®depepanbHOe rocyfapCcTBeHHOE 6I0[XKeTHoe
o6pa3oBaTesibHOe yupeXkaeH1e BbICLLIero 06pa3oBaHus
«MOCKOBCKMIM roCyAapCTBEHHbIN TEXHUYECKUIM YHUBEPCUTET MMEHM H.3. bBayMaHa
(HaUMOHabHBIM MCCNeA0BATE/IbCKMIA YHUBEPCUTET)»

PU3SNYECKHME MHTEPMNPETALMNA
TEOPUU OTHOCUTESIbHOCTU (PIRT—-2023)

XXl MeXxpayHapoaHada HayyHad KOH¢epeHL|,MF|
MOCKBa, 3—6 uonda 2023 r.

CBOPHUK TE3NCOB

V.Monakhov. The impossibility of the existence of Majorana spinors as physical particles.
In: Abstracts of XXIII International Scientific Conference "Physical Interpretations of the
Relativity Theory" (PIRT-2023), p.123.

PHYSICAL INTERPRETATIONS
OF RELATIVITY THEORY (PIRT—-2023)

XXIII International Scientific Conference

Moscow, July 3—-6, 2023

ABSTRACTS

o

MockBa

N3OATENBCTBO
MI'TY uMm. H. 3. BaymaHa

2023

BAUMANPRESS


Вадим Монахов
 V.Monakhov. The impossibility of the existence of Majorana spinors as physical particles. In: Abstracts of XXIII International Scientific Conference "Physical Interpretations of the Relativity Theory" (PIRT-2023),  p.123.


VJIK 530.12
BBK 22.313.3

D50

D50

V3nanue JOCTYIHO B 3JEKTPOHHOM BHJIE MO a/ipecy
https://bmstu.press/catalog/item/8003/

du3uyeckre HHTepnperauuu Teopuu oTHocutesbHocTH (PIRT-2023)
XXII Mexnynapoanas HayuHast koH(pepeHnuus (Mocksa, 3—6 urons 2023 1.) :
coopuuk tezucoB = Physical Interpretations of Relativity Theory (PIRT-2023) :
XXIII International Scientific Conference (Moscow, July 3—6, 2023) : Abstracts /
®denepanbHOE TOCYIapPCTBEHHOE OOKETHOE 00pa30BATEIBHOE yUPEKICHUE BBIC-
mrero oOpazoBaHusl «MOCKOBCKHI TOCYIapCTBCHHBI TEXHHYECKHH YHUBEPCHUTET
nMenun H.D. baymana (HarMoHa bHBIA HMCCIEAOBATENbCKUN YHHBEPCUTET)». —
Mocksa : U3natensctBo MI'TY um. H. O. baymana, 2023. — 195, [1] c. : u.

ISBN 978-5-7038-6115-8

Kondepernimss PIRT — 310 MekmyHapomHOEe HaydyHOE MEPOIPHUSTHE, KOTOPOE BIEPBBIE
06110 opranm3oBano B 1988 roxy B Mimmepckom kosmemke Jlornona, a ¢ 2003 roga mpoBoauTest
pa3 B 1Ba roga B MI'TY um. H.D. Baymana B Mockse. KoHdepeHims mocBsimeHa cieyrommm
BOIpoOcaM: 00CyXJeHne (U3NUECKOH, TeOMETPHIECKOH M MaTeMaTHYeCKOW HHTEpIpeTarii
TEOPUH OTHOCHTEILHOCTH M €€ COBPEMEHHBIX 0000IIeHNiT; 00Cy X aeHne HabmoaaeMbIX A dex-
TOB U 3KCIIEPHUMEHTAIbHAS IPOBEPKA TEOPHH OTHOCUTEILHOCTH; METO/Ibl PETUCTPALIiX TPaBUTa-
LIMOHHBIX BOJH; 3(Q(EKThI PEIATUBUCTCKON IEKTPOANHAMUKH M ONTHKU JBIDKYIIMXCS CPel;
acTpor3nUecKe HAOMIOAEHHS U KOCMUYECKHE SKCIIEPUMEHTHI.

Kondepenims npoBoxures npu noanepxkke Komurera I'ocynapersennoit J{ymsr mo o0pa-
3oBaHHI0 P®, Poccuiickoro rpaBHTAIIOHHOTO 00mIecTBa, MOCKOBCKOTO (hU3H9ecKkoro olre-
cTBa, MexxayHapoiHOro o0mIecTBa o0IIel TeOpHH OTHOCHTEIFHOCTH M TpaBuTaniy, KampkyTT-
CKOTO MaTeMaTHYECKOro 00IIecTBa.

The PIRT Conference is an international scientific event that was first organized in 1988
and held at Imperial College in London once every two years, and since 2003 it has been held at
Bauman Moscow State Technical University in Moscow. The conference focuses on the follow-
ing issues: discussion of physical, geometric and mathematical interpretation of the theory of
relativity and its modern generalizations; discussion of observed effects, and experimental verifi-
cation of the theory of relativity; methods for recording gravitational waves; effects of relativistic
electrodynamics and optics of moving media; astrophysical observations and space experiments.

Support and assistance were provided by The State Duma Committee on Education of the
Russian Federation, Russian Gravitational Society, Moscow Physical Society, The International
Society on General Relativity and Gravitation, Calcutta Mathematical Society.

YK 530.12
BBbK 22.313.3
H30aemca 6 asmopckoii pedakyuu.
Working languages of the conference: English.
The proceedings of the conference are given in the author’s edition.

ISBN 978-5-7038-6115-8 © MI'TY um. H.O. baymana, 2023

© Odopmienune. U3natenbcTBoO
MI'TY um. H.O. baymana, 2023



PenaTuBUCTCKaA ogHoOCTeneHHaa aHanAuTU4Yeckasa mopesb
cuctembl 3emna — JiyHa

O.N1. Abpapos abrarov@yandex.ru

PrY Hed T 1 rasa um. NybkunHa, Poccus

[Ipennaraercs mapagokcaibHas (JOPMaIbHO OAHOCTEIICHHAS! MO OTHOCUTEIILHOM
MUHAMUKU crucTeMbl 3emurst — JlyHa, maeonorndeckn Bocxoasmias k [1.JI. Kamure.
Ota Mozenb MpeAcTaBisieT co00i KaHOHWYECKHH PENSITUBUCTCKUN miap — ollee
OJTHOCBSI3HOE aHATMTUYECKOE BO3MYIIIEHUE OTHOPOAHOIO FEOMETPUIECKOTO HIapa.

JlaHHas AuHaMUYecKasi cucTeMa MpeiCTaBIsieT TaMUIbTOHOBY CUCTEMY C OJTHOM
AHAJIMTUYECKOH CTEeNeHbl0 cBOOOABI — (ha30BbI MOTOK MAaTEMAaTHUYECKOTO MasiT-
HUKa, HAaXO/SIIETOCS B CTPOT0 BEPTHKAITGHOM PaBHOBECHH, HJIH, UYTO TO e CaMmoe,
(ha30BbIif OTOK KAHOHWYECKOT0 aHATUTHYECKOTO OCHUILISATOPA.

Ora MoJenb NpeAcTaBiIsieT co00H KaHOHNYECKYI0 MasTHUKOBO-KOJI€0aTeNbHYI0
HOPMHPOBKY aHAJIMTHYECKOTO MPOJODKEHNsT Ha OECKOHEYHOCTh (hOPMaIbHOTO
BpeMeHH ()a30BOr0 MOTOKa OOIIMX KJIacCHUECKMX ypaBHeHHH Jinepa-Ilyaccona
HaJ KOMIUIEKCHBIM BpeMmeHeM [1]. IloaToMy MBI Ha3zbIiBaeM 3Ty MOZENb «MasTHHU-
KOBO-OCIIWJUISITOPHOI MOJIEINBIO.

VYpaBuenus Jitnepa — Ilyaccona (OII) B pamMkax 3To# MOJeNN ¢ OJJHOU cTere-
HBIO CBOOOJIBI peau3yroTcs u3BecTHbIM ypaBHeHueM [lennese VI. 3emus u Jlyna
MOJIEIMPYIOTCA JUIOJEM FPaBUTHUPYIOLIMX IIapOB C LEHTpaMH Ha KOHIaX aHaJu-
TUYECKOTO OCHMIIIATOPA U SIBISIOTCS BbIUeTaMH L-(yHKIIMOHAIBHOTO TaMIJIBTO-
HUaHa OCHMJIIATOPA C PEIATUBUCTCKON CTPYKTYpOil. DTOT JUIOND SBISIETCS KaHO-
HUYECKHMM WHBapHaHTHBIM MHOXKECTBOM OJHOCBSI3HOI'O ABYJIHCTHOTO IOKPBITHS
TpexXMepHoil cepbl 0TOOpakeHHEM aBTOPEKYPCHBHOW BPEMEHHOH 0OpaTHMOCTH
CUMMeTpUH o0umx ypaBHeHui D11 Hag KOMIJIEKCHBIM BPEMEHEM.

B pamkax MasSTHHKOBO-OCIHJUIATOPHON MOZETH IYTEM aHalln3a CTPYKTYPHI
BBIUETOB B €€ CHHTYJSIPHOCTSX peau3yloTCs: OOBSCHEHHWE OpPUCHTAIIMOHHOM
ycToiunBocTH BpamieHust 3emiau U JIyHbI, KadecTBEHHOE oObsAcHeHHe 3¢¢ekTa
Yanmgepa nBrmxeHns moiocoB 3emin U JIyHsl [2]. MaTemMaTndeckn U MeXaHUde-
CKM HeoOX0oJMMasi KOpPEeKIHs KilacCudeckoro oobsacHenus [3] apdexra [Ixanube-
KOBa KaK KaHOHUYIECKOH rio0anpHOM mapameTpu3anuu 3D-chepsr.

Ha ocHOBe BBEIEHHOW YHMCTO MATEMaTUYECKOW MOJIEM CKOPOCTU CBETa pac-
CUMTBHIBAETCA PEATMCTUYHOE MOJEIBHOE PACCTOSHHE MEXIy LEHTpaMH 3€MIIU U
JIyHbl. BhisiBIeHa Tak)ke KOppessius MOAEIHU C OJIHOW U3 COBPEMEHHBIX TEOpU
MPOUCXOXKeHUS 3emin U JIyHbI.

JNlutepaTtypa

[1] A6papor AJI. Tounas paspewumocmo ypasnenuti dinepa-Ilyaccona: 0zema-gynkyuu u 2no-
6anvhas ounamuxa. Mocksa, Hayunsrii mup, 2021, 614 c.

[2] Zotov L.V., Sidorenkov N.S., Ch, Bizourd. Anomalies of the Chandler Wobble in 2010s. Mos-
cow University Physics Bull, 2022, vol. 77, no. 322, pp. 355-563. https://doi.org/10.3103/
S0027134922030134
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[4] Abrarov D.L. Relativistic pendulum-oscillator model of the Earth-Moon system, 39 p. Available
at: www.Intellectual Archive.com/getfile.php?file=ci9010jfIBj&orig_file=PendOscModelEarth-
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Relativistic Analytical One-Degree of Freedom Model
of the Earth-Moon system

Dmitry Abrarov abrarov@yandex.ru

Gubkin University, Russia

The paper proposes a paradoxical model of the relative dynamics in the Earth-
Moon system, formally featuring a single degree of freedom. The idea behind the
model may be traced back to those of P.L. Kapitsa. This model amounts to a ca-
nonical relativistic ball, that is, a total simply connected analytical perturbation of a
homogeneous geometric ball.

This dynamical system represents a Hamiltonian system with one analytical
degree of freedom, that is, a phase flow of a mathematical pendulum in perfect
vertical equilibrium, or, in other words, a phase flow of a canonical analytical
oscillator.

This model is a canonical pendulum-oscillatory normalization of the analytical
continuation to infinity of the formal time concerning the phase flow in the classi-
cal general Euler-Poisson equations over complex time [1]. Therefore, we call this
model the “pendulum-oscillatory” model.

Within the framework of this model featuring one degree of freedom, the Eu-
ler-Poisson (EP) equations are represented by the well-known Painlevé VI equa-
tion. The Earth and the Moon are modeled by a dipole formed by gravitating balls
whose centers are located at the extremities of an analytical oscillator and are the
residues of an L-functional Hamiltonian for an oscillator with a relativistic struc-
ture. This dipole is a canonical invariant set of a simply connected two-sheet cover-
ing of a three-dimensional sphere by a mapping of an autorecursive temporal re-
versibility of the symmetry in the general EP equations over complex time.

By analyzing the structure of residues in its singularities, the pendulum-
oscillator model is capable of the following: explaining the orientation stability in
the rotation of the Earth and the Moon; qualitatively explaining the Chandler effect
of the Earth and the Moon pole motion [2]; introducing a mathematically and me-
chanically necessary correction to the classical explanation [3] of the Dzhanibekov
effect as a canonical global parametrization of the 3D sphere.

Based on the purely mathematical model of the speed of light introduced here,
we calculated a realistic simulated distance between the centers of the Earth and
the Moon. We also discovered a correlation between our model and one of the
modern theories of the origin of the Earth and the Moon.
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Electromagnetic Radiation of Accelerated Charged Particles
in the Framework of a Semiclassical Approach

Tiago Adorno* Tiago.Adorno@Xxjtlu.edu.cn
Alexander Breev® breev@mail.tsu.ru
Dmitry Gitman®** gitman@if.usp.br

! Xi'an Jiaotong-Liverpool University, China
*Tomsk State University, Russia

*P. N. Lebedev Physical Institute, Russia

4 University of Sao Paulo, Brazil

In a recent work by Bagrov, Gitman, Shishmarev, and Farias [1], the so-called
semiclassical approach for describing quantum properties of radiation of currents
of charged particles was proposed. In this approach, currents generating the radia-
tion are considered classically, whereas the quantum nature of the radiation is taken
into account exactly. Universal formulas describing multiphoton radiation are de-
rived. The approach does not require knowledge of the exact solutions of relativ-
istic wave equations with external fields; hence technical difficulties associated
with using the Furry picture do not arise. Instead, the back reaction of the radiation
field to charged particles can be taken into account by solving the Lorentz equa-
tions with radiation-reaction terms. The effectiveness of the semiclassical approach
was demonstrated in calculating synchrotron and undulator radiations [1, 2]. Here
we apply the semiclassical approach to study electromagnetic radiation by uniform-
ly accelerated charged particles [3]. We calculate electromagnetic energies and
rates radiated by these particles. Then we compare our results with those obtained
by other authors [4, 5] in the framework of the classical radiation theory and QED.

The work of T. C. Adorno was supported by the XJTLU Research Development
Funding, award no. RDF-21-02-056 and the work of A.1. Breev and D.M. Gitman
was supported by Russian Science Foundation, grant no. 19-12-00042.
D.M. Gitman also thanks CNPq for permanent support.

References

[1] BagrovV.G., Gitman D.M., Shishmarev A.A., Farias A.J.D. (jr.), Electromagnetic radiation of
accelerated charged particle in the framework of a semiclassical approach. J Synchrotron Rad,
2020, vol. 27, pp. 902-911. https://doi.org/10.1107/S1600577520005809

[2] Shishmarev A.A., Levin A.D., Bagrov V.G., Gitman D.M. J Exp Theor Physics (JETPh), 2021,
vol. 132, pp. 247-256. https://doi.org/10.1134/S1063776121020072

[3] Adorno T.C., Breev A.L, Farias A.J.D. (jr.), Gitman D.M. Electromagnetic radiation of accel-
erated charged particle in the framework of a semiclassical approach. arXiv: 2303.05142,
2023, https://doi.org/10.48550/arXiv.2303.05142

[4] Nikishov A.L, Ritus V.I. Radiation spectrum of an electron moving in a constant electric field.
Zh Eksp Teor Fiz, 1969, vol. 56, pp. 2035-2042.



XXIIl MexxdyHapodHas Hay4YHas KoHgepeHLus «DPusuyeckue UHTepnpeTaLuu Teopuu 0THOCUTEIbHOCTU» 7

Non-singular Bouncing Solution of the Universe
in Extended Symmetric Teleparallel Gravity

Amarkumar Agrawal agrawalamar6i1@gmail.com
Lohakare Santosh lohakaresv@gmail.com
Bivudutta Mishra bivu@hyderabad.bits-pilani.ac.in

Birla Institute of Technology and Science-Pilani, Hyderabad Campus, India

In this paper, the matter bounce scenario of the Universe has been studied in an
extended symmetric teleparallel gravity, the f{Q) gravity. The bounce cosmology is
the solution of the loop quantum cosmology (LQC). Motivated by this work, f{Q)
has been obtained against the backdrop of Friedmann-Lemaitre-Robertson-Walker
(FLRW) space-time. The e-folding parameter has been achieved in the nonmetrici-
ty term for the matter-dominated case. It is a well-known fact that the slow roll
condition does not hold in the bounce context. We used a conformal equivalence
between f{Q) and the scalar-tensor model to apply the bottom-up reconstruction
technique in the bouncing model. The dynamics of the model have been studied
through phase space analysis, where both the stable and unstable nodes are ob-
tained. Also, the stability analysis has been performed with the first-order scalar
perturbation of the Hubble parameter and matter energy density to verify the stabil-
ity of the model.
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A Unified Field Theory of Gravitation

Richard Amoroso amoroso@noeticadvancedstudies.us

Noetic Advanced Studies Institute, United States of America

Feynman famously considered: ‘although the three known force fields are quan-
tized, there is no a priori necessity for gravity to also be quantized’. We introduce
the possibility of this scenario utilizing a preliminary form of an Einstein-like Uni-
fied Field Theory (UFT) called an Ontological-Phase Topological Field Theory
(OPTFT) with an inherent cyclical duality between Quantum Field Theory (QFT)
and General Relativity (GR) entailing a virtual quantization of gravity at the semi-
quantum limit — an asymptotic Planck-scale singularity cycle never reached.
When this Kaluza-Klein-like cyclicality repeats, the dual quantum field correlated
with gravitational field coordinates flips as a phase oscillated annihilation-creation
cycle repeats. In terms of a rudimentary OPTFT proposed, mediation of the field
occurs by continuous ontological-phase transitions (energyless) where topological
switching (conceptually like the ambiguous vertices of a Necker Cube) by topolog-
ical charge mediates information exchange in an energyless manner. Further, we
elevate the Penrose Conformal Cyclic Cosmology (CCC) he called an “Outrageous
New Perspective” to a new conformal scale-invariant Principle of particle physics.
Penrose claimed the CCC iterates through infinite cycles, which we extend by con-
formal scale-invariance to correlate with an asymptotic Planck-scale singularity
(never reached) for every point in spacetime with each previous iteration by a new
modified form of continuous cycle Leapfrog — Seesaw mechanism of ontological-
phase transformations.
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NMynbcap: meTpuueckoe 0606LLeHUe BpeMeHU-NPoCTPaHCTBa
He6eCHOU U KBaHTOBOW MeXaHUKU

A.E. AepamMeHKo avr@itaec.ru

MywKnHcKaa pagmuoacTpoHoMmyeckas obcepBaTopus, Poccus

B umHepumansHOll cucteme Teno ABWkeTcs no 3akoHaM Kemnepa — HproTtoHa
(MHEPIMATBFHOCTH B OOBITHOM MEXaHHYECKOM CMBICIIE).

