sprinkling

Taking the continuum limit, we deduce that the group of causal automorphisms
of a globally hyperbolic spacetime with no boundary is non-trivial.

22



On a slightly different vein, we describe how to recover Geroch’s Theorem [4]
on the existence of a splitting of a globally hyperbolic spacetime A7 into spacelike
slices from our results in [5]. Furthermore, we show that for each causal
automorphism @ we have either:

@ i1s a time translation,

® is a spatial homeomorphism,

There exists a finite partition of M into submanifolds A7;, such that for each i,

the restriction CD\M satisfies either (a) or (b).

By analogy with the causal sets case [6], we describe a procedure for spacetime
guantization using the results described above.
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A curved spacetime with DISIMp(2) local relativistic
symmetry and local gauge invariance of its Finslerian metric
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As is known, there are only two types of flat relativistically symmetric
Finslerian spaces, and only one of them satisfies the correspondence principle to the
Minkowski event space. The Finslerian space just mentioned is a flat event space
with a partially broken 3D isotropy. Its metric admits an 8-parameter inhomogeneous
group  of relativistic  symmetry, DISIMy(2), and has the form

ds=[(nidxi )2/(77ikdxidxk )T’Z\/ryikdx‘dx" , where n, ={L,—n}, n is the unit constant

3-vector, i.e. n’ =1, n, =diag{L-1,-1,-1}, n'={L,n}, nn'=0 and b is a constant
parameter. It is now clear that Finslerian metric describing a curved locally
anisotropic spacetime with DISIMp(2) local relativistic symmetry can be obtained
from the above-written Finslerian metric of a flat spacetime by means of the
following replacement: 7, — g, (X), n, &> n,(x), b —>b(x). As a result, we arrive at

the only possible viable Finslerian spacetime model with the metric
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ds=[(naw ' [(maxaxt )| e )

where g, =0, (X) is the Riemannian metric tensor related to the gravity field;
b —>b(x) the scalar field characterizing the magnitude of local space anisotropy, and
n, = n;(x) is the null-vector field indicating the locally preferred directions in
spacetime. So, the correct Finslerian extension of the general theory of relativity (
under which the physical meaning of local relativistic spacetime symmetry is
preserved) must be based on the Finslerian spacetime model (1). At each point of a

curved Finslerian spacetime (1), the flat tangent Finslerian spaces have their own
values of the parameters b and n.. These values are none other than the value of the
fields b(x) and n,(x) at the corresponding space-time points.

Obviously, the dynamics of a curved Finslerian spacetime (1) is completely
determined by the dynamics of interacting fields g, (x); b(x); n;(x); and these
fields form, along with the matter fields, a unified dynamic system. Therefore, in
contrast to the existing purely geometric approaches to a Finslerian generalization of
the Einstein equations, our approach to the same problem is based on the use of the
methods of conventional field theory.

The key role in constructing the equations, which generalize the corresponding
Einstein equations, is played by the property of invariance of the Finslerian metric (1)
under the transformations g, —e*“g,, n —e"™°n; where o(x) is an
arbitrary function. Apart from the metric (1), these local transformations leave
invariant all the observables. Therefore in the theory taking account of local
anisotropy of spacetime the above-written transformations are local gauge
transformations. Hence it is clear that the above-described dynamic system must be
supplemented with a vector gauge field B;; which, under local gauge

transformations, is transformed as follows B, — B, +I[(b-1)o(x)/b] ; | is a
constant.

Higgs boson and Dark energy in conformal supergravity

Brandyshev P.E.
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We investigate Higgs inflation in the theory of supergravity. It is argued that in
this theory the Dark energy problem can be addressed by assuming extra space-time
symmetry: local conformal invariance. We aimed to construct conformal theory of
supergravity with Kahler potential describing non-minimal coupling of Higgs field to
gravity and to find cosmological inflationary solutions. We obtained action of the
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theory that is invariant under local transformations of superconformal group and
under gauge group of Standard Model SU@)xSU(2)xU(). The theory can be
considered as conformal generalization of Minimal Supersymmetric Standard Model
(MSSM). The Higgs field is considered as inflaton. It is shown that inflationary
solution corresponding to Hubble’s low can be obtained. In this cosmological model
the Hubble constant and the cosmological constant are defined by vacuum values of
Higgs fields and coupling constants of the theory. Therefore, the investigation might
shed light on the Dark energy nature. Furthermore, conformal theory of supergravity
necessarily includes the massive neutral dilatino field that can be candidate for a role
of Dark matter. The theory suggests the probability of experimental verification with
next generation of colliders such as FCC (Future Circular Collider).

The Boulware-Deser spacetime: Solutions and features

Brassel B.P.1, Maharaj S.D.?
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An overview of radiating Vaidya-like spacetimes in Einstein-Gauss-Bonnet
gravity will be presented. We show that the Boulware-Deser spacetime can be made
to radiate and the dynamics of a five-dimensional radiating star with three spacetime
regions can then be modeled. The internal region of the star is a two-component fluid
system consisting of standard null radiation and an additional string fluid with
nonzero pressure and energy density, obeying all physically reasonable energy
conditions. The middle region is a pure radiation zone which matches to a third and
final region, the Boulware-Deser vacuum exterior. This approach allows all three
regions of spacetime to be modeled by the same class of metric functions. Several
large families of solutions are possible for various equations of state. A brief
overview of the collapse dynamics of this spacetime will then be presented.
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Umov’s thermomechanics of inertial thermal energies
Instead of Newtonian mechanics of cold masses

Bulyzhenkov I.

Moscow Institute of Physics and Technology, Moscow, Russia
Lebedev Physics Institute of the Russian Academy of Sciences, Moscow, Russia
Levich Institute of Time Nature Studies, Moscow, Russia
E-mail: ibphys@gmail.com

The rest energy of Umov-Heaviside-Einstein E, =mc’ contributes to the low-

speed approximation of the Hamilton function H =E, which is full relativistic
2

energy E=-L+VP~mc’® + . In our analyses, the rest internal energy is not a

universal constant in the Hamilton-Lagrange dynamics, but an inside kinematic
variable that should facilitate the Lorentz transfer of any energy content. When to
take a close look at the Lorentz energy-momentum transformations, E, :(E —VP)y

and P, :(P—vE)y=O, between laboratory and co-moving reference frames, then

Hamilton energy reveals inside and outside degrees of freedom for Umov’s invisible
self-enerent rgy k mc2 — mc2 / y and energy of observable spatial translations S2F ,

2 2

E:(mc j+ﬂ2E:[mC ]+ﬁ2mczy=mczy.
V 4

Here the relativistic energy of ordered spatial translations f2mc2y and the path-

dependent inside heat-energy mc2/y are different degrees of freedom like color

quarks in chromodynamics. In 1873, Umov introduced the dimensionless factor k

B2

(with that time non-relativistic estimations > <k zl—7 <1) into the thermal self-

2
of inside

energy kmc® [1]. Now we claim that Umov’s relativistic self-energy

heat-chaos and relativistic kinetic energy S2mc*y of ordered translations (observed

In practice) have different physical meanings and degrees of freedom.

The laws of visible motion in thermomechanics of competing inside and outside
energies at high translational speeds do not coincide with the relativistic dynamics of
scalar masses modelled by degenerate degrees of freedoms without internal variables
[2,3]. Newton’s gravi-mechanics and its relativistic extensions know how to
quantitatively describe the observed motion, but cannot comment on the physical
nature of this motion. Umov\rq{s} mechanics of variable self-energies clarifies their
dynamics through the tendency to an equipartition of external and internal Kinetic
energies and predicts chaos-order self-organization in a closed thermomechanical
system instead of thermal death. Newton described the transport of masses with one
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degree of freedom, while Umov related inertia with internal heat and translational
Kinetic energies. Different observable predictions of competing theories for the
transport of cold masses and the transport of thermal energies will be discussed.
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Magic of the Kerr spinning gravity: unification of gravity
with particle physics

Burinskii A.

Theor.Phys. Lab. NSI, Russian Academy of Sciences, Moscow, Russia

E-mail: bur@ibrae.ac.ru

In particle physics Gravity is considered as the most weak interaction. However,
it resists to quantization and its conceptual unification with particle physics meets
insuperable difficulties.

On the other hand, the famous Kerr-Newman (KN) solution, being completely
compatible with gravity by nature, displays several important properties of the
spinning particle, in particular, it has the obtained by Carter gyromagnetic ratio of the
Dirac electron. This phenomenon deserves study to arrange the gravity compatible
with quantum theory. We investigate the structure of the Kerr-Newman spinning
particle (electron model) and obtain that spin plays principal role in this model. The
extreme high spin/mass ratio of spinning particles, about 1022 in the dimensionless
(G =c=hn=1) deforms space topologically, and the space-time acquires two-sheeted
topology, reproducing the Einstein-Rosen bridge (or wormhole) with the throat

a= o about the reduced Compton wave length. This relation is consequence of the
m

known Kerr relation J =ma between angular momentum - J, mass - m, and radius
of the Kerr singular ring - a.

Therefore, instead of the traditional estimations of the gravitational interaction
by the Schwarzschild gravitational radius rg =2Gm, one should use the inverse to
mass radius a=J/m, which increases effective scale of gravitational interaction

about 22 orders, from Planck to Compton scale!
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Effective influence of Gravity on the Compton scale puts it on equal footings
with Quantum theory.

It seems that conflict between them increases, but as shows the structure of KN
spinning particle, there happens a miracle - instead of confrontation, KN gravity
starts to cooperate with quantum theory, creating the disk-like shape of the dressed
electron, several key quantum parameters and the string structure at the sharp border
of the disk. We show, that metric of the KN solution determines the classical radius
of the electron, the fine structure constant, and conditions for quantization of the
angular momentum.

Meanwhile, the main miracle is the fact in itself that gravity becomes strong and
influences at the Compton distances instead of the accepted Planck scale.

Restoration of compatibility with quantum theory is achieved by bag model,
which is formed as a nonperturbative solution of the supersymmetric Landau-
Ginzburg field theory. The supersymmetric Domain Wall forms two vacuum states:
inside and outside the bag. The Higgs field is concentrated inside the bag, so that the
domain wall interpolates between external KN gravity and the free from gravity
superconducting state inside the bag. Superficial currents are created on the sharp
border of the disk-like bag. Thus SUPERSYMMETRY plays important role in
compatibility of gravity with quantum theory. Supersymmetry was failed recently as
a theory of superpartners, but it does not concern the field theory, forming the famous
Wess-Zumino SuperQED model.
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Spherically symmetric solutions in f(R,(VR)Z) gravity

Chaadaev A.A.%, Chervon S.V.2
12 Ulyanovsk State Pedagogical University, Ulyanovsk, Russia
2 Bauman Moscow State Technical University, Moscow, Russia
2 Kazan Federal University, Kazan, Russia

E-mail: 2 chervon.sergey@gmail.com; ! alexandr308 @mail.ru
To study the modified theory of f(R) gravity with a Kinetic scalar curvature

represented by the action
s =[d*x/=gf(R(VR))

we use the standard procedure of reducing this model to the chiral cosmological
model (CCM) with two scalar fields [1]. We use the functional dependence

f(R,(VR)’) in the form [2]
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f(R(VR)')=f,(R)+ X (R)V,RV*R
The resulting CCM is described by the action
_ 4 R 1 A B 14
S=[40/G| m- Sh(0)eote” -W(o)|
where A B, ...=12; target space metric components h,, and the potential W take

the form
1 0

hAB = _ 2
(©) 0 -e \/:ZX (9)
W (@)= Ee_ gl {(p - e_\/?l f, ((p)j

4

Here the fields o” are denoted as ¢' =@, ¢ = y.
We derive the equations for the gravitational field and chiral fields for the
spherically symmetric line element in the form
ds* =e**du’ +e* (d@” +sin® Odg® ) — e dt’
In the present contribution we discuss solutions of the model with a special
choice the f,(R) part, including Starobinsky model f,(R)=R+aR® and

exponential dependence on scalar curvature fl(R) =™,
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Photons as solitons

Chernitskii A.A.

St. Petersburg State Chemical Pharmaceutical University, St. Petersburg, Russia
Friedmann Laboratory for Theoretical Physics, St. Petersburg, Russia

E-mail: alexander.chernitskii@pharminnotech.com; chernitskii@friedmannlab.org

The field model of space-time film is considered. New class of exact solutions is
discussed. These solutions are solitons moving with the speed of light or light-like
solitons. Subclass of these solutions with approximate helical symmetry or having
twist is considered. Determinate conformity of twisted light-like solitons and photons
Is shown. In particular, the obtained expression of the soliton energy coincides with
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the appropriate expression for photon in high-frequency approximation. Planck
formula is obtained (in some approximation) for the equilibrium energy spectral
density of the ideal gaze of the twisted solitons. An experimental check of the
modified formula for the energy of photon (in low-frequency region) as the twisted
light-like soliton is proposed.

Cosmological parameters in modified gravity theories

Chervon S.V.

Ulyanovsk State Pedagogical University, Ulyanovsk, Russia
Bauman Moscow State Technical University, Moscow, Russia
Kazan Federal University, Kazan, Russia

E-mail: chervon.sergey@gmail.com

The discovery of acceleration in expansion of the Universe at the end of XX
century leads to active investigations of modified theories of gravity and their
cosmological applications. The theory of gravity which naturally (without involving
of “exotic” matter) describes this acceleration should be also consistent with the
theory of early-universe inflation, i.e. it should gives theoretical predictions
compatible with observation data from cosmic and terrestrial observatories, such as
WMAP, Planck, BICEP2, on large-scale structure, temperature anisotropies and
polarization of CMB radiation. Besides, the technological progress of the last few
years, including detections of gravitational waves from astrophysical sources,
requests theoretical prediction of existence black holes in modified gravity theories.

The standard request to inflationary cosmology is an agreement with observation
data on e-folds number, power spectrum, spectral indexes, tensor-to-scalar ratio and
velocity of gravitational waves propagation. Methods of calculating the cosmological
parameters above are reliably tested for Friedmann cosmology based on GR. For

cosmologies based on modified theories of gravity as scalar-tensor, f (R) f (R)
gravity with higher derivatives and Einstein-Gauss-Bonnet gravity, the procedure of
cosmological parameters calculation is actively discussed and request further
development.

In the present contribution it will be considered methods of the cosmological
parameters calculation (and connection of them throw conformal transformation) in

generalized scalar-tensor, tensor-multi-scalar and f (R) cosmologies, also for
cosmology based on f (R) gravity with higher derivatives theory of gravity.
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Cosmological parameters for f(R,(VR)Z) theory of gravity

Chervon S.V.}, Fomin 1.V.}, Mayorova T.1.3, Khapaeva A.V.*

134 Ulyanovsk State Pedagogical University, Ulyanovsk, Russia
12 Bauman Moscow State Technical University, Moscow, Russia
13 Kazan Federal University, Kazan, Russia

E-mail: ! chervon.sergey@gmail.com; 2 ingvor@inbox.ru; * majorova.tatyana@mail.ru;
* sasha.hapaeva@gmail.com

We  study f(R,(VR)Zj theory of gravity with the choice:

f(R,(VR)Z)zfl(R)+X(R)VﬂRV“R cosmological aspects of which was

considered in [1]. It is possible to transform such model to Einstein gravity with two
scalar field [2] with the action

= Jon g B - 2ot 2,1, + 1 (o)exp(2T3z) - Soenp(V2T3)
=X (¢)exp(—2/37) gé‘“z,,,z,/,)

The action is nothing but a Chiral Cosmological Model (CCM) with two chiral
fields: ¢' =y, ¢° =¢ [3]. In general, it is difficult to find cosmological parameters,
so we reduce the problem to the case of one-field by the relation: ¢(t)=kyx(t). In
this case, the potential takes the form:

V(;()z%exp(—\/Z/S;()(kZ ——fl(go)exp(—\/2/3;()). To simplify cosmological
dynamic equations we choose the function X () in the form X (%) :exp(\/2/3;().

Using freedom of choice in the function fl(go) we can use the potentials

corresponded to exact solutions and listed in [4].

In the present contribution we discuss cosmological parameters for the cases of a
massive field (quadratic potential), Higgs potential, trigonometric and exponential
potentials. We agreed the obtained results by the method described in [5] and
confront them with the Planck-2018 data.
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Homogeneous anti de-Sitter black strings in General
Relativity and Lovelock gravities

Cisterna A.
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In this talk an original method to construct homogenous black strings in anti-de
Sitter spacetimes is shown. The method is based on a particular scalar dressing of the
extended coordinates of the spacetime. Each extended coordinate is dressed with a
minimally coupled scalar field such that the scalar field only depend on that
coordinate. This allows to obtain Schwarzschild anti-de Sitter black strings in any
dimension in General Relativity. The same method is extended to the case of
Lovelock gravities by including scalar dressings with non-minimal kinetic couplings.
It is obtained for first time the black string extension of the Boulware-Desser black
hole in any dimension. The procudure can be extended to any Lovelock theory.
Finally it is shown how to construct black strings when matter fields are present, for
example, the case of charged black strings.

Giving mass to the mediating boson of Hypersymmetry by
a field transformation applying Higgs mechanism beyond the
Standard Model

Darvas G.
Symmetrion, Budapest, Hungary

E-mail: symmetrion@symmetry.hu

According to gauge theories, interaction mediating spin-0 bosons must be
massless. Theory of hypersymmetry (HySy) predicted massive intermediate bosons.
Hypersymmetry field rotation, to be described in this paper, gives mass to the HySy
mediating boson. Hysy rotation is performed in the velocity dependent D field — a
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gauge field defined beyond the Standard Model (SM). Its angle is something similar
to the weak mixing Weinberg angle that gives mass to the neutral weak vector boson;
as well as it is similar to the fermion flavour mixing Cabibbo-Kobayashi-Maskawa
angles that justify the mass change under weakly interacting quarks’ mixing,
respectively. Mass of intermediate bosons must arise from dynamical spontaneous
breaking of the group of HySy. The mass of the discussed (fictitious) Goldstone
bosons can be removed by the unitarity gauge condition through the Higgs (BEH)
mechanism. According to the simultancous presence of a SM interaction’s symmetry
group and the HySy group, their bosons should be transformed together. Spontaneous
breakdown of HySy may allow to perform a transformation that does not influence
the SM physical state of the investigated system. The paper describes a field
transformation that eliminates the mass of the intermediate bosons by the application
of the BEH mechanism, rotates the SM and HySy bosons’ masses together, while
leaves the SM bosons intact. The result is a rotation angle that characterises the HySy
mechanism. In contrast to the known SM intermediate bosons, the HySy intermediate
bosons have no fix mass. The mass of the HySy intermediate bosons (that appear as
quanta of a velocity dependent gauge field D) depends on the relative velocity of the
particles whose interaction they mediate; therefore the derived transformation angle
Is a function of that velocity.

This paper was prepared in the framework of a long-term bilateral cooperation
project between the Hungarian and Russian Academies of Sciences under the item 5
in the complex working plan entitled Non-linear models and symmetry analysis in
biomechanics, bioinformatics, and the theory of self-organizing systems.

A new embedding class one type anisotropic compact
stellar model using Karmakar Condition in General Relativity

Das S.
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E-mail: dasshyam321@gmail.com

In the present paper, a new anisotropic solution of embedding class one type for
a spherically symmetric spacetime have been obtained. A physically reasonable form
of one of the metric functions gtt has been used to obtain the other metric function grr
by utilizing the Karmakar embedding condition. The closed-form interior solutions of
the Einstein field equation thus obtained has been used to develop compact stellar
models for observed pulsars. The exterior spacetime is assumed as described by the
exterior Schwarzschild solution. The model parameters have been determined from
the smooth matching of the interior and exterior spacetime metric and setting the
radial pressure zero across the boundary. By exploring the physical properties of
relevant parameters graphically, the developed model is shown to compatible with
observational data of compact object like 4U 182030. The current estimated masses
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and radii of few more pulsars are also tasted to show that the developed model meets
all the requirements of a realistic star. The stability of the present model is also
discussed.

Silhouette of the black hole event horizon

Dokuchaev V.1.12, Nazarova N.O.3, Smirnov V.P.?
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E-mail: dokuchaev@inr.ac.ru

We demonstrate that a dark silhouette of the black hole illuminated by a thin
accretion disk and seen by a distant observer is in fact a silhouette of the event
horizon hemisphere. The boundary of this silhouette is a contour of the event horizon
equatorial circle if a thin accretion disk is placed in the black hole equatorial plane.
The event horizon silhouette is projected on the celestial sphere within a position of
the black hole shadow. A luminous matter plunging into black hole from different
directions provides the observational opportunity for recovering a total silhouette of
the invisible event horizon globe. A total silhouette of the event horizon is a
gravitationally lensed projection on the celestial sphere of the whole surface of the
event horizon globe. As a result, the black holes may be viewed at once from both the
front and back sides. The lensed image of the event horizon may be considered as a
genuine silhouette of the black hole.

Gravitational Waves through the collisions of SMBHs in
Merging Galaxies

Dubey R.K.
Lovely Professional University, Punjab, India

E-mail: rajeshdubeyastrophysicist@gmail.com

Gravitational waves: Violent events, such as the collision of two black holes, are
thought to be able to create ripples in space-time known as gravitational waves. In
2016, the Laser Interferometer Gravitational-Wave Observatory (LIGO) announced
that it found evidence of these tell-tale indicators. By the date, LIGO and LISA have
observed more than 10 events of binary mergers along with the successful detection
of Gravitational Waves in each case. With advanced interferometers coming in a row
the detection rates will increase significantly and many unknown facts will be known.
Apart from the astrophysical sources of Gravitational waves like binary black holes,
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neutron stars including pulsars etc. the possibilities of generation of gravitational
waves from supermassive black holes sitting in the heart of galaxies are still
considered to be high. As the mergers of SMBH during galaxy collisions is a
potential candidate of gravitational waves it also has a big drawback that we need to
wait for millions of years for these mergers to take place for direct observation by
presently available technology and their low sensitivity.

In this context here we propose the work done in the field of the simulations of
mergers and the detection of GWs and its broad scope even apply for any
forthcoming SMBH merging event to be observed in near future.

GW & Galaxy Mergers: By the advancement of technology direct observations
of many galaxy mergers events can be observed and related data from the highest
resolution optical, X-ray and Gamma ray telescopes are available. These are being
widely used for the simulation techniques for measuring other parameters along with
production of GWs. This astrophysical event is important in the sense of merger of
supermassive black holes as well. Thus, these are strong candidates of gravitational
waves. | hereby present a detailed correlation between mathematical relativity
principles involved in Galaxy mergers and the resulting possible gravitational waves.
The study includes the theoretical approach in the mathematical domain of relativity
related to heavy masses collisions along with situational techniques involved to
predict the resulting gravitational waves in galaxy merger events.

Cosmological Inflation from the Quantum-Mechanical
Uncertainty Relation

Dumin Yu.V.

Sternberg Astronomical Institute, Lomonosov Moscow State University, Moscow, Russia
Space Research Institute, Russian Academy of Sciences, Moscow, Russia

E-mail: dumin@yahoo.com; dumin@sai.msu.ru

Inflation is nowadays a commonly-accepted paradigm in cosmology. However,
the corresponding inflaton fields are usually postulated quite arbitrarily and are not
supported by any particular entities in the elementary-particle physics. A less model-
dependent approach to inflation is the Starobinsky scenario, which is based on the
high-order curvature corrections to the Lagrangian. Here, we propose yet another
model-independent mechanism of inflation, following from introduction of the
guantum-mechanical uncertainty relation into the cosmological Friedmann equation.

As a result, it was found that the scale factor of the Universe changes by a
“quasi-exponential” law (namely, proportional to the exponent of the square root of
time), and the effective Lambda-term decays gradually up to the present time. So, it
becomes unnecessary to introduce a few substantially different (exponential and
power-like) stages, and the entire evolution of the Universe is described by the same
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universal law. Besides, the total lifetime of the Universe in this scenario turns out to
be much greater than in the standard one.

Kocmonornueckasi uH@uasinust u3 KBaHTOBO-
MEXAaHM4YEeCKOIr0 COOTHOILCHHSI HeonpeaeJIeHHOCTe!
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Ha ceropnsiminuii neHb uHQIAUUS sBIAseTcS OOLIECPUHATON MNapaJurMoil B
KOCMOJIOTMM;,  OJHAKO TeHepupylomme ee 1ojsg  (MHPIATOHBI)  OOBIYHO
NOCTYJIMPYIOTCS BEChbMa IPOU3BOJIBHO W HE AacCCOLMUPOBAHBI C KaKUMHU-THOO
KOHKPETHBIMHM 3J€MEHTAMU COBPEMEHHOW (DM3MKM 3JIEMEHTApHBIX 4YacTuil. MeHee
3aBUCUMBIM OT MOJENM MOAXOA K HMHGISuuu — 3T0 cueHapuit CtapoOUHCKOro,
KOTOpPBIA OCHOBAaH Ha MOMPABKAX BBICUIErO MOPSAKA MO KPUBU3HE K JarpaHKHUaHY.
Hamu mnpennaraercs eme OJIMH MOJEJIbHO-HE3aBUCUMBIH MEXaHU3M HUHQIISILMH,
NOJIYYaIOIUICS  IIPU  BBEICHUM  KBAHTOBO-MEXAHUYECKOIO  COOTHOLICHUS
HEOIIPEICIICHHOCTEN B KOCMOJIOTHYECKOE YpaBHeHUE DpuamaHa.

B pamkax Takoro mojaxoja Oka3blBaeTCs, UTO MacIITaOHbIN (akTop Bcenennoit
JIOJDKEH M3MEHAThCS MO  ““KBa3U-3KCIIOHEHIMAJIBHOMY'  3aKOHY (a HMEHHO,
IPONOPIMOHATIBHO AKCIOHEHTE OT KBAaJAPATHOIO KOPHS BpEMEHH), a d3()PeKTUBHBIN
AAMO/a-uJieH CHajaeT IOCTENEeHHO, BIJIOTh JIO0 HACTOAILIEIO BpEeMEHHU. TakuMm
o0pa3oM, OTMagaeT HEOOXOAUMOCTh BBOJAUTH HECKOJBKO CYHIECTBEHHO DPA3JIMYHBIX
(3KCIIOHEHIIMAJIBHBIX M CTENEHHBIX) JTaloB, W Bcs H3BoioIMs  BceeneHHON
ONMCBHIBAETCA OJHUM M TE€M XK€ YHUBEPCAIBHBIM 3aKOHOM. Kpome Ttoro, mosiHoe
BpeMs XKU3HU BceneHHON B TakoM CIIEHApUU OKa3bIBAETCS 3HAUUTEIBHO OOJIbILE
CTaHJAPTHOTO.

On conservation laws in Teleparallel Gravity

Emtsova E.D.%, Petrov A.N., Toporensky A.V.
Sternberg Astronomical Institute, M.V. Lomonosov Moscow State University, Moscow, Russia

E-mail: ! ed.emcova@physics.msu.ru

Last decades, Teleparallel Equivalent of General Relativity (TEGR) and its
modifications are developed very intensively [1]. Dynamic variables in TEGR are
components of the tetrad field. Being coordinate covariant, TEGR is covariant with
respect to local Lorentz rotations, unlike the usual tetrad GR in the Moller
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presentation. This nice property is achieved due to introducing a special spin
connection with zero curvature. The goal of our study is to construct conservation
laws and conserved quantities in TEGR. Applying directly Noether's theorem, we
obtain conserved currents that are expressed through divergences of superpotentials
(antisymmetric tensor densities). Currents describe local quantities, like energy
density, whereas superpotentials permit to construct global quantities in the form of
surface integrals that is charges. Essential property of conservation laws is a presence
of an arbitrary displacement vector. In the case of a timelike Killing vector, e.g., one
can interpret a charge as a mass of a system; in the case of a proper vector of observer
one can interpret components of a current as related densities; etc. The advantage of
our results is that currents and superpotentials are both coordinate covariant and
Lorentz covariant that permits construct conserved quantities keeping covariance of
both the kinds. Unlike this acceptable picture, in the standard presentation [1] either
one can derive conserved quantities in fully covariant form that does not give
conserved charges, or one can construct conserved charges, but in a non-covariant
form.