B uHepumansHOH cucTeMe ypaBHEHHE PaclpoCTpaHeHUs (PpOHTA DIIEKTpOMAr-
HUTHOH BOJIHBI ONIPEAETSET NHEPLUATBHOCTD TAKXKE U B OTHOIIEHUH TOJISL.

O06a 3Ti npuHOMIIA TeOpuH OoTHOcuTenbHOCTH [lyankape Hamu ObuIH pacmpo-
CTpaHEeHBl Ha XPOHOMETPUPOBAHHE MyJIbCAPOB, U3MEPHUMBbIE TTapaMeTPhl BpallleHUs
KOTOPBIX ONPEEINSAIOT MIKAJTy BPEMEHH B HHEPLHAIbHBIX CUCTEMAX.

@®pOHT BOJHBI 3JIEKTPOMArHUTHOTO H3JIyUeHHUs MyJbcapa INpU B3auMOJCH-
CTBHUM C MHUKPOYACTHLAMH, OONaIarolIMM{ BOJHOBBIMH CBOMCTBaMH, IO CBOEHi
niKajne (UKCHpYeT M3MEHEHHE BO BPEMEHH MX MEXaHWYEeCKHX COCTOSIHUH, a Mo
HaOIr01aeMOol 110CIe0BATEIbHOCTH CMEHSIOIINXCS AUCKPETHBIX COCTOSHUN (HK-
CHUPYET UX JIBIKEHHE IO OTPEAETICHHON TPAeKTOPHH.

[Ipu npoxoxxaeHnu (HpoOHTA BONHBI AIEKTPOMATHUTHOE TI0JIE IMyJIbcapa, B3auMo-
JEUCTBYS C 3JIEKTPOMArHUTHBIM MOJIEM MUKPOUYACTHUL], TI0 CBOEH IIKale (GUKCUPYET UX
JIICKPETHBIE MEXaHNYECKHE COCTOSHHSA C TOUHOCTBIO /IO KBaHTa BPEMEHH, pa3pelae-
MOT0 ITyJIbCApHOM LIKaJoH. M3MepeHHble 10 MyIbCapHOW IIKajle JUCKPETHbIE MeXa-
HMYECKUE COCTOSIHMS ~MHKPOYACTHIl KpaTHbl IIOCTOSHHOM BenwumHe 07 =

=5,551115123125780-10"" ¢, oHH MOBTOPSOTCS B JTFOOOH HHEPIHAIBHOMN CHCTEME
KoOpAuHAT. VX 4Mcno KOHEYHO, HE3aBUCUMO OT MPOJOIDKUTEIBHOCTH H3MEPEHHH.

Tem caMmbIM MOKa3aHO, YTO pelieHue oOpaTHOW 3agaur HEOCCHOW MEXaHHUKH
BO BPEMEHHOHM 00JacTH MO YpaBHEHMIO paclpocTpaHeHus (poOHTa 3IEKTpomar-
HUTHOTO M3JTyYeHUS MyJbcapa MOJHOCTHIO MCKIIOYaeT BIMSHHE MHCTPyMEHTa —
panuoTeNIeCKOoIa B U3MEPEHUIX JAUCKPETHBIX COCTOSHUM MUKpOYacTHL, 0bodmiae-
MBIX B 4-MEpHOM NPOCTPAHCTBE IO IIyJICAPHOH IIKAJIE BPEMEHH.

[Mockonbky ypaBaenue Lllpenunrepa HHBApHaHTHO OTHOCUTEIHLHO MPeoOpa3o-
BaHMi JlopeHua, onuparomuxcsi Ha IPUHIKI OTHOCUTENbHOCTH ["amumnes, orcroaa
CIIEyeT CYIIeCTBOBAHME psAa OIEpaTopOB KBAHTOBOM MEXaHHWKH M CYIIECTBOBA-
HUE KBAaHTOBOMEXAaHMYCCKHX WHBAPHAHTOB, CBSI3aHHBIX C MpeoOpazoBaHusmMu [ a-
Jsiesl, aHaJIOTHYHBIX IPeo0pa30BaHusIM B HEOECHON MEXaHUKE.

Taxum oOpa3om, GU3HUECKHE TPOIECCH HEOSCHONH W KBAaHTOBOW MEXaHHKH
MIPOTEKAIOT B MPOCTPAHCTBE MHEPLUANBHBIX KOOPJUHATHBIX CUCTEM CUHXPOHHO BO
BCEM JMana3oHe BO3MOXKHBIX IBIKCHHH — OT HaOJIIOJaeMbIX ABHKEHUH Hebec-
HBIX TE€Jl 10 B3aMMOJAEHCTBHUH 3JICKTPOMArHUTHBIX IOJIC M KBAaHTOBBIX YacTHI.
ATOMHBIE 00BEKTHI OOHAPYKUBAIOTCS 1 (PUKCHPYIOTCA HETIOCPEACTBEHHBIM JIETEK-
TUPOBAHUEM YIPYTHX BOJIHOBBIX B3aUMOJCHCTBHH MO MyJIbCAPHOM IIKajie BpEMEHH
B CBOUX €CTECTBCHHBIX COCTOSHMAX, MCKIIOYAIOIIUX CTOJIKHOBEHHS YacCTHL, II0-
JIOOHBIE CTOJTKHOBEHUSM B KOJUTaiiepe.
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Pulsar: Metric Generalization of Time-Space
of Celestial and Quantum Mechanics

Arkady Avramenko avr@itaec.ru

Pushchino Radio Astronomy Observatory, Russia

In the inertial frame, the body moves according to the Kepler-Newton laws (iner-
tiality in the usual mechanical sense).

In an inertial system, the equation for the propagation of an electromagnetic
wave front also determines the inertiality with respect to the field.

Both of these principles of Poincare’s theory of relativity were extended by us
to the timing of pulsars, whose measurable rotation parameters determine the time
scale in inertial systems.

When the pulsar electromagnetic radiation wavefront interacts with micropar-
ticles having wave properties, the pulsar records the change in time of the mechan-
ical states of the microparticles on its own scale, and records their movement along
a certain trajectory based on the observed sequence of changing discrete states.

During the passage of the wave front, the electromagnetic field of the pulsar,
interacting with the electromagnetic field of microparticles, fixes their discrete me-
chanical states on its scale with an accuracy of up to a quantum of time allowed by
the pulsar scale. The discrete mechanical states of microparticles measured on the

pulsar scale are multiples of the constant value T =5,551115123125780-107" s,
they are repeated in any inertial coordinate system. Their number is finite, regard-
less of the duration of the measurements.

Thus, it is shown that the solution of the inverse problem of celestial mechan-
ics in the time domain according to the equation for the propagation of the front of
electromagnetic radiation of a pulsar completely excludes the influence of an in-
strument — a radio telescope in measurements of discrete states of microparticles,
generalized in 4-dimensional space on a pulsar time scale.

Since the Schrodinger equation is invariant under Lorentz transformations based
on the Galilean principle of relativity, this implies the existence of a number of quan-
tum mechanics operators and the existence of quantum mechanical invariants associ-
ated with Galilean transformations, similar to those in celestial mechanics.

Thus, the physical processes of celestial and quantum mechanics proceed in
the space of inertial coordinate systems synchronously in the entire range of possi-
ble movements — from the observed movements of celestial bodies to the interac-
tions of electromagnetic fields and quantum particles. Atomic objects are recog-
nized and fixed by direct detection of elastic wave interactions on a pulsar time
scale in their natural conditions, excluding particle collisions, as in a collider.
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YpaBHeHuUe LlipeauHrepa ana moaenu Wsapuwunbaa

P.U. Aiisna OHbsa ayyala@sfedu.ru

T.N. LWecTakoea shestakova@sfedu.ru

FOXKHbI hepepanbHbIil yHUBepCuTeT, Poccus

Lenpio nanHo# paboTHI ABIsSETCSA N3yUeHHEe (DyHIaMEHTAIBHBIX MPOOIEM TeOMETPO-
JuHamMukd Yuiepa — Jle Burra, kotopast Obuia IepBOi MONBITKOM MOTYYUTh KBaH-
TOBYIO TEOPHIO TPAaBUTALIMU M OOBSCHUTH NMIPOUCXOXKACHUE U MOCIEACTBUS IIpolieM
IIPUMEHEHUsI 3TOW Teopun k Monenu IlBapmimmnbna. B kadecTBe anbTepHATUBBI
KBaHTOBOHM reomerpoauHamuke Yunepa — [le Butra Obl1 MCmons30BaH Moaxof,
OCHOBaHHBIH Ha (hopMaiM3Me pacIIMPEeHHOTo (a30BOro MpOCTPAaHCTBA, B paMKax
KOTOPOT0 MO>KHO TOJIy4nTh yYpaBHeHMe IlIpenuHrepa, onmuchIBaroIee 3BONIONHI0 BO
BpPEMEHU (PU3UYIECKOTO OOBEKTa, B KOTOPOE BXOAT KATMOPOBOYHBIC CTEIIEHH CBOOO-
Ibl. Du3nueck BBEACHHE STHX NMEPEMEHHBIX O3HAYaeT, YTO, BHIOMpas pa3Hble Ka-
TOPOBKH, MOKHO BBIOpATh pa3HbIX HAOMIOAATENEH B Pa3HBIX CHCTEMAxX OTYETa, YTO
U COTTIacyeTcs C KIIACCHYECKOM TeOpHEl OTHOCUTEIBLHOCTH, B KOTOPO, HEBO3MOXKHO
HaWTH peleHus] ypaBHeHUI DiHIITelHa, ecii He Oblia BBEAEHAa CHUCTEMa OTYEeTa.
B pesynbrare Hamero ucciaegoBaHus ObuIO HosTydeHo ypaBHenue lllpenunrepa mis
Mozenu IlIBapummnbpaa, U aHaliu3 3TOr0 YpaBHEHMs MTOJYEPKHUBAET €r0 BAKHOCTH
JUTS TIOCTPOEHUS KBAHTOBOM TEOPHUU TPABUTALIHU.
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Schrodinger Equation of the Schwarzschild Metric
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The objective of this work is to study the fundamental problems of the Wheeler —
DeWitt geometrodynamics, which was the first attempt to obtain a quantum theory
of gravity and explain the origins and consequences of the problems in the applica-
tion of this theory to the Schwarzschild metric. As an alternative to the Wheeler —
DeWitt quantum geometrodynamics we consider the extended phase space formal-
ism, within the framework of this approach, one can obtain the Schrodinger equa-
tion describing the evolution of a physical object over time that includes gauge de-
grees of freedom. Physically, the introduction of these variables means that by
choosing different gauge variables, one can choose different observers in different
referent systems, which is consistent with the classical relativity theory, in which
one cannot find a solution of the Einstein’s equations without fixing a reference
frame. As a result of our research, the Schrodinger equation for the Schwarzschild
model was obtained, and the analysis of this equation emphasizes its importance
for the construction of a quantum theory of gravity.
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A differential form is called harmonic if the action of the Hodge-de Rham Laplaci-
an, A™ =DD"+D'D, on it is identically zero. Here D is a covariant differential,

D’ is a covariant co-differential. For a 4-dimensional Lorentzian manifold D" =
="D’, where ~ is the Hodge dualization. The Einstein space is the space in which
the equation R,5 = Ag, is fulfilled in vacuum.

Earlier in the literature, the following statement was given as a criterion of
gravitational waves: Einstein spaces are harmonic if and only if they belong to Pe-
trov type N. However, this statement is not correct, although it is given in a well-
known monograph on gravitational waves [1].

In [2], a detailed calculation of the result of the action of the Hodge-de Rham

Laplacian on the curvature 2-form R of the Riemann space is presented and it is
shown that for all Einstein spaces the equality is valid, A™R=
=2(e° ®e”) ® (R, 5,)). (0" A0) =0, since the action of the Codazzi equation in
the Einstein space leads to the equality R ,.,;=0. Thus, the following statement is

true: all Einstein spaces are harmonic.
Note that this statement was stated in [3], and obtained by mathematicians, see [4].
The authors have calculated the result of the action of the Hodge-de Rham La-
placian on the curvature 2-form of the Riemann—Cartan space. As a result, it has
been concluded: all solutions in vacuum of the Einstein—Cartan theory of gravity
are harmonic.
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Mogpaenb OTKpbITON BCEJIEHHOWM C KOCMOJIOrMUYECKOW NOCTOSAHHOM
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PaccmoTpeHa BO3MOYKHOCTH HaXO)KJIEHHS TOYHBIX KOCMOJIOTMUYECKHX PEIICHUI
ypaBHEHUI DWHINTEHHA ¢ KOCMOJOTHYECKON TOCTOSHHOM IS OTKPBITOW MOJIEIH
BCCJICHHOM IMyTeM CBEACHUS NPOOJEMBbl K 3KBUBAJICHTHOW 3ajjadye O JBMIXKCHUU
MacCHUBHOMN 9acTHIBl B CHJIOBOM IT0JIE. B3siTasg KocMosorn4aeckasi MOJEINb 3aroJIHe-
Ha MaTepHeﬁ B HpI/I6HI/I)KeHI/II/I H}IC&HBHOﬁ KHUJIKOCTU C OTIIMYHBIMUA OT HYJIA JaBJIC-
HUEM U KOCMOJIOTHYECKOHN MOCTOSHHOM, BOOOIIE roBops. MeTpuka 4eThipexmep-
HOT'O TPOCTpaHCTBa — BpeMmeHH Oepercss B ¢opme @Doka Kak METpHKa,
KOH(GOpMHasT METpHKe MHHKOBCKOTO C 3aBHCHMOCTBHIO OT OJHOW TepeMeHHOH,
KBaJIpaT KOTOPOHM €CTh MPOM3BENIEHHE OIEPEKAIOIeT0 W 3ara3/bIBaIOIIero Bpe-
MEH.

Hcnonp3oBaHMEe MEXaHUYECKOW WHTEpHpETaluy Uil YPaBHEHUN TATOTEHUS
IMPUBOAUT K BO3MOXXHOCTHU paCCMOTPCHHA Pa3JIMYHBIX CHJIOBBIX HOJ'[CfI, B 4YaCTHO-
CTH MOTEHIUAJBHBIX, C MOCIEAYIOIEeH PU3NUeCKON HHTEpIIpeTalell moayYaeMbIX
TOYHBIX KOCMOJIOTHYECKUX PELICHUM.

[Ipexxae Bcero paccMaTpuBaeTCs IBUXKCHHE CBOOOIHON YaCTHIIBI €AMHUIHON
Macchl (MeXaHW4ecKasi cuja OTCYTCTBYET), TO €CTh YacTHIAa JBHXKETCS MO HHep-
. KoHpOpPMHBINA MHOKHUTETh KOCMOJIOTHYECKOH KOH(POPMHO-IUIOCKON METPHUKH
€CTh YETBEpTasl CTENEHb HANJIEHHOTO 3aKOHA JABMXKECHHSI. DTOT CIIy4ai MpH OTCYT-
CTBHUH KOCMOJIOTHYECKOW ITOCTOSHHOM COOTBETCTBYET TOYHOMY KOCMOJIOTMYECKO-
My pelieHuto 0e3 JaBJieHUs, COBMAIAIONIEMY C U3BECTHBIM perieHneM Dpunmana
IUIs1 OTKpbITON BeenenHoi.

3areM paccMaTpWBaeTCsl CHUJIOBOHM TMOTEHNIHANT B BHAE JUHEHHON (QYyHKIWU.
IlomyueHHOE TOYHOE KOCMOJIOTHYECKOE pELIeHHE, aCUMITOTHYECKH OMHCHIBAET
KaK HEKOTEpEHTHYIO MbUIb, TaK U YJIBTPAPEIATUBUCTCKYIO MATEpHIO, KOTOPYIO
MOYHO OBIJIO ObI HHTEPIPETUPOBATh KaK PABHOBECHOE U3IIyUEHHE.

Hanee B xauecTBe MOTEHIMANa BHIOMpAETCs KBaapaTUuHas QYHKIUS 0e3 Ju-
HEIHOro 4jieHa W NMOCTOSHHOW. Takol moTeHIMal MOKHO MHTEPIPETHPOBATH KaK
MOTEHIHAJI CBOOOIHOIO OCHMIIISTOPA OTBEYAIOLIETO JIMHEHHON 110 CMELICHUIO CH-
ne (cuite ['yka). Pemenne cOOTBETCTBYIONIETO YPaBHEHHUS JABIKEHUS 3aIHChIBACT-
cs B BUJE (QYHKIMHN KOCHHYCA C HEKOTOPOW HadanbHOW (a3oi, CBSI3aHHOW C OTHO-
IIEHHEM MapaMeTpoB, ONPEAETSAIONIMX MBUIEBUAHYIO U YJIBTPAPEIATUBUCTCKYIO
MaTepuio. DTOT BBIBOJI CTAHOBUTCS OYEBHIEH ITOCIIE ACHMITOTHYECKOTO PaccMOT-
peHMsI JaBJIEHUS U IUIOTHOCTH 3Hepruu. Kocmosormdeckas MoJenb OKa3bIBaeTCs
0000menneM pemenns Ppuamana ¢ paBHOBECHBIM H3IyYEHHEM M BEILECTBOM,
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KOTOpBIE 3aIOJHSIOT BCEIEHHYI0. PaccMOTpeHbI mpuMephl MOJIETIeH MpH HaTHIUU
KOCMOJIOTHYECKOIO YJICHA.
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The Open Universe Model with the Cosmological Constant
as a Particle Movement Task in a Force Field
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The possibility of deriving of exact cosmological solutions of the Einstein equa-
tions with the cosmological constant for the open universe model by reducing the
problem to an equivalent task of the movement of a mass particle in the force field
is considered. Taken cosmological model is filled by substance in an approxima-
tion of the perfect fluid with nonzero pressure and cosmological constant, generally
speaking. A four-dimensional space-time metric is taken in Fock’s form as the met-
ric, conformal to the Minkowski metric. This metric depends on one variable. A
square of the variable is a product of advanced and retarded times.

The using of mechanical interpretation of the gravitation equations leads to a
possibility of consideration of various force fields, in particular the potential fields,
with the subsequent physical interpretation of found exact cosmological solutions.

First of all the movement of free particle with an unit mass (a mechanical force
is absent) is considered, that is to say the particle moves on inertia. The fourth de-
gree of finded law of movement is a conformal factor of cosmological conformal-
ly-flat metric. This case corresponds to the exact cosmological solution without
cosmological constant and pressure, coinciding with known the Friedman solution
for the open universe.

After that the force potential is taken in the form of linear function. Found ex-
act cosmological solution asymptotically describes both an incoherent dust, and the
ultra-relativistic matter which could be interpreted as an equilibrium radiation.
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Further a square-law function without a linear term and a stationary value is
taken as a potential. Such potential can be interpreted as potential of the free oscil-
lator corresponding to linear shift force (Hooke’s force). The solution of corre-
sponding equation of motion is written in the form of a cosine function with some
initial phase related to the correlation of parameters which define dust-like and ul-
tra-relativistic matter. The cosmological model is the generalization of Friedman’s
model with the equilibrium radiation and substance which fill the universe. Exam-
ples of models in the presence of the cosmological constant are considered.
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[pencraBieHsl TeKyiue pe3yabTaThl 00paboTKK M3MepeHui 3((eKTa TPaBUTAIMOH-
HOTO KpacHoro cmereHus [1] co ciyrauka PamroActpor B mepuog 2015-2017 rr.
C TIOMOIIbID OOPTOBOTO BOJIOPOJTHOTO Ma3zepa M aHAIOTUYHBIX CTaHJapTOB Ha
cranmumsx cnexenus [lymmuao (ACK JIIIW PAH, Poccust) u Green Bank (NRAO,
CIIA) [2, 3]. B moxnazne oOcyxaaeTcsi yCOBEPLICHCTBOBAHHBIM METOA 00pabOTKH
PaJIOCUTHAIIOB C TPAaBUTAIIMOHHBIM KPAaCHBIM CMEIIEHHEM 0e3 UCTONIb30BaHHs Tpa-
JUIMOHHBIX CYETYMKOB YACTOTHI HAa CTAHIMSX CIIEKEHUs], KOTOpPble UMEIOT OTpaHHU-
YEeHHYIO TOYHOCTh. B HOBOM MeTo/ie mapamMeTphl YaCTOTHON 3BOJIIOIIMU PaldOCHTHA-
JIOB CBSI3M Ompenerstorcss Mo  KodhduimeHTaM WHQOPMAITHOHHON —MaTpPHUIIBI
®durepa, a UX TOYHOCTh OLICHUBAETCS C YUYETOM MpeesibHOM Tpanulibl Kpamepa —
Pao. INpu GombIIOM OTHOIICHWHM CHTHAN IIYM 3Ta METOAWKA IMOBBIIIAET TOYHOCTH
W3MEPEHUs 4acTOThl Ha MOPSAAOK. B cBOIO ovepenb, CTAHOBUTCA BO3MOXHBIM IOJTY-
yuTh OoJiee HU3Koe 3HadeHue napamerpa BiustHus OTO, 6ni3Koe K OLeHKaM, MOy~
YEHHBIM U3 HaOJoeHuH ciiyTHUKOB Galileo [4, 5].
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This report presents the current results of processing measurements of the gravita-
tional redshift effect [1] from the RadioAstron satellite in the period 2015-2017.
With an onboard hydrogen maser and similar standards at the Pushino tracking sta-
tion (ASC LPI RAS, Russia) and Green Bank (NRAO, USA) [2, 3]. The report
discusses an improved method for processing gravity data without the use of con-
ventional frequency counters at tracking stations, which have limited accuracy. In
the new method, the parameters of the frequency evolution of communication radio
signals are determined by the coefficients of the Fisher information matrix, and
their accuracy is estimated taking into account the limiting Cramer — Rao bounda-
ry. With a large SNR, this technique improves the frequency measurement accura-
cy by an order of magnitude. In turn, it becomes possible to obtain a lower value of
the GR violation parameter, close to the estimates made from observations of the
Galileo satellites [4, 5].
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Conformal Invariance and Cosmology
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If we assume that the universe was created from “nothing” [1], then additional
symmetry increases the probability of such an event. This is one of the reasons
why the local conformal invariance looks like a good candidate to become the
fundamental symmetry of the Nature. Thereby we consider the conformally in-
variant action of gravity. In Riemannian geometry this type of gravity action
leads to the fact that all the cosmological metrics turn out to be the vacuum solu-
tions [2, 3].

Using the example of an action for an ideal fluid with a variable number of
particles [4], a phenomenological description of the processes of particle produc-
tion against the background of strong external fields for the homogeneous and iso-
tropic cosmological model is studied. In particular, gravity and scalar field are con-
sidered as sources of particle creation.

The conformal invariance of the left-hand side of the particle production law
leads to restrictions on the form of the source function ®, which depends on the
invariants of external fields responsible for the creation processes. This result is of
great importance, because it does not depend on the gravitational Lagrangian. In
the absence of classical external fields, particles are born exclusively due to vacu-
um polarization caused by the influence of the gravitational field, therefore the on-
ly choice for @ is the square of the Weyl tensor. Only quadratic terms are consid-
ered in order not to go beyond the one-loop approximation of the quantum field
theory.

When an external scalar field is introduced into the creation law, from the
tracelessness of the energy-momentum tensor due to the conformal invariance
of the action of gravity it follows that for dust the energy density is proportion-
al to the scalar field, while for radiation it does not depend on the scalar field.
Moreover, in contrast to the previous case, for a model with a scalar field, the
zero energy-momentum tensor does not necessarily imply the absence of mat-
ter. Namely, certain types of solutions for dust, radiation and matter with an
arbitrary equation of state were found and investigated using the freedom to
choose a gauge, which is provided by the conformal invariance of the equations
of motion.
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O060011IeHHas CKAJIIPHO-TOPCHOHHAsI rpaBuTaIus 1] ¢ gericTBuemM

M2
§ =[] - F@OT +P0.X)-G(6. X (1)

ucciemyercs ¢ BeibopoM mapameTpoB P=—-oX +V, G =0, F#0. 3aecs 0, P, Fu
1 .
V SABASIFOTCSl IPOU3BONBHBIME QYHKIUSAME W/ X, 1 X = E(I)2 ITouck pemenuii

Bexercst B MeTprke Ppuamana — PoGeprcona — Yokepa ds® = —dt* + a28ijdx"dxj

C HAJIOXKEHHOW CTaHAApTHOW reoMmeTpueii GpoHa e;' =diag{l,a,a,a}, rae a=af(t),

SIBJIICTCSL MacCIITaOHBIM (pakTOpoM. B HaleM paccMOTPEeHHHM MbI OIPEACTHIN
H n
¢yHkImo F creaywomiero suaa F =(7j , TIe A, n SBISIOTCS TPOU3BOJILHBIMHU

KoHCTaHTamMu. Torna (oHOBBIE KOCMOJOTHYECKHE ypaBHEHUs i nedctBus (1)
MPUHAMAIOT BUJT

V= %(3H2 +H(1+ ))~ 2)
= }\‘n n 5
oh’ =-2M, (%) H(+n). (3)

B nanHOM nokimaze OynyT MpeacTaBlIeHbI PELICHHs CHCTEMbl ypaBHEHUH (2),
(3) nns crenennoi wHbMAIIMU H =m/t; (a(t)zaot”’) NpU Pa3HBIX 3HAYCHUSIX
n=0,1,2,1/2,3/2,-1,-2,-1/2.
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Exact Power-Law Solutions in the Scalar-Torsion Cosmology
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Generalized scalar-torsion gravity [1] with the action

M2
S = [| - F@OT +P0.X)-G(6.X)mp )

are studied with the parameters’ choice P=-wX +V, G=0, F#0. Here o, P, F
. . 1 .
and V are arbitrary functions of and/or X, and X = Ed)z. The search for solutions
is carried out in the Friedmann — Robertson — Walker metric ds* =
=—dt’ +a’8,dx'dx’  with superimposed standard background geometry

ef =diag{1,a,a,a}, where a=a(t) is a scale factor. In our consideration, we de-

fine the function F of the following form F :[%j , where A, n are arbitrary con-

stants. Then the background cosmological equations for the action (1) take the

form
n 2

Vz%@HZ + H(1+m)); 2)

0f? =-2M?, [%j H(1+n). (3)

This report will present solutions to the system of equations (2), (3) for power
inflation H=m/t, (a(t):aot'”) at different values n=0,1,2,1/2,3/2,-1,-2,—-1/2.
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BakyyMHble cpeHue TeH30pa SHeprum-umMmnyJibca u Toka
CMUHOPHOIO MO/ B NOCTOAHHOM 3/1eKTPUYECKOM None
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B paMkax KBaHTOBOM JIEKTPOAUHAMUKU C CUIIBHBIM 3JIEKTPUYECKUM I10JIEM, KOTO-
poO€ HE 3aBUCHUT OT BPEMEHH M UMEET MOCTOSHHOE HAIIPABJICHUE, U COCPENOTOUECHO
B OrPaHUYCHHOW MPOCTPAHCTBEHHOH 00MacTH (B Tak Ha3bIBaeMOW X-CTYIIEHBbKE
3IIEKTPUYECKOT0 MOTEHIMAala) UCCIIEAYIOTCS BaKYyMHBIE CPEHNE UIOTHOCTH TOKa
U TEH30pa JHEPTrUU-HMITyJIbCa KBAHTOBAHHOTO CIIMHOPHOIO MOJIA, OMEIICHHOTO
B TaK Ha3bIBAEMOE L-TIIOCTOSHHOE 3JIeKTpHueckoe mnoie. [lox mocaerHuM MOXHO
HNOHMMAaTb, HANpUMeEp, IEKTPUYECKOE IO0Je, 3aKIIOUCHHOE MEXAY OOKIaJKaMH
KOHJIEHCAaTOpa, OTCTOSIIMMHE JPYT OT Apyra Ha JOCTaTOYHO OOJIBIIOE PacCTOSHUE
L. Bo-iepBbIX, BcciaenoBaHbl 0COOEHHOCTH HETepTypOaTHBHOTO pacyeTa CpeaHuX
3HAYEHUN B KBAaHTOBOM 3JIEKTPOAMHAMHMKE CHIIBHOTO IOJS B X-CTYIIEHBKAX JJIEK-
TPUYECKOr0 IOTEHUHUANA, U, B L-IIOCTOSIHHOM 3J€KTPUYECKOM II0JI€, B YACTHOCTH.
Msl mpeiaraeM HOBBIE MPOLEAYPHI NIEPEHOPMHUPOBKU M O0OBEMHOH perysspu3a-
nuu. Haiinensl HeoOXOMuMBIE TIPENCTaBICHUS JUISI CHHTYJISIPHBIX CIIMHOPHBIX
¢ynkumit 'puHa m1s L-moCTOSHHOTO 3ieKTpudeckoro moiisi. C uX MOMOIIBIO MBI
BBIUMCIISIEM BaKyyMHBIE CPEIHUE TEH30Pa IHEPTHH-UMITYJIbCA U TOKA CIIMHOPHOTO
monisi. [lokazaHo, Kak B TIOJMYYEHHBIX BBIPAKEHHX, Pa3ACIUTh III00aTbHBIE BKIIA-
JIbl, CBSI3aHHBIE C POXKACHUEM YaCTULl, U JOKAJIBHBIE BKJIAJIbl, CBSI3aHHBIE C IOJISPU-
3anuel BakyyMa.
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Vacuum Mean Values of Spinor Field Current
and Energy-Momentum Tensor in a Constant Electric Background

Alexander Breev* breev@mail.tsu.ru
Sergey Gavrilov? gavrilovsergeyp@yahoo.com
Dmitry Gitman®** dmitrygitman@hotmail.com

! Tomsk State University, Russia

% Herzen State Pedagogical University of Russia, Russia
* P.N. Lebedev Physical Institute, Russia

4 University of Sao Paulo, Brazil

In the framework of strong-field QED with x-steps, we study vacuum mean values
of the current density and energy—momentum tensor of the quantized spinor field
placed in the so-called L-constant electric background. The latter background can
be, for example, understood as the electric field confined between capacitor plates,
which are separated by a sufficiently large distance L. First, we reveal peculiarities
of nonperturbative calculating of mean values in strong-field QED with x-steps in
general and, in the L-constant electric field, in particular. We propose a new
renormalization and volume regularization procedures that are adequate for these
calculations. We find necessary representations for singular spinor functions in the
background under consideration. With their help, we calculate the above mentioned
vacuum means. In the obtained expressions, we show how to separate global con-
tributions due to the particle creation and local ones due to the vacuum polariza-
tion.
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PeweHue Keppa — HbloMaHa 06begMHAET rpaBUTaLUIO
C KBAHTOBOW Teopuei

A.A. BypuHcKuii Bur@ibrae.ac.ru

MUBPA3 PAH, Poccus

PaccmoTpeHo m3BecTHOE pelieHue Ui CBepX-Bpamaromieics yepHoit apipsel (Y1)
Keppa — Hriomana (KH), xoropoe (kak obHapyxun Kaprep) mpu mapamerpax
3JIEKTpOHa (Macce m, 3apsije e U mapamerpe BpaiueHus a =A,/2=Hh/(2mc)) mo-

JISNAPYET TPABUTUPYIOLINI IEKTPOH B BHJIE TOHKOW KOJBLIEBOI CTPYHBI paguyca
@, PaBHOTO TIOJIOBMHE KOMIITOHOBCKOH JJTMHBI BOJHEI 3NeKkTpoHa. [Ipu a > m ropu-
30HTHl YJ[ mcude3aroT, M 3JIEKTPOH MpeBpallaeTcss B JABYJIMCTHOE MPOCTPAHCTBO
OlinmreliHa — Po3ena, B KoTopoM KOHTpysHIMS Keppa nepexoauT aHaIuTHYECKU
C TIOJIOKUTENBHOTO JrcTa MeTpuku (> 0) Ha otpunarensHbii (1 < 0). B mogemsax
Nspasns u Jlonesa orpunarenbusiii auct pemennsa KH oTcekancst kak M3MUIITHUAN.

B paccmarpuBaemoil 31ech HOBOM Mozenu 3MeKTpoHa [1], oTpuiaTenbHBIN
muct KH 3ameHsieTcsi «3epKaibHBIMY» JICTOM, OIHCHIBAIOIIMM 3alla3/IbIBAOINEe
M3Iy4YeHHE dJIEKTPOHA, a JIUCT METPUKH CBSI3aHHBIN C BXOISIIAM BOIHOBBIM MOJIEM
MHTEPIPETUPYETCS KaK «ITO3UTPOHHBIHN JIUCT IEKTPOHA» U UCIIONIb3yeTCs KaK JIUCT
ONEPEKAIONIUX MOTEHIIUAIOB. DTO YABOEHUE CTPYKTYPHI 2JIEKTPOHA COOTBETCTBY-
eT (hOpMUPOBAHUIO AIEKTPOHHO-TTO3UTPOHHOTO Bakyyma B KO/, m MbI paccmatpu-
BAEM OTJIEJIBHO «TOJbIH» U IPABUTALMOHHO «OHETBIM» AIEKTPOH. «I OJIbIi» 37eK-
TPOH SIBISIETCSI MOAETBIO KIACCHUECKOW 0e3MacCOBO PENATUBUCTCKOM CTPYHHI,
KOTOpasi OIMCBHIBAE€T BOJIHOBBIE CBOWCTBA JJIEKTPOHA, YCHMIPAHAA NPOMUsopedue
MEXIy MPOTSHKEHHON YacTHIIEW TEOPHH TPaBUTAI[MM W TOYEYHBIM JJIEKTPOHOM
KBaHTOBOW TEOPHHU.

«OneTslit» 37eKTpoH (popMHpYeTcs BeKTop noTeHuuanomM pemenuss KH, korto-
pBIf 3aTsATHBaeTcs rpaBuTanuel (frame-dragging), o6pasys ABe MPOTHUBOIOIOKHO
OpUEHTHPOBaHHbIE MeTNIH BuibcoHa, MOpPOXKIArOMINE 3JIEKTPOHHO-IO3UTPOHHYIO
Mapy MOHOIIOJIS U aHTHMOHOIIOJIS C CUIIbHOM MarHUTHOM CBSI3BIO.

NurepaTypa

[1] Burunskii A. Gravitating Electron Based on Overrotating Kerr — Newman Solution. Universe,
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Kerr — Newman Solution Combining Gravitation
and Quantum Theory
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The paper examines the well-known Kerr—Newman (KN) solution for an over-
rotating black hole (BH), which (as Carter discovered), if the parameters match
those of the electron (mass m, charge e, and rotation parameter
a=~R,/2="h/(2mc)), simulates the gravitating electron in the form of a thin circu-

lar string of a radius a equal to half the Compton wavelength of the electron. When
a > m, the black hole horizons disappear, and the electron turns into a two-sheeted
Einstein-Rosen space, in which the Kerr congruence moves analytically from the
positive sheet of the metric ( > 0) to the negative one (» < 0). In the models of Is-
rael and Lopez, the negative sheet of the KN solution was disregarded as redun-
dant.

In the new electron model discussed here [1], the negative KN sheet is re-
placed by a “mirror” sheet describing the delayed emission of the electron, while
the metric sheet associated with the incoming wave field is interpreted as the “posi-
tron sheet of the electron” and used as a sheet of advanced potentials. This dou-
bling of the electron structure corresponds to the formation of the electron-positron
vacuum in QED, so we consider separately the “naked” and gravitationally
“clothed” electrons. The “naked” electron is a model of a classical massless relativ-
istic string that describes the wave properties of the electron, eliminating the con-
tradiction between the extended particle in the theory of gravity and the point elec-
tron theory of quantum physics.