To apply and check our results we calculate in the framework of TEGR, first,
mass of the Schwarzschild black, second, the energy density in the frame of a freely
falling observer in the spatially flat Friedmann world. To obtain an acceptable result
it IS necessary to choose a spin connection in a correct way. Because the spin
connection expresses the inertial effects of a frame, on the one hand, and it is
connected with a physical tetrad, on the other hand, it has to be chosen in the frame
under the consideration with the absence of gravitation. Thus, the choice will be
connected with a concrete tetrad and a coordinate system. As a result we obtain, first,
the standard and acceptable mass for the Schwarzschild black hole; second, the freely
falling observer in a non-perturbed spatially flat Friedmann world measures a zero
energy density.
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Velocities of distant objects in General Relativity:
definitions, interpretations, misconceptions
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In General Relativity and cosmology, various definitions of velocities of remote
objects are used. One can often find different mistakes in literature associated with
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inappropriate use of these definitions, what leads to some widespread
misconceptions.

We consider two most popular definitions of velocities of remote objects in
General Relativity. First definition is the velocity as derivative of proper distance to
the object with respect to the proper time of the observer. This definition is widely
used in cosmology, however, it has a feature which can be considered a disadvantage
- this velocity can be superluminal. In cosmology, in this case we speak of
superluminal recession of galaxies. To avoid superluminal values, another definition
Is used - the velocity defined by parallel transport of the initial emitter’s 4-velocity
along some curve in 4-dimensional space-time to the observer. However, this
definition is also not free from counterintuitive properties. Here we consider them all
in detail.

Another important part of our work is the generalization of the formula
connecting these two velocity definitions in Friedmann-Lemaitre- Robertson-Walker
(FLRW) metric found by Chodorowski (M. Chodorowski, The kinematic component
of the cosmological redshift. MNRAS, 413, 585 (2011)). We show that it is valid for
any synchronous spherically symmetric metrics. Then we extend this formula to non-
zero peculiar velocities of the emitter.

Global geometry of the Vaidya spacetime

Eroshenko Yu.N.%, Berezin V.A.%2, Dokuchaev V.I.3
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% National Research Nuclear University MEPhI, Moscow, Russia
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The transformation from initial coordinates (v,r) of the Vaidya metric with light
coordinate v to the physical diagonal coordinates is obtained and analyzed from the
point of view of global geometry. The exact solutions have been obtained in the case
of a linear form of the mass function m(v). In the diagonal coordinates under
consideration, a narrow region has been revealed near the visibility horizon of the
Vaidya accreting black hole, in which the metric differs qualitatively from the
Schwarzschild one and cannot be represented as a small perturbation of the
Schwarzschild solution. The global geometry of the Vaidya metric between two
(inner and outer) Schwarzschild region is constructed and the corresponding
matching conditions are discussed. The propagation of light beams in the Vaidya
metric in the case of accretion is investigated and the times of the boundary surfaces
crossings are calculated.
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C ToOukM 3peHHs TJI00aTbHOM TE€OMETPUU TOJYYEHO U  HCCIEOBAaHO
npeoOpa3oBaHre METpUKK Baiibs, 3aMcaHHOl B HA4adbHBIX KoopauHaTtax (V,r) co
CBETOBOM KOOpAMHATOM V, B (PU3MUYECKHE JMaroHajibHble KOOpJAWHATHL. TOYHbBIE
pellieHUs] HalaeHbl B clydae JMHEHHOro Buaa MaccoBod ¢ynkuuu m(v). B
paccMaTpUBaeMBbIX IMAarOHAIBHBIX KOOPAMHATAX OOHApyX,eHa y3Kasi 00JacTh BOJIU3U
TOPU30HTAa BHUJIMMOCTU YE€pPHOW AbIpbl Baiifps, B KOTOpONW METpUKA KayeCTBEHHO
otnuyaeTcs oT MeTpuku llIBapumminpaa u He MOKeT ObITh MpeCTaBIeHa Kak Majoe
Bo3MytieHue pemienus [IBapummunpaa. Iloctpoena rimobanbHas reoMeTpusi METPUKU
Baiinpsa, 3akioueHHOM MexXay JByMsi (BHYTpeHHEH M BHENIHEH) oOnacTsaMu
[IIBapumniabaa, ¥ pacCMOTPEHBI COOTBETCTBYIOIIME YCIOBUS CIIMBKM PELICHUM.
HccnenoBaHno pacnpoCTpaHEHHE CBETOBBIX JIyde B MeTpuke Bainaes B ciyyae
AKKpELUU U PaCCYUTAHBbl BPEMEHA IIEPECEUCHUS JIyYaMU I'PAaHUYHBIX IIOBEPXHOCTEH.

Gravitational Radiation from Minihole Coalescence and
Quadrupole Transitions of Hydrogen-Like Atoms

Fil’chenkov M.L., Laptev Yu.P.
RUDN University, Moscow, Russia

E-mail: fmichael@mail.ru

A The gravitational radiation in the Universe is considered, whose sources are
hydrogen atoms and primordial black holes of minor masses, i.e. miniholes [1-2]. The
latter can capture particles forming graviatoms. The gravitational radiation arises
from minihole coalescence and quadrupole transitions of hydrogen atoms and
hydrogen-like graviatoms. A contribution of these microsystems to the gravitational
background in the Universe is estimated comparing it with the observed gravitational
radiation from the coalescence of stellar mass black holes.

The number of coalescences of two identical miniholes with masses M is given

1 : - . :
by formula N :EHZCEF;, where n is the number of minihole in a unit volume and

2GM

r

; . The coalescences occur during the radiation-dominant stage. The total
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gravitational radiation E,, =0.IMc’N,,, where N, is the number of coalescences of

tot ? tot

all miniholes.

Consider the gravitational radiation in the transition 3d—1s of graviatoms which
consist of a minihole capturing an electron. The gravitational radiation intensity

3micta ) GMm,
Iga_W’ where a, = =
E,. =1.N,t where N is the number of graviatoms, t is the time corresponding
to the temperature of the black radiation whose maximum intensity falls on the
4m.c’a;

9%h

=0.6. The total gravitational radiation energy

frequency of the above transition w,, =

|

The total gravitational energy for hydrogen atoms E =" " where [ E

the gravitational radiation intensity of hydrogen atom, N,, is the number of hydrogen
atoms, H is Hubble’s constant.

The gravitational background from minihole coalescence and quadrupole
transitions of hydrogen atoms and graviatoms prove to be of the same order as the
observed gravitational radiation from the coalescence of stellar mass black holes.
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On the issue of gravitational radiation and thermonuclear
fusion
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The papers [1-3] model a particle in a way that enables calculation of the
guantum states generated by the gravitational interaction. Modeling involves no extra
assumptions or constructions other than the equations of quantum mechanics and the
equations of the relativistic theory of gravitation with A -term. The demonstration is
made by the existence of the spectrum of stationary states in the proper gravitational

field at numerical values of K ~5.1x1031 Nm2kg? and A=4.4x102° m?2. In the
future, it can be used as a part when building a more complex picture of the world (in
particular, when using the unremovable curvature on a quantum level as a building
element).
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It is believed that according to General Relativity (GR), only system with
variable quadrupole or higher multipole moments can generate gravitational
radiation. As it follows from above, the fallacy of this formula lies not in using the
quadrupole approximation but rather in the calculation scheme. The presence of
stationary states in the proper gravitational field makes it possible to correctly
calculate the power of gravitational radiation in the strict quantum approximation
proceeding from the spectrum of transitions between stationary states, and already
with the constant K. A system can emit only at certain quantum states. This is an
axiom of quantum mechanics as well as the existence of an elementary radiation
source which possesses these states. No gravitational waves with the constant G exist
or can exists that are allegedly emitted by a system of bodies with a variable but
arbitrary quadrupole moment.

Moreover, GR does not give any quantitative estimates on the spectrum of
radiation of gravitational waves. For them the noise of unknown origin is given out,
and the frequencies of such jamming change from time to time, and the classical
theory does not predict them. Gravitational radiation can be excited in a dense high-
temperature plasma [1,3] and amplified under certain conditions. However the
amplification will cause the radiating system to compress. Hence, with the
gravitational radiation being amplified, one will observe not the gravitational
radiation itself, but only the result of its action. In this case, the quantitative
characteristics of the spectrum of gravitational radiation can be determined by the
broadening of the spectrum of electromagnetic radiation [3]. The very fact of plasma
compression by a radiated gravitational field can be used for the purpose of
thermonuclear fusion [3].
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K Bonpocy o0 rpaBUTAIIMOHHOM HU3JIYYE€HUH H
TEPMOSIIEPHOM CHHTE3E

Pucenko C.H.
MIJIY, Mockea, Poccus

E-mail: StanislavFisenko@yandex.ru

B paGorax [1-3] 0e3 mpuBlI€UEHHUS  KaKUX-TUOO  JIOTIOJTHUTEIBHBIX
OPEANONOKEHUH U TOCTPOEHUM (MCTOJIB3Yys TOJBKO YpPaBHEHHUS KBAaHTOBOMU
MEXaHUKHU U YPaBHEHUS PEISTUBUCTCKON TEOPUU TATOTEHUS C A -4ICHOM ) MOJydeHa
MOJICJIb YACTHUIIbI, JlaloIiasi BO3MOXHOCTh pacuéra KBAHTOBBIX COCTOSIHUU
MOPOXKIAEMBIX TPAaBUTAIIMOHHBIM B3aUMOJCHCTBUEM. DTO COBEPIIEHHO KOHKPETHAas
3a/1a4a (JOKa3aTeIbCTBOM CIIY)KUT HaJUYUE CHEKTpa CTAIlMOHAPHBIX COCTOSHUN B
COOCTBEHHOM I'PaBUTAIIMOHHOM noJie IpU  YWCIEHHBIX  3HAYCHUAXC

K ~5.1x1031 Nm?kg? n A=4.4x10%9 M?) u oHa MOKeT OBbITH B JalbHeiiliem
dJIEMEHTOM 0o0Jiee CIIOKHBIX TOCTPOCHUM KapTUHBI MHpa (B YaCTHOCTU, C
UCIIOJIb30BAHMEM TAaKOrO0 JJIEMEHTA KaK HEYCTpaHuMMas KpHUBHU3HA Ha KBAHTOBOM
YPOBHE).

[Ipunaro cuutath, 4yTo coryacHo OOmei Teopuu OtHocutTensHOCcTH (GR),
IPABUTALHOHHOE M3JyYEHUE MOTYT I'€HEpHUPOBATHh TOJIBKO CUCTEMBI C NEPEMEHHBIM
KBaJIpyNMOJIbHBIM WM OOJee BHICOKUMHU MYJIBTHIOJBHBIMU MOMEHTaMu. B Takom
IPEANONOKEHUN MOIIHOCTh COOTBETCTBYIOLIETO  T'PAaBUTALMOHHOTO W3Iy4YEHUS
IPOMOPUMOHAJIbHA TEH30PY KBAJPYHOJBHOTO MOMEHTA pPACHpPEACIICHUS Macc
u3nyyatomend cuctembl Qi j, a koHcTaHTa G, BXOASIIAsl B 3Ty 3aBUCUMOCTH JA&T
HNOPSIIOK BEJIMYMHBI MOUTHOCTH U3Ny4yeHusi. HempaBoMepHOCTh HCHIOJB30BaHUS 3TOU
dbopMyIbl, Kak CleAyeT U3 BBIIIEU3JI0KEHHOT0, 3aKJII0YAeTCS HE B HCIIOJIb30BAaHUU
KBaJIPyMOJIBLHOTO TPHONMMKEHUs, a B cxeme pacuéra. Hamuume crarmoHapHbIX
COCTOSIHUM B COOCTBEHHOM TPaBUTAIMOHHOM I0J€ Ja€T BOZMOXKHOCTh MPABUILHOTO
BBIYMCJIEHUS MOIIHOCTA TPaBUTALIMOHHOTO U3JIYyYEHUS, B CTPOTOM KBAaHTOBOM
MPUOIMKEHUN HCXOMASl W3 CIHEKTpa MEepeXOf0B IO CTAIMOHAPHBIM COCTOSHUSM,
npuuéMm yxe ¢ koHctanTod K. Cucrema MOXeT W3Iy4aTh, TOJIBKO HaXO/sICh B
ONpEICIEHHBIX KBAHTOBBIX COCTOSAHMSAX. JTO aKCHOMa KBAaHTOBON MEXaHUKH, TaKKe
KaK ¥ HaJIMYKE HJIEMEHTAPHOTO MCTOYHHKA U3IIYyYEHUS ,MMEIOIIETO 3TH COCTOSHUA.
I'paBUTAIIMOHHBIX BOJIH C TOCTOSHHOH G, SKOOBI HM3Iy9aeMbIX CHCTEMOM TEJ C
MEPEMEHHBIM, HO KaKUM YTrOJHO KBaJIPYMOJbHBIM MOMEHTOM HET U HE MOXET OBbITh.
IIpu stoM OTO u He JA€T HUKAKUX KOJMYECTBEHHBIX OIEHOK IO CIEKTPY
U3JIyYEHUIO TPABUTALIMOHHBIX BOJIH, @ 33 HUX BBIJAIOTCA IOMEXU HEU3BECTHOTO
MPOUCXOXKIEHUSA, NPUYEM YacTOThl TAKHUX I[IOMEX MEHSIOTCS pa3y OT pasy, a
KJIacCHU4YeCcKas TEOpUS UX U HE MPeCKa3bIBaET.

I'paBuTaninoHHOe  HW3JIy4YeHHME  MOXKET  BO30YyXJOaThcd B IUIOTHOM
BBICOKOTEMIIEPATYPHOU 1u1azme [1,3] u B onpeAeneHHbIX YCIOBUSAX YCUIUBATHCS, HO
ero ycwieHue OyJeT NpUBOAUThH K CXKATHUIO U3Nlydarolle cuctemsbl. CienoBaTesbHo,
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B YCIIOBHUSIX YCWJICHMsI TPABUTALIMOHHOTO H3JIy4eHHsI OyAeT HaOJMtoJaThbCcsd HE camo
IpaBUTAIlMOHHOE U3JIy4YeHWE, a JHIIb pe3ylbTaT ero aeWcteus. Ilpum sToM,
KOJIMYECTBEHHBIE XApaKTEPUCTHKU CIEKTpa TPABUTALMOHHOTO H3IYYECHUS MOTYT
OBITH ONpENENeHbl 0 YUIMPEHHUIO CIEKTPa 3JIEKTPOMarHuTHoro usnydeHus [3].Cam
ke (haKkT CKaTus TIJIa3Mbl W3Ty4aeMbIM TPABUTALMOHHBIM TIOJIEM MOXET OBITh
KCIOJIB30BAH B LIEJISIX TEPMOSIICPHOTO CUHTE3a [3].
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The general relativistic cosmological solutions in modified
gravity theories

Fomin 1.V.
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E-mail: ingvor@inbox.ru

The special class of the exact solutions in cosmological models based on the
Generalized Scalar-Tensor Gravity with non-minimal coupling of a scalar field to the
Ricci scalar and to the Gauss-Bonnet scalar in four dimensional Friedmann universe
corresponding to similar ones in General Relativity is represented. The parameters of
cosmological perturbations in such models correspond to the case of Einstein gravity
with a high precision. As the example of proposed approach, some verified
cosmological models are constructed.

Dynamical symmetry breaking in geometrodynamics

Garat A.
University of the Republic, Montevideo, Uruguay

E-mail: garat@fisica.edu.uy

A new tetrad is introduced within the framework of geometrodynamics for non-
null electromagnetic fields [1-2]. This tetrad diagonalizes the Einstein-Maxwell
stress-energy tensor, any stress-energy tensor in a local and covariant way, and
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allows for maximum simplification of the expression of the electromagnetic field, in
any curved four-dimensional Lorentzian spacetime, allowing for the identification of
its degrees of freedom in two local scalars. The Einstein-Maxwell equations will also
be simplified. New isomorphisms are proved. The local group algebra of
electromagnetic gauge transformations is isomorphic to the new groups LB1 and
LB2, independently. We know that the local algebra of the U(1) group, that is the real
numbers R or local scalars A is homomorphic to the local group of Abelian
electromagnetic gauge transformations U(1). A new internal-spacetime mapping is
established using these new tetrads. It is possible to map the local algebra of the U(1)
group into the transformation groups of tetrad vectors on two local orthogonal planes.
The planes that diagonalize the stress-energy tensor. LB1 is the group of local tetrad
transformations comprised by SO(1,1) plus two different kinds of discrete
transformations. One of these two discrete transformations is the full inversion or
minus the identity two by two. All the elements that arise by composing the full
inversion and SO(1,1) are present in the image of this mapping even though the full
inversion itself is not, however, it is an accumulation point in the image of the
mapping. The other discrete transformation is not Lorentzian because it is a reflection
or flip with zeroes in the diagonal and ones off-diagonal also two by two. The local
group algebra of electromagnetic gauge transformations is isomorphic to the local
group of tetrad transformations LB2 on the orthogonal local plane as well. LB2 is
SO(2) minus the full inversion. The full inversion is however an accumulation point
in the image of this mapping. The existence of these isomorphisms between the local
algebra and these LB1 and LB2 groups on local orthogonal planes is possible since in
reality LB2 is SO(2) minus the full inversion or minus the identity two by two and
similar for LB1. Therefore, we proved previously that LB1 is homomorphic to LB2
in a two to one relation. These group results amount to proving that the no-go
theorems of the sixties like the S. Coleman- J. Mandula, the S. Weinberg or L.
O'Raifeartagh versions are incorrect. Not because of their internal logic, but because
of the assumptions made at the outset of all these versions. The explicit isomorphic
link between the Abelian local “internal” electromagnetic gauge transformations and
the local tetrad transformations on special orthogonal local planes is manifest
evidence of these incorrect assumptions as has been proved. Simply because the
Lorentz transformations on a local plane in a four-dimensional curved Lorentzian
spacetime do not commute with Lorentz transformations on a different local plane in
general, element of contradiction with the no-go theorems assumptions. LB1
homomorphic to LB2 which is SO(2) means that the boosts plus two discrete
transformations can be put in a two to one relation to SO(2) which also contradicts
the assumptions made at the outset of the no-go theorems. By topological closure we
can map the missing full inversion in LB1 to the missing full inversion in LB2 since
both are simultaneous limits of one to one sequences. We will discuss through a first
order perturbative formulation the local loss of symmetry when a source of
electromagnetic and gravitational field interacts with an agent that perturbs the
original geometry associated to the source3. It has already been proved that the local
gauge groups algebras are isomorphic to local groups of transformation of special
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tetrads [1-2]. These tetrads define at every point in spacetime two orthogonal planes
or blades such that every vector in these local planes is an eigenvector of the
Einstein-Maxwell stress-energy tensor. As the local gauge symmetry in Abelian or
even non-Abelian field structures in four-dimensional Lorentzian spacetimes is
displayed through the existence of local planes of symmetry that we will refer to as
blades one and two, the loss of symmetry will be manifested by the tilting of these
planes under the influence of an external agent. In this strict sense the original local
symmetry will be lost. We will be able to prove in this way that the new blades at the
same point will correspond “after the tilting generated by perturbation” to a new
symmetry. The purpose of this talk is to show that the geometrical manifestation of
local gauge symmetries is dynamic [3]. Despite the fact that the local original
symmetries will be lost, new symmetries will arise. A dynamic evolution of local
symmetries will be manifested. This result will produce a new theorem on dynamic
symmetry evolution [3]. This new classical model will be useful in order to better
understand anomalies in quantum field theories. These new tetrads are useful in
astrophysics spacetime evolution algorithms since they introduce maximum
simplification in all relevant objects, specially in stress-energy tensors making the
evolution relativistic differential equations simpler [4-5].
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Entanglement in composite systems due to external
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Entanglement is a pure quantum property which is associated with a quantum
non-separability of parts of a composite system. Entangled states became a powerful
tool for studying principal questions both in quantum theory, in quantum
computations and information theory. Recently it was proposed a two-qubit photonic
quantum processor that implements two consecutive quantum gates on the same pair
of polarization-encoded qubits. Different views on what is actually happening in the
process of quantum entanglement may be related to different interpretations of
qguantum mechanics. We believe that the complete understanding of the nature of
quantum entanglement still requires a detailed consideration of a variety of relatively
simple cases, not only in nonrelativistic quantum mechanics, but in QFT as well. This
explains recent interest in study general problems of quantum entanglement in QFT
and in considering specific examples in QFT of systems with unstable vacuum. In all
these cases models with exact solutions are very useful. We consider examples of
entanglement in two-qubit systems and an example of entanglement in QFT using
existing exact solutions. In the beginning we consider an entanglement of two spin
states by a magnetic field, and then an entanglement of two photon beams interacting
with Dirac electrons. In turn, these electrons are placed in a magnetic field. The
magnetic field affecting electrons affects photons and thus, causes an entanglement of
the photon beams. The third example is related to the effect of production of electron-
positron pairs from the vacuum by a strong electric-like external field. In course of
the particle production there appears two separated to a certain extent subsystems of
the created electrons and positrons. Then we use a general nonperturbative expression
for the density operator of the system under consideration. Applying a reduction
procedure to this density operator, we construct mixed states of electron and positron
subsystems. Calculating the von Neumann entropy of such states, we obtain the loss
of information due to the reduction and, at the same time, the entanglement measure
of electron and positron subsystems. Such a process can be considered as an example
of an entanglement in QFT.

46



Configuration manifolds of a spherically-symmetric
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We study the properties of the configuration space for a spherically-symmetric
system of gravitational and electromagnetic fields with the metric and the potential

ds? = N%c?dt? L (dr —N'cdt) ~R’do?, A= Adx® + Adr
We write the Hamiltonian action of system in the form
S=[dx[dr(RL+PR+P, A —NH-N"H - AH,)
where H and H, are Hamiltonian and radial momentum constraints, H, is the
Gauss law constraint, P, R;, and P, are the momenta conjugate to the configuration
variables L, R, and A . Note that for this system there is a conservation law of the

total mass:
c2 R,.v «x(P)| 0
M=—|R-—(R —
21{[ Lz( ’r) +c3 R +2c2R

Finding from here the impulse P, and substituting into the Hamiltonian
constraint H we find

3 R2
P, —C—{B R, - S LR, +—~r+("—’?—1j L}.
kyF, |L L L Cc

In addition, we have

2

R,r
:?-l— FO’ F0:_1+

2km  kQ*
2 + 442"
c’R c'Q
Furthermore, the momentum constraint is performed identically. The system of
equations

tot ? tot

c? Q
P=—F P, =—, F
" kR Ao

0 _p B _p
oL OR
Is the integrable. From here follows the hypersurface action, as the solution of
the Einstein-Hamilton-Jacobi equation:

3 R R
S:C—jerR{Fmt——’rsinh1 A }+9IAdr+C(M,Q).
K C

L RJF,
Variations of S with respect to mass M and charge Q lead to motion

trajectories in a mini-superspace for an arbitrary imbedding of hypersurfaces
t =const in space-time. The family of these curves corresponds to the solutions of
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the Einstein equation for different M and Q. According to the method of [2], the

minisuperspace metric is constructed and its geometry is studied. It is shown that for
the trivial embedding hypersurface in the T-region of space-time of a charged black
hole, minisuperspace is flat. This allows us to enter pseudo-Cartesian 3D coordinates
in which the mini-superspace metric takes the Lorentz form. Therefore, the mini-
supermetric admits the motions group O(1,2). For an arbitrary embedding, these
variables give a quasi-Cartesian metric in a nonholonomic basis. Further, we study
the relationship between the space-time and the configuration space of system.
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Improving the accuracy of global positioning systems can be achieved by
launching passive laser satellites [1]. These satellites can provide a fundamental level
of accuracy in determining spatial and temporal coordinates and can be used to
conduct scientific experiments in the field of electrodynamics of moving media and
the theory of relativity. The main element of the optical system designed to form
reference echoes is the spherical Luneberg lens, which under certain conditions can
work as an angle reflector [2].

This paper focuses on the problem of laser location of a reference low-orbit
satellite “BLITZ-M”, which is a two-layer spherical gradient lens. The satellite
optical response is of a complex spatial structure, which depends on the speed of the
lens in its orbit [3]. Currently, the design of such satellites does not take into account
the effects of the optics of moving media, which may adversely affect the capabilities
of the laser location system. Therefore, the purpose of this work was to implement a
mathematical model describing the propagation of electromagnetic radiation in a
moving heterogeneous environment, to build an interference pattern of the intensity
distribution of the radiation reflected by a moving satellite, and to determine the
dependence of the signal-to-noise ratio in the reception area on the speed.

The numerical experiment was carried out with the following parameters: the

number of rays is N =10, the wavelength is A =532 nm, the intensity of the central

beam is dl =5-10" W/m?, the dependence of the amplitude on the coordinate of the
beam incident on the lens has a Gaussian distribution with a standard deviation
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o =8-10"", the angles of incidence are $=0..3%, the phase summation interval for
the radiation pattern is d@ = 0.5 of angular seconds.

The calculation was carried out in the near / far zone modes (10 m / 1500 m,
respectively), taking into account / without taking into account the speed (satellite
linear velocity is 7100 m/s).

a) b)
Figure 1. a) The view of the radiation pattern at the measuring stand, lens
velocity is V =0 m/s
b) The radiation pattern of the reflected radiation in the near zone, without
taking into account the velocity of the satellite. The signal recording surface is
located 10 m from the center of the lens.

The result of the calculations is the check of the mathematical model of the
electromagnetic radiation propagation. In this case, the value of the side peaks in a
numerical experiment depends only on the value of the standard deviation of Gauss
distribution.
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a) b)
Figure 2. Radiation pattern of reflected radiation in the far zone with velocity.
The signal registration surface S is located at a distance of 1500 km from the center
of the lens; the satellite velocity is V =7100 m/s
a) in the range ©=-50..50 of angular seconds
b) in the range 6=-5..5 of angular seconds
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A numerical experiment showed that the beams are reflected at different angles
and the optical response in the reception area depends not only on the distance
between the lens and the radiation recording surface, but also on its speed, which for
example affects a significant change in the intensity in the signal reception area

(1 =1,52x10° W/m* in the case of taking into account the speed against

| =4,10 W/m® in the case when the speed is not taken into account). This may

influence the reliability of the laser location system. Hence we draw the conclusion
that when developing the GLONASS optical segment, it is necessary to take into
account the effects of the optics of moving media.
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MaremaTtuyeckasi MOJeJIb MPOLECCOB PACIIPOCTPAHECHUSA
ONTHYECKOr0 U3JIy4YeHHsI B MUKPOCILYyTHUKE, IBUKYLLIEMCS 110
O0KO0JI03eMHOI opouTe
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E-mail: ! vgladyshev@mail.ru

[ToBbIlIEHWE TOYHOCTH TJIOOATBHBIX CHUCTEM MO3UITMOHHUPOBAHUS MOXKET OBITH
oOecreueHo MyTeM 3allyCKa MAaCCUBHBIX JIA3€PHBIX CIYTHUKOB [1]. DTU crnyTHUKH
MOTyT oOecreunBaTh (PyHIAMEHTANBHBIA YPOBEHb TOYHOCTH  OMNpPEICICHUS
MIPOCTPAHCTBEHHBIX M BPEMEHHBIX KOOPAHWHAT M HCHOJIB30BATHCA JJIs IMPOBEICHUS
Hay4YHBIX SKCIIEPUMEHTOB B 00JIaCTH ANEKTPOAUHAMUKHU JBHXKYILUXCSA CPEIl U TEOPUU
OTHOCUTEJIBHOCTH. [ JIaBHBIM 3JIEMEHTOM ONTHYECKON CUCTEMBI, MPEIHA3HAYECHHOU
st GOPMHUPOBAHUS STAJOHHBIX OTPAKEHHBIX CUTHAJIOB, SBISIETCS Cchepudeckas
nuH3a JltoHeOepra, KoTopasi MpU OMNPEAEICHHBIX YCIOBUSX MOXKET padoTaTh Kak
YTOJIKOBBIWA OTpa)kateinsb [2].

B nannoit pabote paccmarpuBaeTcsi 3ajaya Ja3epHOM JIOKAIMU STAJIOHHOIO
HU3KoopOuTtanbHoro crnytHuka “BJIMI-M”, npencrasistoiiero codoil AByCIONHYIO
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chepuueckyo rpaiueHTHYIO JIMH3Y. ONTUYECKUN OTKIIMK CIYTHUKA UMEET CIIOKHYIO
MIPOCTPAHCTBEHHYIO CTPYKTYPY, KOTOpasi 3aBUCUT OT CKOPOCTH JBUKECHHUSI JIMH3BI 110
opbute [3]. B Hacrosiuiee Bpemsi NMpU KOHCTPYUPOBAHUU TAKHUX CIYTHHUKOB HE
yUUTHIBAIOTCS 3(P(EKThl ONTUKUA JBIKYIIUXCS CpPEd, UYTO MOXKET HETaTUBHO
OTPa3UTHCSA HAa BO3MOKHOCTSIX CUCTEMBI JIA3EPHOU JIOKaUUU. 1103TOMY 1IENBIO TaHHOU
paboThl  fABISUIACH  peaiu3alldsg  MaTEeMaTUYeCKOM  MOJIENH,  OMHUCHIBAIOIICH
pacrpoCTpaHeHUE AJIECKTPOMArHUTHOTO M3JIYyUYEHHUS B JIBIDKYIIEHCS TE€TepOreHHOM
cpeae, s TOCTPOCHHS  UHTEPHEpPEHUIUOHHOMW  KApTUHBI  paclpeieieHus
WHTEHCUBHOCTU OTPAXXEHHOT'O JBMXKYIIUMCS CIYTHUKOM W3JY4CHUS, BBISIBICHUS
3aBUCUMOCTU COOTHOIICHUSI CUTHAJI/IITyM B 00JIACTH IIpHeMa OT CKOPOCTH JIBHXKCHHUSL.

UuCIEeHHBIN JKCIEPUMEHT TPOBOAWICS CO CICAYIOIUMH TapaMeTpaMu:
KoiaudyecTBo Jsyueir N =10°, nmauHa BoOJHBI A=532 HM, WHTEHCHBHOCTb

nentpanbHoro ayda dl =5-107 B1/M%, 3aBUCHMOCTH aMILIUTYAbl OT KOOPAHHATEI
najeHusl Jyya Ha JIMH3Y MMEEeT TayCcCOBO paclpeleieHrue CcO CTaHAapTHBIM
oTknoHeHneM o =8-107*, yrusl magenus & =0..3°, uHTepBan cymMmupoBaHus (a3
nst quarpaMmel Hanpasiennoctr 6 = 0.5 yriosbix cexymy.

Pacuer mpoBoawics B pexumax OmmwkHein/nanpHer 30oHbl (10 M / 1500 M
COOTBETCTBEHHO) ¢ yueToM/0e3 yueTa CKOpOCTH (JTMHEelHasi CKopocTh ciyTHuKa 7100

M/c).

T )
-25 -20 -15 -10 -5 o 5 10 15 20 25
a arcsec

Puc.1. a) Bun nuarpaMmMbl HalpaBJI€HHOCTH Ha u3MeputeabHoM ctenae Y UK,
cKopocTh THH3B V=0 M/C
0) JIlmarpaMma HampaBICHHOCTH OTPAKCHHOTO U3IIyUYCHUs B OJVKHEH 30HE Oe3
ydeTa CKOpOCTH CIIyTHUKA. [[0BEpXHOCTh perucTpanuy CUrHajga HaXoAuTCs Ha
paccrosiHuu 10 M OT LIEeHTpa JIUH3BI.

Pe3ynbTaTOM BBINOJHEHHBIX PAcUYEeTOB SBISAETCS NPOBEPKAa MaTeMaTH4YECKON
MOJIEIM PACIpPOCTPAHEHUSI AJIEKTPOMArHUTHOIO W3NydeHus. B nmanHoM cnydae
BEJINYMHA OOKOBBIX MHUKOB B YUCJIEHHOM 3KCIIEPUMEHTE 3aBUCHUT JIUIIb OT BEIUYHHBI
CTaHJApTHOTO OTKJIOHEHUs pactnpeneneHus [aycca.
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a) b)
Puc. 2. /lnarpamma HarpaBJI€HHOCTH OTPAKEHHOTO U3JIyYEHHUS B JAIbHEN 30HE
CO CKOpOCTbhI0. [ToBEpXHOCTH perucTpaiy CUrHajna S HaxoAUTCsA Ha PACCTOSHUU
1500 kM OT HeHTpa JUH3bI, CKOPOCTh criyTHUKa V=7100 M/C
a) B Auamnas3one @ =-50..50 yIJIOBbIX CEKYH]I
0) B 1uarna3one @=-5.5 yrioBbIX CEKYH]]

YucneHHbIN OKCIICPUMCHT IIOKa3aj, 4YTO JIy4dd OTpaXar0TCA 1104 pPa3HbIMHU
yriiaMu u OIITMYECKHUI OTKJIHK B 00JIacTH ImpucMa 3aBUCUT HC TOJIBKO OT PAaCCTOAHUA
MCIKOY JIMH30M U IJIOCKOCTBIO perucrpanvu M3JIy4dCHHA, HO U OT CKOPOCTHU ee
JABHKCHUA, qTo HaIIpuMCEp CKa3bIBaAcTCA Ha 3HAYNUTCIbHOM HU3MCHCHHNU

VHTEHCUBHOCTH B obOnacTu mpuema curHana (1=152-10"° Br/mM® B ciyudae c

-2 2
yuetoM ckopoctu mpotuB | =410 Br/M° B ciayuae 0e3 ydeTa CKOPOCTH), YTO

MOJKET MOBIUSATh HA HAJEKHOCTh pabdOTHI CHUCTEMBI JiazepHOM jokaruu. OTciona
clenyeT BBIBOJ, 4YTO TMpu pa3pabotke ontudeckoro cermenta [JIOHACC
HEO0OXOAUMO YUHUTHIBATh 3 (PEKTH ONTUKHA ABUKYIIUXCS CPE/I.
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Calibration of high precision surfaces of gravitational
wave telescope optics

Gladysheva Y.V.
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For the purposes of experimental detection of gravitational waves of cosmic
origin the gravitational waves telescopes are utilized. There are several international
projects designed to detect and accurately measure gravitational waves based on earth
or in space: the American-Australian project LIGO, the German-British GEO600, the
Japanese TAMA-300 and the Franco-Italian VIRGO and European LISA. Telescopes
include flat optical components with high-precision surfaces, about 0.2nm rms and
aperture diameter more that 250mm.

The precision control of the manufactured optics is significant problem of
optical industry. The manufacturers have production facilities and polishing
technologies of optical mirrors with a large aperture and strict requirements of the
surface quality. However, measurement of optics associated with a number of
difficulties: metrology tools should be capable of measuring with significant
vibration immunity, as there is no possibility to move optics under control from the
production; measurements should be carried out in a wide spatial frequency range;
metrology instrument should allow to determine the quality parameters of surface
with high accuracy.

This work is dedicated to the development of the absolute calibration method
based on the method of the two-flat test, and its accuracy characteristics. The
developed technique of calibration allows to certificate the large aperture surfaces
with high precision in the vibration conditions.

Current paper presents the results of the numerical simulations of the absolute
calibration, the system errors and procedure errors of calibration developed during
the real experiment in a production environment on the basis of LZOS factory.
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Pa3paborka MeT010B 2a0COTIOTHOM KAJTUOPOBKH
ONTUYECKHUX MOBEPXHOCTEM IJIsl KOHTPOJISA
KPYNHOra0apuTHOM ONITHUKYU IPABUTAIIMOHHO-BOJHOBBIX
TeJeCKOIOB
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E-mail: yanagladysheva@gmail.com

Jns 3agad  AKCIEPUMEHTAIbHOTO OOHApy’)KEeHHsI TpaBUTALMOHHBIX BOJIH
KOCMHUYECKOTO TPOUCXOKIEHUS MCTOJIb3YIOTCS YCTPOMCTBA PETHCTPAIlMU BOJH -
IpaBUTAIMOHHBIE TeNeCKOMbl. CyIIEeCTBYET HECKOIBKO MEXIYHAPOJHBIX MPOEKTOB
HA3eMHOTO U KOCMHUYECKOr0 0a3UpOBaHUsI TAKOTO THIA: aMEPHUKAHO-aBCTPATTUHUCKUM
npoekt LIGO, nemenko-anrnuiickoro GEO600, smonckuit TAMA-300 u ¢dpanko-
ntaiabstHckuil VIRGO. CxeMbl IOJOOHBIX TEJIECKONOB BKJIIOYAIOT B ce0s INIOCKHE
ONTHUYECKUE JICTAIU, TOBEPXHOCTU KOTOPBIX JIOJKHBI OBITH BBIITOJHEHBI C TOYHOCTHIO
no 0.2 am RMS (cpennexkBagpaTuyeckoe OTKIOHEHHUE BBICOT IO MOBEPXHOCTH) U
JIMaMETPOM anepTypsl oT 250MmM.

KoHTponb kauecTBa M3TOTOBJIICHHS] TMOBEPXHOCTEH TaKWUX JeTajell SBIsSeTCS
CYILIECTBEHHON MPOOJIEeMOIl ONTHYECKOW MPOMBIIIEHHOCTH. 3aBOJBI-U3TOTOBUTENN
00Jaat0T TPOU3BOJCTBEHHBIMU MOIIHOCTSIMH W TEXHOJOTHUSMH H3TOTOBJICHUS
ONTUYECKUX 3€pKajl C OOJBIIMMHU amnepTypaMd M BBICOKOM TOYHOCTBIO TOBOJIKH
noBepxHocTe. OHAKO KOHTPOJIb KaueCTBa M3TOTOBJICHUS MOBEPXHOCTEH CBSI3aH C
pSAIOM  TPYIHOCTEH: METpoJorMyeckoe obecreueHrue  JOJKHO  IMO3BOJISTH
KOHTPOJIMPOBATh MOBEPXHOCTH HEMOCPEICTBEHHO Ha MPOU3BOJICTBE B MPUCYTCTBUU
BUOpalMii, Tak KakK MepeMENICHUE HU3MEpPAEMbIX JeTalied MOXKET NPHUBECTH Kak
abdexTy “neperexkaHus mMarepuana’; U3MEPEHUS TOJDKHBI MPOBOAUTHCS B IMIMPOKOM
MIPOCTPAHCTBEHHO-YaCTOTHOM JAMANa30HE; KOHTPOJb JOJIKEH MO3BOJIATH ONPEIEIATh
rapaMeTpbl Ka4ecTBa C BBICOKO TOUHOCTHIO.

Jlannasi paboTa mocBsIeHa pa3paboTKe MeToja aOCONIOTHOW KaaHMOpPOBKH,
OCHOBAaHHOMY Ha METOJI€ [IByX MOBEPXHOCTEHW U aHalu3y €ro TOYHOCTHBIX
XapakTepucTuk. PazpaboTaHHass METOIMKA KaTUOPOBKH TMO3BOJIIET KOHTPOIHPOBATH
M aTTECTOBATh MOBEPXHOCTH BBHICOKON TOYHOCTH C OONBIIUMH THAMETPaMU anepTyphl
B NMPOU3BOJICTBEHHBIX BUOPAIIMOHHBIX YCIOBHUSAX.

B pabore mpeacrtaBieHbl pe3yibTaThl MAaTEMAaTHUYECKOTO MOJEIMPOBAHUS
MeToJa a0CONIOTHOM KamuOpOBKHM, TaKXe€ MPEACTAaBICHbl METOAUYECKUE U
CUCTEMHBIC OIMMOKA pa3paOOTaHHOW KaTMOPOBKH TPH TPOBEICHUU PEaTbHOTO
HKCIIEPUMEHTA B TPOU3BOICTBEHHBIX ycioBusax Ha 6aze OAO “JI30C™.
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Bound State of Photons and High Frequency Gravitational
Waves excited in Media by Laser Emission

Gorelik V.S.
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The appearance of intense lasers opened the opportunity to observe the different
nonlinear phenomena in dielectric media: Second Harmonic Generation, Two-photon
Excited Luminescence, Stimulated Raman Scattering, Parametric Light Processes and
others. In this work, the opportunity of high frequency gravitational waves [1-4]
exciting in dielectrics because of Comb Parametric Simulated Raman Scattering
processes is analyzed. Due to the strong photon-photon anharmonicity, realized in
Comb Parametric Simulated Raman Scattering processes the bound two-photonic
states [5] in media may be created. If the frequency of exciting laser emission is w,,

the created scalar bound two-photonic state is described as scalar gravitational wave
with frequency 2w,. Thus in this nonlinear processes the high frequency gravitational

waves may be excited. The theory of bound two-photonic states forming because of
optical excitation of dielectric media is developed. The preferable conditions for
bound two-photonic states existence are the Fermi Resonance presence. In this case,
the scalar exciton states with energy, close to the bound two-photonic states with
frequency 2w,, are in electronic spectra of media. After bound two-photonic states in

media creating due to pulsed laser excitation, the corresponding scalar gravitational
waves propagated in spare space. Elemental excitations of such waves is known as
paraphoton or hidden photon [6-8]. For detection of high frequency scalar
gravitational waves, the same media, in which bound two-photonic states were
excited, is proposed. The experimental results of investigations of Comb Parametric
Simulated Raman Scattering in various condensed dielectric media (CaCO3, quartz,
NaBrO3, Ba(NO3)2 and others ), excited by ultra short (60-80 ps ) YAG:Nd3+ laser
pulses are presented. The second optical harmonic of a YAG:Nd3+ laser with
wavelength A = 532 nm and laser emission with a wavelength A= 1064 nm turned out
to be very effective for the excitation of the Comb Parametric Simulated Raman
Scattering Raman spectra in discussed dielectric media. The different experimental
schemes [9-10] for the generation and detection of scalar high frequency gravitational
waves during Comb Parametric Simulated Raman Scattering are proposed.
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The signs of relativistic binary star systems’ influence
on the Earth’s electric field
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Signs of relativistic binary star systems’ (RBSS from the Johnston’s list)
influence on the Earth’s electric field are discovered using eigenoscopy that is
covariance matrices’ eigenvectors’ spectra analysis of the long time series of the
Earth’s electric field at four space-diversed stations.

The components of vertical projection of Earth’s electric field strength are
discovered which have significant amplitude and are spectrally localized at doubled
rotation frequencies of forty three RBSS having small eccentricity and at higher
harmonics of the rotation frequencies of six RBSS which have big eccentricity.

These components have statistically significant growth of space correlation on
diverse observation stations and statistically significant growth of spectral
localization. The amplitude-period relation also shows the statistically significant
pecularity.

The observed signs have extremely small probability of random occurrence
which is estimated using Bernoulli scheme and Smirnov-Kolmogorov criterio as
small as 10~ to 102,

56


mailto:grunsk@vlsu.ru
mailto:eigenoscope@yandex.ru

IIpu3Haku BO31eMCTBUS PEJIATHBUCTCKUX JBOMHBIX
3BE3/IHBIX CHCTEM Ha 3JIEKTPU4YeCcKoe moJje 3emMian
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C HCHONb30BaHMEM AaNTeHOCKONMM — aHalu3a AaMILTUTYIHBIX CHEKTPOB
COOCTBEHHBIX BEKTOPOB MATpPHI[ BTOPBIX HAUYaJdbHHIX CMENIAHHBIX MOMEHTOB
MHOTOJIETHUX BPEMEHHBIX PAJOB HANPSKEHHOCTH JJIEKTPHUECKOTO MO 3eMIM Ha
YeThIpEX NPOCTPAHCTBEHHO pPA3HECEHHBIX CTAHIMAX HAOIIOAEHUH BBIABICHBI
TIPU3HAKU BO3JEHCTBUS PEIATUBUCTCKUX JBOMHBIX 3BE3/HBIX CHCTEM M3 CITHCKa B.
JIx. JIKOHCTOHA Ha SIEKTPHUECKOE T10J1€ 3eMIIH.

BbISBIEHBI  3HAYUMBIE 110  AMIUIUTYJE  KOMIIOHEHTBl  BEPTHKAJIBHOI
COCTABNAIONIEH HANPAKEHHOCTH 2JIEKTPHYECKOTO TONs  3eMJH, CHEKTpaabHO
NIOKaJIM30BAHHBIE HA YABOGHHBIX 4YacTOTaX oOpamieHus 43-X pensTHBHCTCKHX
JIBOMHBIX 3BE3HBIX CUCTEM C MAJbIM SKCIIEHTPUCUTETOM M Ha BHICOKMX TAPMOHHKAX
YaCTOT OOpAlIeHHs MIECTU PENSATUBMCTCKUX JBOMHBIX 3BE3IHBIX CHCTEM C BHICOKUM
SKCLIEHTPHCHTETOM.

Ha 5TUX KOMIIOHEHTAaX OOHApPYKEHO CTATUCTUYECKU 3HAYMMOE YBEIMUEHHE
IIPOCTPAHCTBEHHOMN KOPPENIAIUH 110 Pa3HECEHHBIM CTAHIUAM HAONIOIEHUs U CTENeHH
CHEKTPaNbHON JOKANIU3alMh. 3aBUCUMOCTh aMILUIMTYAbl OT MEpPUOda TaKKe
JIEMOHCTPHPYET CTATUCTHYECKU 3HAUMMbIE OCOOEHHOCTH.

Kak 1mokasay OleHKH, NPOU3BEIEHHBIE C HCIONb30BaHHEM cXeMbl bepHyy u
kputepus CmupHOBa-KonMmoroposa, cilydaiiHoe BO3HMKHOBEHHE HAOIIIOJAEMBIX
NPU3HAKOB KpaitHe ManoBepoaTHo (ot 107 1o 1071Y),

Phase transitions in geometrothermodynamic model of
charged generalized-NUT black holes

Grushevskaya H.V.!, Krylova N.G.?
Belarusian State University, Minsk, Belarus

E-mail: ! grushevskaja@bsu.by; ? krylovang@bsu.by

A series of modern cosmological models are constructed in the framework of
thermodynamic approaches, which are developed on the grounds of standard
thermodynamics of the 1-st order phase transitions. In particular, there are examined
the large class of asymptotically anti-de-Sitter black holes [1], charged de Sitter black
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holes [2], black hole in dark matter background [3]. It has been proposed in [4] that
the features of behavior of galaxy rotation curves can be considered as effects of
velocity on matter. In the present work we utilized the geometrothermodynamical
approach developed in [5] to the first-order phase transition of charged anti-de-Sitter
black holes to construct the model of a charged generalized-NUT black hole.
Previously [6] we showed that the two-dimensional first-order phase transition with
the distribution of relaxation times can be described in a configuration space

r ) . L .
(r,t,ngt?er), where 7 is a 2D radius-vector, t is time, dots are defined the

derivatives with respect to evolution parameter z. Now we studied the
geometrothermodynamics of such system occurring in space-time with generalized
Newman—-Unti-Tamburino (NUT) metric. We approximated the numerically
calculated dependences of relaxation times on radius r by the metric (lapse) function
f(r) of different types and then calculated corresponding dependences of the Gibb’ s
free energy on the Hawking temperature. We have found that the bifurcation of pitch-
fold type is revealed that is a characteristic feature of the phase transition in charged
black NUT-holes.
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C3-Criterion for matching asymptotically flat space-times
in General Relativity
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Based upon the analysis of the eigenvalues of the Riemann curvature tensor and
their derivatives, we present a criterion for finding the minimum distance at which an
interior and an exterior solution of Einstein's equations can be matched. As an
illustration, we apply this C3-criterion to a whole class of spherically symmetric
spacetimes and find in all the cases physically reasonable conditions.
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An Electrodynamic Study of Shapiro Time Delay
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Electromagnetic entities like electric charges, electromagnetic fields and light
possess momenta and energies that we experience with our sense organs. Therefore,
these are real physical entities (objects). All physical objects experience gravitational
pull. They are carried along with the Earth, they move and spin too, with the Earth at
the near the vicinity of its surface, feel Coriolis force when they are the parts of the
Earth system and move with respect to that system and suffer the actions of other
fictitious forces, too, when they are stationary at that system. All electromagnetic
entities (objects) should similarly behave and act. We have demonstrated in many
PIRT papers that this simple consideration derived from Newton—Maxwell is a
complete electrodynamic alternative to the relativity theory-special and general. In
some cases, however, this consideration succeeds brilliantly where the relativity
theory lamentably fails. In this paper we shall show that Shapiro time delay could
easily be explained from this simple electrodynamic consideration.

Critical behavior of black holes in massive gravity
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Considering de Rham-—Gabadadze—Tolley theory of massive gravity, we
introduce charged-AdS black hole solutions in diverse dimensions. We compute
thermodynamic quantities in the extended phase space by considering the variations
of the negative cosmological constant and massive couplings. We also prove that
such variations are necessary in order to satisfy the extended first law of
thermodynamics as well as associated Smarr formula. We find that the phase
structure and critical behavior of topological AdS black holes are drastically
restricted by the free parameters of the theory.
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Two fundamental (meta)physical principles — NS (the Non-Signalling condition
which bans communication by means of physical correlations) and LC (the principle
of Local Causality which separates classical correlations from those responsible for
non-locality) are considered in the framework of category theory. The original form
of these principles operates with properties of common probability distributions for
outcomes of measurements implemented in two space-time regions. The suggested
category form consists of some assertions about special commutative diagrams. To
any common probability distribution in the discourse, an arrow (morphism) in these
diagrams is associated. In fact, LC turns into the condition of the arrow being able to
factor through a definite standard arrow. NS looks like uniqueness of an arrow which
makes commutative a special diagram which incorporates the distribution arrow.
These diagrams operate with the monad of distributions — a special endofunctor in the
category of sets. By associating a pair of adjoint functors to the monad, one can
construct duals to the considered notions. If duality is among ultimate laws governing
our World the duals of NS and LC must find their place in it.

Teoperuko-kareropHas ¢popma yCjJa0BHH JTOKAIbHOMN
NPUYUHHOCTH U 3aNPeTa KOMMYHMKAIUU U UX AyaJIbHbIE
MaPTHEPDI

Nabnués J1.B.

! Hoesocubupckuii cocyoapcmeennwiii ynusepcumem, Hosocubupcxk, Poccus
2 HAuD CO PAH, Hoeocubupck, Poccus

E-mail: leonid@iae.nsk.su

Baxueitmue (mera)dpusuueckue mnosoxeHuss — npuHuun NS (3amper Ha
OTIIPaBKy CHUTHAJIOB TMOCPEACTBOM (Qusnueckux koppemsammii) u LC (mpuHImn
JIOKaJbHOW MPUYUHHOCTH, OTACISIIONUNA KOPPEISLUUU KIACCUYECKOro THMA OT
KOppeJsiui, JEMOHCTPUPYIOIIMX HEJIOKaJIbHOCTh) PACCMOTPEHBI C TOYKHU 3PEHUS
teopun kKareropuil. Mcxoaueie (GOpMyIHPOBKM ATHUX MPUHIIMIOB HUMEIOT JIEJIO CO
CBOMCTBaMHU COBMECTHOI'O pAaCIpE/IeNICHUs] BEPOSITHOCTH HCXOJOB 3KCIIEPUMEHTOB,
MIPOBOJIMMBIX B JIBYX PA3JIUYHBIX MPOCTPAHCTBEHHO-BpeMEHHBIX oOnactax. Hoswie
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(opMBI SIBISIETCS YTBEPXKICHUSIMH O CBOMCTBaX OMNPEIENEHHBIX KOMMYTAaTHUBHBIX
nuarpamMM.  KaxxloMy COBMECTHOMY pPaCIpEleiCHUI0 CONOCTaBI€HA CTPENKa
(Mopdpusm) B stux aumarpammax. llpunuun LC mpeBpaiaercs B YTBEpPKICHHE O
BO3MOXHOCTH MPOITYCTUTh 3Ty CTPEINIKY Yepe3 HEKOTOPYIO CTaHJAPTHYIO, & MPUHLIHUII
NS — B yTBepkAeHUHM O €IMHCTBEHHOCTH MopduzMa, MpeBpaiaronero
ONpeNeNEHHYI0 AUarpaMMy C y4acTHEeM BBIOPAHHOTO MOp(U3Ma-pacrpeiesieHus B
KOMMYTAaTUBHYI. OTH JUarpamMMbl ONEPHUPYIOT MOHAAOW paCIpEeNeleHund —
cCHeuanbHbIM 3HIOQYHKTOPOM B Kareropun MHoxkecTB. Comnocrapisia mapy
MPUCOEIUHEHHBIX (PYHKTOPOB MOHAJIE pacipeieIeHui, MOKHO IMOCTPOUTD JIyaJIbHbIE
(GopMBbI  pacCMOTPEHHBIX TMOHATHH. Ecaum  ayalbHOCTP  BXOAUT B YHCIO
NEPBOCTENEHHBIX CBOMCTB Hamiero Mwupa, ayanasHbie ¢Gopmbl npuHuunos NS u LC
JOJI’KHBI HAWTH B HEM CBOE MECTO.

A precision clock network as an antenna for millihertz
gravitational waves

Izmailov G.N.%, Zherihina L.N.?

1 Moscow Aviation Institute (National Research University), Moscow, Russia
2 P.L. Lebedev Physical Institute of the Russian Academy of Sciences, Moscow, Russia

E-mail: ! izmailov@mai.ru

Reliable experimental confirmations about the existence of cosmic nature
gravitational waves (GW) necessity rout us to study a detailed picture of the events of
the various astrophysical objects collapse. This aim is provided by new methods of
GW registration.

The direct detection of GW is crucial for a number of reasons. One of the most
important is the ability to get an answer to the fundamental question: is GR the
correct theory of gravity or simply the best of what we have at the moment? If the
latter is true, then we can hope to answer the question of when and under what
circumstances GR will also be wrong.

This can allow us to take a step towards finding out whether there are other and
previously unimaginable theories that are superior to GR in describing everything:
from the evolution of the Milky Way and other galaxies to the formation and
deployment in time of our Universe.