The “clothed” electron is formed by a vector potential of the KN solution,
which is tightened by gravitation (frame-dragging), forming two oppositely orient-
ed Wilson loops that generate an electron-positron pair of a monopole and an anti-
monopole with a strong magnetic bond.
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AnekTpoH Keppa — HbioMaHa KaK aganTuBHas cuctema
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B noxnazne paccMaTpuBaeTCsl M3BECTHOE PEIICHHUE AT BPALIAIOLICHCs YepHOH Ibl-
pst (Y1) Keppa — Hrtomana (KH), koTopoe Moaenupyet HenepTypOaTHBHEIH rpa-
BUTUPYIOLINH 3JIEKTPOH, U JIENAETCs MPEANOIOKEHNH, YTO M3BECTHBIH IKCIEPHU-
MEHT C JBYMS MIENSIMH MOXET OBbITh OOBSCHEH CBOWCTBAMHU OJIJIEKTPOHA Kak
3JIEMEHTAPHOMN aJJallTUBHON CUCTEMBI.

B koopamnatax Keppa — Ilunpma merpuka KH wumeer Bun g, =

=N, +2Hkk,, tne m, COOTBETCTBYET IUIOCKOH METPUKE MpPOCTpaHCTBa MUH-

mr—e*/2

KOBCKOTO, 1 H — ckanspHas ¢pynkuus H = [1]. HyneBoe mone k"

r* +a*cos0
(k,k" =0) oOpasyer nBaxIbl TMHEHYATYIO MOBEPXHOCTh — OJHONOJIOCTHBIA TH-

nep6onoun Bpamenus. B pemennn KH mns U/l korrpysuiust Keppa, nepecexast
TUIOCKOCTH 6 = 71/2, MepexoJUT aHAJTUTUIECKH C MOJOXKHUTEIHLHOTO JINCTa METPHKH
(r > 0) Ha oTpunatensHbIi (7 < 0), 1 POKycHUpyeTCsl Ha CHHTYIISIpHOM Konbile Kep-
pa. B Mozensax anekTpoHa, paccMOTpeHHbIX panee U3pasnem u JlonezoMm, otpuiia-
TenbHbIN ucT pemeHuss KH oTcekancs xak HeHyXHbIH. B paccMoTpeHHON HOBOM
MOJIENH 3JIEKTpoHa [2], oTpunarenbHbii auct pemenns KH 3aMmensercs «3epkainb-
HBIM» JIICTOM KOHTPY3HIMH Keppa, KOTOPBIN OMHCHIBAET 3ama3/bIBAONIEe U3IY-
YeHHe 3JeKTpoHa. B To xe Bpems, IMCT METPUKH, CBSI3aHHBIN C BXOJAAIIUM IOJIEM
KOHTpyasHIuHN Keppa, ncrnonp30BaH Kak JHCT ONEPEXKAIOUNX MOTEHIINAIOB, U HH-
TEpIPETUPYETCS KaK «ITO3UTPOHHBIN JIUCT JIEKTPOHa». Takoe yIBOCHHE CTPYKTY-
pel amekTpoHa coorBercTByeT KO/l [3]. 3arsaruBaemsblii TrpaBUTAIMeld BEKTOP-
norenuuan pemenns KH oOpasyer aBe NpOTHBONONOXKHO OPHEHTHPOBAHHBIC
U MPOTUBOIIOJIOXKHO 3apsKEHHBIE METIN BHUIbCOHA, 3aTAHYThIE TPaBUTALMOHHBIM
MOJIEM U TTOPO’KIAIOIIHE SJIEKTPOHHO-TIO3UTPOHHYIO Mapy MOHOIOJS U aHTHUMOHO-
TMOJISl C CMJIBHOM MarHMTHOM cBsA3bio. B pesynbrare, rpasuranus KH okaspiBaeTcs
cunpHOM, 1 KH anexTpoH mproOperaeT KOMITOHOBCKYIO Maccy, 4To (OpMHUpPYET
CBEPXMPOBOSIILIEE PO ANEKTPOHA [2].

B mpennaraemoli Mojenu CHHTYISIpHOE KOJBIO 3iekTpoHa KH usmydaer y3-
KOHAIIPaBJICHHYIO paJualuio nmogo0HO aHTeHHE. B ombiTe ¢ AByMS miensmMu nana-
IOLIMH 3IIEKTPOH Judparupyer Ha MIENAX, a 3aTeM NPUHUMACTCS «IIO3UTPOHHOW
croponoii pemenns KH, xoropas neiicTByeT kak npuemHas anteHHa. CpaBHEHHE
YacTOT MEPEeJaHHOTO W MPHHATOTO CHrHaja (JopMHpYyeT OOpaTHYIO CBS3b U BEHIpa-
OarpiBaer curHan ommOku. Takum oOpaszom, anektpoH KH mMoxer neiicTBoBaTh
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MO00HO JPYTHM aalTUBHEIM CHCTEMaM KaK TPOCTEHIIasi caMOOpTaHU3yIOMIascs
aJallTuBHas CUCTEMaA, BI:IGI/Ipa}I HyTI) B COOTBCTCTBHUHU C HpI/IHHI/IHOM HAUMCHBIICTO
IEUCTBHUSL.
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The Kerr — Newman Electron as an Adaptive System
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The report examines the well-known Kerr—Newman (KN) solution for a rotating
black hole (BH), which simulates a non-perturbative gravitating electron, and sug-
gests that the well-known double-slit experiment can be explained by the properties
of the electron as an elementary adaptive system. In the Kerr-Schild coordinates,
the KN metric has the form g, =n,, +2Hk k,, where n,, corresponds to the flat

pitvo

mr—e?/2

2 2

metric of Minkowski space and H is a scalar function H =
r“+a”cosB

[1]. The

zero field k" (k,k* =0) forms a doubly ruled surface — a one-sheet hyperboloid of

revolution. In the KN solution for BH, the Kerr congruence, crossing the 6 = /2
plane, moves analytically from the positive metric sheet (» > 0) to the negative one
(r < 0), focusing on the Kerr ring singularity. In the electron models considered
earlier by Israel and Lopez the negative sheet of the KN solution was disregarded
as unnecessary. In the new model of the electron [2] under consideration the nega-
tive sheet of the KN solution is replaced by a “mirror” sheet of the Kerr congru-
ence, which describes the delayed emission of the electron. At the same time, the
metric sheet associated with the incoming Kerr congruence field is used as
a sheet of advanced potentials and interpreted as the “positron sheet of an elec-
tron”. This doubling of the electron structure is as per QED [3]. The gravitationally
tightened vector potential of the KN solution forms two oppositely oriented and
oppositely charged Wilson loops, tightened by the gravitational field and generat-
ing an electron-positron pair of a monopole and an antimonopole with a strong
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magnetic bond. As a result, the KN gravity proves to be strong, while the KN elec-
tron acquires a Compton mass, which forms a superconducting nucleus in the elec-
tron [2].

In the model proposed, the ring singularity of the KN electron emits direction-
al radiation similarly to an antenna. In the double-slit experiment, the incident elec-
tron diffracts through the slits and is then accepted by the “positron” side of the KN
solution, which acts as a receiving antenna. Comparison of the transmitted and re-
ceived signal frequencies generates feedback and emits an error signal. Thus, the
KN electron may act similarly to other adaptive systems as a simple self-organizing
adaptive system, choosing the path in accordance with the principle of least action.
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Nzyuaem MomudunupoBannyio rpasutanuio f (R, 0R) [1], koTopas MOXeT ObITh
CBEJICHA K KHPAIBbHON KOCMOJIOTMYECKON MOJIENH CIIeIHAIbHOTO TUIIA:

R 1, . 1 2 1 -3
S= I d*x-g E—Eg“ I ‘Exg“ ?.0, ¢ ‘EX (f (<I>,<p)—<pB(<I>,<p))—Ze ‘Exd) :

1 -\Px
C HEHYyJIEBBIMU KOMIIOHEHTaMu /iy, =1, h,, =Ee 3" ¥ noTeHLMANIOM

_ ]2 5|2
W) = e M—ie zﬁx(fw,cp)—cww,cp))-

PaCCMOTpeHI)I Ppa3jIn4HbI€ THUIIBI KOCMOJOTMYECKUX pemeHHﬁ, OCHOBAaHHBIC
Ha TOYHBIX AHAJIUTHUYECKUX PELICHHSX, MPUOIMKEHHUH MEIJIEHHOTO CKaThIBaHUS,
METO/Ie CyNepHOTEeHLMANa, BKIOYEHUH JONOIHUTENBHBIX MaTepHaIbHBIX IOJIEH,
a TakXe peayKIIMH MHOTOIOJIEBONH MOJENH K ofHomNoseBol. Takum oOpa3oM, B pa-
0oTe mpeacTaBlIeHb aKTyaJbHbIE METOIBl aHaIM3a KOCMOJOTHMYECKHX MOJIEIIEH,
OCHOBaHHBIE Ha 3()()EKTUBHONH MHOTOIOJEBOH HHTEPHPETALUH IPEIJIOKCHHOM
MOIN(UITUPOBAHHON TPaBUTAIINH.
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We study modified f(R,oR) [1], gravity which can be reduced to the chiral cos-
mological model of the special type:

R 1, 1~ 1 23 15
s=[d'x -2 558" Wit e ﬁxg” 9udy+€ ‘Ex(f (0:0)-0B(.0)) — e ‘gxd) :

2
. 1 *\Fx .
with non-zero components 4, =1, h,; = Ee 3" and potential

— 2 2%
W (b.0) = & o-e (008600

Various types of cosmological solutions are considered based on exact analyti-
cal solutions, the slow-roll approximation, the superpotential method, the inclusion
of additional material fields and reduction multi-field model to single-field one as
well. Thus, our contribution presents topical methods for analyzing cosmological
models based on an effective multi-field interpretation of the proposed modified

gravity.

References

[1] Chervon S.V., Fomin I.V., Chaadaeva T.I. Investigation of the Chiral Cosmological Model of
f(R, OR) gravity. Space, Time and Fundamental Interactions, 2021, no. 2, pp. 1-14.



32 Mockea, MITY um. H.3. BaymaHa, 3—6 urtons 2023 2.

TopCHMOHHasA CKaNfipHaa rpaBUTaLuAa c nosnem camopencTemsa
rajmneoHHOro Tmna

C.B. Yepeon™*? chervon.sergey@gmail.com
U.B. ®omun’ ingvor@inbox.ru
T.M. Yaadaesa® majorova.tatyana@mail.ru

! YnbAHOBCKMI1 FocyjapCTBEHHBbIV Nefarormyeckmnii yHueepcutert, Poccus
2MITY uM. H.3. BaymaHa, Poccus
* KazaHcKuit cdepepanbHbIli yHUBEPCUTET, Poccus

PaccmarpuBaeTcst 00001eHHas CKaIIPHO-TOPCUOHHAS IpaBUTaIus [1]:
MZ
S=I| == F@T + P4, X) = G, X)o

¢ mapamerpamu P=-0X +V, G=vX, F#0, rne o, P, F, G — npou3BOJIbHbBIC
1.
¢byskumn ot ¢ w/umm X, npuuem X = 54)2, B MeTprke @punmana — Pobeprcona —

Yoxkepa ds® = —dt? +a28l.jdxidx~f C HakJaJblBa€MON CTaHAAPTHOW OZHOPOIHOM

o o ] A :
¥ U30TPONHON (OHOBOI reomerTpuei e, = dlag{l,a,a,a}. s Mopenu 3anucaHsl

(IJOHOBI)IC YpaBHCHUSA U Haﬁ[LCHLI pemcHuA JJid Ciiydasi KaHOHHUYCCKOr'o IOJIA IpU
®w=1, F =const u pa3nuaHOro BbIOOpa cKansipHOro Mojs ¢ . Paccmorpen ciryyait

CHenualbHOro BeIOOpa GyHKUMU o =3H ¢y, rae Y — npou3BoSIbHAs TOCTOSHHAS,

H n
B paMKax KOTOporo 3amana (GyHkmus F =(7j u mapamerp Xaboma H =m/t,

riae A, m, t — TPOU3BOJIBHBIC TTOCTOSHHBIC. PEIICHUS IS 3TOTO Cydas 3aluChI-
BAIOTCS CJICYIOIIUM 00pa3oM:

n 3n

|
Ay o3 = mY ([ A )2[2-n n-2
= 3 t3 +. F=|— — s ;
¢ (X”j " 2-n ¢ (kj (Am"”j { 3 @ (I))}

nt+2 3(n+2)
3 m"? (A > \(n+1D)m™! AT 2 |:2 —n } n-2
V=[l2y+3 | 4 M — . ,
|:(2 Y j xn ( 6 Pl) }\ln Amnﬂ 3 (¢ d) )
rne n#2, A= —BM;.
Y

Ipu ¢unancosoii noddepaicke Pocckuticko2o HayuHo2o (honoa
(npoexm Ne 22-22-00248).



XXIIl MexdyHapodHas Hay4YHas KoHgepeHLUs «dusuyeckue UHTepnpeTaLuu TeOpUU OTHOCUTEbHOCTU» 33

JNlutepaTtypa

[1] Gonzalez-Espinoza M., Otalora G., Videla N. et al. Slow-roll inflation in generalized scalar-
torsion gravity. Journal of Cosmology and Astroparticle Physics, 2019, vol. 2019, no. 08,
art. 029. https://doi.org/10.1088/1475-7516/2019/08/029

Torsion Scalar Gravity with a Galileon-Type Field Self-Interaction

Sergey Chervon®?%* chervon.sergey@gmail.com
Igor Fomin® ingvor@inbox.ru
Tatyana Chaadaeva® majorova.tatyana@mail.ru

Ulyanovsk State Pedagogical University, Russia
2Bauman Moscow State Technical University, Russia
* Kazan Federal University, Russia

Generalized scalar-torsion gravity is considered [1]:

2

Ml
S=] 2” F(O)T + P(¢,X) - G(¢, X)od

with parameters P=-0X +V, G=vX, F #0, were ®, P, F, G — arbitrary func-
tions of ¢ and/or X, and X :%d)z, in Friedmann — Robertson — Walker metric

ds® = —dt* +a26ifdxidxj with overlay standard homogeneous and isotropic back-

ground geometry e: =diag{1,a,a,a}. Background equations are written for the

model and solutions are found for the case of a canonical field for ®w=1,
F =const and different choice of a scalar field ¢. We consider the case of a spe-

cial choice of the function ®=3Hdy , where y is an arbitrary constant. Within our

choice the function is specified F :(%j and the Hubble parameter H =m/t,

were A, m, t — arbitrary constants. Solutions for this case are written as follows:
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O NnenToHax B TEOPUM NPOCTPAHCTBEHHO-BPEeMeHHOM MJIeHKU
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B kauecTBe eAMHOH IOJIEBOM MOJENM PAacCMaTPUBACTCS HEJIMHEHHAs I10JIEBAs MO-
JIeNb 3KCTPEMAIIbHOM MPOCTPaHCTBEHHO-BPEMEHHOM TieHKH [1-5]. UccnenyroTces ee
MIPOCTPAHCTBEHHO-IOKAIN30BaHHbIE pEIICHUs, MPEACTaBIAIONINE 3JeMEHTapHbIe
gacTuibl. B 9acTHOCTH, paccMaTpuBaeM IOJIEBYIO KOH(QHUTYpalMIO B BHUIE 3aKpy-
YEHHOT'O CBETOINOJOOHOIO COJMTOHA, ABMXKYILIETOCS BIOJNb KOJbLA TOPOUAAIBHOMN
CUCTEMBI KoopAWHAT. TOYHBIE pelIeHus] B BUE 3aKPyYEHHBIX CBETOMOIOOHBIX CO-
JIUTOHOB, JIBUKYIIUXCS MPSIMOJIMHENHO, ObUTH HalijeHbl B padote [1]. Kak Obu10 1m0-
Ka3aHO B 3TOH pabOTe, COIMTOHBI ONMPEAETICHHOTO MOoAKIacca HaWAEHHBIX PeLICHUH
MOTYT paccMaTpuBarhcs Kak (poToHbl. B Hactosimeil paboTe MBI paccMaTpuBaeM
NpUOTIKEHHOE TIePUOJMYECKOe M0 BPEMEHH pelieHHEe B KBa3H-LIMIMHIPUYECKOM
TOPOMIAIBHOM CHUCTEME KOOpIMHAT ¢ BpameHueM. OOpaTHas BeIMYMHA paanyca
KOJIbIIa IPUHATA B KayeCcTBE MAJIOrO HapaMerpa. B kauecTBe HadaiabHOrO HpHOIU-
KEHUSI pacCMaTPUBAIOTCA TOYHBIE PEIICHHS B IMIMHIPHYECKON CHCTEME KOOpAH-
Hart, HaiiaeHHsle B padote [1]. [IpennokeHo HavambHOE MPHOIMIKEHNE B BHIAEC KOM-
OMHALMM CTaTHYECKOH 3apsDKeHHOM TpyOdaTod OO0OMOYKM UM 3aKpYYEHHOIO
CBETONOAOOHOTO CONMMTOHA. PaccMOTpeHB! METOIBI [T OTIpeaeNieHHs 3HaueHUH 1a-
paMeTpoB HadalbHOTO HpHOMMKeHHs. OOCYKIaeTcsl COOTBETCTBHE paccMaTpUBac-
MOTO KJ1acca pellieHHH peabHbIM JIENTOHAM.
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Nonlinear field model of extremal space-time film is considered as unified field
model [1-5]. Its space-localized solutions representing the elementary particles are
investigated. In particular, we consider the field configuration having a form of the
twisted lightlike soliton moving along the ring of the toroidal coordinate system.
The exact solutions in the form of twisted light-like solitons moving in a straight
line were found in [1]. As was shown in this work, the solitons of defined subclass
of obtained solutions can be considered as photons. In the present work, we con-
sider the approximate time-periodic solution in the quasi-cylindrical toroidal coor-
dinate system with rotation. The inverse ring radius appears as a small parameter.
We consider the exact solutions in the cylindrical coordinate system obtained in the
work [1] as the initial approximation. We propose the initial approximation in the
form of combination of the charged tubular shell and twisted lightlike soliton.
Methods for determining the values of parameters of the initial approximation are
considered. The correspondence of this class of solutions to real leptons is dis-
cussed.
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1. Bepmunsl «ky0a U3HMUECKHX TEOPHUID, SBISIOIIETOCS «HEOTHEMIIEMON YacThIO
COBpEeMEHHOT0 (u3uuecKkoro (Hoapkiaopa» [1], «COOTBETCTBYIOT pazauyHBIM (yH-
JAMEHTAJIBHBIM (DU3MUECKUM TEOPHSIM B 3aBHCHMOCTH OT TOTO, YUHUTBIBAIOTCA JTU
B HUX MOCTOsIHHBIE ¢, G U h». «cGh-kyO» [2] (kyO 3empMaHOBa) CITYKUT KJIaCCH-
¢ukaropom pruzmueckux Teopwuii [3, c. 17].