A network of precision clocks (for example, atomic clocks), which are located at
the nodes of a huge space-based system is offered in the report. The location of
clocks in the network situated on Earth orbit is given. Estimates of the accuracy of
the clock for recording events are given. We describe possible measurement results
and their significance. Analogues of the proposed structure are the existing VLBI
network and the Event Horizon network, based on several continents.

The operating principle of the proposed event registration scheme is as follows.
It is known that the field approach can be used far from the source and it can be used
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to determine the effect of gravitational signals on measuring instruments. It is also
known that the propagation of the gravitational potential leads to a change in the
position of small masses, therefore, to a change in their velocity. The velocity
varieties the phase of a clock signal. Therefore, using precise instrument and the
adequate separating software we have the possibility of separating the gravitational
signal by measuring the difference in the time of arrival (TOA) of the signal from an
operating clock and the interval between the tiks of the standard one, remote from the
former. Pulsar or laboratory atomic clocks can be used as a reference. The technique
of registering millihertz GW by a sequence of pulses received from an initially
regular sequence is known as the Pulsar Timing method. The main source of
millihertz GW are supermassive binary black holes (billions of solar masses), which
are supposed to exist in the universe at the centers of galaxies as a result of previous
mergers of these galaxies.

The method is based on the assumption that GW contributes to a change in the
phase of the signal. Since the time characterizing a sequence of pulses of the pulsar
radiation is highly stable, a change in the TOA of the signal can be registered. The
error of modern laboratory atomic clocks is ~3.7-10™" (~2.3-10™" for clock of

space-based). The error of pulsars is~107"°. The system of space-based operating
clocks covering a large spatial area on the Earth’s orbit will form a chronometric
space network (CSN).The registered variation of the TOA from the reference clock
will signal the amplitude and frequency of the gravitational wave. The delay of
signals from different network nodes can be associated with the direction of the front
of a gravitational wave and its polarization. It is possible to obtain other data (for
example, the position of the apparatus with the clock and their relative movement),
verification of the GR conclusions (Shapiro's delay). The functioning CSN will play
the role of a gravitational antenna.

Cetb IPCHU3NOHHBIX YaCOB KaK aHTCHHA /1JIA
MULIIATEPHOBLIX I'PABUTAIIMOHHBIX BOJIH

Hsmaiinos I'.H.}, ’Kepuxuna JL.H. 2

Y Mockoscruii asuayuonnwil uncmumym (Hayuonanvuoiil uccredosamenvcxuil
yHueepcumem), Mockea, Poccus
2 Qusuueckuil uncmumym Poccutickou akademuu nayx um. I1JI. Jlebeoesa, Mocksa, Poccus

E-mail: ! izmailov@mai.ru

MHOTOYHCIIEHHBIE ~ JKCMEPUMEHTAIbHBIC  TMOATBEPXKICHUS  BBIBOJAA O
CYIIECTBOBAHUM TPABUTAIMOHHBIX BOJH KOCMHUYECKOW TMPHUPOIBI,  JIETAIOT
HEOOXOTMMBIM M3YyUCHHUE JCTATLHON KapTUHBI COOBITUN KOJIIATICA aCTPOPU3HMIECKAX
00BbEKTOB, 00€CTIEYBAEMOTI0 HOBBIMHU CITIOCOOAMU €ro pEerucTpaluu.

B nokiane paccMoTpeHa ceTh NMPEIU3HOHHBIX YacoB (HampuMep, aTOMHBIX),
KOTOpPbI€ PACHOJIOXKEHBI B y3JlaX OFPOMHOM CUCTEMBI KOCMHYECKOIro Oa3upoOBaHUS.
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IIpuBenena cxema pacnojokeHuss 4acoB B ceTh okoio CosHuma. /[aHbl OLEHKH
TOYHOCTH TOKa3aHM YacoB JJIsl perucrpanuu coObITHil. OmnucaHbl BO3MOXHbBIE
pe3yabpTaThl U3MEPEHUH W MX 3HAYUMOCTb. AHAJOTaMH IPENIaracéMoil CTPYKTYpPBI
aBisAroTces cymectBytomas cetb VLBI u cetb Event Horizon, 6asupyromasics Ha
HECKOJIBKUX KOHTUHEHTAaX.

[Ipsimoe oOHapyxkenue I'B umeer pemaromiee 3HAUYE€HUE MO PSAY NPUYMH.
OnHoll M3 caMbIX BaXHBIX SBJISETCA BO3MOXHOCTh IIOJIYYUTh OTBET Ha
¢yHnamenTanbHblii Bompoc: sBiserca au OTO npaBuibHON Teopueill rpaBUTAIUU
WJIM TPOCTO JIy4IlIEW U3 TOrO, YTO Yy HAaC €CTh Ha HACTOALIMN MOMeEHT. Eciau BepHO
IIOCJIEJHEE, TO Mbl MOXXEM HAJEATHCA OTBETUTHh Ha BOIIPOC, KOIJAa M IPU KaKHUX
oocrostenbcTBax OTO Takke OKakeTcs HEBEPHOMU.

DTO MOKET MO3BOJUTH HAM CJIeaTh IIar K TOMY, 4TOObI y3HATh CYIIECTBYIOT JId
JIpyrue U paHee HeBooOpasuMmble Teopuu, KoTtopbie npeBocxoaiar OTO B onucanun
BCEro: OT 3BojiouMu Miteynoro Ilytu u Jpyrux ramakTuk 10 (GOpMUPOBAHUS U
pa3BepThIBaHUs BO BpEMEHHU Hallen BeeneHHou.

[TpunHIMn paboThI NpeIaraeéMoil CXeMbl PETUCTPAlUU COOBITUM 3aKIII0YAETCs B
cienyromeM. M3BeCcTHO, 4TO BAaayd OT MCTOYHMKA MOYKHO MCIIOJB30BaTh II0JEBOM
IOAXOX M C €ro IOMOIIBIO OIPENEIATh BIUSHUE IPAaBUTALMOHHBIX CUIHAJIOB Ha
U3MEpUTEIIbHBIE  MHCTPYMEHTHI.  M3BECTHO  Takxke, YTO  pacnpoCTpPAHEHHUE
IPaBUTALMOHHOIO IMOTEHIHAJIA IIPUBOJUT K U3MEHEHUIO IMOJIOKEHHUS MaJbIX Macc,
CJIEOBATENIBHO, K M3MEHEHHUIO UX CKOpocTU. II03TOMY CyllecTByeT BO3MOXKHOCTH
BBIZICJICHUS ~ IPAaBUTAllMOHHOIO  CHTHaja II0 M3MEPEHHMI0 PA3HOCTH  XOJa
OIEPALIMOHHBIX YAaCOB M TE€MIIAa XOJa JTajl0Ha, YAAIEHHOIO OT NEepBbIX. B KayecTse
ATaJIOHa MOXKHO MCIOJIb30BaTh MyJIbCap UM J1a00paTOpHbIE aTOMHbIE Yachl. TexHuKa
perucrpanud  MWLIMreproBeix I'B  1mo  mocimenoBaTenbHOCTH — MMITYJIBCOB,
[I0JIy4a€MBIX OT U3HAYAJIBHO PETYJIIPHOM I1OCIEN0BATEIBHOCTH, U3BECTHA KAK METOJ
Pulsar Timing. OcHoBol MeToNa CIYXXUT naomnylieHue, yro I'B BHOCHUT BKIajg B
n3MeHeHue (as3pl curHana. Tak Kak BpeMs, XapaKTepU3yIOllee UMIYJbC Iylbcapa,
BBICOKOCTaOUJIbHOE, TO W3MEHEHHE BpPEMEHU NPUOBITUS CHUTHAJa MOXKET OBbITh
3apeructTpupoBaHo. llorpemHocTh COBpEMEHHBIX J1a0OpaTOPHBIX ATOMHBIX YacoB

cocraaser ~3.7-10"° (~23-10" wacoB KocMHYecKOro 6Ga3HMpOBAHHA).

[orpemnocTs mynbcapoB kak dacoB ~107°. Cucrema OmIepalOHHBIX YacoB
KOCMUYECKOTO 0a3MpOBaHUs, OXBATHIBAIOIIAsl OOJIBITYIO TPOCTPAHCTBEHHYIO 00JIaCTh
Ha opOute 3emim, OyaeT oOpa3oBHIBATh XPOHOMETPUUYECKYIO KOCMHUYECKYIO CETh
(XKCO).

3aperucTpupoBaHHasl Bapualys MOCIE0BATEIbHOCTA UMITYJIBCOB, MOTYy4aeMbIX
OT DTAJIOHHBIX YacoB, OYJET CHUTHAIU3UPOBATH OO0 AaMIUIUTYIAE H YacToTe
IPaBUTALMOHHON BOJIHBI. 3aJI€PKKy CUTHAJIOB OT Pa3HbIX Y3JIOB CETH MOKHO CBSI3aTh
C HampaBJeHUEM (PpOHTa IpaBUTALIMOHHOW BOJHBI M €€ mojsipusaiueid. Bo3moxHO
MOJIyYeHUE APYTUX JAHHBIX (HAmpuUMep, MOJIOKEHHUs amnapaToB C yacaMH U MX
OTHOCHUTENIbHOE JBM)KEHHE), TmpoBepku BbBOJOB OTO (3agepxkka [lanmupo).
O yHKIIMOHUPYIOIIAs
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Instability States and Uncertainty Relation

Kamalov T.F.
! Moscow Institute of Physics and Technology, Dolgoprudny, Russia

E-mail: t.kamalov@phystech.edu

A In fact, it is difficult to find an inertial reference frame, since there are always
the background of random external fields and waves, but we can assume that the
inertial frame exists theoretically. Physics of Non-Inertial Reference Frames [1-3] is
needed in order for us to add one of the most important properties of micro-objects of
guantum mechanics - non-locality. In this case, the role of non-local hidden variables
is played by acceleration and its higher derivatives with respect to time. The
description of mechanical systems by non-inertial mechanics is performed using
high-order derivatives differential equations in the form of Ostrogradsky Formalism.

A state of the physical system is considered stable if it returns to the initial state
after finished the action of external factors. It is possible use the variance of the state
for analyzes of instability states [4]. The variance of the stability states is equal to
zero and of the instability is not. Analysis shows that classical mechanics describes
stable trajectories, and quantum mechanics describes instable ones.

The article provides an analysis of instable states in the macro-world which
gives the differential equation for instability trajectories due the influence of the
background of random fields and waves. The paper argues that a complete
description of such experiments with the correct direction of the resultant force can
be obtained by postulating a description of the dynamics of mechanical systems by
differential equations with high-order derivatives of coordinates to time. This is true
for complex motions and non-inertial reference systems with complexly changing
inertia forces. If we neglect such effects, then we can restrict ourselves to second-
order differential equations, since in mathematics, there is a method of lowering the
order of a differential equation, for example, when a third-order differential equation
can be replaced by two differential equations of order no higher than the second. But
such a description will not be complete, because at the same time, the sign (direction)
of the quantities which expressing the third derivative is lost.

References
[1] Kamalov T.F. J. Phys.: Conf. Ser. 442 p 012051 (2013)
[2] Kamalov T.F. AIP Conf. Proc. 1316 455 (2010)
[3] Kamalov T.F. Quantum Computers and Computing 11 52 (2011)
[4] Kamalov T.F. J. Phys.: Conf. Ser. 1051 012033 (2018)
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Majorana Fermions, Braiding and the Dirac Equation

Kauffman L.H.
University of Illinois at Chicago, Chicago, USA

E-mail: loukau@gmail.com

This talk will discuss how the Dirac equation arises from Clifford algebraic
considerations and how examining the action of the Dirac operator on a plane wave
gives rise to an algebraic reformulation of the Dirac equation (equivalent to the
original) that has solutions in terms of nilpotent elements of the Clifford algebra.
These nilpotent elements can be regarded as annihilation operators for a fermion. We
point out how the nilpotents decompose into Majorana operators and discuss how this
point of view is related to the braiding of Majorana Fermions and to the original work
of Majorana on the Dirac equation. We also discuss how this work is related to the
ground-breaking work of Peter Rowlands and how it is related to the author's
program for elucidating discrete physics in terms of non-commutative algebra.

Metrological support of technogenic systems based on the
study of the influence heliogeophysical space

Komshin A.
Bauman Moscow State Technical University, Moscow, Russia

E-mail: komshin@bmstu.ru

The article is given in fundamental scientific research; approaches related to the
prediction and estimation of position the planets. It is shown that the well-known
relationship for coordinate and pulse uncertainties, a similar relationship for energy
and time uncertainties is not fundamental and can be overcome by modern technical
means in the discrete stroboscopic counting mode.

Superluminal Fields in Bimetric Space-Time Theory

Konstantinov M.Yu.
! Bauman Moscow State Technical University, Moscow, Russia

E-mail: konst@bmstu.ru

The possibility of the motion with super light speed is discussed in the
framework of the model proposed earlier by the author. The discussion of such
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possibility in the framework of standard relativity theory was initialized by Einstein
in 1907 and continues until to the present. The particles which move with superlight
speeds are called tachyons. In standard theory such particles if they are exist cannot
move with smaller then light speeds.

In the considering model the coexisting of two nonequivalent Lorentzian
structures with different universal speeds is supposed. This assumption leads to the
coexistence in space-time of two classes of particles and fields whose dynamics are
determined by the corresponding Lorentz structures. The interaction between
particles and fields of the different classes may be realized by gravitation field (only
nonquantum model is considered). One of the features of the model under
consideration is that it is allowed the existence of particles, which, unlike the classical
tachyons, can move with both light and superlight speeds.

We discuss the main principles of the building of the model under consideration,
consider some geometrical properties of space-time, including causality problems,
and possible contribution of superlight particles to the dark matter.

Macroscopic Nonlocal Correlations in Reverse Time by
Data of the Baikal Experiment

Korotaev S.M.%2, Budnev N.M.3, Serdyuk V.0O.}, Kiktenko E.O.1?,
Gorohov J.V.4 Orekhova D.A!

! Bauman Moscow State Technical University, Moscow, Russia
2 Geoelectromagnetic Research Centre of Schmidt Institute of Physics of the Earth, Russian
Academy of Sciences, Troitsk, Moscow, Russia
3 Applied Physics Institute of Irkutsk State University. Irkutsk, Russia
4 Institute of Terrestrial Magnetism, lonosphere and Radio Wave Propagation RAS, Troitsk,
Moscow, Russia

E-mail: korotaev@igemi.troitsk.ru

Consideration of macroscopic entanglement in the framework of action-at-a-
distance electrodynamics leads to rather simple description of macroscopic quantum
nonlocal correlations between random dissipative processes in the source and
detector. These correlations have both the retarded and advanced component. The
latter means correlation in reverse time. Therewith the advanced component through
an absorbing medium exceeds the retarded one. For diffusion entanglement swapping
the retardation and advancement can be very large. Such correlations with large-scale
random heliogeophysical processes were observed in the previous lab experiments.
These correlations are detected at extremely low frequencies and characterized by the
large time shifts. But these experiments are very difficult in a usual laboratory
because of various local interferences.

The experimental problem is elegantly solved under deep-sea conditions. The
Baikal long-term experiment has started in 2012 at Baikal Deep Sea Neutrino
Observatory. It aims, first, study of nonlocal correlations between the electrode
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detectors at horizons z=50 m and z=1340 m in the lake and the remote one in the land
laboratory (z=0), and second, study of correlations between the detector signals and
large-scale natural dissipative processes with big random components.

The long-term observations demonstrated that detector signals respond to the
random heliogeophysical (global) processes and causal connection of the signals
directed downwards: from the Earth surface to the Baikal floor. This nonlocal causal
connection proved to contain considerable time reversal component, exceeding time
respecting one. This excess depends on the mass of the absorbing medium separating
the detectors. Nonlocal nature of observed correlations has been confirmed by
violation of the steering inequality with combination of solar and magnetispheric
source-processes. Next, advanced nonlocal correlations of the detector signal with
two regional random source-processes: strong earthquake and low frequency
macroturbulence in the lake were revealed. It should be stressed causal nature of
observed advanced correlations. In fact this means observation of the random future.
The possibilities of the forecasts of random components of solar and hydrological
activities on correlations in reverse time have been demonstrated.

Makpockonu4yeckue HeJIOKAJIbHbIE KOPpeJasiliui B
00paTHOM BpeMeHHU 0 JaHHBIM balKaIbCKOro 3KCepuMeHTa

Koporaes C.M.'?, Bynnes H.M.2, Cepmiok B.O.!, Kukrenko E.O.1?,
T'opoxos 10.B.%, Opexona JI.A.!

YMITY um. H.D. baymana, Mockea, Poccus
2 HIOMU UD3 PAH, Tpouyk, Mockea, Poccus
S HUHTI® UTY, HUpkymck, Poccus
4 UBMHPAH, T, pouyx, Mockea, Poccus

E-mail: korotaev@igemi.troitsk.ru

PaccMoTpenre MakpOCKOTTMYECKOUW 3allyTaHHOCTH B paMKax aOCOpOIMOHHOU
AJEKTPOJUHAMUKHA BEIET K JOBOJBHO IPOCTOMY ONMCAHUID MAaKpPOCKOMHUYECKUX
KBAaHTOBBIX HEJOKAJIBHBIX KOPPEIALMA MEXAY CIy4YalWHbIMUA JUCCUNATUBHBIMU
MPOLIECCAMU B HCTOYHUKE U JIETEKTOPE. ITU KOPPEISALMU UMEIOT 3aIa3AbIBaOLIyI0 1
OMEpPEeKANIYyI0 KOMMIOHEHThL. [lociaeaHsis oO3Ha4YaeT KOppesiuui B 0OpaTHOM
BpemeHd. lIpu 3TOM oOmepexaromas KOppeysiuus 4Yepe3 MNOTJIOMIAIIIYI Cpeny
mpeBbIaeT 3anasfasBatomryro. Jlmst auddy3noHHOrO O00MEHa 3amyTaHHOCTHIO
3ama3fbIBaHAE M OMEPEKEHUE MOTYT OBITh OYEHb BEIUKH. Takue KOppesiuu ¢
KpYITHOMacCIITaOHBIMU CIIy4allHbIMH reanoreo(pu3nYecKuMu npoueccamu
HAONIOMAIMCh B TPEANISCTBYIONMX  JabOpaTopHBIX  dKcmepuMeHTax. OHu
BBISIBIISIFOTCS HA KpaifHE HU3KUX YaCTOTaX U UMEIOT OOJIbIIINE BpeMEHHbIE CABUTH. Ho
ATU SKCHEPUMEHTHl OYE€Hb TPYAHBI B OOBIYHOM J1abOpaToOpuM uU3-3a Pa3IMYHBIX
JIOKAJIBHBIX TTOMEX.
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OKcHepUMEHTallbHas ~ Ipo0siemMa  3JEraHTHO  pemiaeTcss B YCJIOBHUAX
rJIyOOKOBOJHOrO JKcrepuMeHTa. JlonroBpemeHHbld ballkanbCKuil HSKCIIEPUMEHT
Hayascs B 2012 r. Ha baiikanbckoi TIyOOKOBOAHOM HeWTpuHHOU obcepBaTopun. OH
HAaIlpaBJICH, BO-NIEPBBIX, HA U3YYEHUE HEJOKAIbHBIX KOPPEIALHMM MEKIY
ANEKTPONHBIMU JAETEKTOpaMH Ha ropu3oHTax z=50 M m z=1340 M B o3epe u B
ylajneHHoi HazeMHOM jabopatopuu (z=0), U, BO-BTOPBIX, Ha U3yYEHUE KOPPEIALUMA
MEXIy CUTHAJIAMH JETEKTOPOB U MPUPOJHBIMU KPYITHOMACIITAOHBIMH IPOLIECCAMH C
OOJBIIMMHU CITY4alHBIMU KOMIIOHEHTaMHU.

JlnurenbHble HAOJIONEHUS TOKAa3alu, YTO CHUTHAJbl JIETEKTOPOB OTKIMKAIOTCS
Ha ciydaiiHble renuodusnveckue (Ty00aNbHbIE) MPOLECChl, a NPUYUHHAS CBA3b
HaIlpaBJi€Ha BHM3: OT 3€MHOM NOBEPXHOCTH K JHY baiikana. Oxa3anoce, 4To 3Ta
OPUYMHHAA CBSI3b COJEPXKHUT 3HAYUTENIbHYIO OOpaTHO-BPEMEHHYIO KOMITOHEHTY,
IOPEBBIIAIOIIYI0 NMPAMYIO. OTO MPEBBIIEHUE 3aBUCUT OT MAacChl MNOTJIOMIAIOLIEH
cpenbl, pazgensdmomiet  gerekropsl. HemnokanbHas mpupoja  HaOMIOAaeMbIX
KOppessinuii  Oblla TMOATBEpXKIEHA HApPYIIEHHMEM HEpaBEHCTBA CTUPHUHIOB C
KOMOMHAIIMEN COJIHEUHOTO M MAarHuToc(epHOro IMpolecCOB-UCTOYHUKOB. J[lanee,
ObUIM  BBISIBJICHBI HENOKAJIbHBIE KOPPENSALMU CUTHAJIOB JIETEKTOPOB C JABYMS
PETHOHANBHBIMU  NPOLECCAMU-UCTOYHUKAMU: CHJIBHBIMM  3€MIIETPSICEHUSMH U
HU3KOYAaCTOTHOW  MaKpOTypOyJeHTHOCThIO B o3epe. Cienyer MNOAYEPKHYTH
NPUYMHHBIN XapakTep HAOII0IaeMbIX ONEPEKAOIMMUX KOppensiuil. PakTUYeCcKu, 3TO
O3HauaeT  HaOJMIOJeHHe  CciydyallHOro  Oyayuiero. [TponeMoHCTpHUPOBaHEI
BO3MO>XHOCTH IIPOTHO30B COJHEYHOM M THMAPOJIOTMYECKOW AaKTHBHOCTH Ha OCHOBE
KOppessauii B 0OpaTHOM BPEMEHH.

On the metrizability of the affine connectivity space and
the unified theory of fundamental interactions

Koryukin V.M., Koryukin A.V.2, Kostromina E.V.3

! Mari State University, Yoshkar-Ola, Russia
2 Kazan Federal University, Kazan, Russia
% Volga State University of Technology, Yoshkar-Ola, Russia

E-mail: ! vmkoryukin@gmail.com; 2 akoryukin@gmail.com; 3 elenakor2004@mail.ru

We propose in the gravitation theory the background connectivity (which for the
first time had been introduced by A.N. Chernikov [1]) interpret as the empirical
connectivity, received as the particular case of the transition operator, which had been
by induced by the collision integral. Approximating the transition operator by the
differential operator and demanding minimum variance of the given operator from
the transition operator (employing the method of least squares for the definition of the
metric tensor). As a result we receive with the help of the variation formalism the
differential equation of the regression, solving of which can find the metric tensor. By
the help of the given tensor we receive the Christoffel symbols, which are
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interpreting as the components of the theoretical connectivity. Using the metric tensor
and the Christoffel symbols can construct both the Einstein gravitation theory and the
Chernikov gravitation theory with the two connectivity’s and the one metric tensor
[1]. Con-structing the empirical connectivity in our gravitation theory we shall use
the generalized functions that implies the change of the space-time topology.

We shall not consider the space-time as the connected space (closed trajectories
of observable particles may not be pull together in a point) in the quantum theory,
that does not contradict to the existence of Fadeev-Popov “ghosts” (unobservable
zero-spin  fermions, introduced in the quantum chromodynamics for the
renormalizability of the theory [2]). As a result all parameters, characterizing of
fundamental elementary particles are quantized [2]. Considering “ghosts” as original
particles of an Universe matter, which’s are characterized by the su(3) symmetry, the

transition to leptons (neutrinos and antineutrinos), which’s are characterized by the
sU(2) symmetry, may be regard as the phase transition and may be interpreted as the

process, which is connected with the spontaneous breaking of symmetry (we have the
freezing-out of freedom degrees). In our opinion Cooper pairing of noncharged
leptons with a formation of a Bose liquid, which must cause to the density reduction
of original leptons and to the appearance of photons, fundamental massive vector
bosons and charged leptons [2].

Because we assume that the energy E of any fundamental interactions must
depend on a number of all particles and quasi-particles participating in the
interactions, then the it dependence on space coordinates is defined by means of an
average number of bosons, which’s exchanged two particles. By this the charge form
of the fundamental particle is defined by the help of the given boson form and as well
as by the help of the rate of its emission. The rate of its emission defines the “coat”
quantity of virtual particles, surrounding the charge, which can become a
unobservable one at large distances. Because of it the magnetic charge (the
monopole) is the unobservable charge [3].

The appearance of photons (playing the role of standards in the relativity theory)
caused to the domination of electromagnetic interactions in experimental data and to
the division of the all Universe matter into two subsystems (slow and rapid). The
matter of the slow subsystem (a thermostat) does not participate in electromagnetic
interactions and play the catalyst role of stochastic processes, which it may observes
by the matter of the rapid subsystem. As a result the particles of the rapid subsystem
play the role of Brownian particles. They allow to study the properties of slow
subsystem particles.
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Domain growth in a cosmology phase transition model
with axially symmetric metrics
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According to standard cosmology at the electroweak scale, an electroweak phase
transition associated with the spontaneous symmetry breaking has occurred (t ~ 10~
115) [1-2]. While within the minimal Standard Model the electroweak phase
transition is considered to be the second order, the first-order electroweak phase
transitions proposed in the background of Beyond Standard Models may solve some
cosmological problems, like the generation of the baryon asymmetry of the universe,
production of gravitational waves, formation of topological defects like the cosmic
strings or the domain walls. We develop a geometrothermodynamic model of
cosmological first-order phase transition based on a theory of the 1st-order phase
transition in a contact statistical manifold [3-4]. Nucleation and following evolution
of true-vacuum bubbles with axially symmetric Newman-Unti—Tamburino (NUT)-
like metrics have been considered. A manifold of evolving bubbles is a Finsler
statistical manifold of such thermodynamic system. We have shown that the NUT -
theory parameter n is the gauge parameter of the scalar field which plays a role of
fifth dimension. Finsler-Lagrange dynamic has been studied taking into account the
heterogeneity of nucleation processes, notably a relaxation times distribution of
bubbles. The Finsler billiard model has been proposed to describe a shape of domain
wall in phase transition process. It has been found out that the generation of bubbles
with large relaxation times would result in distortion of round-shape domains and
formation of elongated ones.
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Laser Noise Control in the Optoacoustical GW Antenna
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The aim of the OGRAN project [1] is to register oscillatory acoustic oscillations
of the aluminum bar with length of L, =2 m. In 1967, Braginsky had proposed a

conceptual scheme to register relative displacements x of Fabry-Perot interferometer

L,

mirrors through registration deviations Jv,, of mode frequency v, [2]: 5X ==,
Vs R
To this purpose laser beam passing through optical resonator enters a photodiode.
Laser frequency should be returned from a peak of amplitude-frequency response so
that power P,, =P, /2 falls on the photodiode, where P, is radiation intensity at the

peak. Signal power variations JB,, =D,dv,; appear on a slope, where

DP:n(l—R)_lPOLG/c is a decrement. For photocurrent we have:

a=0dls/x=F,R2"n/(hv). Here F, =x(1-R) " is finess. Potential sensitivity of
this meter is determined by shot noise of  photoelectrons:
Sie (f)=2el,=ne’R /(hv). The threshold signal x, (S/N=1) is determined by

1/2
noise adduction to input: S, (f)=S.(f)/a’: Xy, :Fi[h—;) (AF)". Numerical
e \ Mo

estimation is relevant; for OGRAN values [1]: F, =3000, #=0.7, 4=1.06 um and
supposing P, =40mW  we find Xy, ~6.5.10717 cmy (Hz)ll2 and

X/dves =0.7-107% cm/Hz. In ref. [1] 4-16 photodiodes are mentioned.