2. Pa3zBuBaeMbIif aBTOPOM TOJIXOJ TPeOyeT CMEHBI aKCHOMAaTHYECKOro Oa3mca
¢usuku [4, c. 47]. B 3aknrodueHuu kK MeroanyeckuM 3ametkam «O rpymmnax ["amu-
nes, [lyankape, ne Cutrepa, OukBarepHHOHaX ['aMWIIBTOHA M MX PaCIIMPEHHAXY,
obcyxnaBmmmMcs B 2022 roay B KypHame «Ycrnexu GU3NIecKnX HayK», TOCTPOSH
anreOpanveckuil (TEOPETHKO-TPYNIOBOH) KyO ¢Quandeckux Teopuil, BepIIMHAM
KOTOPOTO  COIMOCTAaBISIIOTCS  (yHAaMEHTANbHBIE TPYNIBl NPOCTPAHCTBEHHO-
BPEMEHHBIX TIpeoOpa3oBaHmii (MM COOTBETCTBYIOIINE UM anreOps! JIn).

3. OTmMeTM XapakTepHble 0COOEHHOCTH TEOPETHKO-TPYMIIOBOr0 Kyba (hu3n-
YyecKux Teopuit: 1) paccmaTpuaemasi aBTOpoM G-TEOpHs OTIIMYAETCS OT HIOTOHO-
Boi1 [5]; 2) cG-BepmmHe Ky0a COMOCTaBIAETCS KOH(POPMHAS TPYIIIa, YTO TPEAIIO-
JlaraeT IOCTPOCHME PEISTUBUCTCKOW TEOPUM TIPABUTALMH, OTIUYAIOIICHCS OT
«obmelt Teopun otHocurenbHocTHy (OTO) [4, c. 153]; 3) comocraBnenue cGh-
BepunHe cGh-kyOa 16-mapameTpruecKol paclIMpeHHOW KOH(GOPMHOM TPyIIIBI
(B [6] paccMOTpeH ee HEPENSATUBUCTCKHUIA aHAJIOT) TPeOYyeT OTKa3a OT «TPaJUIMOH-
HBIX TIOJXOJ0B K TEOPWH TPAaBUTAIMH U KBAHTOBOW TEOPHU», HO (pU3MUECKOe COo-
00IIECTBO CUMTAET, YTO «ITO BpeMs elle He HacTymmioy» [3, ¢. 240]. 3nech cuMBO-
sl ¢, G 1 h 0003Ha4aIOT, COOTBETCTBEHHO, PEJSITUBUCTCKOE, I'PaBUTAL[IOHHOE
Y KBaHTOBOE HANpaBJICHHUS PACIIMPEHHS MEXaHWKH, OCHOBaHHOW Ha Tpymre I anu-
Jiesi, a He «(yHITaMCHTAIbHbIC KOHCTAHTHI (DU3UKI.
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Algebraic Cube of Theoretical Physics
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1. The corners of the Cube of Theoretical Physics, which has become “an integral
part of the modern physics lore” [1], “correspond to different fundamental physical
theories depending on whether they factor in the ¢, G and % constants”. The “cGh
cube” [2] (the Zelmanov cube) is a system for classifying physical theories
[3,p. 17].

2. The approach developed by the author necessitates a change in the axiomat-
ic foundations of physics [4, p.47]. In the conclusion to the methodological notes
“On Galileo, Poincare, de Sitter groups, Hamilton’s biquaternions and their exten-
sions”, which were discussed in 2022 in the Physics-Uspekhi journal, an algebraic
(group theory) cube of theoretical physics was constructed, the corners of which
are mapped to fundamental groups of spacetime transformations (or their corre-
sponding Lie algebras).

3. Of note are the following features of the group theory cube of theoretical
physics: 1) the G-theory considered by the author differs from the Newtonian theo-
ry [5]; 2) the cG-corner of the cube is mapped to a conformal group, which implies
constructing a relativistic gravitation theory that differs from General Relativity
(GR) [4, p. 153]; 3) mapping cGh-corner of the ¢cGh-cube to a 16-parameters ex-
tended conformal group ([6] deals with its non-relativistic analogue) necessitates
abandoning “traditional approaches to gravitation theory and quantum theory” but
the physics community believes that “the time to do that hasn’t come yet”
[3, p. 240]. Here symbols ¢, G and h stand for relativistic, gravitational, and quan-
tum extensions of the mechanical theory based on the Galileo group, respectively,
rather than the “universal physical constants”.
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It is shown that, contrary to a longstanding conviction older than 160 years, the
advance of Mercury’s orbit can be achieved in Newtonian gravity with a very high
precision by correctly analysing the situation without neglecting Mercury’s mass.
General relativity remains more precise than Newtonian physics, but Newtonian
framework is more powerful than re-searchers and astronomers were thinking till
now, at least for the case of Mercury. The Newtonian formula of the advance of
planets’ orbits breaks down for the other planets. The predicted Newtonian result is
indeed too large for Venus and Earth. Therefore, it is also shown that corrections
due to gravitational and rotational time dilation, in an inter-mediate framework
which analyzes gravity between Newton and Einstein, solve the problem. By add-
ing such corrections, a result consistent with the one of general relativity is indeed
obtained. Thus, the most important results of this Lecture are two: i) It is not cor-
rect that Newtonian theory cannot predict the anomalous rate of advance of plan-
ets’ orbits. The real problem is instead that a pure Newtonian prediction is too
large. ii) Advance of planets’ orbits can be achieved with the same precision of
general relativity by extending Newtonian gravity through the inclusion of gravita-
tional and rotational time dilation effects. This second result is in agreement with a
couple of recent and interesting papers of Hansen, Hartong and Obers. Differently
from such papers, in the present Lecture the importance of rotational time dilation
is also highlighted. Finally, it is important to stress that a better understanding of
gravitational effects in an intermediate framework between Newtonian theory and
general relativity, which is one of the goals of this Lecture, could, in principle, be
crucial for a subsequent better understanding of the famous Dark Matter and Dark
Energy problems. This Lecture arises from the research paper C. Corda, Physics of
the Dark Universe 32 (2021) 100834.
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The tidal deformability became a new probe to detect the interior structure and prop-
erties of neutron stars after the gravitational wave of binary compact stars mergers
has been measured by the LIGO and Virgo Collaborations. This physical quantity in
theoretical calculation is strongly dependent the equation of the state of the neutron
star. Tidal deformability measures the deformation of one member of a binary in the
gravitational field of its companion and is completely quantified by the tidal Love
number (TLN). In the study of the compact object, at the extreme condition a proper
understanding of pressure and density relation i.e., equation of state (EoS) is not
known properly. The estimation of the TLN [1, 2] of a compact star is used to con-
strain the EoS of a neutron star. In this paper, we developed a new model corre-
sponding to a compact star with anisotropic stresses inside the matter distribution. By
assuming a particular metric potential and a linear EoS we solved the field equations.
The exterior solution is assumed as the Schwarzschild metric and is joined with the
interior metric obtained across the boundary of the star. These matching of the met-
rics along with the condition of the zero radial pressure at the boundary lead us to
determine the model parameters. The model is shown to follow all the regularity,
causality and stability conditions. Particularly, the current estimated data of pulsar
4U 608-52 [3] has been shown to fits all the physical parameters and is in good
agreement with the model. We further show the intrinsic connection between the
equation of state parameter and TLN. We have shown that the TLN decreases with
the increase of EoS parameter which in turn constrains the compactness of the com-
pact object. Also for different values of EoS parameter the variation of TLN with
compactness has been shown graphically. TLN increases gradually with increase of
compactness (C) up to a certain value of C and then decreases with further increase
of C. Our results also confirms that for C =0.5 which is the black hole limit, TLN
goes to zero. We have shown that the upper bound on C is different for different EOS
parameter (o) and is increases with increase of a.
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®dopma n300paKeHHs YSPHOH ABIPHL, BUAUMAs YJaJIEHHBIM HAOI0aTeeM, 3aBH-
CUT OT PacHpelesICHUs] CBETSIIEIOCs BEIECTBA BOKPYT YepHOW IbIpbl. EcTh aBe
acTpodusmnveckue Bo3MOKHOCTH: (1) Apkuii cTarimoHApHBIN (POH MO3aaM YepHOI
IOBIpBl (M31ydeHue GoTOoHOB BHE (POTOHHBIX cep); B ATOM cllydyae HaOIIOIACTCS
KJIAaCCHYECKasi TEHb YEePHOU IBIPBI, KOTOPAs SABJSIETCA CEYCHHEM 3axBaTa (JOTOHOB
B TPaBUTAIMOHHOM I10JI€ YEPHOU IBIPHI; (2) ApKHUi aKKPEIHOHHBIN MOTOK BOIHM3H
TOpPU30HTA COOBITHH YepHOH ABIpHl (M3MydeHue (HOTOHOB BHYTPH (HOTOHHBIX
cdep); B 3TOM cirydyae HaOJIOAaeTCs TeHb CAMOTO TOPM30HTA COOBITHI YEPHOM
JBIPBI, KOTOpasl SIBJISETCS JTMH3MPOBAHHBIM H300paKeHHEM I100yca TOpHU30HTa
COOBITHIA.

OTa TeHb TOPU30HTA COOBITHH MPOEKTHpYyeTcs Ha HeOecHOH cdepe BHYTpHU
BO3MOXKHOT'O IOJIOKEHUS KJIIACCHYECKON TE€HH YEePHOH IbIPbI, KOTOpask HE BHIHA B
caydae M87* u SgrA*. CymecTBoOBaHHE TOPSYETO aKKPEITMOHHOTO IMTOTOKA BOJIH3U
TOpU30HTa COOBITHI YEpHOU OBIPHI MpeAcKa3biBacTCs MexaHu3MoM bmundopna-
3Halieka, KOTOPBIA OATBepxKAaeTCs 00me-penaTuBucTckumMu MI'J| cumynsiusamu
Ha HamOoJiee MOIIHBIX CyNepKOMIbIoTepax. BaxHOW 0COOEHHOCTHIO MEXaHHW3Ma
bmuadopaa — 3Halieka SBISETCS CYIIECTBOBAaHUE JIEKTPHUYECKOTO TOKa, MPOXO0-
JSIILETO Yepe3 YepHYIO IBIPY U CHIIBHO HarpeBaloIIero akKpenOHHBINA AUCK BOIHU-
3U TOPH30HTAa COOBITHA YEpHOW IBIPbl. DTOT HAarpeB 0oOecHeyrBaeT OCHOBHOM
BKJIaJ B U3JIyUeHHE aKKpeIHpyromeld depHoil 1eIpel. ClieayeT OTMETHTD, YTO CBe-
TUMOCTb TaKOTO aKKPELHMOHHOI0 JUCKAa Ha MHOTO MOPSAKOB MPEBBIIIAET COOTBET-
CTBYIOILIYIO CBETUMOCTbH CTAllHOHAPHOTO acTpodu3nyeckoro (poxa mozaayu 4epHOH
IOBIppl. TeMHOE MATHO B IEHTPE H300paXeHHWS UYEpPHOH IBIPHl B MEXaHU3ME
bmnadopna — 3Haiieka sSBIAETCS JIMH3UPOBAHHBIM H300paskeHHEM Tiiodyca To-
PHU30HTA COOBITHI YEPHOH JBIPHIL.

C momompio Oynymux HabmoneHuit Ha Kocmmdeckoit obcepBaropun Muji-
JMMETPOH MOXHO OyZIeT peKOHCTPYHUPOBAaTh (POPMBI TEMHBIX IISITEH Ha M300paxke-
HUSIX CBEPXMACCHBHBIX YEPHBIX IbIp SgrA* m M87*, ucnons3ys MoJellb TeoMeT-
PHUECKH TOHKOTO aKPELMOHHOTO AMCKA, TIOACBEUMBAIOLIECTO YEPHYIO bIPY BOIH3H
ee Topu30HTa COOBITHI. Takas peKOHCTPYKIHS TO3BOJHUT, B YACTHOCTH, OIpere-
JIUTh CIIMHBI 3TUX CBEPXMACCHBHBIX YEPHBIX JIBIP.
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Spins of Supermassive Black Holes
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Shapes of black hole images, viewed by a distant observer, depend on the distribu-
tion of emitting matter around black holes. There are two distinctive astrophysical
cases: (1) Luminous stationary background behind the black hole (emission of pho-
tons outside the photon spheres). In this case the dark classical black hole shadow
is viewed, which is a capture photon cross-section in the black hole gravitational
field. (2) Luminous accretion inflow near the black hole event horizon (emission of
photons inside the photon spheres). In this case the dark event horizon shadow is
viewed, which is a lensed image of the event horizon globe. This event horizon
shadow is projected at the celestial sky within the possible position of the classical
black hole shadow.

The existence of hot accreting matter in the vicinity of black hole event hori-
zons is predicted by the Blandford-Znajek mechanism, which is confirmed by re-
cent General Relativistic MHD numerical simulations at the most powerful super-
computers. The basic feature of the Blandford — Znajek mechanism is the existing
of electric current embracing the black hole and heating the accretion disk very
near the black hole event horizon providing the main contribution to the black hole
luminosity. This luminosity exceeds in many orders the corresponding luminosity
from the stationary background behind the black hole. A dark spot at the black hole
image in the Blandford — Znajek mechanism is a lensed image of the event hori-
zon globe.

It would be possible to reconstruct the dark spot forms at the images of super-
massive black holes SgrA* and M87* with the Millimetron Space Observatory, by
using the model of geometrically thin accretion disk highlighting black hole in the
vicinity of its event horizon. This reconstruction also provides the possibility for
spin determinations of these supermassive black holes.
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Teleparallel-based cosmological models provide a description of gravity in which
torsion is mediator of gravitation. Several extensions have been made within the
so-called Teleparallel equivalent of general relativity which is equivalent to general
relativity at the level of the equations of motion where attempts are made to study
the extensions of this form of gravity and to describe more general functions of the
torsion scalar T. One of these extensions is f(T, ¢) gravity; T and ¢ respectively
denote the torsion scalar and scalar field. In this work, the dynamical system analy-
sis has been performed for this class of theories to obtain the cosmological behav-
ior of a number of models. Two models are presented here with some functional
form of the torsion scalar and the critical points are obtained. For each critical
point, the stability behavior and the corresponding cosmology are shown. Through
the graphical representation, the equation of state parameters and the density pa-
rameters for matter-dominated, radiation-dominated and dark energy phases are
also presented for both the models.
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B pamkax axcmoHHOTO pacmmpeHus 3¢upHO Teopun DifHmTelHa — Jlupaka B
JaHHOW paboTe PacCMOTPEH KBapTeT CaMOACHCTBYIOMIMX KOCMHUYECKHX IOJEH,
KOTOPBIM BKJIIOYAeT AMHAMHUYCCKHHA 3(QUp, MPEICTABICHHBIN €IMHUYHBIM BpeMe-
HUIOJA00HBIM BEKTOPHBIM II0JIEM, aKCHOHHYIO TEMHYIO MaTepHIO, OIHCHIBAEMYIO
IICEBJOCKAISIPHBIM II0JIEM, CIIMHOPHOE II0J€E, aCCOLUUPOBAHHOE CO CIIMHOPHBIMU
YaCTHLAMU ¥ TPaBUTALIHOHHOE MOJIE.

MonnhuiupoBaHHBIN TEPHOAMYECKUIN MTOTEHIIMAN TICEBJIOCKAISIPHOTO (aKCH-
OHHOTO TI0JIs1) TIOCTPOEH Ha OCHOBE yNpaBIsitolIed (yHKIIMU, 3aBUCSIIEH OT OJJHO-
ro MHBapUaHTa, OJHOTO IICEBIOMHBAPHAHTA M JABYX KPOCC-MHBApHAHTOB, BKJIIOYA-
IOIMX CIMHOPHOE U BEKTOPHOE IOJISI.

IlonHasa cucremMa OCHOBHBIX YPaBHEHMI, OTHOCAILIUXCA K 3TOM MOJENH, peuie-
Ha JUId ciydas HM30TPONHON, OJHOPOJHOM KOCMOJIOITMUYECKOW MOJENH; HalJeHbI
TOYHBIC PELICHUS VI YIPaBIIOmeH GyHKINU Ui pa3IudHOTo Habopa ynpasiis-
FOLLMX IapaMeTPOB.

[onyyeno BelpaskeHue I 3PPEKTUBHONW MAacChl CIUHOPHBIX YaCTHII, B3aH-
MOJEHCTBYIOIINX C AaKCHOHHOHN TEeMHOI MaTeprel 1 TUHAMUYECKUM 3(DUPOM.

Paccmotpens! ocummsaimy 3 (HeKTHBHONH MacChl CHMHOPHBIX YaCTHII, HHAYIH-
POBaHHBIEC aKCHOHHOW TEMHOM MaTepuell B MPUCYTCTBHH AUHAMHUYECKOT0 3(upa.

B pabote ObLIM NOATBEPKACHBI CIEAYIOMINE TTOJIOKCHHUS:

* KocMudeckoe CIMHOpPHOE TOJIE BIMSET HAa COCTOSSHUE aKCHOHHOW TEMHOM
MaTepHH Yepe3 YNPaBISIONIYI0 QYHKIHUIO (ApTYMEHT IEPHOANIESCKOTO MOTECHIHAA
AKCMOHHOTO TOJIsI), KOTOpas SBJISIETCS 3aBUCSIIUM OT BPEMEHH aHaJIoOrOM aHajo-
TOM BaKyyMHOT'O CPEIHEr0 3HaYEHHS MICEBAOCKATSIPHOTO MOJIS.

* CiiHOpHBIE YacTHIBl (MacCHBHBIE W 0e3MaccoBbIe) MpHOOpeTaroT 3 dek-
TUBHBIE MaccChl 3a CUET B3aHMOJICUCTBUSA C AKCMOHHOW TEMHOW MaTepueill; Bapua-
uH 3Tol 3QPEeKTUBHON MacChl PeNONpeaeIoTCsS TMHAMUKON pacipenus Bee-
JIEHHOM.

* D¢ dekTnuBHAS Macca CIIMHOPHOTO MOJS MPOMOPIMOHATIBHA KBaApaTy aKCH-
OHHOW Macchl, OOpaTHO TPOIOPLHMOHATIbHA KBaJApaTy KOHCTAHTBl AKCHOH-
(OTOHHOTO B3aMMOJEHCTBUS, 3aBUCUT OT KOCMOJIOTHYECKOT0 BPEMEHH, U TOABEP-
raercsi KoJIeOaHusIM € YaCTOTOH MPOMOPIIMOHATBHON aKCHOHHOH Macce.