Earlier, the progress in development of capacitive registrators for GWA had led
to control of amplitude and phase-frequency stochastic variations in RF generators.
Laser also demonstrates powerful technical non-Poisson intensity fluctuations. To
take them into consideration, Braginsky had introduced the phenomenological factor

B into forecast Xy, [2]:

1/2 (1)

X, :i{g.ﬂj (AF )"
Fo nh,

Technical noises determine instrumental sensitivity. In 1996, formula (1) had

been enclosed into theoretical basis of the OGRAN project [arXiv:gr-qc/0411083;
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PIRT-2007,-2011,-2015]. V.N. Rudenko gave the expert assessment: “B =1-10°"
[1]. In article [3], the perspectives of applying the B =10 value in new projects has
been shown. In article [4], the meaning of the factor had been clarified: “The factor
B determines the reduction in sensitivity due to a variety of noise sources, relative to
the photon noise level”. As example a sample of determining it had been given: the
evaluation was B=104. There had been used tests of the 40 m Caltech
interferometer in 1983. Now, according to OGRAN installation tests, we can obtain
an updated estimation. So, “the measured level of the spectral density of the total
antenna noise (background above which a thermal peak dominates) ... is

~0.003 Hz/(Hz)m” [1]. There is a reason to believe that it is suppressed laser
frequency noise [PIRT-2009]. This main result seems to be quite reliable, since the
controlled peak of the low-resolution spectrogram with a level of 0.2 Hz/(Hz)l’2
exceeds the noise of the displacement meter by 37 dB. Using the relationship
X/Ovgs =0.7-102 cm/Hz we find implemented resolution x, =2-107 cm/(Hz)"”.

From comparison with above forecast x,, we find B ~2-10°.

Two phenomenological components can be distinguished in technical laser
noise. So, in the theory of heterodyne reception there is representation of “power

noise™: P(t)= Po[l+g“(t)] [5], where &(¢) is a dimensionless modulating process
having the spectral density mL(f). There are also references to laser “frequency
noise” as a chaotic process v (¢) of frequency deviations with spectral density
Sv(f). Then two component noise of power variations at a photodiode are given:
OB, = B, &(¢)+Dyvy (¢). For photocurrent fluctuations, an expression that

2
determines factor B follows: S, (f)= |gmL+(D;’7€] S, +2el, =2el,B. There is
v

the estimation: m_=10"" Hz™ [5]. Using the above estimate S, =S, and values [1],

we obtain: B =7.5-10" and x,, =2-107 cm/(Hz)".

In the OGRAN project, the FP resonator mirrors are fixed at the bar ends, and a
Pound-Driver-Hall (PDH) scheme is applied [6]. Using RF modulation and
synchronous demodulation, the error signal of the automatic frequency control
system is formed. It’s output voltage is zero if Ay =v, —vy =0. The PDH system

provides accurate, fast-acting laser frequency following the signal deviations Jv,,

and frequency-manipulated radiation is formed. The PDH technique performs the
second function: laser frequency follows the bar length temperature drift. This feature
degrades sensitivity of the precision meter circuit. In the discriminator PDH, channel
frequency modulation transudes on the slope of it’s error signal curve. This technique
in the first approximation allowed to eliminate LF power noise (PN). Also frequency
noise was taken under control [PIRT-2009], However, the excess noise remained. As
a result of investigation, an explanation version of the LF PN penetration mechanism
was presented [5]: it is eliminated under the condition A, =0. It is violated both in
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quasistatics and in dynamics. Accordingly, two new noise sources emerged. The first
iIs a result of bar temperature length drift. The second is caused by vibration
background, namely, it manifests at the output U, of the discriminator synchronous

detector (SD).

It should be decided to what values it is necessary to reduce the contributions of
main three sources of noise. The “Ulitka” GWA (Astron.Rep.v.56.p.638) has
resolution 10** cm/(Hz)Y?. For OGRAN pilot model, the published design value is
10718 cm/(Hz)*? [arXiv:0411083]. For the general GWA the design resolution is not
known, but the desired value is pointed out: 3-10® cm/(Hz)¥? [1]. Obviously, the
three noise sources should be limited by 2-107® cm/(Hz)2.

1. To reduce suppressed frequency noise by 20 dB, the feedback depth at 1300
Hz must be increased by 20 dB, that is, from 10° to 10% or raise to 3-10% and the
compensation method should be applied [PIRT-2009].

2. The frequency mismatch A, as a tracking error determines SD output

voltage of the [5]: Uy = Dypg | Ay (1+&)+ v |- Here, the term A ¢ is the new

noise, which makes a contribution X, =(Lg /v ) Arrmi? (Af)". Then the following

condition must be satisfied: |Ag . |<250 Hz. This is achieved by raising the statics
feedback depth to K, =10", whereas the laser retune range is +2.5 GHz; it

corresponds to bar temperature change of 0.4 K. But now (2013) [1], K, <10

Accordingly, the peak of the second spectrogram, where accumulation time is more,
has the height of 30 dB yet. It is proposed to create a method of bar heating and
cooling and introduce it into the active system of temperature auto-control using the
voltage at the input of the laser tuning piezoelectric element as a temperature sensor
in zero-indicator mode.

3. To suppress vibration interference at the SD by means of circuitry,
discriminator equations are written: U, = Dy (v, —dvg); Ugyp = Ky (Upy +Uy );

vy =K, BUgp. The solution is: Ugp =Ky (Dyov, +Uy )(1+ KoK, Dy ) . Here
Koo =1+ K, K BD, is attenuation. While decreasing frequency the factor K_( f)

must increase harshly. The article [1] says: “At frequencies above 100 Hz feedback is
suppressed”. From the decision we can conclude that it is not necessary to implement
condition K,, =1 at the signal frequency of 1.3 kHz; it is offered to make

\KOD\ =3-+5 or more to provide a normal steep slope at signal frequency. Wherein,

potential sensitivity of the installation is not reduced: oJv,,, =U, /D, . [PIRT-2007].

That is, the cut-off frequency from 100 Hz should be increased by 30-100 times to
controlled decreasing of vibration interference and noise by 20-26 dB.
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On physical and non-physical time in Cosmology and
Quantum Mechanics
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Using the example of two branches of theoretical physics — Cosmology and
Quantum Mechanics, we show the serious problems and contradictions that follow
from the insufficient attention towards the physical sense of the notion of time.

The Special Relativity was first to discover the new quality of time and space —
their dependency on the observer’s movement speed. We learned that when
observing the object that moves in relation to us with a great speed, we can see the
processes that take place on it in different way they are seen on the object itself. But
the formal mathematical approach to the notion of time did not allow to fully evaluate
and use all the conclusions that follow from it.

In the quantum mechanics — the conclusion that for the objects moving with the
light speed the intervals of space and time, not depending on their value in our
coordinates, are equal strictly to zero. During the time equal to zero no physical
changes can happen to the object, which allows to explain the perplexities and
paradoxes appearing in the experiments with photons. Dirac introduced the principle
of the superposition of states and the quantum leap to explain them. From the point of
view of the described approach both these principles are simply not needed. And
together with them all the paradoxes of the orthodox quantum mechanics, built on
them, disappear.

In cosmology the formal mathematical approach to the time has led to the fact
that The Big Bang Theory which is the basis of the cosmology today and describe the
Universe, developing in time, is built on the metrics for the stationary, not developing
Universe. This contradiction in metrics is the basis of all other contradictions and
inconsistencies in The Big Bang model. To overcome they many additional
assumptions were already made — on inflationary expansion, on intangible “dark
energy”, etc. All of it could have been avoided if we were more attentive to the
physical time. It cannot be seen as a general mathematical value that can be both time
and some function from time. Because the function will always have a different
physical sense and another meaning than the time itself
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We have studied the dependency of the manifestations of the central symmetry
in quasars distributions on the level of their detalization and have shown the
statistically significant correlation of the pair of the opposite distributions of the
quasars from the catalogue SDSS-DR10 at the sizes of the inhomogeneities of 10-30
angular degrees. We performed the analysis of the centrally symmetrical and
centrally antisymmetrical components of the microwave background temperature
distribution on WMAP maps and show that the zones of the predominant influence of
the symmetrical and antisymmetrical components take different areas of the celestial
sphere which leads to the significant influence of the central symmetry and
antisymmetry on the final distribution of the microwave background.

The influence of this phenomenon onto the cosmological model of The Big
Bang, currently taken as a standard, is related to the fact that for the existence of the
central symmetry and antisymmetry of the celestial sphere, the lifetime of the
Universe should be enough for the signal from the observed object, whether it is a
quasar, a galaxy or an inhomogeneity of a proto-matter at the period of hydrogen
recombination, could reach the observer not only directly but also in a reverse
direction around the closed Universe. The Big Bang cosmological model does not
give enough time for that.

We should note that all the variants of The Big Bang model, including its
modern version (ACDM model) are associated with the name of the Russian
physicist Alexander Friedmann, but they do not consider the important Friedmann’s
idea about re-definition of time, which he could not implement himself because of his
tragic death in 1925, when there were no astronomic data about real expansion of the
Universe.

The mentioned by Friedmann necessity to re-define the time is related to the fact
that these cosmological models are built on the metrics introduced by Einstein in his
pioneer work on cosmology when studying the stationary, non-expanding Universe.
At that, in the transformations performed by Einstein, that exclude from the metrics
the fictional 4th coordinate introduced by him and exchange it to the space curvature
radius, the differential of this radius that is equal to zero in the stationary Universe, is
excluded from the study.

This way, the cosmological model of The Big Bang is built on the metrics of the
stationary Universe. According to the mentioned above Friedmann’s idea, this
discrepancy could have been eliminated by the re-definition of the time variable, i.e.
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changing the variable “t” to t* = f(t). However, in fact this re-definition was not
performed. Due of this, in the equations of the cosmological models that do not
consider the non-zero differential of the space curvature radius, we have to see the
variable «t» not as time but as some function of time. And it means that all the time
characteristics given within this model including the Universe lifetime, must be seen
as doubtful.

The existence of the phenomenon of the central symmetry and antisymmetry
proves this uncertainty and the necessity to review and modify the cosmological
model by changing the time component of the metric tensor by using the non-zero
differential of space curvature radius.

Einstein Numbers
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In presenting the special theory of relativity often emit so-called paradoxes of
relativity. One of these paradoxes is the formal occurrence of velocities exceeding the
speed of light. According to the authors, most of these paradoxes arise due to the
incompleteness of relativistic calculus over velocities. The velocities form a group
under addition. However, for calculations in the case of such paradoxes, an expansion
of operations to algebra is required. However, conventional non-relativistic
operations are used instead. The authors propose a technique that allows obtaining a
relativistic record in a transparent manner for the ratio of arbitrary complexity. For
this, a complex representation of the Cayley-Klein projective model is used.

Yucaa DUHIITEHHA

Kyasgos 1.C.%, Kopoabkosa A.B.%, I'epopksan M.H.2

123 poccutickuti ynueepcumem opyacowvr napooos, Mockea, Poccus
L2 JTUT, O6weounénnoiii UHCMUmMym s.0epHuix uccieoosanui, /[yona, Poccus

E-mail: ! kulyabov-ds@rudn.ru; 2 korolkova-av@rudn.ru; * gevorkyan-mn@rudn.ru

HpI/I WU3JI0KEHUU YacTHOM TCOPHUHN OTHOCHUTCIBHOCTH 3a4aCTYIO BBIACIIAIOT TaK
Ha3bIBACMBIC IIaAPAAOKCBI TCOPHMHU OTHOCHTCIBHOCTH. OI[HI/IM N3 TaKHX IIapaJdOKCOB
ABJIACTCA c[)opMaanoe BO3HHMKHOBCHUC CKOpOCTefI, IMPCBBIIIAKINHNX CKOPOCTH CBCTA.
Ilo mHeEHHIO aBTOPOB, OonpIIas YacTh HOI[O6HBIX mapagoOKCOB BO3HHUKACT H3-34d
HCIIOJIHOTBI PCIIATUBHUCTCKOI'O HCYHCIICHHA Had CKOPOCTAMH. OnepauHH Hanq

CKOPOCTSMH 00pa3yloT TPYIITY IO ClaokeHuto. OaHAKO JJIs1 BEIYMCICHUM B CiIydae
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TaKUX MapajoKCcOB TpeOyeTcsl paclupeHue onepauuil 10 anredpsl. OgHaKo BMECTO
ATOr0 MCHOJB3YIOTCSI OOBIYHBIE HEPEIATUBUCTCKUAE ONEpaluu. ABTOPHI MPEAJIararoT
METOJUKY, TIO3BOJISIONIYIO IIPO3pPAYHbIM 00pa30oM MOIY4aTh PEISITUBUCTCKYIO 3allUCh
IUIsL  COOTHOILIEHHS IPOU3BOJIBHOM  CIIOXKHOCTH. [[Is 3TOro  HCHONB3yeTcs
KOMILUIEKCHOE IIpeACTaBiIeHnEe NpoeKTUBHOU Moenu Kamu-Kneitna.

An updated constraints on the variations of the fine-
structure constant from strong gravitational fields
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We use the observed spectra from the white dwarf star G191-B2B with strong
gravitational fields to constrain the space-time variation of the fine-structure constant,

e2

Ame,hc

a= . The analysis was combined with laboratory and astronomical lines in

[Ni V] to find &:(—0.003i0.072)x106. The obtained result suggests a
a

comparison with previous studies looking at cosmological variations of « using QSO
spectra. In this way, we can expect higher sensitivity from the white-dwarf spectra
than the QSO spectra. Therefore, this study should have more orders of magnitude
higher sensitivity per system than the previous quasar studies and we should be
reaching the statistical and systematic errors in high accuracies. This result represents

i . A i .
the most stringent limit on ¢ compared with the results using the same data
a

published in the literature.

Inequivalence between active gravitational mass and
energy of a composite quantum body
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We determine active gravitational mass operator of a simplest quantum body
with internal degrees of freedom — a hydrogen atom - within the semiclassical
approach to the Einstein’s equation for a gravitational field. We show that the
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expectation value of the mass is equivalent to energy for stationary quantum states.
On the other hand, it occurs that, for quantum superpositions of stationary states with
the constant expectation values of energy, the expectation values of the gravitational
mass exhibit time-dependent oscillations. This breaks the equivalence between active
gravitational mass and energy [1] and can be observed as a macroscopic effect for a
macroscopic ensemble of coherent quantum states of the atoms. The corresponding
experiment could be the first direct observation of quantum effects in General
Relativity.
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In 2017, “Carnegie-Chicago Hubble project” experts pointed out a statistically
significant, more than 3o, discrepancy in the estimates obtained for the Cepheids

“ladder of distance” H,=74+3km-s*-Mpk™ and microwave radiation

measurements: H, =67.3+1.2 km-s™-Mpk™ [1]. The head of “Hubble Space
Telescope Key Project” V. Friedman, called this situation in cosmology a dead end
[2], and she sees a way out of it in raising to 1% the accuracy of the scale of
extragalactic distances. The analogous dynamics of the accuracy of estimates of the
fundamental gravitational constant G, which plays an equally important role in
cosmology, was noticed at the end of the 20th century. Then the confidence intervals
of three of the four best definitions of G did not overlap at all, and in connection with
the analysis of experiments on the search for neutrino oscillations, the problem of
“incorrect confidence intervals” was considered. Therefore, in 1998, the Committee
on Data for Science and Technology recommended a new value of

G =6.673(10)-10™" m’s?kg™. It was a “step back” relative to the value of 1986:
6.67259(85)107"" m*.s”-kg™'. Further, in units of 10" m’.s*-kg™', the succession
was: 2008 — 6.67428(67); 2010 —6.67384(80); 2014 —6.67408(31). And in 2014, a

method of precision atomic interferometry was used to obtain an unexpected estimate
of accuracy G = 6.67191(99)10"" m’.s*-kg™. The discrepancy between the

definitions of the fundamental constant T. Kinn from the International Bureau of
Weights and Measures at a special meeting of the British Academy of Sciences called
it the “metrological and scientific impasse”.
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In this regard, the report examined the problem of the structural-parametric
identification of the scattering characteristics of the Friedmann—Robertson—Walker
model and its approximations as models of cosmological distance scales according to
data on SN Ia supernovae, which were used in detecting “acceleration of the Universe
expansion”. It is shown that the deviations from the position characteristics of these
models as a function of distance — the scale factor — are multiplicative. In the class of
truncated distributions, estimates are obtained for convolutions of random and non-
parametric non-excluded systematic components of the errors of inadequacy of scale
models. The scale factors of the models for the random component of the truncated
distributions were:

19.8% Cauchy with an offset of —9.40% with convolution boundaries [-89.5;
+29.7]1% for the Friedmann—Robertson—-Walker model with zero curvature parameter;
16.4 % in Laplace at a bias of —0.85 % with convolution boundaries [-72.2; +48.8] %
for an anisotropic model based on the Heckman approximation; 13.9 % Cauchy at an
offset of 11.6 % with convolution boundaries [-48.7 %; +44.6 %] for the
interpolation model.

In general, the “metrological and scientific impasse” turned out to be with a
statistical aspect.
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B 2017 romy cmemmanuctel mpoekTta Carnegie-Chicago Hubble ykazanu nHa
CTAaTHCTHYECKH 3HAYMMOeE, Oosiee 4eM Ha 30, pacX0KJICHHUE OIICHOK, MOJYYCHHBIX 10
uedennam “nectauunl paccrosauin” H, =74+ 3 km-¢Mnk ™ u 1anHbIM M3MepeHuii
MHKpPOBOJHOBOTO  (oHOBOro m3myuenus: H,=67.3£1.2 xmc Mnx?! [1].
PykoBonutenr Hubble Space Telescope Key Project B. ®@puaman Ha3zBana 3Ty
CUTYalMIO0 B KOCMOJIOTUM TYNUKOBOU [2], U BBIXOJ W3 HEEC OHA BHJAUT B MOBBILICHUU
n0 1% TOYHOCTM IIKaNbl BHETAJTAKTUYECKHX paccTossHuil. Ha aHamormunyto
JUHAMHUKY TOYHOCTH OLEHOK (pyHIaMEeHTalbHOW IpaBUTALIMOHHOW MOCTOSIHHON G,
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KOTOpasi B KOCMOJIOTMH MIPAcT HE MEHEEe BAKHYIO POJIb, OOPATHIN BHUMAHUE €I B
konie 20-ro Beka. Toraa JOBepUTENbHBIE MHTEPBAIBI TPEX W3 YETHIPEX JIYUIIUX
onpeneneHuii G BOOOIIE HE EPEKPHIBAIKCH, & B CBSI3H C aHAJTHU30M 3KCIEPHUMEHTOB
10 MOUCKY HEHUTPUHHBIX KOJeOaHWH paccMaTpuBaiach mpobiieMa «HEMpPaBHUIBHBIX
JIOBEPUTEIIBHBIX WHTepBaoBY». [loatomy B 1998 r. Committee on Data for Science

and Technology pexomenmoBan HoBoe 3uauennme G =6.673(10)-10"" m*c?kr.

910 ObUI “‘mmar Ha3zax OTHOCHUTEBLHO 3HadeHus 1986 r.: 6.67259(85)-10’11 M C KT

Janree B emmuumax 10" wm*c?xr!  mocnenosamo: 2008 —6.67428(67);

2010—6.67384(80); 2014—6.67408(31). A B 2014 r. MeTrogoM NpEIU3MOHHON

aTOMHOW wWHTepdepomMeTpun ObUTa TMONydyeHAa HEOXHUJaHHAs MO TOYHOCTH OIICHKA
G = 6.67191(99)-10*11 M3 cZkrl. PacxoxaeHue onpenencHuil GyHIaMeHTaIbHOM

koHcTaHThl T. KunH u3 MexayHapogHoro OHOpo Mep M BECOB Ha CIEIHATIBHOM
3acelaHuu DBpUTAHCKON akalieMUH HAayK Ha3Bal ‘‘METPOJIOTUYECKHM M HAy4YHBIM
TYIUKOM .

B »T0i1 cBsi3M B MOKIaZE pacCMOTpEHA 3ajaya CTPYKTYpHO-TIapaMEeTPUYECKOM
UJCHTU(DUKAIIMM  XapaKTEPUCTUK paccesHuss Mojaenn Dpuamana—Pobeprcona—
Yokepa u ee nNpUOMKEHMM B KayecTBE MOJENed IIKal KOCMOJOTHYECKHUX
pPacCTOSIHUM IO JaHHBIM O CBepXHOBBIX TUma SN [a, KOTOpble OBLIM HCIOIB30BAHBI
npu  oOHapyXeHuu “‘yckopeHuss pacmupeHuss Bcenennoit”. Ilokazano, d4To
OTKJIOHEHUSI OT XapaKTepUCTUKU TMOJOKEHUS OTUX Mojeled Kak (QyHKIUS
pPacCTOSIHUSI — MacIITaOHBIA (AaKTOp — HOCIT MYJbTUIUIMKATUBHBIA Xapaktep. B
KJIACCE€ YCEUEHHBIX PACHpEAeNICHUI IMOJTYyYEHbl OLUEHKHU ISl CBEPTOK CIyYalHBIX U
HEMapaMeTPpUYECKUX HEHCKJITFOYEHHBIX CHUCTEMATHUYECKUX COCTaBJISFOILIAX
MOTPENTHOCTEH HeaIeKBaTHOCTH Mojieliel mkain. MacmTaOHbie (aKTOPhl MOJICIICH 1O
CIy4alHOM COCTABIISIIOIIEH YCEUEHHBIX PACIIPEACIEHUN COCTAaBUIIN:

19,8% mo Ko npu cmemenuu —9,40% c rpanumamu ceeptku [—89,5; +29,7]%
s moaenn dpunmana—PobeprcoHa—Yokepa Mpu HYJICBOM IapaMeTpe KpUBHU3HBI,
16,4 % no Jlarmacy npu cmeniennn —0,85 % ¢ rpanunamu ceeptku [—72,2; +48,8] %
JUTSI aHU3O0TPOTTHOW MOJIENIM Ha OCHOBE mNpuOmmxkeHuss Xekmana; 13,9 % mo Komwu
npu cmemennn +11,6 % ¢ rpanunamu cBeptku [—48,7 %; +44,6 %] nus
MHTEPNOJALMOHHON MOJEIH.

B nenom “meTponornueckuil 1 Hay4YHbIM TYNHK OKa3ajicsi CO CTaTUCTUYECKUM
ACIIEKTOM.

Jlureparypa
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Analysis of gravitational experiments

Lukanenkov A.V.
Moscow, Russian Federation

E-mail: a_v_luk@mail.ru

A probabilistic analysis of the problem of detecting of metric perturbations
during the merger of black holes (neutron stars) is carried out.

Estimates of the statistical noise characteristics of two Hanford (H1) and
Livingston (L1) observatories are obtained. The correlation of the noises of two
observatories according to the registration data of events GW150914, GW170814,
GW170817 is established.

The detection of chirp signals is complicated by the presence of a multitude of
glitches (more than 125 million during the registration of two LIGO observatories).
To screen them, it is proposed to use tests that use the properties of chirp-signals.

The useful signals have an amplitude =107, which is 3 orders of magnitude

lower than the noise level (SNR s10‘3). To highlight weak useful signals, it is
proposed to apply special methods of digital processing.

AHaans I'PABUTAIIMOHHBIX SKCIICPUMCHTOB

Jlykanenkon A.B.
Mockesa, Poccus

E-mail: a_v_luk@mail.ru

[IpoBenen  TEOPETUKO-BEPOSTHOCTHBIA  aHAIM3  3aJayd  OOHApYKEHUS
BO3MYIIICHUN METPUKHU TIPH CIUSHUU YEPHBIX JbIP (HEUTPOHHBIX 3BE3]).

[lonyuyeHbl  OLEHKH CTATUCTUYECKUX  XAPaKTEPUCTUK IIIYMOB  JBYX
obcepBaropuii Hanford (H1) u Livingston (L1). YcTaHoBnena koppeaupOBaHHOCTD
IIyMOB JIByX o0OcCepBaTopuil 1O JaHHBIM peructpanuu coobituii GW150914,
GW170814, GW170817.

OOHapyXeHHe YHPI-CUTHAJIOB YCJIOXHEHO HallMYUeM MHOXKECTBA TJIIOKOB
(bomee 125 muH. 3a Bpemsi peructpammuu nByx oOcepBatopuii LIGO). Jlna wux
OTCEMBAHUSI NPEAJIaraeTcsi UCIOJIb30BaTh TECThI, MCIOJIb3YIOIIUE CBONCTBA YHPII-
CUTHAJIOB.

[Tone3Hbie cUrHAIBI UMEIOT aMILUTUTYAY ~ 10%, yro Ha 3 MOpsiJIKa HUXKE YPOBHS
IIOMEXH (SNR SlO_S). JIns1 BeIIEICHUS CIA0BIX MOJIE3HBIX CUTHAJIOB IIpeJjiaraeTcs

MIPUMEHSTH CIIeIIMaIbHbIe METOIbI IM(GPOBOM 00PaOOTKH.
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Binary stars light curves interpretation using 3D
hydrodynamical simulation

Lukin V.V.1, Galanin M.P., Chechetkin V.M.
M.V. Keldysh Institute of applied mathematics RAS, Moscow, Russia

E-mail: ! viukin@gmail.com

The results of 3D hydrodynamical simulations of accretion flow in the eclipsing
dwarf nova V1239Her and PHL1445 are presented. The model [1,2] contains the
optical star filling its Roche lobe, a gas stream emanating from the inner Lagrangian
point of the binary system, and the accretion disc structure. The cold hydrogen stream
coming from L1 lagrangian point to accretor vicinity is modelled using Euler system
of equations for compressible inviscid partially-ionized gas. The Roche gravitational
potential, matter radiative cooling and binary star system rotation are taken into
account in mathematical problem formulation.

The numerical scheme for governing equations solution is based on Runge —
Kutta Discontinuous Galerkin method written for unstructured tetrahedral meshes.
Well-known HLLC numerical flux [3] is adapted for calculations with non-perfect
partially-ionized gas. The scheme algorithm is implemented in parallel solver for
cluster computational systems. The solver is good scalable up to 500 processor cores.

The light curve of the system is calculated using obtained hydrodynamical
solution as the volume emission of optically thin layers along the line of sight. The
calculated eclipse light curves show good agreement with observations.

The work is supported by Russian Foundation for Basic Research (projets 18-
31-20020, 18-01-00252).
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Exact models: symmetries of equations and spacetime

Maharaj S.
University of KwaZulu-Natal, Durban, South Africa

E-mail: maharaj@ukzn.ac.za

We study exact models in spherically spherically symmetric spacetimes. There
exist several solution generating algorithms for generating exact solutions to the
Einstein field equations. Here we use the geometrical approach of Lie point
symmetries to study the problem by finding the associated five-dimensional Lie
algebra of symmetry generators. We find a general class of models containing
vacuum models, constant density models, metrics with linear equations of state and
the Buchdahl representation of the polytrope with index five. For a different
particular symmetry generatorwe obtain a Riccati equation which admits particular
solutions.In addition, some geometrical and physical properties are studied by
considering conformal symmetries on the spacetime manifold.

Nucleus decay oscillations as possible quantum gravity
effect

Mayburov S.
Lebedev Institute of Physics, Moscow, Russia

E-mail: mayburov@mail.ru

Recently, several experiments reported temporary decay rate and life-time
variations for alpha and beta-decay of heavy nuclei [1,2]. Beside standard exponential
time dependence of nuclei decay rate, they found additional periodic terms of the
order .05% corresponding to annual and daily decay rate oscillations. These results
suppose that decay rate variation can be related to temporary | variation of Sun
gravitation potential U in lab., resulting from elliptic form of Earth orbit and its daily
rotation [1]. We argue that emergent gravity theory, in which gravity effects induced
by scalar bilocal field @ describe such effects consistently [3,4]. It’s shown that @
interaction with bilocal nucleus operators can influence its evolution in the similar
way. For Gamow alpha-decay theory, such nonlinear Hamiltonian induces significant
nucleus decay rate variations, which generally agree with experimental results for
Po-214 alpha-decay [2].
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Modified Starobinsky inflation

“Medeiros L.G. !?, Cuzinatto R.R.># Pompeia P.J.>
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2 School of Science and Technology, Federal University of Rio Grande do Norte, Natal,
Brazil
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E-mail: * leogmedeiros@ect.ufrn.br

An extension of the Starobinsky model is proposed. Besides the usual
Starobinsky Lagrangian, a term proportional to the derivative of the scalar curvature,

0,R0"R, is considered. The analyzis is done in the Einstein frame with the

introduction of a scalar field and a vector field. We show that inflation is attainable in
our model, allowing for a graceful exit in the metric formalism. We also build the
cosmological perturbations and obtain the leading-order curvature power spectrum,
scalar tilt and tensor-to-scalar ratio. The tensor and curvature power spectrums are
compared to the most recent observations from BICEP2/Keck collaboration. We
verify that the scalar-to-tensor rate r can be expected to be up to three times the
values predicted by Starobinsky model. For details see arXiv:1810.08911.

Black hole and dark matter. Phase equilibrium

Meierovich B.E.
Kapitza Institute for Physical Problems, Moscow, Russia

E-mail: meierovich@mail.ru

A possibility of equilibrium state of a gravitating scalar field inside a black hole,
compressed to the state of boson matter, in balance with a longitudinal vector field
(dark matter) outside is considered. Analytical analysis, confirmed numerically,
shows that there are static solutions of the Einstein equations with no limitation on

the mass of a black hole, in which the metric tensor component g™ (r) changes sign

twice. One just has to abandon the tacitly existing opinion that the signature of the
metric tensor remains unchanged even with the unlimited collapse of a black hole.
The behavior of the gravitational field and material fields in the vicinity of these two
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Schwarzschild radii has been studied in detail. The equality of the energy-momentum
tensors of the scalar field and the longitudinal vector field at the interface supports
the equilibrium of these phases. Considering the gravitating scalar field as an
example, a possible internal structure of a black hole and its influence on the dark
matter at the periphery of a galaxy are clarified. In particular, the dependence of the
speed on the plateau of a galaxy rotation curve on the visible mass of a black hole is
determined.

The space-borne gravitational wave detector TianQin:
mission concept and realization

Milyukov V.12,
on behalf of the International Collaboration TianQin

! Lomonoscov Moscow State University, Moscow, Russia
2 Sun Yat Sen University, Guangzhou, China

E-mail: milyukov@sai.msu.ru

TianQin is a space-borne detector of gravitational waves in the millihertz
frequency range. The experiment relies on a constellation of three dragfree spacecraft
orbiting the Earth. Inter-spacecraft laser interferometry is used to monitor the
distances between the test masses. The initial goal of TianQin is a calibration which
implies detecting a signal with high confidence from a single source of gravitational
waves within a few months of observing time. We describe the preliminary mission
concept for TianQin, including the candidate source and experimental designs. We
present estimates for the major constituents of the experiment’s error budget and
discuss the project’s overall feasibility. Given the current level of technological
readiness, we expect TianQin to be flown in the second half of the next decade and
will serve as a space-based observatory for a wide class of astrophysical sources of
gravitational waves.

The work was supported by the Russian Foundation for basic Research (project
no. 18-52-53018).
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New approach to study the dynamical cosmic behaviour in
extended gravity

Mishra B.
Birla Institute of Technology and Science-Pilani, Hyderabad, India

E-mail: bivudutta@yahoo.com

A new mathematical formalism has been developed to study the dynamical
aspects of cosmological model in an extended gravity theory. We have adopted a
simplified approach to obtain cosmic features, which in fact equires more involved
calculations. The cosmological model is constructed in an extended theory of gravity

by considering the functional f (R,T) =R+2A,+ ST, where A, is a constant. This

model reduces to the usual General Relativity equations with a cosmological constant
in the limit of a vanishing coupling constant . A dynamically changing universe

with a feature of early deceleration and late time cosmic acceleration is simulated
through a hybrid scale factor (HSF). The parameters of the HSF are constrained from
some physical basis to reproduce the transition redshift as obtained from different
observational analysis. This HSF provides a good estimate of the deceleration
parameter and the Hubble rate at the present epoch. Recently, there has been a belief
that, we are at the peak of the cosmic acceleration and the universe is now slowing
down. We have investigated such a feature of the universe employing the HSF and
obtained that there is no such slowing down in recent past or recent future.

From some general expressions of the physical quantities, we have derived the
expression of the equation of state parameter and the effective cosmological constant.
The effect of anisotropy and the coupling constant f are investigated. It is observed

that, with an increase in the coupling constant the equation of state parameter
assumes a higher value. Anisotropy is observed to affect largely to the dynamics of
the model. The equation of state parameter undergoes an increased rate of growth
with an increase in the anisotropy. We anticipate, the present study will definitely put
some light in the context of the uncertainty prevailing in the studies of the late time
cosmic phenomena. The deceleration parameter and energy conditions have been
obtained for the constructed model. Scalar fields have been reconstructed from the
present model in the extended gravity. Different diagnostic methods have been
applied to analyse the viability of the constructed model. The present model almost
looks like a cosmological constant for a substantial cosmic time zone and does not
show any slowing down feature in near future.
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Vacuum and space-time signature in the theory of
superalgebraic spinors

Monakhov V.V.
Saint Petersburg State University, Saint Petersburg, Russia

E-mail: v.v.monahov@spbu.ru

Based on the superalgebraic representation of spinors, formulas for the Lorentz
operators and gauge charge transformations of spinors are derived. It is shown that
the condition for the existence of a vacuum imposes restrictions on possible variants
of Clifford algebras: only real algebra with one timelike basis Clifford vector
corresponding to the zero gamma matrix in the Dirac representation can be realized.
In this case, the signature of the four-dimensional space-time, in which there is a
vacuum state, can only be (1,-1,-1,-1), and there are two additional axes
corresponding to the inner space of the spinor, with a signature (-1,-1).

BakyyMm U CUTHATYpa POCTPAHCTBA-BPEMEHHU B TEOPHUH
cynepajredOpanyecKux CNMHOPOB

Monaxos B.B.

Canxm-Ilemepbypeckuti cocyoapcmeennviil ynusepcumem, Cankm-Ilemepoype, Poccus

E-mail: v.v.monahov@spbu.ru

Ha ocHoBe cynepanreOpanyeckoro TMpEeACTABICHUS CIIMHOPOB BBIBEICHBI
dbopMynbl  JIE  ONEPATOPOB  JIOPEHIIEBCKUX U KaJuOpOBOYHBIX 3apsIOBBIX
npeobpazoBanuii crnuHOpoB. [lokazaHo, 4YTO yCIOBHE CYIIECTBOBAHMS BaKyyMma
HAKJIAJbIBACT OTPAHMYCHUS Ha BO3MOXKHBIE BapHaHThl KIHPGHOPIOBBIX anreop:
MOXXeT OBITh pealn30BaHa TOJBKO  BEIIECTBEHHAS anrebpa ¢  OJHHUM
BPEMEHUTIOMO0HBIM  0a3uCHBIM  KIH(PGHOPIOBEI  BEKTOPOM, COOTBETCTBYIOIIUM
HyJIEBOW TramMma-marpuie B npencrasineHnn [upaka. Ilpm 3TOM curnarypa
YETBIPEXMEPHOTO  MPOCTPAHCTBA-BPEMEHH, B KOTOPOM HMEETCS BAaKYyMHOE
COCTOSIHME, MOXeT ObITh TONbKO (1,-1,-1,-1), u umMeeTcss ABE AOMOJHUTEIbHBIE OCH,
COOTBETCTBYIOIIME BHYTPECHHEMY IIPOCTPAHCTBY CIIMHOPA, C cUrHaTypo (-1,-1).
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About principal propositions of the special relativity
theory

Mubarakshin I.R.
Mari State University, Yoshkar-Ola, Russia

E-mail: mubair@mail.ru

We mean Einstein's postulates on the basis of which the special relativity theory
(SRT) and in general a relativistic physics is founded by principal propositions of the
special relativity theory (SRT).

The work purpose — to show that not everything is made in respect of
comprehensive discussion of postulates. Not all arguments are adduced to disclose
their logical interrelation, to remove an apparent inconsistency, to make them more
clear and more evident. The reasonings which are pulling together the postulates with
classical physics showing validity of their acceptance are given. Widespread mistakes
in the description of some experiments are specified.

The following points are discussed:

1. The classical principle of relativity (PR). A strong argument in favor of
generalization of the mechanical PR - there are no purely mechanical phenomena.

2. PR and the concept of a short-range interaction are compatible only if there is
a finite invariant rate of transmission of interactions. The PR itself does not require
this.

3. The postulate of constancy of the speed of light: a) chosenness of light
velocity; b) covariance of Maxwell's equations; ¢) Lorentz transformations.

4. Classical law of a velocity addition. The contradiction between the classical
law of addition and constancy of light velocity is removed.

5. V. de Sitter's proof of constancy of speed. The mistake which is often found
at statement of this proof significantly reduces all its significance.

6. Experience with round-the-world clocks doesn't grant permission a paradox of
twins, and only confirms dependence of the rate of clocks on gravitational field.

Kinetic scalar curvature extended f(R) gravity

Nikolaev A.V.1? Chervon S.V.12, Mayorova T.I.2

! University of KwaZulu-Natal, Durban, South Africa
2 Ulyanovsk State Pedagogical University, Ulyanovsk, Russia

E-mail: ilc@xhns.org

The general formalism for the kinetic scalar curvature extended f(R) gravity
has the following action
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S = [d*xJ=g (X (R)R,R” + f (R))+S,,,, (1)
where X (R) and f(R) are differentiable functions of the Ricci scalar, and
stands for the action. We have shown that the corresponding field equations are

(2)

S

matter

AX +BUX '+ CHX "+ F#X '"—%5ff+f'Rv” +(0/0-V"V,) £ =T,

where the A", B/, C!, F" tensors are made from combination of the Ricci

scalar and it’s derivatives, and primes denote derivation with respect to the Ricci
scalar. It is possible to solve (2) for the FRW metric for particular cases such as de
Sitter and power law evolution.

Using the formalism proposed in Ref. [1] we get the equivalence of the theory at
hand with a scalar-tensor theory with the following action

Ssr :IdAXﬁ(WR_U(W,¢ﬂ,Vﬂ¢” ))+Smmter (3)
with the scalar potential U

0" 4)
U0, V,0" ) =E(y+ V0" )=/ +
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Geometrical interpretation of time and new formulation of
the general theory of relativity

Olkhov O.A.
N.N. Semenov Institute of Chemical Physics, Moscow, Russia

E-mail: oleg.olkhov@rambler.ru

The new geometrical model for the space of events of special relativity is
suggested on the base of geometrical interpretation of time. Instead of pseudo
Euclidean Mincowski space the space of events is considered as a real four
dimensional affine space, where time is defined as a length of geodesic lines of this
space and where the Lorentz transformations appear to be the group of
automorphisms of the space. This means that the surrounding three dimensional
space is not Euclidean one, and it may be considered as Euclidean space only for
motions with not relativistic velocities. Within the suggested model existence of the
limiting velocity of motions and specific effects of special relativity (reduction of
time and length) are consequences of affine geometry of the space-time. New
geometrical representation of the space of events leads to changes in mathematical
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formulation of general theory of relativity. Solution of new equations coincides with
the known results for motions with not relativistic velocities in weak constant
gravitational field.

Anisotropic Tilted Spherical False Vacuum Model

Patra R.N.
Berhampur University, Odisha, India

E-mail: raghunathpatra09@gmail.com

In this paper, a tilted spherically symmetric cosmological model with perfect
fluid distribution along with heat conduction has been considered. To get a
generalized solution, | have assumed the model to be False Vacuum (i.e. p+p=0),

where p being the isotropic pressure and is the matter density of the fluid. The
various physical properties of the model are also discussion as the concluding remark.

Entanglement entropy in strongly correlated systems dual
to anisotropic gravitational models

Patrushev A.
Bauman University, Moscow, Russia

E-mail: apatrush@gmail.com

Experiment results show that the quark-gluon plasma (QGP) in the RHIC
experiment exhibits strong coupling dynamics which does not have a proper
description in terms of standard perturbative methods. Another difficulty in
description of QGP is the anisotropy. We use the holographic approach to description
QGP, which has been widely used for the description of plasma transport and
thermalization. We continue studying the holographic model proposed by I. Arefyeva
and K. Rannu which is the gravitational theory dual to the anisotropic field theory
defined by the Einstein-Dilaton-two-Maxwell action. The main focus of our work is
the description of entanglement in the anisotropic holographic model. The
entanglement entropy can be useful to probe correlations in the background
measuring an entanglement of a quantum system. In this model we investigate the
behavior of the entanglement entropy near criticality. Our main goal is to relate QGP
observables such as multiplicity and its angular dependence with entanglement
characteristics of the model.
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Basic properties of the time field

Paviov D.G.
The Research Institute of Hypercomplex Systems in Geometry and Physics, Fryazino, Russia

E-mail: geom2004@mail.ru;

In papers [1,2] it is shown, that the time can be consider as the scalar potential,
closely related with the wave equation and its extensions, such as Poisson,
Helmholtz, Klein-Gordon equations. In the corresponding model the pace of time, in
general case, has not constant value, but substantially depends on external conditions.
Meanwhile the following of Einstein’s equations dependence of the speed of time on
the presence or absence of gravitational bodies is not unique way to cause
acceleration or deceleration of time. There seem to be much less exotic ways to
change the speed of time, at least locally.

In this report it is suggested two principal ways to control of the pace of time.
The first way is connected with the creation of powerful mechanical shocks. After its
realization laboratory quartz clock demonstrate the frequency deviation from own
base frequency, registered without shocks, in the vicinity of a few meters from the
point of impact for about one millisecond. In this case, it is shown, that deviation is
not result of spreading of usual shock wave in air and solid.

The second way is connected with idea of realization of fast-flowing
electromagnetic pulse with certain parameters. This process as it’s shown by received
equations can lead to focus background time in the certain space-time point (in this
case it’s quoted the formula, which is analog of the formula of calculus focal length
for thin optical lens), in which there is extreme value of many physical parameters,
among them, creation of new substance nuclei.

References
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B pabGorax [1,2] ObUlO MOKa3aHO, YTO BpeMsi MOXXHO paccMaTpuBaTh Kak
CKAJIIPHBIN MOTEHIIMAJI TECHO CBA3AHHBIN C PENATUBUCTCKUM BOJIHOBBIM YPaBHEHUEM
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U ero pacuidpeHusmu, HanoaoOue ypaBHeHuil I[lyaccona, I'enpmrombua, Kneitna-
I'opnona u np. B cooTBeTcTByIOIIE MOAENM TEMIT BPEMEHHU B OOILIEM Cily4yae He
SIBJISICTCS] TOCTOSIHHOW BEJIIMYMHOM, a B ONPEICIICHHON CTEIEHU 3aBUCUT OT BHELIHUX
ycnoBuid. [Ipu 3ToM cienyromas u3 ypaBHEHU DUHIITEWHA, 3aBUCUMOCTh CKOPOCTH
TEUECHHS] BPEMEHM OT HaJIWYUid WIM OTCYTCTBUS TPABUTUPYIOIIMX TEI - HE
€JMHCTBEHHBIM Croco0 BBI3BATh 3aMeEJJICHUE WM YCKOpeHue BpeMeHu. [loxoxe,
CYILIECTBYIOT HA MHOTO MEHEE HK30THUYECKHE CIOCOOBI M3MEHUTh CKOPOCTh TEUEHUS
BPEMEHHM, BO BCAKOM CIIy4ae, JOKaIbHO.

B nanHOM noxiajzie mpensioKeHbl J1Ba MPUHIUIUAIBHBIX CIIOCO0a yIpaBJICHUs
TEYECHUEM BpPEMEHHU U 00a OHU MPOBEPEHBI B JIA0OPATOPHBIX ychoBUsX. [lepBriii
cnoco0 CBA3aH C CO3JaHMEM MONIHBIX MexaHudeckux yaapos. Ilocie ero
MPOU3BOJICTBA, B OKPECTHOCTHU HECKOJBKUX METPOB OT TOYKM yAapa B TECUCHHUE
IPUMEPHO OJHON MWUIMCEKYHIbI, Ja0OpaTOpPHBbIE KBAPIIEBBIC YacChl MMOKA3bIBAIOT
OTKJIOHEHUE COOCTBEHHOW YacCTOTHI OT 0a30BOM, PETHCTPUPYEMON B OTCYTCTBUU
BHEIIIHUX yAapHBIX Bo3MyleHui. [Ipu 3TOM moka3zaHo, 4TO JaHHOE BO3ACHCTBUE HE
SIBJISIETCSL CJICACTBUEM PACIPOCTPAHEHUSI OOBIYHOM YJapHOI BOJIHBI B BO3/IyXE WJIU B
TBEPIOM TEJIE.

Bropoii cnocob6 cBs3aH ¢ uwaeedl peanmuzanuu - OBICTPOINPOTEKAIOLIETO
3JIEKTPOMArHUTHOIO UMITYJIbCa C OMNpPEJICICHHBIMU MapameTrpaMu. JlaHHBIA mpoliecc,
KaK TPE/ICKa3bIBAIOT TOJYUYCHHBIC YPAaBHEHHS, MOXET MPUBOIUTH K (DOKYCHUPOBKE
(OHOBOTO BpeMEHH B OJHY KOHKPETHYIO NMPOCTPAHCTBEHHO-BPEMEHHYIO TOUKY (TIpHU
ATOM MPUBOJUTCS popMylia, aHaOTUYHasE popMyIie pacueTa (POKYCHOTO pacCTOSTHUS
JUIs TOHKOM ONTUYECKOW JIMH3bI), B KOTOPOM HaOIIOMAIOTCS AKCTpeMalbHbIE
3HAUEHUs MHOTHX (PU3NYECKUX MapaMeTpoB, B TOM 4YHCIIe, BOSHUKHOBEHUE HOBBIX
A/Iep BEILIECTBA.

Jluteparypa
[3] Pavlov D.G., Kokarev S.S. Hyperbolic statics in space-time. Gravitation and
Cosmology. V. 21, 2015, pp 152-156.
[4] Pavlov D.G., Kokarev S.S. Algebra, Geometry and Physics Hyperland.
Advances in General Relativity Reserch. 2015, pp. 267-342.

Penrose effect in the rotating coordinate system
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It is shown that the observer using uniformly rotating coordinates in flat space-
time will observe effects similar to those observed in the vicinity of the rotating black
hole: the existence of the surface out of which no unmovable objects are possible and
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particles with zero and negative energies are present [1]. This surface plays the role
of the static limit in the ergosphere of the black hole and the Penrose effect is
possible in the region out of it. The example of the situation when one of the
particles being the result of the decay of some particle on two particles out of the
static limit is moving with the energy larger than the initial particle and is registered
inside the static limit is considered. Limitations for the relative velocity of the decay
products in the Penrose process in rotating coordinate system are obtained. The
problem of the definition of the energy in the noninertial reference frame is
considered. Particle states with minimal energy in the rotating reference frame are
found and the relation of this energy to the tangent Doppler effect of the shift of the
radiation frequency is considered.
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P dexr Ilenpoys3a Bo Bpamawuencss cucreMe KOOPAMHAT
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[TokazaHo, yTo 7151 HAGIIOAATENS, UCTIOIB3YIOMIEr0 PABHOMEPHO BpAIAIOIINECS
KOOPJIMHATHI B IUIOCKOM TMPOCTPAHCTBE-BPEMEHH BO3HUKAIOT A((PEKTHI, MOJ00HBIC
CIy4ar BpalAIONICHCS YEPHOM HbIPHI: MOSBISIETCS MOBEPXHOCTh, BHE KOTOPOU
HUKAKO€ TEJI0 HE MOXKET OBbITh HEMOABUHBIM, a JHEPTrUs YaCTHUIl MOXKET OBITh
paBHON HyJIO WIM oOTpuliateabHol [1]. BHe 3ToMl MOBEpXHOCTH, aHAJIOTUYHOU
mpeneny CTaTUYHOCTH [JIs Bpallalonieicss YepHOM MAbIpbl, BO3MOXKEH 3(]dekr,
nonoOueIi 3 dekry Ilenpoysza. PaccMoTpeH mpumep, Korja OJWH H3 OCKOJIKOB
YacTUIlbl, pacHaBllIelicss Ha JIBE BHE IMpefena CTaTUYHOCTH, MPUJIETAET BO
BpALIAIOIIYIOCSl CUCTEMY OTCUETa BHYTPHU Mpelesia CTATUYHOCTU U UMEET SHEPTUIo,
OONBIIYI0 DHEPTrUM  MCXOAHOW  dacTuibl. llomydeHsl  orpaHWueHHst s
OTHOCHUTEJIbBHOM CKOpPOCTM TMpPOAYKTOB pacnaga B mnpouecce Ilenpoysza Bo
Bpaljaroleiics cucreme KoopauHat. PaccMoTpeH Borpoc 00 onpeieIeHu SHEPTUH B
HEMHEPUUAIIBHON CHUCTEME oOTcueTa. /[[nd paBHOMEPHO BpalArOLIECHCs CHCTEMBI
OTCUETa PaCCMOTPEHBI COCTOSIHUA YaCTHI] C MUHUMAaIbHOW YHEPTUe, MOKa3aHa CBs3b
ATOM BEJIWYUHBI CO CJABUIOM YAaCTOTHl H3JIYYEHHUs BpAIAIOUIErOCs Tejla MpH
nonepeuroM 3¢ ¢exre lomiepa.
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On properties of constant curvature black holes in the
Einstein-AdS gravity

Petrov A.N.1, Guilleminot P.?, Olea R.?
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The results of two papers by Guilleminot P., Olea R. and Petrov A.N. [Constant
curvature black holes in Einstein-AdS gravity: I. Constant curvature black holes in
Einstein-AdS gravity: Conserved quantities, Phys. Rev. D, 95, 124039 (2017); II.
Euclidean action and thermodynamics, Phys. Rev. D, 97, 064046 (2018)] are
presented. The constant curvature black holes (CCBHSs) are geometrical objects in D
dimensions which locally are equivalent to the anti-de Sitter (AdS) space although
globally they differ from the usual AdS space. The CCBHs are constructed by special
identifications in the usual D -dimensional AdS space analogously to construction of
BTZ black holes in 3 dimensions. The BTZ black holes are interesting because they
have properties of usual BHs in dimensions D > 4. Indeed, they have well defined
mass, angular momentum and thermodynamic properties. In last decade, some
publications appeared where analogous properties are defined for the CCBHs in D
dimensions. We demonstrate that such results are wrong in dimensions D > 4.

The topology of the CCBHs for D >4 does not permit to use the standard
methods in definition of conserved quantities. The reasons are in the following: for
CCBHs there is no a limit when the horizon radius goes to zero; the horizon itself has
the topology of the circle — one-dimension object; etc. In our study, we use the
technique of counter terms without using background structures that has been
elaborated for asymptotically locally AdS solutions. It is based on specially
regularized action. We show that always in dimensions D >4 CCBHs have zero
mass and zero other conserved quantities. For the case of odd dimensions the energy
Is divided onto two parts: the energy itself and the Casimir energy. It turns out that
for the CCBHs the last cannot be interpreted as physically permissible. Thus such
objects, like CCBHs, are not observable.

Concerning the thermodynamic properties we have shown that the CCBHSs have
no them at all. Indeed, 1) in a classical notion the entropy is connected directly with
the horizon square, whereas for CCBHs the horizon is a circle only; 2) because
locally CCBH at every point is equivalent to AdS space it is impossible to define
gradients at the horizon, that is impossible to define the black hole temperature and
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black hole evaporation by Bekenstein’s and Hawking’s prescription. We support this
result after rewriting the regularized action in the Euclidean version (the Helmholtz
free energy) and analyzing it.

On the “Special” Relativity Genesis: Russian Connection

Petrov V.A.

A.A. Logunov Institute for High Energy Physics of NRC “Kurchatov Institute”, Protvino,
Russia

E-mail: Vladimir.Petrov@ihep.ru

In this talk | present an account of an important contribution to the proper and
most general formulation of the relativity theory made in 1910-11 by the Russian
physicist Vladimir Sergeyevitch Ignatowski. The analysis of his papers is
supplemented by the

Formatting physical fields and pseudometric manifolds.
The dark matter

Petrova L.I.
Lomonosov Moscow State University, Moscow, Russia

E-mail: ptr@cs.msu.su

It is shown that from the equations of conservation laws for energy, linear
momentum, angular momentum, and mass, which are conservation laws for material
media (such as thermodynamic, gas dynamical, cosmological systems, systems of
charged particles, systems of elementary particles and others), it follows the
evolutionary relation. This relation, which appears to be nonidentical due to the
noncommutativity of conservation laws, describes the evolutionary processes
proceeded in material media and accompanied by the origination of physical
structures. The physical fields and relevant manifolds are formed by such physical
structures. Since, due to the noncommutativity of the conservation laws, the
nonpotential inconsistent external actions upon material medium do not converge into
the quantities of the material medium itself, this leads to the appearance of
Immeasurable quantities in the material medium. As it is shown, under realization of
any degrees of freedom of material medium (to what the degenerate tansformation
corresponds) the nonmeasurable quantity locally partly converts into observable and
measurable formations and physical structures forming physical fields and
corresponding manifolds. However, since this occurs only locally, only a part of
measurable quantity converts into physical structures. This means that a certain
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nonmeasurable quantity remains in material medium. The dark energy and dark
matter are such nonmeasurable and nonobservable quantity (essence) that emerges
due to various nonpotential actions and, because of the noncommuativity of
conservation laws, cannot directly convert into own quantities of material medium.

Reducing Optical Coating Thermal Noise in
Interferometric Detectors of Gravitational Waves

Pinto I.M.

University of Sannio, Benevento, Italy
Centro Studi e Ricerche Enrico Fermi, Rome, Italy
Istituto Nazionale di Fisica Nucleare (INFN), Sez. di Napoli, Gr. Coll. di Salerno; LIGO-
Virgo Scientific Collaboration (LVC); KAGRA Scientific Collaboration (KSC).

E-mail: pinto@sa.infn.it

The relevance of thermal noise in the high-reflectance optical coatings of
interferometric detectors of gravitational waves is discussed. The milestones of
coating thermal noise physics are highlighted, in a historical perspective. The status
of optical coating technology for gravitational wave detectors is presented, and
current research trends are summarised, including yet unanswered questions, and
possible/proposed mid- and far-term options.