Paboma svinonnena npu noooepoicke
Poccuiickoeo ponoa pynoamenmanvnvix uccnedosanuil (eparm Ne 20-52-05009).
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Within the framework of the axion extension of the Einstein-Dirac ether theory, this
paper considers a quartet of self-acting cosmic fields, which includes a dynamic ether
represented by a unit timelike vector field, axion dark matter described by a pseudosca-
lar field, a spinor field associated with spinor particles and a gravitational field.

The modified periodic potential of the pseudoscalar (axion) field is built on the
basis of a control function that depends on one invariant, one pseudo-invariant and
two cross-invariants, including the spinor and vector fields.

The complete system of basic equations related to this model is solved for the
case of an isotropic, homogeneous cosmological model; found exact solutions for
the control function for a different set of control parameters

An expression is obtained for the effective mass of spinor particles interacting
with axion dark matter and dynamic ether.

Oscillations of the effective mass of spinor particles induced by axion dark
matter in the presence of a dynamic ether are considered.

The following points were confirmed in the work:

* The cosmic spinor field influences the state of the axion dark matter through
the control function (argument of the periodic potential of the axion field), which is
a time-dependent analogue of the analogue of the vacuum mean value of the pseu-
doscalar field.

* Spinor particles (massive and massless) acquire effective masses due to in-
teraction with axion dark matter; variations of this effective mass are predeter-
mined by the dynamics of the expansion of the Universe.

* The effective mass of the spinor field is proportional to the square of the axi-
on mass, inversely proportional to the square of the axion-photon coupling con-
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stant, depends on cosmological time, and oscillates at a frequency proportional to
the axion mass.

The work was supported by RFBR (grant no. 20-52-05009).
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B [1, 2] pa3zpabotan ¢opmanu3M IJsl TOCTPOSHHUS COXPAHAIOMINXCA BEINYNH B Te-
nenapannensHoM 3kBuBasieHTe OTO, rie AMHaMUYeCKUMH TEPEMEHHBIMHU SBIISIOT-
Cs1 KOMIIOHEHTHI TeTpas. COXpaHSIOLKECcs] TOKH U CYNEepPIOTEHINAIIBI KaK KOOPIH-
HAaTHO KOBAPWAHTHBI, TAK U MHBAPUAHTHBI OTHOCUTEIHHO JIOKATBHBIX JIOPEHIIEBBIX
BpalICHUI TETpaj, 4TO B TEH30pPHOH (opme ObIIO clemaHo BHepBbIe. DTO Tpe-
MMYIIECTBO JOCTHTHYTO OJlarojaps BBEJCHHIO WHEPUHAJILHON CIIMHOBOH CBS3HO-
cti (UCC) n ncnonszoBanuo Teopemsl Herep. [Tockonpky UCC — 310 HE BHYT-
pEHHSISI BENMYMHA TEOpHM, OHa oOIpejaernseTcd Omarojgaps CHEIHATILHOMY
MIPUHLUITY «BBIKIIOYEHUS TpaBUTanum». OKkazanock [2], 9To gake MCIOJIb30BaHUE
3TOT0 Pa3yMHOI'0 NPUHIMIIA NPUBOAUT K pasnuuHbIM omnpeneneHusm WUCC, mis
TeX )K€ TeTpajl, YTo BeleT K pa3inudHbeiM pesynbratam. Ilaper UCC u terpan, He
CBSI3aHHBIX TJIAJAKHUMHU MpeoOpa3oBaHHUAMH, HA3bIBAIOT KaIMOpPOBKaMHU. OTH He-
OTIpeIETICHHOCTH U3Yy4eHHI B [2] st uepHo# apipsl LBaprimmnsmxa (YILL).

Lenp HACTOSIIErO MCCIEOBAHNSA — 3TO aHAIM3 YIMOMSHYTHIX MPEUMYIIECTB
HOBOTO (popMasiu3Ma U ero npodiem Ha npumepe aprokyinerics Y. Msr 00b-
€AVHAEM Pe3yIbTaThl HAIMX cTaTel [3].

Hewxymascs YA coorBerctByer crarnyeckod YL, koTopas ¢ mocTosH-
HOM CKOPOCTBIO JABIKETCS] OTHOCHUTENBHO YJalleHHBIX HaOmonaTeneid. CHadaga Mbl
JEeMOHCTPHPYEM BO3MOXKHOCTH HOBOTO (opmanm3ma. B pacuerax, ucrnons3yst aHa-
JIOTMH C JBIDKYLIMMCS MaTepHaJbHBIM IIAPOM B HPOCTpPaHCTBE MHHKOBCKOTO
M TOJBKO «CTaTHYECKYIO» KaIMOPOBKY, MOTy4aeM OXHJIAeMbIE Maccy M UMITYJIbC.
3arem m3ydaeM mpoOieMy JIBYCMBICICHHOCTH, CBS3aHHYIO C Pa3lIMYHBIM OTpelie-
JieHneM KannOpoBoK. CpaBHMBAEM «CTATHUYECKYIO» U <«IBMXKYIIYIOCS» KaluOpOB-
ku. Oxazanock, oHU coBnagaoT! Takum oOpa3om, 0KUITaeMOU ABYCMBICIEHHOCTH
HeT, U B 000MX CiIydasx IOJy4eHbI Te ke Macca U uMmyibsc. Equnas kanuOpoBka
B [3] cpaBHUBaeTCs ¢ BBEJICHHBIMU paHee [1, 2].
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In [1, 2], an approach for constructing conserved quantities in Teleparallel Equiva-
lent of General Relativity (TEGR) where dynamical variables are tetrad compo-
nents has been developed. Conserved currents and superpotentials are both coordi-
nate covariant and invariant with respect to local Lorentz rotations of tetrads that,
in the tensorial formulation, is original. This advantage is achieved owing to intro-
ducing an inertial spin connection (ISC) and applying the Noether theorem. Be-
cause ISC is not an inner quantity in the theory it is determined by a special “turn-
ing off gravity” principle. However, it turns out [2] that even with using this
reasonable principle one obtains different definitions of ISC related to the same
tetrad that leads to different results. Pairs of concrete ISCs and tetrads not connect-
ed by smooth transformations are named as gauges. Namely these ambiguities have
been studied in [2] on the example of the Schwarzschild black hole (SBH).

The main goal of the present research is analyzing aforementioned advantages
of the new formalism and its problems on the example of the moving SBH. We
unite the results of our papers [3].

Solution for a moving SBH is derived from the static SBH that moves with
a constant velocity with respect to distant static observers. First, we demonstrate
possibilities of the double covariant formalism. In calculations, we use analogies
with a moving matter ball in Minkowski space, the only one “static gauge”. In the
result we obtain quite acceptable mass and momentum for the system. Second, we
check the problem of an ambiguity in constructing conserved quantities that fol-
lows from different definitions of gauges. We have analyzed two gauges “static”
and “moving” ones. For the model under consideration, we have shown that such
gauges coincide. Thus, in this a concrete case, we avoid an ambiguity in calcula-
tions supporting the remarked above mass and momentum values. The unique
found gauge [3] is compared with previous ones introduced in [1, 2].
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On the Time Problem in Quantum Cosmology
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The four-dimensional space-time is split into time and a three-dimensional space of
instantaneous configurations, forming a superspace of 3-geometries in quantum
cosmology, whereas its classical limit describes the Universe’s time evolution.
Therein lies the time problem in quantum cosmology, which was considered by
philosophers, mainly on the level of interpretations [1, 2].

Consider this problem in the framework of quantum geometrodynamics.
Wheeler — DeWitt’s equation in the scale factor minisuperspace is of the form:

2

d’y
—V(a)y =0,
™ (a)y
where
4
V(a)=% kaz——gnGia .
Ly 3¢

The WKB wave function ~ eiS/h, where the action S = hj N —=Vda. On the oth-

er hand, S=-m ol

Vdt . .
p,czl 3 J—, , where ¢ is a synchronous time. Hence
a

t—i ada
clf,l dS/da

Since the synchronous time is defined by the phase of the WKB wave func-
tion, the classical world proves to be programmed on a quantum level [3]. The de-

pendences for the Universe’s wave function phase is related to those for the scale
3

factor time dependence, e.g. a(t) = roe”/’“ and S'= for de Sitter’s vacuum,;

2 h L
a(t)=r, =t and S = rzoa for radiation.
o Ly

The Universe’s birth, as a result of a quantum fluctuation [4], is interpreted as
a tunnelling of the planckeon through a potential barrier, under which time is imag-
inary.

3,0
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PaccmaTpuBatoTcs MoAenu KOCMOJOTHYECKOM MH(ISILUU paHHEH BCEICHHOH €O
CKaJISIPHBIM II0JIEM, OCHOBAHHbIE HA TPaBUTAIMHA DWHIITEHHA B TMPOCTPAHCTBEHHO
riockoil BcenenHo ®@punmana [1, 2]. IlpemnoxeHo cienyroliee mpeacTaBlIeHUe
YpaBHEHUH KOCMOJIOTHYECKON AMHAMHKH (YpaBHEeHUH DifHiureitna — Dpunmana),
yIpoluiaomiee Mnpouexypy MnocTpoeHnss 0000IIEHHBIX TOYHBIX KOCMOJIOTMYECKUX
peleHuin

V(e(t))=3H"+ H;

o(t)=tAln Lz F ABt + @,;
(Co(t)+F)

u®? ()" 24°Cs A’B’
(Co(t)+F)"" | Co(®)+F 2

H(t)=A4%In t+A,

rine QyHkuH © =o(f) 1 u =u(?) CBI3aHbl ypaBHEHUEM

o \2 .
G u
— | +K—=0, o+ const,
G u

¥ TOYKa 03HAYAET IIPOM3BOIHYIO 110 KOCMHYECKOMY BpeMenn & = dc/dt.

IIpencraBneHsl pa3auyHble KIACChl TOYHBIX PEIICHUM YpPaBHEHUH KOCMOJIOTH-
YeCKOM NTUHAMUKH, JJIsl pa3IMIHOTO BHJA GYHKIMH © =o(¢). Takxke paccMaTpu-
BAIOTCSI KPUTEPUH BEPU(PUKALIMH TTOJTyUYCHHBIX KOCMOJIOTHUECKUX MOJENeH, KaKk Ha
ypoBHE (POHOBOH TWHAMHKH, TaK M MO HAOIIOMATENbHBIM OTPAaHUYCHHSIM Ha Tapa-
METPBI KOCMOJIOTMYECKUX BO3MYLIECHUM.

Paboma evinonnena npu noodepoicke epanma PH®
(npoexm Ne 22-22-00248).
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Models of cosmological inflation of the early universe with a scalar field based on
Einstein’s gravity in a spatially flat Friedmann universe are considered [1, 2]. The
following representation of the equations of cosmological dynamics (the Einstein-
Friedman equations) is proposed, which simplifies the procedure for constructing

generalized exact cosmological solutions
V(p(t))=3H"+H,

Ec

o(t)=xAln
(Co(t)+F)

2}$ABZ+@O;

K/2 - B 2/ 2p2
H@) = A In u"'“(t)e |+ 24°Cé6 4B ;
(Co(t)+F) Co)+F 2
where functions ¢ =c(¢) and u =u(t) are related by equation

N2 )
e} u
— | +K—=0, o#const,
G u

and the dot means the derivative with respect to cosmic time & = do/df.
Different classes of exact solutions of the equations of cosmological dynamics
are presented for various types of function ¢ =o(¢). The criteria for verification of

the obtained cosmological models are also considered, both at the level of back-
ground dynamics and in terms of observational restrictions on the parameters of

cosmological perturbations.

This work was supported by the Russian Science Foundation

(grant no. 22-22-00248).
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Time-frequency (TF) representations are aimed at displaying the time-dependent
spectral (frequency) energy content of a waveform, and are therefore highly suited
for dealing with non-stationary signals. Such representations include the short-time
Fourier, Wavelet, Gabor, Wigner-Ville, Bertrand and Hilbert-Huang transform, and
generalizations thereof, each with its own strong and weak features.

Non-stationary signals, e.g., the inspiral and merger gravitational waveforms
produced by inspiraling/coalescing binary systems (BCS) and the non-stationary
transient disturbances of environmental/instrumental origin affecting interferomet-
ric detectors, are of key relevance to gravitational wave data analysis. Despite its
potential, a clever use of TF techniques has been rather limited so far in main-
stream gravitational wave data analysis (GWDA).

We shall briefly review the key properties of available TF representations rel-
evant to GWDA, and discuss possible improvements, with special emphasis on the
compressed-sensing paradigm [1].

Specific applications of TF representations to BCS waveforms, including the
simultaneous estimation of orbital eccentricity and chirp mass [2], the estimation of
the wave direction of arrival in a network of three (or more) detectors [3], and the
study of noise transients [4] will be reviewed.
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Due to detailed analysis of Cosmic Microwave Background (CMB) it is known that
CMB is anisotropic. This observation allows us to assume that our universe was
anisotropic on early stages of evolution. In this study, we consider cosmological
models with non-minimal derivative coupling in anisotropic space background. We
are focusing on analysis of Bianchi I, V, IX models in Bianchi classification, that
allows us to study the influence of anisotropy on early and late stages of universe
evolution. As a result, with numerical modeling we get inflation stage in all three
models of Bianchi-type I, V, IX and isotropisation of universe at late stage of evo-
lution.

This work is supported by the RSF grant No. 21-12-00130
and partially carried out in accordance with the Strategic Academic
Leadership Program “Priority 2030 of the Kazan Federal University.
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A new technique is presented in order to build tetrads in a four-dimensional Min-
kowski-Maxwell spacetime or even Einstein — Maxwell spacetime. These tetrads
have special useful properties in general relativity, astrophysics, quantum theories
and also particle physics [1, 2].

A new fundamental result is proved in group theory. The group U(1) (elec-
tromagnetic  gauge transformations) is  isomorphic to the  group
SO N)xZ,xZ, |®| {light | cone | gauge} where the light cone gauge includes the
four solutions to the differential equations in the local future and past light cones
established in manuscripts [3-7]. The first Z, is given by {I,,,,—/,,,} and the

second Z, is given by {/, ,,the swap|(01|10)}. One of these discrete transfor-

mations is the full inversion or minus the identity two by two. It is a Lorentz trans-
formation and we designated this discrete transformation above by the notation,
—1I,,,. The other discrete transformation is given by A, =0, A, =1, Al =1,

llo llo

Ail =0, which is not a Lorentz transformation because it is a reflection [3]. We

designated this discrete transformation above by the notation, the swap|(01|10).

The electromagnetic local gauge group is proved to be isomorphic to the local
group of transformations of these particular kind of tetrads. Therefore, establishing
a concrete link between internal and spacetime local groups of transformations.
These new tetrads also diagonalize the electromagnetic stress-energy tensor for
non-null electromagnetic fields, any stress-energy tensor, in a general, covariant
and local way. These new tetrads also introduce maximum simplification in the
Einstein — Maxwell differential equations, and introduce maximum simplification
in the expression of the electromagnetic field itself, in any curved four-dimensional
Lorentzian spacetime, allowing for the identification of its degrees of freedom in
two local scalars. These tetrads enable the link with new proposed experiments us-
ing the Aharonov — Bohm effect in order to change the causality of spacetime
[8, 9]. For example in order to induce full inversions as explained above. We will
explain these proposed experiments. These tetrads introduce simplification in
spacetime evolution algorithms, specially in relativistic astrophysics problems re-
lated, for example, to neutron stars [10—15], etc.
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Ucxons w3 HabmromaeMbIx (HakTOB, XOPOIIO HW3BECTHO, YTO HA JAHHBIA MOMEHT
Bcenennas sBnseTcss ogHOPOAHON M M30TponHOM. OJHAKO HE CYIIECTBYyeT JaH-
HBIX, U3 KOTOPBIX OBl CIIEI0BAJIO, YTO TaK ObUIO M3HAYAJIBHO. B CBSI3M ¢ 3TUM MOX-
HO 3a/1aThCS CIIEAYIONIUM BOMIPOCOM: Moriia u Beenennas ObITh M3HAYAIBHO He-
OJTHOPOJIHOM M aHM30TPOINHON? B cBOMX HcclenoBaHUSAX MBI H3y4aeM MEXaHH3M
nepexona BeeneHHoi n3 HeOAHOPOIHOH (a3bl B OAHOPOIHYIO B paMKax CKaJIspHO-
TEH30pHOM Teopuu rpaBuTauuu|[l], B KOTOpOU CKalspHOE IMOJIE UMEET HEMHUHU-
MaJbHYIO0 KHHETHYECKYIO CBSI3b ¢ KpuBH3HOU [2, 3]. B xadecTBe Moaenn HEOqHO-
POJIHONW aHM3OTPOIHOM BCEJIEHHOW MBI paccMaTpUBaeM MPOCTPAHCTBO-BPEMsI, KO-
TOPOE OIUCHIBACTCS MOJSPU30BAaHHONW MeTpukoi ["ayau ¢ Tomonorueit Topa [4, 5].
B pamMkax 3Toil MoJieny HaMH BbINMCAaHA MOJHAs CUCTEMA IOJIEBBIX YPAaBHECHUN U
MIPOBEJICH JETAIbHBIN aHalu3 MOJEBBIX YpaBHEHHUH A cilydas ¢ MMUHHUMAaJbHOMN
CBSA3bIO.
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At the moment the Universe is known to be homogeneous and isotropic, as sup-
ported by the facts observed. However, there is no evidence that this was the case
originally. In this regard, we may pose the following question: might the Universe
have been heterogeneous and anisotropic initially? In our research, we study the
mechanism behind the Universe transitioning between its heterogeneous and ho-
mogeneous stages within the framework of the scalar-tensor theory of gravitation
[1], in which the scalar field shows a non-minimal kinetic coupling with curvature
[2, 3]. We model a heterogeneous anisotropic universe as a space-time described
by the polarized Gaudi metric with a toroidal topology [4, 5]. Within this model,
we formed a complete system of field equations and conducted a detailed analysis
of field equations for the case of minimal coupling.
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Magnons, or quantized spin waves occur in various types of ordered magnets. They
present collective excitations of the electron spin structure in a crystal lattice. Us-
ing magnons as information carriers has various advantages, in particular, the low
power-consumption. Althoughspin systems are originally described as lattice mod-
els, similar to Dirac models of nanostructures,one can describe low-energy dynam-
ics of the spin systems based on a continuum field theory at energy scales much
lower than the inverse lattice spacing. In various publications an effective ficldtheo-
retical description (EFTD) of the dynamics of the spin systems at low energies in the
presence of some external fields was developed. The magnon spin current can be
modified (in particular, amplified) by placing magnets in appropriate external
magnetic fields. In terms of the EFTD it is important to take into account the vacu-
um instability (the Schwinger effect) under the magnon- antimagnon production on
magnetic field inhomogeneities (an analog of particle-antiparticle creation by con-
stant inhomogeneous electric-like fields). In the case of an inhomogeneousmagnet-
ic field applied to the antiferromagnet in the collinear (homogeneous) ground state,
the EFTD corresponds to strong-field QED of a charged scalar field interacting
with an electric potential step. Magnetic moment plays here the role of the electric
charge, and magnons and antimagnos differ from each other in the sign of the
magnetic moment. In this way, magnon- antimagnon pair production is technically
reduced to the problem of charged-particle creation fromthe vacuum by an electric
potential step. Problems of such kind in strong-field QED were recently considered
by us for different types of potential steps. In the present work we use these results
to study the magnon-antimagnon pair production on magnetic field inhomogenei-
ties. We consider the number of magnetic steps that allows exact solving the corre-
sponding Klein-Gordon equation and apply these solutions calculating pertinent
physical quantities. We find and analyze vacuum fluxes of energy and magnetic
moments of created magnons.

The work is supported by Russian Science Foundation
(Grant no. 19-12-00042).
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M BHELWWHUM MArHUTHbIM NosemM

A.M. rurman® >3 dmitrygitman@hotmail.com

A.U. Bpees® breev@mail.tsu.ru

! ®usnueckuin MHCTUTYT UM. MN.H. NebeneBa PAH, Poccus
2 UHCTUTYT pusnkn YHusepcuteta CaH-Mayny, bpasnnua
*Tomckui rocyapCTBeHHbI yHUBEpCUTeT, Poccus

Paccmotpena monens onucanust K3 Jl-cucremsl, coctosmmet n3 GOTOHHOTO MyyKa,
B3aMMO/ICHCTBYIOIIETO C KBAaHTOBAHHBIMU 3apsHKEHHBIMH OECCITMHOBBIMH YaCTH-
namMu. MBI orpaHuuuMcs (POTOHHBIM IYYKOM, COCTOSIIMM U3 ()OTOHOB C JIByMS
pa3HBIMH UMITYJIbCAMH, JBYKYIIIMMUCS B OHOM HaIpaBlieHUH. POTOHBI B KAXKABIN
MOMEHT BPEMEHU MOT'YT UMETh JBE BO3MOXHbBIE JINHEHHBIE NOJIApU3aluU. TouHbIE
pelIeHNs] COOTBETCTBYIOT JBYM HE3aBHUCHUMBIM IIOJICHCTEMAaM, OJHA U3 KOTOPBIX
COOTBETCTBYET 3JIEKTPOHHOH Cpeje, a Jpyras ONHCBIBAETCS BEKTOpaMH B (OTOH-
HOM T'MJIb0€PTOBOM TOANIPOCTPAHCTBE U MPENCTABISIET COOOH COBOKYITHOCTh HEKO-
TOPBIX KBa3U(OTOHOB, HE B3aWMOJEHCTBYIOIIMX Ipyr ¢ npyroM. Kpome Toro,
HalJICHO TOYHOE pEIICHUE MOJEIH, COOTBEICTBYIOLIEE TOH K€ CHCTEME, IOMe-
IICHHOM B MOCTOSTHHOE MarHWTHOE MoJsie. B kadecTBe mpuMepa BO3MOMKHBIX IPH-
JIOKEHHUH MCITONIB3YIOTCS PEICHHUSI MOZETH pacdeTa 3amyThIBaHus (POTOHHOTO ITyd-
Ka KBAaHTOBAaHHOM 3JICKTPOHHOU CPEZIOW U ITOCTOSIHHBIM MAarHUTHBIM nojeM. Takum
00pa3oM, MBI BBIYHCISIEM MEpBI 3allyTaHHOCTH (MH(POPMAIMOHHYIO M LIIMHITOB-
CKyI0) (POTOHHOTO TMydYKa B 3aBUCHUMOCTH OT MPHJIOKEHHOTO MarHMTHOTO TOJIS
U NIapaMETPOB AIEKTPOHHOU Cpeabl.
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We consider a model for describing a QED system consisting of a photon beam
interacting with quantized charged spin less particles. We restrict ourselves by a
photon beam that consists of photons with two different moments moving in the
same direction. Photons with each moment may have two possible linear polariza-
tions. The exact solutions correspond to two independent subsystems, one of which
corresponds to the electron medium and another one is described by vectors in the
photon Hilbert subspace and is representing a set of some quasi-photons that do not
interact with each other. In addition, we find exact solution of the model that corre-
sponds to the same system placed in a constant magnetic field. As an example, of
possible applications, we use the solutions of the model for calculating entangle-
ment of the photon beam by quantized electron medium and by a constant magnet-
ic field. Thus, we calculate the entanglement measures (the information and the
Schmidt ones) of the photon beam as functions of the applied magnetic field and
parameters of the electron medium.
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PaccmatpuBaeTcs cnenuduka CieKTpa peTUKTOBBIX TPABUTAIIMOHHBIX BOJH, 00pa-
30BaHHBIX Ha MH(ISIMOHHOW M MOCTUHQUIAIUOHHON CTagusX SBOJIOLMU PaHHEH
BCEJICHHOH 1151 KOCMOJIOTHYECKUX MOJIENel, OCHOBAaHHBIX HAa MOAU(DUIIMPOBAHHBIX
TEOPHAX TPABUTAIMU MO OTHOILICHHUIO K CIIy4al0 CTaHAAPTHBIX UHQISIMOHHBIX MO-
Jlesiel, OCHOBaHHBIX Ha rpaBuTanuu OWHmTeWHa [1, 2]. PaccmaTtpuBaercs BO3-
MOXKHOCTh J€TEKTUPOBAHUS BBICOKOYACTOTHBIX PEJIHMKTOBBIX TI'PABUTALMOHHBIX
BOJIH TIOCPEJICTBOM HCIIOJIB30BAHMA TpoIlecca KOHBEPCHH TPABHTOHOB B (POTOHBI
B MOCTOSITHHOM M TEPEMEHHOM MarHuTHOM moiie [3]. UyBCTBUTENBHOCTh JACTEKTO-
POB JTaHHOTO TUIA COMOCTABIISIETCS C UYyBCTBUTENBHOCTBIO JPYTHX CYHIECTBYIOIINX
M TIEPCHEKTHUBHBIX JIETEKTOPOB BBICOKOYACTOTHBIX TPaBUTAIIMOHHBIX BONH [4].
Ha ocHoBe ananm3a OlleHKH YyBCTBUTEIBHOCTH Pa3IUYHbIX THUIIOB JIETEKTOPOB BbI-
COKOYAaCTOTHBIX TPaBUTALIMOHHBIX BOJH C/ETaH BBIBOJ O NMEPCIEKTHBAX HEMOCPE-
CTBEHHOW Bepu(HUKAIMU MOAEICH KOCMOJOIHYecKOH MHQISALUU ¢ IOMOLIBIO Ipa-
BHTAI[IOHHO-BOJTHOBBIX JIETEKTOPOB.
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The specificity of the spectrum of relic gravitational waves formed at the inflation-
ary and post-inflationary stages of the evolution of the early universe is considered
for cosmological models based on modified theories of gravity in relation to the
case of standard inflationary models based on Einstein’s gravity [1, 2]. The possi-
bility of detecting high-frequency relic gravitational waves by using the process of
converting gravitons into photons in a constant and alternating magnetic field is
considered [3]. The sensitivity of detectors of this type is compared with the sensi-
tivity of other existing and prospective detectors of high-frequency gravitational
waves [4]. Based on the analysis of the sensitivity assessment of various types of
high-frequency gravitational wave detectors, a conclusion is made about the pro-
spects for direct verification of cosmological inflation models using gravitational-
wave detectors.

References

[1] Chervon S., Fomin 1., Yurov V., Yurov A. Scalar Field Cosmology. Singapore, WSP, 2019.

[2] Fomin L.V., Chervon S.V., Morozov A.N. et al. Relic gravitational waves in verified inflation-
ary models based on the generalized scalar—tensor gravity. Eur Phys J C, 2022, vol. 82, art. 642.
https://doi.org/10.1140/epjc/s10052-022-10601-9

[3] Zheng H., Wei L.F. Experimental system to detect the electromagnetic response of high-
frequency gravitational waves. Phys Rev D, 2022, vol. 106, art. 104003, https://doi.org/10.1103/
PhysRevD.106.104003

[4] Aggarwal N., Aguiar O. D., Bauswein A. et al. Challenges and opportunities of gravitational-
wave searches at MHz to GHz frequencies. Living Rev Rel, 2021, vol. 24, pp. 1-74.
https://doi.org/10.1007/s41114-021-00032-5



64 Mockea, MITY um. H.3. BaymaHa, 3—6 urtons 2023 2.

Mpoueccbl KOHBEPCUU FPpaBUTALMOHHbBIX U 3/IEKTPOMarHUTHbIX BOJTH
U BO3MOXHOCTb UX peaJindalium B 3eMHbIX YCJIOBUAX

B.O. rnadviwes gladyshev@bmstu.ru
B.J1. Kayu kauts@bmstu.ru

A.B. KaloTeHKoO akaytenko@bmstu.ru
A.H. Mopo3os amor@bmstu.ru

Mn.1. Hukonaes ppn@bmstu.ru

U.B. ®omMuH fomin_iv@bmstu.ru
E.A. LLIapaHOUH shar@bmstu.ru

MITY uMm. H.3. BayMaHa, Poccua

OOHapy>keHHe TPaBUTAMOHHBIX BOJIH SIBJISICTCS OJHOW M3 BaXKHEHIINX 3amad co-
BPEMEHHOCTH, MPEICTABISIONIEH HECOMHEHHbBIM HHTEpEC Kak ¢ (yHIaMEHTaIbHOM
TOYKH 3pEHUs, TaK ¥ JJIS JalbHEHIINX MHOTOYHCICHHBIX MPIIIOKeHn#. MHTepec k
pEIIeHUI0 3TOH MpoOIeMBbI CYIIECTBEHHO BO3pOC MOCIIE HEMOCPEICTBEHHOI0 00Ha-
pYy’KeHHs TPaBUTALIMOHHBIX BOJH B 2016 roay. [l HEMOCPEACTBEHHON pErucTpa-
[IUU TPaBUTAIIMOHHOTO M3TYYeHHS, HCITyCKAaeMOT0 acTpo(U3NIecKuM OOBEKTOM, B
HaCTOsIIIiee BpeMsI MCIONb3YyeTcs Ja3epHbIil HHTepdepoMeTp co cBOOOIHO MOJBE-
IIEHHBIMH 3€pKajlaMHi, WIPAOIIMMHU pPOJIb OCIWUIMPYIOIIUX Macc, Ha KOTOpbIE
JIEUCTBYIOT CHJIbI, TIOPOXKAAEMbIE IPAaBUTALUOHHBIMH BOJIHAMH.

B cBs13u ¢ mosIBIIEHHEM COBPEMEHHBIX MOIIHBIX J1a3€pOB, Pa3BUTHEM MPELIU3H-
OHHOM ONTHKH TOSBISETCS BO3MOXKHOCTh JJISI pa3pabOTKU CXeM 3KCIIEPHUMEHTOB
10 HaOJIOJCHHIO TPABUTALIMOHHO-3JIEKTPOMArHUTHOH KOHBEPCUH B 3€MHBIX YCIIO-
BUSIX.

Pa3paborana cxema reHepalliud TPaBUTAI[MOHHBIX BOJH B JIAOOPATOPHBIX
YCJIOBUSIX, UCTIONIB3YIOIIasl B Ka4eCTBE MCTOYHHKA HU3KOYAaCTOTHBIX TPABUTALMOH-
HBIX BOJIH CHCTEMY HECKOJBKHX CTOSYHMX JIEKTPOMATHUTHBIX BOJH B JIEKTPOMAr-
HUTHBIX pe3oHaropax. s oneHkn 3(h(eKTHBHOCTH MPeIIOKEHHOTO METO/Aa Te-
HEPHUPOBAHUS TPABUTALIMOHHBIX BOJH pPAacCMOTPEHBl METOJbI COMOCTABIEHUS
XapaKTePUCTUK I'PAaBUTALMOHHBIX BOJH, CBA3aHHBIX C 3JEKTPOMArHUTHBIM IIOJIEM
BHYTPH PE30HATOPA, 1 TPABUTAIMOHHBIX BOJH B ITyCTOM IPOCTPAHCTBE.

[IpoBeneH aHanmu3 pa3IUYHBIX THUIOB CYNIECTBYIOIIMX M MEPCHEKTHUBHBIX Je-
TEKTOPOB HU3KOUYACTOTHBIX IPaBUTAI[MOHHBIX BOJIH, MOJIYYEHA OLIEHKA XapaKTepH-
CTHK MCTOYHHKA, HEOOXOAWMBIX ISl YCIIEIIHOTO IETeKTHPOBAHUS T'PaBUTAIIMOH-
HBIX BOJIH, T€HEPUPYEMBIX MOCPEACTBOM JIAHHOTO METO/a C Y4eTOM JAHarna3oHa
9acTOT, COOTBETCTBYIOIIETO ONTHMAaIbHON UyBCTBUTEIBHOCTH IETEKTOPOB.
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Detection of gravitational waves is one of the most important contemporary prob-
lems, doubtlessly of interest both for fundamental research and multiple potential
applications. Direct detection of gravitational waves in 2016 led to an even deeper
interest in this problem. At present, to directly record the gravitational radiation
emitted by an astrophysical object, it is customary to use a laser interferometer with
floating mirrors that act as oscillating masses affected by the forces generated by
the gravitational waves.

The emergence of modern powerful lasers and advances in precision optics
make it possible to design experiments in observing gravitational-to-electro-
magnetic conversion in terrestrial conditions.

We developed an arrangement for generating gravitational waves in laboratory
conditions, using a system of several standing electromagnetic waves in electro-
magnetic resonators as a source of low-frequency gravitational waves. To assess
the efficiency of the gravitational wave generation method proposed, the paper
considers methods of comparing the characteristics of gravitational waves associat-
ed with the electromagnetic field inside the resonator to those of gravitational
waves in empty space.

We analysed various types of existing and prospective low-frequency gravita-
tional wave detectors and assessed the source characteristics required to successful-
ly detect gravitational waves generated by this method, taking into account the fre-
quency range corresponding to the optimal detector sensitivity.
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OpxHUM M3 TEpPCIeKTUBHBIX HANpPaBICHUI B 00JACTH Pa3BUTHSI COBPEMEHHBIX CH-
CTeM OPHEHTALMU U HABUTallud KOCMHUYECKUX allapaToB SBJSIETCS UCIIOIb30BAHUE
AHM30TPONUH KOCMHYECKOTO PEITUKTOBOTO JJICKTPOMATHUTHOTO W3IYYCHUS B Ka-
YeCTBE HABUTALMOHHOTO NOJIA. PelnkToBOE H3NyUYeHue SBIIsIETCS OJHUM U3 Haubo-
nee cTaObMIbHBIX noJel Bo BeenenHoi. CeKTp peIMKTOBOIO M3IYUYECHHUS! COOTBET-
CTBYET CIIEKTPY H3IydeHHs aOCOJOTHO YEepHOIo Tena ¢ Temmeparypoin 2,725 K.
Ero makcumym mpuxomutcs Ha vactory 160,2 I'Tr, 4To COOTBETCTBYET IJIMHE
BONHBI 1,9 MM. [lnis ompeneneHus mapaMeTpoB IBUKEHUS B IPOCTPAHCTBE MOXKHO
UCIIOJIB30BaTh €CTECTBEHHYIO aHM30TPOINHUIO YAaCTOTHI (JOHOBOTO AIIEKTPOMATHHUT-
HOT'O M3NTy4YeHus1 BeeneHHOH, a Takke aHU30TPOIIHIO, MOSIBIISIONIYIOCS BCIIE/ICTBHE
JBWKEHHUST KOCMHUYECKOTO anmapara. JIokanbHas JUMONbHAs aHU30TPOIHS PEITUK-
TOBOTO H3Iy4EHHUS BO3HHKaeT 3a cyeT 3¢ddekra [lomnepa, BOZHUKAIOMIETO NpH
nekeHrnH COJTHEYHOM CHCTEMBI OTHOCHUTENFHO PETUKTOBOTO (POHA CO CKOPOCTHIO
npumepHo 370 kMm/c B cTOpoHy co3Besust JIbBa.

HUccnenoBana BO3MOXKHOCTh CO37aHUSI HOBOW NEPCIIEKTUBHON CHCTEMBI aBTO-
HOMHOW HaBHTallMM KOCMUYECKUX allllapaToB Ha OCHOBE IETCKTHPOBAHMS PEIIHK-
TOBOTO M3JydeHHs. B pe3ynbTaTe BBITOJHEHHBIX AHATHTHYECKUX W YHCICHHBIX
OLICHOK M SKCIEPUMEHTAIBHBIX MCCIEJOBaHUH C/IENaH BBIBOJ O BO3MOXHOCTHU CO-
30aHHS NEPCIEKTUBHOW, HETPAaAULMOHHOW CHCTEMbl aBTOHOMHOI HaBUTallMH B
MUJUTHMETPOBOM JIHANa30HE JIJIMH BOJH.

CTaOunbHOCTB, HETIPEPHIBHOCTh U HEMOBTOPHMOCTE PacIpeeNICHUs] PETUKTO-
BOT'0 M3JIyueHHs O HeOecHOH cepe MO3BOJSIET MOCTPOUTh CHCTEMY HABUTALIMH C
TIPUBSI3KOM K JI000¥ ymoOHOU oOnacTy HeOeCHOU cdephl, TaKk Kak He Tpedyercs
CKaHMpOBaHHE B IIMPOKOM JIHANa30HE YIJIOB, HET OrpaHUYCHUH, HAKIa bIBACMBbI-
MH MOIIHBIMH aCTPOHOMUYECKUMH HCTOYHHKAMH 3JIEKTPOMArHUTHOTO U3ITyUEHHS
(Comure, JlyHa).
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As far as development of advanced spacecraft attitude control and navigation sys-
tems is concerned, one of the most promising avenues is using the anisotropy of
cosmic microwave background radiation as a navigation field. Cosmic microwave
background radiation (CMBR) is one of the most stable fields in the universe. The
CMBR spectrum is that of an ideal blackbody at a temperature of 2725 K. It peaks
at a frequency of 160.2 GHz, which corresponds to a wavelength of 1.9 mm. To
determine the parameters of motion in space, it is possible to use the natural anisot-
ropy of the CMBR frequency, as well as the anisotropy resulting from the move-
ment of the spacecraft. Local dipole anisotropy occurs in the CMBR due to the
Doppler effect stemming from the solar system motion relative to the CMBR at a
speed of about 370 km/s towards the Leo constellation.