Stable Compact Objects from Dark Matter in Planetary
Systems

Pokrovsky Yu.E.
National Research Center “Kurchatov Institute”’, Moscow, Russia

E-mail: yury pokrovsky@mail.ru

Within the framework of the standard cosmological model, the dynamics of the
Universe are essentially determined by the gravitational interaction of the Dark
Matter (DM). However, it has not yet been possible to detect individual particles of
DM in experiments. In this paper, possible values of the masses and radii of stable
compact objects from DM particles are estimated and discussed. It is shown that as a
result of some specific interactions of such objects with the planets or the central star,
these DM objects could manifest themselves in astrophysical data.
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High frequency gravitational waves generation by optical
method

Pustovoit V.I., Gladyshev V.O., Kauts V.L., Morozov A.N., Gorelik V.S.,
Fomin 1.V, Portnov D.l., Sharandin E.A., Kayutenko A.V., Gladysheva T.M.

! Bauman Moscow State Technical University, Moscow, Russia

E-mail: ! kauts@bmstu.ru

The task of establishing the conditions for the generation and detection of high-
frequency gravitational waves in material media under laboratory conditions is
considered. An important advantage of the high-frequency parametric process of
detecting gravitational waves, compared with the known method based on detection
of low-frequency (10-100 Hz) mechanical oscillations of stars, is the factor of the
sixth degree of frequency in the formula for the intensity of gravitational radiation.

The possibility of detecting high-frequency gravitational waves in the
laboratory, planned for research, is based on the use of intense pulsed laser light
sources as excitation radiation. The sources make it possible to record the radiation at
the tripled frequency in dielectric media and in photonic crystals. It is supposed to use
lasers that provide the possibility of generating ultra short, i.e. picosend and
femtosecond, pulses of light radiation with wavelengths in the region of one micron
or 0.5 micron, for which the third optical harmonic corresponds to the visible or
ultraviolet range suitable for detection by sensitive radiation receivers. The conditions
for the observation of two-photon-excited photoluminescence in condensed
dielectrics are analyzed, during which at the first stage two-photon absorption occurs
in a dielectric medium with the formation of real states in crystals whose symmetry
coincides with the symmetry of gravitational waves. At the second stage, the process
of adding the frequencies of the exciting radiation and the two-photon state with the
generation of radiation at the frequency of the third optical harmonic is carried out.

Stability of mix fluid cosmological models with dark
energy anisotropy and an advanced diagnostic analysis

Ray Pratik P.%, Mishra B.?
Birla Institute of Technology and Science-Pilani, Hyderabad, India

E-mail: ! pratik.chika9876 @gmail.com; 2 bivudutta@yahoo.com

This work aims to give an insight to the role of anisotropic components on dark
energy (DE) and dynamics of the universes in different two-fluid environments. We
have constructed the Bianchi type-V model of universe with a newly developed
mathematical formalism in various two-fluid situations, such as: usual DE fluid +
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bulk viscous fluid, DE fluid + one dimensional string fluid and DE fluid +
electromagnetic fluid. In each case, the DE fluid is assumed with different pressure
along orthogonal spatial directions to incorporate the effect of anisotropy. A small
amount of anisotropy is also contributed by the three matter sources (viscous, string
and electromagnetic fluid) either in each case. We have considered a hybrid scale
factor that simulates the cosmic transition and based on the coefficient values of these
three different sources of matter. The physical parameters (DE density, equation of
state parameter, skewness parameters etc.) are derived, analysed and found to be in
agreement with recent observational data. In order to yield a healthy comparison
among these two-fluid situations, a brief stability analysis is carried out w.r.t situation
followed by DE fluid. For each case, we found, there is instability in early time and
stability at late epoch. Also, this work clearly compares the effect of magnetized fluid
w.r.t other two fluids according to cosmic evolution, along with DE fluid. We
observe that at early phase of evolution, the anisotropic effect due to the sources of
matter substantially dominate the dynamics of the universe, whereas, the late epoch is
completely filled and driven by DE fluid. Also, the electromagnetic fluid has found to
be more dominant among other two during early epoch. Finally the geometrical
nature and physical acceptability of the model is confirmed by Om diagnosis. This
diagnostic is used to distinguish the A - CDM model from our DE model. We also
demonstrate that Om is a useful diagnostic to apply observational data.

One Hundred Years of Weyl’s (unfinished) unified field
theory

Romero C.
Federal University of Paraiba, Jodo Pessoa, Brazil

E-mail: carf47@yahoo.com

In 1918, H. Weyl proposed a unified theory of gravity and electromagnetism
based on a generalization of Riemannian geometry. In spite of its elegance and
beauty, a serious objection was raised by Einstein, who argued that Weyl’s theory
was not suitable as a physical theory. According to Einstein, the theory led to the
prediction of a “second clock effect”, which has not been observed by experiments as
yet. We briefly revisit this point and argue that a preliminary discussion on the very
notion of proper time is needed in order to consider Einstein's critical point of view.
We also point out that Weyl theory is basically incomplete in its original version and
its completion may lead to a rich and interesting new approach to gravity.
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Gravity: Local or Nonlocal

Rowlands P.
University of Liverpool, Liverpool, UK

E-mail: p.rowlands@liverpool.ac.uk

Gravity is generally assumed to be a local gauge theory like the other three
fundamental forces but no one has been successful so far in creating the quantum
version that this would imply. The main difficulty seems to lie in the fact that gravity
requires an attractive force between identical particles with corresponding spin 2
boson, where the other gauge theories require a repulsive force with spin 1 boson.
Gauge theories with spin 1 bosons are renormalizable, whereas those with spin 2
bosons are not, leading to unrenormalizable infinities in the quantum field integrals.
The assumption that gravity is intrinsically a local theory arises from the success of
general relativity in predicting a whole series of relativistic consequences, including
perihelion precession, light deflection, time delay, redshift, gravitomagnetic effects
and gravitational waves. Local and nonlocal are not separate concepts, however. Each
implies the other. Quantum theories may start off using a local description, for
instance, but they end up predicting a series of nonlocal consequences. And some
phenomena with a clearly nonlocal origin can have massive local consequences, as
Pauli exclusion does in the case of the structure of matter and the lifetime of stars.
The clear relationship between local and nonlocal interpretations is evident in the
author’s own nilpotent representation of relativistic quantum mechanics. It is also
clear from this representation that the kind of negative energy and attractive forces
associated with gravity are aspects of vacuum nonlocality rather than of discrete
locally described particle states. In addition, there is a strong indication of gravity /
gauge theory correspondence between the four interactions, and a local / nonlocal
connection between gravity and inertia. All these indications suggest that gravity
might be considered initially using a nonlocal description leading to a localised
(repulsive) force of inertia in contrast to the local description leading to nonlocal
vacuum effects which we find in the three known gauge forces. In this description,
the experimental consequences of the general relativistic field equations will exactly
as predicted, but the equations will not break down in strong fields, as many theorists
currently imagine. Among other effects (as already predicted) there will be an inertial
‘dark energy’ making up 67 % of the total energy of the universe.
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Space gravitational experiments with quantum standards
of frequency and time

Rudenko V.1, Gusev A.1, Kauts V.?, Kulagin V.1, Litvinov D.1?

Moscow State University, Moscow, Russia
2 Bauman Moscow State Technical University, Moscow, Russia

E-mail: valentin.rudenko@gmail.com

Space-based experiments with quantum standards of frequency and time offer an
Interesting opportunity to test various aspects of the Einstein Equivalence Principle
(EEP). One of the cornerstones of general relativity and the EEP is the gravitational
time dilation effect, or the gravitational redshift. The most accurate redshift tests to
date were performed by the NASA/SAO Gravity Probe A rocket mission and the
European GREAT experiment with the Galileo 5 & 6 satellites. A similar experiment
was performed with the RadioAstron satellite of the RadioAstron space very-long
baseline radio astronomy mission. The results obtained so far are consistent with the

EEP at the level of accuracy of ] 10°.

Kocmuueckue I'PABUTAIMOHHBIC SKCIICPUMCECHTBI C
KBAHTOBbBIMHU CTaHAAPTAMH YaCTOTbHI U BPEMCHU

Pynenko B.1, I'yces A. !, Kayn B.?, Kyaarun B. !, JIuteunos /.12

Mockoeckuii I'ocyoapcmeennviii Yruusepcumem, Mockea, Poccus
2 Mocxkosckuti I'ocyoapcmesennviii Texuuveckuii Ynusepcumem um. baymana, Mocksa,
Poccus

E-mail: valentin.rudenko@gmail.com

Kocmuueckue skciepruMeHThI ¢ KBAHTOBBIMH CTaHJapTaMU 4acTOTbl U BPEMEHU
MpeJIaraloT UHTEPECHYIO BO3MOXXHOCTh MPOBEPUTH PA3IMYHbIE aCMEKThl MIPUHIUIIA
sKkBUBaJICHTHOCTH OJiHITeHA (DI13). OgHUM U3 KpaeyroiabHbIX KamMHEH oOmen
TEOpUU OTHOCUTENBbHOCTU U DIID sBusercss 3(pPexT rpaBUTALIMOHHOTO 3aMEIJICHUS
BPEMEHM WM TPAaBUTALUOHHOIO KpacHoro cmemieHus. Hawnbonee TOuYHBIE TECTHI
s dekra Ha CeroOAHANIHUN JCHb OBLIN BBITIOJHECHBI C TTOMOIIBIO PAKETHOH MHUCCHH
“Gravity Probe A” u eBporeiickoro 3xcniepumenta GREAT co ciiyraukamu Galileo
5 1 6. AHAJIOTUYHBIN SKCIIEPUMEHT ObUT MPOBEAECH CO CIyTHUKOM PamuoActpon. B
nokjaze Oyner mpeacTaBieHAa CXeMa »JKCIepUMEHTa W TEKYyIIee COCTOSIHUE
oOpabotku naHHBIX. [lomydeHHble pe3ynbTaThl cornacytorcs ¢ JIID Ha ypoBHe

tounoctu [110%.
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The redshift function of traversable wormholes in f(R;T)
gravity

Sahoo P.K.
Birla Institute of Technology and Science-Pilani, Hyderabad, India

E-mail: pksahoo@hyderabad.bits-pilani.ac.in

We propose, as a novelty in the literature, the modelling of wormholes within
the particular case of the f(R,T) gravity, namely f(R,T)=R+AT, with R and T

being the Ricci scalar and trace of the energy-momentum tensor, respectively, while
aand A are constants. Although such a functional form application can be found in
the literature, those concern to compact astrophysical objects, such that no wormhole
analysis has been done so far. The linear geometric and material corrections of this
theory make the matter content of the wormhole to remarkably be able to obey the
energy conditions.

Nano Hertz Gravitational Waves: Detectors and Sources

Sazhin M.
Sternberg Astronomical Institute, Lomonosov Moscow State University, Moscow, Russia

E-mail: moimaitre@mail.ru

The complexity of the cosmological scenario regarding cosmic strings (CSs)
stands still in the way of a complete understanding. | describe here a promising
strategy for the possible detection of these elusive physical entities. It is based on the
search of strong gravitational lensing events in the location area of the CS candidate
(CSc-1), which was found in the CMB data by step-like function filtration procedure.
Using photometric and geometric criteria, there were identified pairs of candidates of
lensed galaxies (LGCs) in the ‘string field’ (SF), which were then compared with the
average density of background galaxy pairs in a set of ‘control fields’. It was found
an excess of 22 per cent (per deg2) of the LGCs in SF, which exceeds the estimated
cosmic dispersion. It was also found that the number of LGCs is in excess of 29.2 per
cent in the angular separation bin [8, 9 arcsec]. It was analysed the possibility of a
preferred orientation of the line connecting the centres of the LGCs. The orientation
Is statistically significant for an angular separation bin [4, 6 arcsec]. Therefore, it was
found two ‘windows’ for the preferred angular separation for LGCs along the
possible CS. However, the confirmation of the gravitational lensing origin of our
LGCs requires spectroscopic observations that seem to be justified by the present
results. It was planned to acquire their spectra and to continue the study of the
spectral and morphological features of the LGCs in the CSc-1 field and to analyse the
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other CS candidates using the same strategy. Finally, it was estimated the
gravitational waves' radiation from CS-candidates similar to CSc-1 and their possible
contribution into generation of the B-mode polarization of the CMB.

Emergency seismic sensing method of asteroid structure

Selivanov A.B.%, Gerasimov Yu.V.?, Konstantinov M.Yu.?
Bauman Moscow State Technical University, Moscow, Russia

E-mail: ! a_selivanov@list.ru; 2 drgerasimov.y@gmail.com;  konst@bmstu.ru

The problem of emergency choice of measures in order to protect the Earth from
a large celestial body with high kinetic energy is considered. The asteroids of the
Solar System are moving at a speeds of 10 - 20 km/s relative to the Earth. The speed
of asteroids and comets that enter the Solar System from other star systems and
neighboring galaxies is determined by their origin and reaches 300 km/s. A direct hit
of a body with size from kilometer across is fatal threat to life on Earth. Larger space
objects can provoke disasters at a distance.

Information on the internal structure of a dangerous space object is necessary for
choosing the means of preventing a catastrophe. It can be an ice or rock block, a
composite of stones and ice, a metal asteroid, etc. The problem is enhanced by the
identification difficulty of such objects; especially when they approach the Earth
from the side of the Sun. As a result, there is a severe time limit for studying the
structure of the body and determining the associated danger, choosing the method for
eliminating the threat and its implementation. Therefore, an urgent sounding of a
celestial body is necessary.

The paper proposes a method of emergency seismic sensing of the structure of a
space body by a high-speed drummer. The shell includes a drummer, a set of sensors
and a seismic trace analyzer. A high-speed drummer excites seismic waves in a space
body, recorded through a sensor system by a puller - an analyzer that processes
information on a span. The structure of the investigated body is restored on the basis
of the information obtained by computed tomography methods.
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MeTo/1 3KCTPEHHOI0 CeiiCMUYEeCKOro 30HIUPOBAHNS
CTPYKTYPBbI acTepoua

CesmmBanos A.B.Y, I'epacumos 10.B.2, Koncrantunos M.IO.3
MITY um. H.D. Baymana, Mockea, Poccus

E-mail: ! a_selivanov@list.ru; 2 drgerasimov.y@gmail.com;  konst@bmstu.ru

B noknane paccmorpena npobiemMa 3KCTPEHHOr0 BbIOOpa Mep M0 3aiuTe 3eMIIH
OT KpPYIHOTO HEOEecHOro Tena, 00J1aJarollero BhICOKOW KHHETHYECKOW 3Hepruei.
Actepounpl COMHEYHOM CHCTEMBbl JBHXYTCA co ckopocthio 10 — 20 xm/c
otHocuTenbHO 3emiid. CKOpOoCcTb HEOECHBIX Tel — acTepoOMJOB U KOMET —
nonagarommx B COJHEUHYIO CHUCTEMY W3 JPYTHMX 3BE3IHBIX CHCTEM U COCEIHUX
TaJIaKTHK ompeenseTcs ux mnpoucxoxaeHueM u gocturaetr 300 xkm/c. daranpHyto
yrpo3y KU3HU HA 3eMJjie HECYT IUIOTHbIE HEOECHBIE TeJia pa3MepoM OT KUJIOMETpa B
NIOTIEPEUHUKE — TPH TPSIMOM TOMagaHuu. boiee KpymHbIE KOCMHYECKHE OOBEKTHI
CTIOCOOHBI CIIPOBOIIMPOBATH KaTaKJIM3MbI HA PACCTOSIHUU.

Jliist BeIOOpa CpeACTB MpenoTBpalleHus KaracTpodbl HeoOxoaumMa HHpOpMAaIHs
O BHYTPEHHEM CTPOEHHUU OIACHOTO KOCMHUYECKOTO OO0BEKTa. DTO MOXKET ObITh
JeAsHas WU KaMeHHas TJIbI0a, KOMIO3UT U3 OYJIBDKHUKOB U JIbJA, METANIMYECKUN
actepoup u T.1. [IpobieMa ycyryosieTcsi Cl0’KHOCTBIO BBISIBJICHUSI TAKUX O0BEKTOB;
0ocoOeHHO — mpHu ux nojjere kK 3emiie co cropoHbl Conuna. Kak criencrtBue —
KECTKOE OrpaHUYEHUE BPEMEHH JIJISl UCCIIEOBAHUSI CTPYKTYPHI TeJla U OIpeIesIeHUs
CBSA3aHHOM C HHMM ONACHOCTH, BbIOOpa MeETOJa YCTPAHEHHsS] YIPO3bl U €ro
peanmuzanuu. [loaTomy HEOOXOUMO IKCTPEHHOE 30HUPOBAaHE HEOECHOTO Tea.

B pabote mpennmaraeTcsi METOA HSKCTPEHHOTO CEMCMHYECKOTO 30HIAMPOBAHMUS
CTPYKTYPbl KOCMUYECKOTO TeJIa BHICOKOCKOPOCTHBIM ynapHUKOM. CHaps/ BKIIIOYAET
yIapHUK, KOMIUIEKT JAaTYUKOB M CHhEMHHK — aHAJIM3aTOP CEMCMHYECKOM TPacCChI.
BBICOKOCKOPOCTHON yAapHUK BO30YXKJIaeT B KOCMHYECKOM TeJie CEHCMHYECKHE
BOJIHBI, PETUCTPUPYEMBIE UYEPe3 CHUCTEMY ITAaTUYUKOB ChEMHHUKOM — aHAJIM3aTOPOM,
oOpabatpiBatomuM uHpopMaruioo Ha mnponere. CTpyKTypa HCCIEIyeMOTo Tena
BOCCTAHABJIMBAETCSl HA OCHOBE MOJIyYeHHON MH(POpPMAIIUU METOJaMU KOMIIBIOTEPHOMN
ToMOrpaduu.
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Anisotropic Solutions and Minimal Geometric
Deformation

Sharif M.
University of the Punjab, Lahore, Pakistan

E-mail: msharif. math@pu.edu.pk

This paper investigates exact models for spherically symmetric anisotropic
matter distribution in 2+1-dimensions via gravitational decoupling approach. For this
purpose, we choose known spherical solutions with perfect fluid in the absence as
well as the presence of cosmological constant and extend them to anisotropic models
by imposing a constraint on matter components. The physical viability and stability
of our developed solutions are investigated through graphical analysis of density,
radial/tangential pressure, energy conditions, and causality criterion. It is found that
both solutions are stableand satisfy all the physical requirements for the feasible
choice of the model parameters.

LCFT and Liouville theory

Shishanin A.O.
Bauman Moscow State Technical University, Moscow, Russia

E-mail: shishandr@rambler.ru

Logarithmic conformal field theories LCFT are two-dimensional conformal field
theories with logarithmic terms in operator product expansion OPE [1]. Logarithmic
terms appear because of some primary operators have degeneration for conformal
dimensions. Most famous example of such theory is ¢=-2 model. This model
describes the system of ghosts with conformal dimensions 0 and 1. Also LCFT
appear at WZWN model for some (super)groups and some levels k. Caux, Kogan and
Tsvelik [2] had remarked that in Liouville model some primary operators consist
LCFT. We will discuss LCFT for some generalizations of Liouville model: Super-
Liouville theory and Sine-Liouville theory. Remarkable that Sine-Liouville theory
describes two-dimensional black hole (the Witten cigar) [3].
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Non-local imprints of gravity on quantum theory
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The implementation of minimum length in quantum mechanics (QM) can be
done either by modification of position and momentum operators or by restriction of
their domains. In the former case the resulting classical dynamics is drastically
different from the usual one. Starting with the latter possibility, we propose a non-
local modification of QM. It has close ties to the band-limited QM, but in contrast to
it one can easily work out the corrections to various processes and discuss further the
semi-classical limit of the theory. Surprisingly enough, the classical limit proves
again to be unacceptably altered. In the last section a further modification is
suggested to alleviate this problem.

Exact solutions of some anisotropic models

Singh V., Beesham A.
University of Zululand, KwaDlangezwa, South Africa

E-mail: gtrcosmo@gmail.com

We obtain the general solutions of the field equations of some anisotropic
cosmological models including LRS Bianchi I model, Bianchi V model and five-
dimensional Kaluza-Klein model with perfect fluid equation of state. We present a
unified and systematic treatment by solving the field equations in a straight forward
manner. The models filled with dust, vacuum energy and Zel’dovich stiff matter are
studied in detail. The models describe early decelerated phase and late-time
accelerated phase as well with suitable values of equation of state parameter.
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Registration of gravitational waves emitted by periodic
astrophysical sources and the prospects for GW-astronomy

Siparov S.V.
State University of Civil Aviation, Saint Petersburg, Russia

E-mail: sergey@siparov.ru

All the efforts to directly detect GW, including the recent successes of the LISA
and VIRGO teams, are focused on registering the catastrophic events in deep space.
The two main features of this activity are the unpredictability of these events and the
extreme sensitivity of the necessary equipment.

The principally new method of the GW detection is based on the effect of optic-
metrical parametric resonance (OMPR) and does not require catastrophic events and
supersensitive equipment. A close binary star emits periodic GW that act on a distant
astrophysical maser. When certain conditions are met, the maser radiation acquires a
specific non-stationary component. Therefore, the effect of GW can be recorded by a
conventional radio telescope. The effect of OMPR was predicted theoretically [1,2]
and constitutes the following. When a strong resonant electromagnetic wave acts on a
gas consisting of “two-level atoms,” (TLA) their population changes with the Rabi
frequency, which is proportional to the field intensity. If the atoms oscillate
mechanically with a frequency proportional to the Rabi frequency, a parametric
resonance occurs, and the scattered radiation contains a non-stationary component,
corresponding to periodic amplification and attenuation of the signal. Its amplitude
does not depend on the amplitude of atomic vibrations and has the same order as the
amplitude of the main maser signal. The TLA model is perfect for describing the
dynamics of the atoms and molecules of astrophysical masers. Oscillations mean a
change in the distance between the atoms and the receiver. This happens when a
periodic GW emitted by a close binary star system passes through a maser. The
conditions imposed on the astrophysical system are analyzed in [3]. Fluctuations of
masers’ intensity have various characteristic times and are usually interpreted in
connection with the activity of the maser host star. However, if only one component
in the observed maser spectrum varies periodically with a period of the order of tens
of minutes, no other interpretation than the OMPR effect associated with the GW
action is possible to suggest. The first results of such observations were presented in
[4]. 149 observation sessions of 49 radio sources were conducted on the RT-22 radio
telescope in the Pushchino Observatory of the RAS. The program of signal
processing includes the identification of periodic components in the maser spectrum,
the elimination of artifacts associated with the observation procedure, and the
determination of the frequencies of periodic components [5]. The results of maser
sources observations in which the OMPR effect associated with the GW action is
manifested, are presented in [6], the corresponding binary stellar systems are also
identified and given there. Thus, close binaries become a kind of GW-beacons,
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distributed in the sky. This gives rise to the GW-astronomy, provides obvious
applications for stellar navigation and gives a clue to the study of the geometric
structure of our galaxy.
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Inflation: the present status and future perspectives

Starobinsky A.A.
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Outlined are the two simplest classes of phenomenological models of slow-roll
inflation in the early Universe based either on scalar fields in General Relativity or on

modified f(R) gravity, their relation and basic assumptions necessary for their
realization. At the present state-of-the-art, the simplest inflationary models from these

classes producing the best fit to all existing astronomical data requires one, maximum
two dimensionless parameters taken from observations only. It is shown that inflation
in f(R) gravity represents an intermediate dynamical attractor for slow-rolling
scalar fields strongly coupled to gravity. The main discoveries expected for these
models in future are discussed, too. Among them the most fundamental are
primordial quantum gravitational waves generated during inflation. It is argued that
the measured value of the slope n, —1 of the primordial scalar power spectrum, under

the additional assumption of the absence of new fundamental scales both during and
after inflation, implies small, but not too small tensor-to-scalar ratio

r~ 3(1— n, )2 ~0.004 or even more, similar to that in the original R+ R? inflationary

model (Starobinsky, 1980). Another possible discovery is related to small local
features in the CMB temperature anisotropy power spectrum in the multipole range
I:(20—40) beyond which new physics during inflation may be hidden. Also
considered is the onset of inflation from generic anisotropic curvature singularity
preceding it in GR and f (R) gravity, and which conditions are needed for it. Since

this process is generic, too, for inflation to begin inside a patch including the
observable part of the Universe, causal connection inside the whole patch is not
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necessary. However, it becomes obligatory for a graceful exit from inflation in order
to have practically the same number of e-folds during inflation inside this patch.

Cosmological perturbations during the kinetic inflation in
the Horndeski theory

Sushkov S.V.
Institute of Physics, Kazan Federal University, Kazan, Russia

E-mail: sergey_sushkov@mail.ru

The Horndeski theory is the most general scalar-tensor theory of gravity with
second-order field equations. A particularly interesting subclass of Horndeski models
is that with the scalar field ¢ possessing the nonminimal kinetic coupling to
curvature given as 7G"¢ ¢ . A very important feature of the model is that it

provides an essentially new inflationary mechanism without any fine-tuned scalar
potential. Namely, at early cosmological times the domination of coupling terms in
the field equations guarantees the quasi-De Sitter behavior of the scale factor:

a(t) oc ™" with H, :]/\/% This type of cosmological evolution is called a kinetic

inflation. We present a systematic analysis of cosmological perturbations during the
Kinetic inflation.

Space-Frame Periodic Table Representation System
Testing Relativity in Nucleosynthesis of the Elements

Trell E.
Linkdping University, Linkdping, Sweden

E-mail: erik.trell@gmail.com

The geometric Lie algebra SO(S) isotropic vector matrix realization of the

periodic table octet truss space-frame reported at PIRT 2017 has now been broken up
to a disjoint-set modular R3x 80(3) building kit of its lattice elements, exactly

sufficing to stage the Big Bang and ensuing nucleosynthesis events: First erupts the
ultrashort radiation/plasma inflation of the Big Bang phase transition moment with
release of photons, neutrinos and module precursors, which in next seconds can
recombine to the Protium proton/electron p particle compound and its neutron

conversion to continue separately or in fusion of the two get on to Deuterium and
from there completing the chain to Tritium, Helium in isotope and a form, and traces
of Lithium plus possibly Beryllium. That is, literally the whole primordial start-gas
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delivered within a few minutes to billion-year wait for sufficiently energetic
perturbations with itself for astrophysical/cosmogenic/experimental nucleosynthesis
of the full periodic table as now going on in the universe and likewise replicable by
systematic space-filling assembly/disassembly of the here disclosed neutrino and
photon lattice vector, f particle, a wave-packet and neutron building bricks,
providing distinct clues also on isotope/neutron excess, shell/subshell, spectroscopy,
and chemical bond structural make-up and disposition, and well suited for direct
material, graphical and computer implementation. Furthermore, the absolute
trigonometric sharpness of the nucleosynthesis phase transition burst and expansion
Is reciprocal to the absolute speed of light and hence a specific test and verification of
the relativity theory.

Bouncing Models in Extended Gravity Theory

Tripathy S.K.
Indira Gandhi Institute of Technology, Dhenkanal, India

E-mail: tripathy_sunil@rediffmail.com

Some bouncing models are investigated in the frame work of an extended theory
of Gravity. The extended gravity model is a simple extension of the General
Relativity where an additional matter geometry coupling is introduced to account for
the late time cosmic speed up phenomena. The dynamics of the models are discussed
in the background of a flat FRW universe. Some viable models are reconstructed for
some assumed bouncing scale factors. The behavior of the models is found to be
decided mostly by the parameters of the respective models.

Approach to the gauge theories for massive fields in the
extended space model

Tsipenyuk D.Yu.!, Andreev V.A.2

! Prokhorov General Physics Institute of the Russian Academy of Sciences, Moscow, Russia
2 Lebedev Physical Institute of the Russian Academy of Sciences, Moscow, Russia

E-mail: 2 andrvlad@yandex.ru; ! tsip@kapella.gpi.ru

One of the most effective methods of constructing theories of interaction of
elementary particles is the theory of gauge fields. With its help, it was possible to
construct quantum electrodynamics, as well as the theory of electroweak interactions.
An important point in the construction of quantum electrodynamics is that the gauge
field (photon) has a zero mass.
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In the case of weak interactions vector bosons with non-zero mass serve as a
carrier of interaction. In order to use gauge formalism, it is assumed that initially
these bosons have zero mass, and then acquire it due to a spontaneous violation of the
symmetry of the vacuum state.

In the 5-dimensional Extended space model (ESM) [1-5] particles that have zero
mass in empty space acquire nonzero mass due to interaction. In the ESM the
formalism of such process of nonzero mass origin is described by means of symmetry
transformations of the Extended space E(4,1). This allows us to develop a gauge
theory of interactions for massive gauge fields. Also in the ESM one can formulate a
physical approach to understanding the process of localization of elementary
particles, the reduction of the wave packet and renormalization procedure. In the
empty of Minkowski space a plane wave with infinite dimensions meets the photon.
If the photon begins to interact with some external object, particle, or field, the
infinite plane wave is reduced to a finite size, and it has a nonzero mass. The values
of these dimensions and masses are determined by the magnitude and nature of the
interaction. In this case, both the cutting parameter and the particle masses obtain an
invariant interpretation, which is not the case in the usual Lorentz invariant theory.
Also in the ESM “virtual” particles acquire real physical meaning.
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The analysis of CMB anisotropy in temporary domain
according to databases of the probes WMAP and PLANCK

Vargashkin V.
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The temporary jumps of temperature anisotropy of CMB found in data of the
probe “PLANCK” are described in [1]. These data are distributed on n=12582912 to
the directions of the celestial sphere. Data are integrated on eight semi-annual
measuring cycles. The differences between values of anisotropy of adjacent
measuring cycles form the jumps reaching 6% of swing of anisotropy. Jumps can be
as positive that corresponds to growth of temperature anisotropy, and negative that
corresponds to its decrease. Jumps observed in the same directions of the celestial
sphere at various frequencies of CMB of 30, 44 and 70 GHz. Statistical probability
that the revealed jumps will arise at all three frequencies in a random way appeared
the significantly smaller of probability of detection of these jumps in experimental
data. Frequency independence of jumps allows assuming that jumps are caused by a
gravitational lensing of CMB.

This research considers jumps of anisotropy of CMB for probes “WMAP” and
“PLANCK” from common positions. Angular permission of the database of the
probe “WMAP” corresponds to angular permission analyzed earlier for the probe
“PLANCK”. Data of the probe “WMAP” also are integrated. They correspond to
nine year measuring cycles, executed at frequencies of 23; 33; 41; 61 and 94 GHz.

The general statistical criterion of identification of frequency-independent jumps
is developed. Let probabilities of presence of jump at any direction of the heavenly
sphere in the tail of statistical distribution of temperature anisotropy is equal by P for
any frequency of measurement of any space probe. Let similar probabilities for two
other frequencies are equal P, and Ps. Then the probability of presence of jump at
tails of distributions at all three frequencies is P, - P, - B;. If this multiplication exceeds

size 1/ n, then such jump should be considered statistically significant.

It is established that statistically significant jumps of anisotropy are present in
number of several hundred at databases of the probes “PLANCK” and “WMAP” in
each of couples of adjacent measuring cycles. Statistical distributions of amplitudes
of frequency-independent jumps of CMB for the probes “PLANCK” and “WMAP”
can be considered two selections of the same distribution.
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AHau3 AHHU30TPONIUA MUKPOBOJIHOBOI'O PCJIMKTOBOI'0

U3JIyYeHHsI BO BpEMEHHOM 00/1aCTH 10 TaHHBIM 30H/10B
“Planck” u “WMAP”

Bapramkun B.S1.
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B [1] omnwmcanbl BpeMEHHbIE CKa4Kd  aHU3OTPONHH  TeMIEpaTyphl
MUKPOBOJIHOBOTO  PEUKTOBOTO U3JIYYCHHUsS, BBISBICHHBIE B JaHHBIX 30HJ]A
“PLANCK”. Otu nanusie pacrpezenensl mo N=12582912 nanpasieHusm HeOecHOU
chepbl. JlaHHBIC SABJSIIOTCA HMHTETPAJIbHBIMH TI0 BOCBMH  TOJYTOAUYHBIM
U3MEPUTEIIHLHBIM IHUKJIaM. Pa3HOCTH MeXy 3HAaYEHUSIMH aHU30TPONUU B Tpeiaenax
CMEXHBIX U3MEPUTEIBHBIX IIUKIOB 00pa3yIOT CKauKu, Aocturatonime 6 % ot pazmaxa
aHu30Tponuu. CKayKyd MOTYT OBITh KaK MOJOKUTEIBHBIMH, UTO COOTBETCTBYET POCTY
TEMIIEpPAaTypPHONl AHU30TPONHHU, TaK W OTPULIATEIIBHBIMH, UYTO COOTBETCTBYET €€
cHmwkeHnto. Ckauyku HaOMoAaeTcss B OJAHMX M TEX K€ HalpaBJICHUSX HEOEeCHOU
chepbl Ha pasznuuHbiXx vactorax usnydeHus 30, 44 u 70 I'Tu. Crarucrudueckas
BEPOSITHOCTh TOTO, YTO BBISIBICHHBIE CKauKM BO3HUMKHYT Ha BCEX TPEX 4YACTOTaX
CIly4ailHeIM 00pa3oM, oKa3ajiach CyIIECTBEHHO MEHBIIEH BEPOSITHOCTH OOHAPYKEHUS
ATUX CKAYKOB B AKCIEPUMEHTAJbHBIX JaHHBIX. HacTOTHAs HE3aBUCHUMOCTh CKAYKOB
MO3BOJIIET  MPEIINOJIOKUTh, YTO CKA4KH  OOYCJIOBIEHBI  T'PAaBUTAIIMOHHBIM
JUH3UPOBAHUEM U3ITYUECHUS.

Hacrosimee UCCIIEJOBAHUE paccMaTpuBaeT CKAUKHU aHU30TPOIUHU
MHKPOBOJIHOBOTO PEIUKTOBOIO W3JIYYEHHUsS] MPUMEHHUTEIBHO K JaHHBIM 30HJIOB
“WMAP” u “PLANCK” ¢ enuHbIX No3uIMid. YTI0BOE pasperieHne 0a3bl JaHHBIX
3oHn1a “WMAP” COOTBETCTBYET YIJIOBOMY pa3pelICHUI0 MNPOAHAIU3UPOBAHHBIX
panee nanHbix 30HAa “PLANCK”. Jlanaesie 3oHAa “WMAP” Takke SBISIOTCA
UHTErpaibHBIMU. OHM COOTBETCTBYIOT AEBSITH T'OJMYHBIM HU3MEPUTEIBbHBIM ITUKIIAM,
BBIMTOJTHEHHBIX Ha yacToTax 23; 33;41; 61 n94 I'Tw.

IIpu »>TOM pa3paboTaH e€AMHBIM CTATUCTHYECKUWA KPUTEPUN BBISBICHUS
YaCTOTHO-HE3aBUCUMBIX CKauKOB. [IyCTh BEpOATHOCTH MPUCYTCTBUS CKAUKa B KAKOM-
nub0 HampaBieHUH HeOecHOW cdepbl B XBOCTE€ CTAaTHUCTUYECKOTO pacIpeneleHUs
TeMIepaTypHON aHU30TPOMUU COCTaBiseT Pi Jyis Kakoi-1mbO0 4acTOThl U3MEPEHUS
KaKoro-aubo KocMudeckoro 3oHaa. IlycTh aHalloruyHbie BEPOSTHOCTU IS JBYX
OPYTUX 4acToT cocTaBisAtoT P, u P3. Torma BepoOSATHOCTH HNPUCYTCTBUSI CKayka B
XBOCTaxX paclpeleieHnii Ha BcexX Tpex udacrorax cocrasiser P -P,-P,. Ecmu sto

IIPOU3BCACHUC IIPCBLINIACT BCINYHUHY 1/n, TO TaKOM CKaudyokK CIcAyCcT CUHTATb
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CTaTUCTUYECKH 3HAYMMBIM. Y CTAHOBJIEHO, YTO CTAaTUCTUYECKH 3HAYMMBIE CKa4KU
AHU30TPOIUHU MPUCYTCTBYIOT B KOJIMYECTBE HECKOJIBKUX COTEH WITYK B 0a3ax JaHHBIX
30H10B “PLANCK” n “WMAP” B Kaxa0oW M3 Map CMEXHBIX H3MEPUTEIbHBIX
LIUKJIOB.
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The Noether's theorems and the Foundations of Physics
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The problem of the foundations and the axiomatization of physics has been put
forth by D. Hilbert in 1900. In his opinion the real prerequisites for this
axiomatization appeared after G.Mie had created his relativity invariant nonlinear
electrodynamics, A.Einstein and M.Grossmann had created the tensor-geometrical
theory of gravitation, and thus the first version of the general theory of relativity
(GTR) with non — general covariant equations of gravitation (1913), emerged. He
built a unified theory of gravitational and electromagnetic fields which was based on
general covariant variational principle of action, and described it in a paper
“Foundations of Physics” (1915). In this theory the generalized nonlinear equations
of the electromagnetic field were deduced from the gravitational equations and also
contained solutions, which were to be interpreted as charged particles, for instance,
electrons. This unification of fields was based on a “Hilbert’s assertion”. Emmy
Noether, a young mathematician at time, was invited by Hilbert to Goettingen to
prove the assertion.

In 1918, using calculus of variations and the theory of Lie’s groups, E.Noether
proved two wonderful theorems on invariant variational problems. They still form the
basis of modern theoretical physics and permit us to talk in terms of “Noether’s
structure” of the theory of the four fundamental interactions. The second Noether's
theorem contained ‘“Hilbert’s assertion” as a special case and explained the
difficulties with the law of energy-momentum conservation in general relativity. The
first Noether's theorem connected continuous symmetries with conservation laws, and
it turned out to be a kind of the fundament for the theories of electromagnetic, weak
and strong interactions, and thus, the standard model in physics of the elementary
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particles. The transition from global internal symmetry to their local analogues allows
us to describe fundamental interactions as gauge Yang—Mills fields.

Conception of the “Noether’s structure” of fundamental physics corresponds
well with two notable philosophical-methodological models of physical cognition:
with Einstein’s three-layer model as well as with E.Wigner’s three-layer model. In
the first model a non-logical path from the empirical to the axioms, in particular the
principles of symmetry would appear as a curved line (“Arc of Einstein”). The
second model (of Wigner) has also three levels: symmetries, the laws of nature and
natural phenomena (events). Events are being govern by the laws of nature, although
the laws of nature themselves are defined almost entirely by the principles of
symmetry.

Physical interactions in three metaphysical paradigms

Vladimirov Yu.S.
M.V. Lomonosov Moscow State University, Moscow, Russia

E-mail: yusvlad@rambler.ru

It is shown that the known types of physical interactions — gravitational,
electromagnetic, electroweak and strong — are described in fundamentally different
ways in three metaphysical paradigms: geometric, field-theoretic and relational. In
the geometric paradigm, this is performed by using geometries of using different
dimensions, including additional (hidden) dimensions (in 5-dimensional and larger
dimensions, models of the Kaluza theory type). In the field-theoretic paradigm a
gauge field approach (based on localization of internal symmetries) is used. In the
relational paradigm, based on the works of G. Leibniz and E. Mach, this is carried out
within the framework of binary pregeometry. The latter is constructed using the
mathematical apparatus of binary systems of complex relations of minimal ranks
(2.2), (3.3), (4.4). The principles of the theory of relativity are preserved in all three
metaphysical paradigms.

DusnyecKue B3auMOACHCTBUA B TPeX MeTa(pU3N4eCKUX
nmapagurmax

Baagumupos 10.C.
T'ocyoapcmeennviii Ynusepcumem um. M.B. Jlomonocosa, Mockea, Poccus

E-mail: yusvlad@rambler.ru

ITokazaHo, 4dYTO W3BECTHBIC BHUIBI (DUIMYECKMX  B3aUMOJCUCTBUM  —
rpaBUTAIIMOHHBIC, AJIEKTPOMArHUTHBIC, 3JIEKTPOCIA0ble U CUJIBHBIE — OMHCHIBAIOTCS
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NPUHIMIUAIBHO PA3NMYHBIM 00pa3oM B TpeX MeETapU3NYECKUX Mapagurmax:
F€OMETPUYECKOM, TEOPETUKO-IIOJIEBOM U  peIUOHHOM. B  reomerpuyeckoi
IapaJurMe 3TO OCYILECTBIAECTCA NOCPEACTBOM HCIOJIB30BAHUS I€OMETPUM pasHOMU
Pa3MEpPHOCTH, BKJIIOYAS JOTOJHUTEIbHBIE (CKPBITHIE) pa3MEepHOCTH (B S-MEpHOU U
OonpIIMX pa3MepHocTel monensx Ttuna teopun Kanyisl). B Teopetnko-noneBoi
napajurMe 3TO JEJIAeTCs MOCPEACTBOM KalMOpPOBOYHOIO METOoJa (JIOKadu3aluen
Ipynn BHYTPEHHUX CHMMETpHUI), a B PESILMOHHOW NapaaurMe, OCHOBBI KOTOPOU
3anmoxkeHbl B Tpynax I'. Jleitonuma m 3. Maxa, 3T0 OCyLIECTBISETCS B paMKax
OunapHoit npeareomerpuu. IlocnenHsss CTpoUTCS ¢ NOMOLIBI0 MATEMaTHYECKOTO
anmnapara OMHApHBIX CUCTEM KOMIUJIEKCHBIX OTHOIIEHUI MUHUMAJIbHBIX PaHTOB (2,2),
(3,3) u (4,4). Bo Bcex Tpex MerauznuecKux mapagurMax COXpaHSIOTCS MPUHIIUIIBI
TEOPUU OTHOCUTEIIBHOCTH.

Calculation of thermal noise of beam splitters in laser
gravitational wave detectors from first principles

Vyatchanin S.
M.V. Lomonosov Moscow State University, Moscow, Russia

E-mail: svyatchanin@phys.msu.ru

We present the calculation of thermal noise in interferometric gravitational-
wave detectors due to the thermal fluctuations of the beam splitter (BS). This work
makes use of a recently developed method of analysis of thermal noise in mirrors
from first principles, based on the fluctuation dissipation theorem. The evaluation of
BS thermal noise is carried out for the two different gravitational wave observatories,
GEOG600 and the Advanced Laser Interferometer Gravitational Wave Observatory
(aLIGO). The analysis evaluates thermal noise from both the substrate and the optical
reflective and antireflective stacks located on the BS surface. We demonstrate that the
fluctuations of both reflecting and antireflecting surfaces significantly contribute to
the total thermal noise of the BS. The oscillating intensity pattern couples small-scale
distortions of the surface to the overall phase readout, and therefore increases the
overall thermal noise. In the case of aLIGO, the BS contribution is with 0.3%
negligibly small. At a frequency of 500 Hz, the BS causes about 10% of GEO600’s
sensitivity limit. BS noise impairs the feasible sensitivity of the GEO-HF design
proposal by about 50%.
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On the nature of a particle spin in the standard model

Yurasov N.I.
Bauman Moscow State Technical University, Moscow, Russia
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The problem of the spin moment and dynamical structure of a particle were
investigated. Zero oscillations and some features of the wave nature of a particle were
taken account. The Borh’s quantization rule was used. The trajectory of propagation
of zero oscillations was ring so spin moment is axis vector. It was found equation for
the spin quantum number. Solutions of this equation were integer and half-integer
numbers. These results were produced for particle of standard model with zero mass
and a massive particle in the Minkovsky’s space. Concerning with results of other
authors was made. Original dynamic model of a particle of standard model was built.

O npupoae cMUHA YaCTULBI B CTAHJIAPTHOH MO/IeJIH

KOpacos H.N.
MI'TY um. H3. baymana, Mockea, Poccus

E-mail: niyu1602176@bmstu.ru

boun  uwccnenoBanbl mpolOiieMa COMHOBOIO MOMEHTa M JMHAMHYECKOM
CTPYKTYpbl YacTUIbl. BbUIM y4YTeHBI HYJIEBbIE KOJIEOAHUS M HEKOTOPbhIE YepThI
BOJIHOBOM MPHUPOJBI YACTHUIBI. BBUIO MCMONB30BaHO IPAaBWIO KBAaHTOBaHUA bopa.
Tpaekropuelt pacnpocTpaHeHHUs HYJIEBBIX KoyieOaHMII OBLIO KOJBIIO, TaK Kak
CIIMHOBBIA MOMEHT SIBJISIETCA OCEBBIM BEKTOPOM. [[1s1 CIMHOBOIO KBaHTOBOI'O YHCJIA
ObUI0 HaljeHo ypaBHeHue. llenpie w mosynenbie yncia ObUTM PEHICHUSIMHU 3TOTO
ypaBHeHUs. B mpocTpancTBe MUHKOBCKOTO 3TH Pe3yJbTaThl ObUTHM TOMYYEHBI IS
YaCcTUIBl CTAaHAAPTHOM MOJIEIM C HYJIEBOWM MAacCOd M MACCHUBHOW YacTUlbL. bbuio
CHEJIaHO CPABHEHHME C pe3yJibTaTaMM APYrux aBTOpoB. IlocTpoeHa opuruHanbHas
JVHAMUYECKas MOJENb YaCTULIbI CTAHAAPTHOM MOJIEIIH.
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On the temperature distribution in a black hole
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We have considered flux of the Howking’s thermal radiation in a black hole. We
have supposed a spherical form of a black hole. Now the radius temperature
dependence has the degree character. This result is true if ratio of this radius to the
Plank’s length is very large. Also we have found solution for temperature of quantum
gas in a black hole. We have supposed existence relativistic gas. The gas may be
system of photons or gravitons. We have found number of an energy levels of this
system and. We discuss problem of temperature in black hole. We have concerned
our results with other results and have showed existence of the problem. We have
supposed original path to solving of this problem. Our results may be used to the
Schwartzshild’s black holes and may be useful for analyze of other types of black
holes.

Pseudogravitational waves
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More and more human and material resources are being involved in the
development of methods to detect gravitational waves (GWs). This fact reflects the
Importance and complexity of GW phenomena investigations.

Description of a wide class of GW-detectors, including laser interferometers,
and their response to GWSs, is based on calculations of the time of flight (or its
Doppler derivative) of a light beam sending from one observer, a “phase source” (a
clock), to another (a detector). The main GW response is expressed as an integral
over the (unperturbed) light path of a contraction of the Riemannian curvature tensor
with the light vector and the phase gradient [1-2].

The curvature tensor can be decomposed into the Weyl tensor (the contribution
of mere GWs) and the Ricci tensor (responsible for the Shapiro effect). In GR, the
Ricci (or Einstein’s) tensor is rigidly defined (equal to the energy-momentum tensor),
and has no “its own” waves, or polarization degrees of freedom, polarizations (except
for the link with electromagnetic waves squared).

The situation is some different in the alternative theory of gravity, the unique
variant (no singularities of solutions) of absolute parallelism [3-4], where D =5, only
three of 15 polarizations carry D-momentum (and also cause linear instability, i.e.
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linear resonance growth, of three “weightless” polarizations), and finally, localized
field configurations can carry topological charges and/or (for symmetric
configurations) quasi-charges (and serve as new “actors”, a sort of quasi-particles).

In this theory, the Einstein's tensor is linked linearly with the longitudinal
polarization (so nonstationary O*-symmetric solutions are possible that look as a
single wave moving along the radius and forming a shallow and thick S*-shell
waveguide), and with unstable (“giant”) polarizations squared. The energy-
momentum tensor appears in a prolonged 4th order equation, but the second order
equation restricts the set of solutions (and corrections to the Newton’s 1/r? law).

Thus, the curvature perturbation can occur not only through GW propagation,
but also through these “new” polarizations which (do not carry D-momentum and)
can be called pseudo-gravitational waves (PGWSs). Perhaps, the so-called Biefeld-
Brown effect [5] can be explained as a manifestation of PGWs.
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B pasBuTHe METON0OB pErucTpalMy TPaBUTALMOHHBIX BOJH BOBJIEKACTCS BCE
OOJIBIIIE JIFOJICKMX U MaTEPUATBHBIX PECYPCOB. ITO OTpaKaeT BAXKHOCTD U CIOKHOCTh
UCCIIEIOBAaHUN TPaBUTALIMOHHO-BOJIHOBBIX (I'B) siBneHuit.

Onucanne mupokoro kinacca ['B-merexkTopoB, B TOM 4HCIie Jia3epHO-HHTEP-
(dbepeHIIMOHHbBIX, U WX OTKIWKa Ha ['B, cBOAMTCS K OompepeNeHnio BpEMEHH ToJieTa
CBeTa OT OJHOro HaOmromaTens (MCTOYHWK “da3wl’, 9achl) K APYroMy (JIIETEKTOD).
TpaexTopus Jiydya MOKET ObITh TOMAaHHOW T'€0JI€3NYECKON JIMHUEHN, TO €CTh 3aBUCETH
OT JOMOJHUTEIbHBIX 00BEKTOB — 3epKaj. OcHOBHOUI ['B-OTKIIMK BbIpakaeTcsi Kak
MHTErpas 1o (HEBO3MYILIEHHOW) TPAeKTOPHUM Jyda OT CBEPTKU TEH30pa KPUBHU3HBI C
BEKTOPOM JIy4a U TpagreHToOM (a3si [1-2].
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Tenzop Pumana MoxHO pa3iokuTh Ha TeH30p Beins (310, B 001IeM, U ecTh
Bkiag ['B) u ten3zop Puuun (orBeuaer 3a saddexr [anupo). B OTO Tenzop Puuun
(TeH3op DHHILITENHA) )KECTKO OMNpeeseH (paBeH TEH30pYy SHEPruu-uMIyJbca), U HE
UMeeT ‘“‘CBOMX’ BOJIH, WJIM MOJSPU3AIMOHHBIX CTEMEHEW CBOOObI, MOJISIPU3ALINMA
(ecrii HE CUMTATH KBAJPATUYHOM CBSI3H C AJIEKTPOMATHUTHBIMU BOJIHAMM).

Curyanust MEHSETCS B aJbTEPHATUBHOM TEOpPUM TpPAaBUTALMH, BapUAHTE
abcomotHoro mnapamenusma [3-4], rne D=5, u3 15 nomspusanuii ToabKO TpuU
IIEPEHOCAT YHEPTUIO-UMITYJIBC, & KPOME TOTO BBI3bIBAIOT JIMHEWHYI0 HEYCTOWYMUBOCTD
(IMHEWHBIA pPE30HAHCHBIA POCT) TPEX HAPYruX, ‘“HEBECOMBIX~ MOJAPU3ALMMA, H,
HAaKOHEl, BO3MOKHBI  JIOKQJIM30BaHHbIE  KOH(UTypalMu  TOJsA,  HeCcylue
TOMOJOTUYECKUNA 3apsa]l W/WiaM (CUMMETPUYHbIE KOH(Urypalnuu) KBa3zu-3apsij
(KBa3W4yaCTHUIIBI).

B oroii Teopum TeH30p OWHINTEHHA CBA3aH JIMHEHHO C TIPOJOJIBHOU
nonsipusanyeil (BO3MOXKHBI HecTalMOHapHble Of-CHMMETpHYHBIE pPElICHHsS THIIA
OJIMHOYHOW BOJIHBI Oerylieil mo paauycy u ¢popmupytomieii 0007104Ky-BOJITHOBO) U
KBaJIpaTUYHO — C PACTyIIMMH (“TUTAaHTCKUMU’) MOdspu3anusiMu. TeH30p sHepruu-
UMITyJIbCa MOSIBJIAETCS B MPOAOJKEHHOM YpPaBHEHUHM 4-TO MOpSAKA, HO YpaBHEHHE
BTOPOTO NOPSAIKA OTPAaHUYMBAET MHOKECTBO PEUIEHUN (ITONPAaBKU K 3aKOHY 1/ r’).

TakuMm 00pa3oM, BO3MYIIICHHE KPUBH3HBI MOXKET MPOUCXOIUTH HE TOJIBKO Yepe3
I'B, HO u Yepe3 yKka3zaHHBIC “HOBbIC’ TOJSpU3ANUU (HE HECYIIHE SHEPTHIO-UMITYJIIBC),
KOTOpbIE MOKHO Ha3BaTh IceBaorpaBuTanuonHsiMu BodHamu (I11'B). Bo3moskHo, K
nposisieHusiMm [1I'B otHocuTCs T.H. a3ddext buddenpna-bpayna [5].
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Recently proposed statistical mechanics arguments [1] and previously known
Madelung hydrodynamical presentation [2] have revealed that the quantum liquids
with logarithmic nonlinearity, often referred as “logarithmic fluids”, are very
instrumental in describing generic condensate-like matter, including strongly-
interacting quantum liquids, one example being He 11, a superfluid component of He-
4 [3-6]. A large number of applications of the logarithmic fluids can be also found in
a theory of physical vacuum, which thus becomes a useful tool for explaining a
phenomenon of gravity. Using the logarithmic superfluid model, one can formulate
an essentially quantum post-relativistic theory of superfluid vacuum, which
successfully recovers special and general relativity in the “phononic” (low-momenta)
limit, but otherwise has rather different tenets and foundations. The paradigm of
superfluid as a fundamental background opens up an entirely new prospective on the
emergence of the Lorentz symmetry and spacetime, quantum quintessence, black
holes, cosmological evolution and singularities, and so on [7-12].
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Evolution of Collisional Matter in Modified Teleparallel
Theories
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In this article, we discuss the cosmic evolution in the presence of self interacting
collisional matter (CM) with and without radiations within f (T, B) theory of gravity

where T stands for torsion scalar and B represents the boundary term related to the
divergence of torsion B=2V T*. This f(T,B) theory makes a good connection
between f(R) (R for Ricci Scalar) and f(T) (T for torsion) theory under

reasonable conditions. We consider flat Friedmann-Lema i tre-Robertson-Walker
(FLRW) metric for comparison between non-collisional matter (NCM) with
radiation, collisional matter (CM) without radiation, and CM with radiation for three
significant f (T,B) models, which are constructed by Sebastian et al. \cite{01}. We

consider power law model, logarithmic model, and exponential model in f(T,B)
gravity to discuss the behavior of deceleration parameter q(z), Hubble parameter

H (z) Equation of state (EoS) for dark energy (DE), and effective EoS. We found

the great oscillations of EoS for DE across the phantom divide line. Effective EoS
also crossed the phantom divide line without any oscillations. The graphs for H (z)

q(z), effective EoS are alike for NCM with radiations, CM without radiaitons and
CM with radiations.
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