The paper investigates the possibility of developing a promising novel auton-
omous spacecraft navigation system based on CMBR detection. Our analytical and
numerical assessments and experimental studies enable us to conclude that it
should be possible to develop a promising, unconventional autonomous navigation
system in the millimeter wavelength range.

The stability, continuity and uniqueness of the CMBR distribution over the ce-
lestial sphere ensures that a navigation system using any convenient area of the
celestial sphere as reference may be constructed, as neither is there a requirement
for scanning in a wide range of angles, nor are there any restrictions imposed by
powerful astronomical electromagnetic radiation sources such as the Sun or the
Moon.
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UccnenoBanue CTOIKHOBEHUN YaCTHUI] B OKPECTHOCTH BPAIIAIOIINXCS YEPHBIX JBIP
[1, 2] moka3ano, YTO MOKHO TOBOPUTH O CYIIECTBOBAHHUH B MPHUPOJIE ECTECTBEHHO-
ro cymnepkosuiaiiiepa ¢ SHEPTUsIMHU CTOJKHOBEHHH, 3HAUUTEIBHO MPEBHIIIAIONIUMHU
JIOCTIJKUMBIE HA COBPEMEHHBIX YCKOPHUTENAX dYacTull. BO3HHUKHOBEHHE KBapK-
TJIFOOHHOHM TUIa3MBl B TAKUX CTOJKHOBEHHAX IOJDKHO MMETH CIIEICTBHEM IOSBIIC-
HUE OYCHb BBICOKMX Temnepatyp. B [3] mokazaHo, 4To BOJSU3M rOpU30HTA Bpalla-
IONUXCS YEPHBIX JBIP BO3MOXKHBI TEMIIEPATYPhl TIOPSIKA TEMIIEPATyPhl (ha30BBIX
Mepexo10B (KBapK-TIIFOOHHOTO H 3JIEKTPOCIadOro) B CTaHAAPTHOW MOJETH JIie-
MEHTapHBIX YacTuIll. Takue TemmepaTypbl MOTYT OBITh JOCTHTHYTHI BOJHM3U Bpa-
HIAFOIIUXCS YePHBIX ABIP (B UX 3procdepe) Mpu MHOTOKPATHBIX CTOJKHOBCHHSX.
Jns sKcTpeMallbHO BpamaroNIuXCcsl YepHBIX IBIP A(h(EeKT BO3MOXKEH MpPH OJHO-
KpPaTHBIX CTOJIKHOBEHHUSX YACTHII, a TAK)KE IMPH CTOJIKHOBEHUSX MaKpOTEIN, B YCIO-
BUsix pe3oHanca banamoca — Cunka — Becta [1]. [laHbl 9uClIeHHbBIE OIEHKH Ta-
paMeTpa pacCTOSHUSI OT TOPU30HTA, & TAKXKE HCIYCKAEMOI'O MPHU CTOJKHOBEHHUU
YaCTHI[ TPABUTAIIMOHHOTO W JJIEKTPOMArHUTHOTO WM3ITydeHUi. [laHbl oneHKH 00-
paTHOTO BIHWSHUS BO3HHKAMOIIEH Npu (PasoBOM Tepexojie IIOTHOCTH JHEPTHHU-
HMITYJIbCa Ha METPUKY HPOCTPaHCTBA-BPEMEHHU.

Paboma svinonrnena npu noodepoicke Poccutickozo HayuHoeo ¢onda
(epanm Ne 22-22-00112).
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A study of particle collisions in the vicinity of rotating black holes [1, 2] showed that
we can talk about the existence of a natural supercollider with collision energies sig-
nificantly higher than those achievable in modern particle accelerators. The quark-
gluon plasma produced in such collisions should have very high temperatures. It was
shown in [3] that near the horizon of rotating black holes, temperatures of the order
of the temperature of phase transitions (quark-gluon and electro-weak) of the stand-
ard model of the elementary particles physics are possible. Such temperatures can be
reached near rotating black holes (in their ergosphere) in multiple collisions. For ex-
tremely rotating black holes, the effect is possible with one-fold particle collisions, as
well as with collisions of macroscopic bodies, under Banados-Silk-West resonance
conditions [1]. The distance from the horizon and gravitational and electromagnetic
radiation emitted in collisions between particles have been numerically estimated.
The estimates of the inverse effect of the energy-momentum density arising at the
phase transition on the space-time metric are given.

This work was supported by the Russian Science Foundation
(project no. 22-22-00112).
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AKCHOH — THIIOTETHYECKHH TCEBJOTOJICTOYHOBCKHI 0030H, KOTOPBINA SIBIISETCS
OJHUM M3 HamOoJiee MEepCIEeKTUBHBIX KaHIUAATOB HA POJIb YaCTHIBI — «COCTaB-
HOW 4acTW» TEMHOW MaTepUH.

XapakTepHOH OCOOCHHOCTBIO aKCHOHOB SIBISIETCS. MOIM(UKAIMS KiacCHye-
CKMX YPaBHEHHUH 3JIEKTPOIMHAMUKN MakcBeia IOCPEACTBOM aKCHOH-(DOTOHHOTO
B3aumozencTeus. IlonoOHast MoanduKanuss NPUBOAUT K MOSBICHUIO 3(PQeKToB,
HEBO3MOKHBIX B KJIIACCHYECKON AJIEKTPOAMHAMUKE, TpHYeM Takue 3¢ (HeKThl Hauu-
HAIO TPOSBIIATHCA YK€ B IOBOJBHO MPOCTHIX CHCTEMAX.

[Ipumepom Takoi CHUCTEMBI SBISETCS aKCHOHHBIM JUOH — MarHUTHBIA MOHO-
TMOJIb, OKPY’KEHHBIH aKCHOHHBIM 00JlakoM. B pesynbraTe B3auMOJEHCTBHS aKCHO-
HOB C MarHUTHBIM MOJIEM MOHOIOJIb NpruoOpeTaeT 3PPEeKTUBHBINA IIEKTPUUECKUMA
3apsi.

B pabote paccmaTrpuBaeTcsi HOBEACHUE AIIEKTPUUECKOTO M aKCHOHHOTO TIOJIEH
TakOW CUCTEMBI B paMKaxX HEJIMHEHHOW AIIEKTPOAUHAMHUKHU, KOTOpasi, ¢ OJHOH CTo-
POHBI, YIOBIETBOPSET AMCKPETHOW CHUMMETPHHU TICEBAOCKAISPHOTO (aKCHOHHOTO)
monsi, ¢ aApyroir — SO,-cUMeeTprH, KOTopasi TOJKHA BBHITONHATHCS IS JTFOOOH,
MIPEICTABIIAIONIEHCS pa3yMHOHN, TEOPHH DIEKTPOAMHAMUKH.

Paboma nooodeporcana Poccutickum ¢poroom hpyHOamMeHmanrbHbix ucciedo8anuil
(npoexm Ne 20-52-05009).
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Axion is a hypothetical pseudo-Goldstone boson, which is one of the most promis-
ing candidates for the role of a component of dark matter.

A characteristic feature of axions is the modification of the classical Maxwell’s
electrodynamics equations via the axion-photon coupling. Such a modification leads to
the appearance of effects, that are impossible in classical electrodynamics, and such
effects begin to manifest themselves already in simple electromagnetic systems.

An example of such a system is the axion dyon — magnetic monopole, which
is surrounded by an axion cloud. As a result of the interaction of axions with
a magnetic field, the monopole acquires an effective electric charge.

This work considers the behavior of the electric and axion fields in this system
within the framework of nonlinear electrodynamics, which, on the one hand, satis-
fies the discrete symmetry of the pseudoscalar (axion) field, and, on the other hand,
SO2 symmetry, which must be satisfied for any seemingly reasonable theory of
electrodynamics.

The work was supported by the Russian Foundation for Basic Research
(Grant N 20-52-05009).
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[MpencraBieH 0030p OCHOBHBIX pe3yJbTaTOB B paMKax HIeH MacmrabHo-
WHBapuanTHoro Bakyyma (MUB) B cBsi3u ¢ mHTETpHpyemoii reomerpueii Betins [1].
To ecTb OCHOBHBIE pe3ynbTaThl, cBA3aHHbIe ¢ MUB n undusmueii [2], pocrom dayk-
Tyarmii ToTHOCTH [3], mpumenennem MHUB k MaciTaGHO-UHBApUAHTHOU TUHAMU-
ke ramaktik, MOH/I, TeMHO# Marepuu W KapiuKOBBIX cdepounayioB [4], OyayT
MOJBITOXKEHBI BMECTE C HAIIMMU MOCIEIHAMH PE3yJIbTaTaMH MO U3YYEHUIO HYKIIEO-
cunre3a bonpioro B3priBa B pamkax napaaurmMel MUB. Ecin mo3Bonut Bpems, Oy-
JIYT BBIAETIEHBI BO3MOXKHBIE CBSA3M KOCMOJIOTHH SIV ¢ IBIEHUAMU TEMHON MaTepuH U
paHHel TEMHOH SHEPTUH, a TAKXKe NOTEHIHAIbHAsI CBA3b PE3yJIbTaTOB CIa00ro MO
MUB c uaeeil HeHauiexkalleld BpEMEHHON NapaMeTpy3alii B paMKax MapaaurMbl
penapameTpuzanuu [5].
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Progress within the Scale Invariant Vacuum (SIV) Paradigm
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A review of the main results within the Scale Invariant Vacuum (SIV) idea as re-
lated to Weyl Integrable Geometry will be presented [1]. That is, main results re-
lated to SIV and inflation [2], the growth of the density fluctuations [3], application
of the SIV to scale-invariant dynamics of Galaxies, MOND, Dark Matter, and the
Dwarf Spheroidals [4] will be summarized, along with our latest results on the
study of the Big-Bang Nucleosynthesis within the SIV paradigm. If time permits,
possible connections of the SIV cosmology to the Dark Matter and Early Dark En-
ergy phenomena will be highlighted along with a potential connection of the weak
field SIV results to the un-proper time parametrization idea within the reparametri-
zation paradigm [5].

References

[11 Gueorguiev V.G., Maeder A. The Scale Invariant Vacuum Paradigm: Main Results and Current
Progress, Universe, 2022, vol. 8, art. 213, arXiv: 2202.08412 [gr-qc].

[2] Maeder A., Gueorguiev V.G. Scale invariance, horizons, and inflation. MNRAS, 2021, vol. 504,
art. 4005, arXiv: 2104.09314 [gr-qc].

[3] Maeder A., Gueorguiev V.G. The growth of the density fluctuations in the scale-invariant vacu-
um theory, Phys. Dark Univ. 25, 100315 (2019); arXiv: 1811.03495 [astro-ph.CO].

[4] Maeder, A.; Gueorguiev, V.G. Scale-invariant dynamics of galaxies, MOND, dark matter, and
the dwarf spheroidals. MNRAS, 2019, vol. 492, art. 2698, arXiv: 2001.04978 [gr-qc].

[S1 Gueorguiev V.G., Maeder A. Geometric Justification of the Fundamental Interaction Fields for the
Classical Long-Range Forces. Symmetry, 2021, vol. 13, art. 379, arXiv: 1907.05248 [math-ph].



74 Mockea, MITY um. H.3. BaymaHa, 3—6 urtons 2023 2.

Generalization of the C* Matching Procedure
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To handle the case in which discontinuities are present along the matching hyper-
surface, in this work, we present a generalization of the C° matching procedure dis-
cussed in previous works. It demands that a solution of Einstein’s equations also
describe the hypersurface. We apply the Darmois and the C° matching conditions to
three spherically symmetric spacetimes and compare the main results obtained by
applying both procedures.
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Hubble Constant Determination Using Gravitational Waves Data
from Smartphone
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Using gravitational waves data obtained from the GW Events app of a handheld
smartphone we calculated the Hubble constant obtaining a value which is compa-
rable to other methods for Hubble constant measurements.
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Shadow and Image of the Ellis — Bronnikov Wormhole

Valeria Ishkaeva ishkaeva.valeria@mail.ru
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Kazan Federal University, Russia

Usually wormholes are considered as tunnels in spacetime with relatively narrow
throats that connect two different regions of the same universe, or two different
universes. If there are no light sources on one side of the wormhole, then an ob-
server on the other side will not be able to see the wormhole in the usual sense of
the word. However, if the wormhole is illuminated by an external source, then
the observer will see its shadow, and the size of the shadow will depend on
whether the wormhole is illuminated by a distant screen (classical shadow) or it
is illuminated by matter falling on it (throat silhouette). The classical shadow is
difficult to observe with the current state of the art, either due to the low bright-
ness of the distant background or the extremely high accretion activity of the
wormbhole. In this regard, it is necessary to build an image of the silhouette of the
throat of the wormhole.

In this paper, we obtain expressions for the size of the shadow and silhouette
of the throat of the Ellis-Bronikov wormhole, compare them with the results for the
Schwarzschild black hole, and build an image of the wormhole using a thin accre-
tion disk model.

This work is supported by the RSF grant No. 21-12-00130 and partially carried out
in accordance with the Strategic Academic Leadership Program “Priority 2030
of the Kazan Federal University.
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MmuUTauma usBnevyeHUss KWNHETUUYECKOM 3Heprum
y BpalyaloL,encsa YepHOu Abipbl
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MocKoBCKMit aBUALMOHHbIN UHCTUTYT
(HauMoHanbHbIN TEXHUYECKU YHUBepCUTeT), Poccus

B noknage paccmaTpuBaeTCsl BHEIIHSS 4acTb ME€OMETPUHM BpaLIaroOIIEHCs YepHOH
JIBIPBI, HECYLIEH 2JIEKTPUUECKUI 3apsl, KOTOpasi ONHUChIBAaeTCsl MeTpukoil Keppa —
Heromana [1]. Metpuka xapakTepusyercss HalU4leM Macchl M, CiMHa a U 3JeK-
TpHUECKOTo 3apaaa O

.2 2
ds?, = -;iz[dt ~asin®0do |+ 0 [(* +a*)do—adt] + %dﬁ +pd6?,

raoe A= - rsz +a’+r? , p2 =r> +a*cos? 0, ri= 2GM/* — HIBAPUIINIIBIOBCKU N

2
kGQ

o

AIEKTPOMArHUTHOTO paauyca. M3BEeCTHBI HECKOIHKO MEXAaHU3MOB BO3MOXKHOCTHU
W3BJICUCHUSI KUHETHYECKON PHEPTUU Bpallaroleiicss uepHoi aeipel. Paccmarpuba-
©TCsl 3HAYUMOCTh MEXaHU3MOB B MPUKIIATHBIX BOTIPOCAX.

OO6Cy)Iar0Tcs SKCIEPUMEHTAIBHBIC YCTAHOBKU, B KOTOPBIX MIPOUCXOIUT UMHU-
TaIus MPOIECCOB IUCCUTIAIIMY SHEPTUU BO BHEIIHEH YacTH 3prochepbl aKKPeKIIH-
OHHOTO JICKa YePHOU ABIPHI ¥ Pe3yIbTaThl HMHTHPOBAHUSI.

pamguyc; a=J/Mcr; — ynenbHBIE MOMEHT MMITYJIbCa; rQ2 = — KBazpar

JlutepaTtypa
[1] Mumsmep Y., Topu K., Yunep k. I'paButarusa. M.: Mup, 1977. T. 3. C. 218. 510 c.
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Simulating Extraction of Kinetic Energy
from a Rotating Black Hole
George Izmailov izmailov@mai.ru

Vladimir Ozolin
Moscow Aviation Institute (National Research University), Russia
The paper examines the outer geometry of an electrically charged rotating black

hole described by the Kerr — Newman metric [1]. The metric is characterized by
the presence of mass M, spin a and electric charge O

sin’ 0
2

2
ds?, = —%[a’t ~asin®0do | + 2P +aPdo—adt] + %dﬁ +pd6?,

where A:=r>— ’”52 +a’+r2, p2 =r>+a’cos’ 0, r,=2GM/c* is the Schwarzschild

kGO?
C4
electromagnetic radius squared. Several potential mechanisms for extracting
kinetic energy from a rotating black hole are known. The paper considers their
prospective importance in applied matters and discusses experimental installations
simulating the processes of energy dissipation in the outer ergosphere of the black

hole accretion disk, as well as simulation results.

radius; a=J/Mcr; — effective angular momentum; ré = is the
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Teleparallel Scalar-Tensor Gravity
through Cosmological Dynamical Systems
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Scalar-tensor theories offer the prospect of explaining the cosmological evolution
of the Universe through an effective description of dark energy as a quantity with a
non-trivial evolution. In this work, we investigate this feature of scalar-tensor theo-
ries in the teleparallel gravity context. Teleparallel gravity is a novel description of
geometric gravity as a torsional- rather than curvature-based quantity which pre-
sents a new foundational base for gravity. Our investigation is centered on the im-
pact of a nontrivial input from the kinetic term of the scalar field. We consider a
number of model settings in the context of the dynamical system to reveal their
evolutionary behavior. We determine the critical points of these systems and dis-
cuss their dynamics. The phase space trajectories are investigated which support
the stability conditions occurred through the signature of the eigenvalues.
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The Algebrodynamics: in Search of the Ultimate
“World” Algebraic Structure
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Principles of the so-called algebro-dynamical approach to the construction of a
unified field theory are presented, together with the realization on the basis of the
linear algebra of complex quaternions B [1, 2]. In B-algebrodynamics one consid-
ers primary physical fields as “hyper-holomorphic” (HH) functions F(Z) of B-
variable Z subject to “generalized Cauchy-Riemann (CR) equations”

dF = LdZ - R, (1)

L(Z), R(Z) being two auxiliary B-functions. For a commutative algebra Eq. (1) re-
duces to the relation dFF = GdZ, (G = LR) and, in the complex case, leads to the ca-
nonical CR-equations.

Any matrix component of a HH-function F(Z) satisfies the complex eikonal
equation [1-3] which is nonlinear as a result of noncommutativity of B-algebra!
After restriction of coordinate space to the subspace of Hermitian matrices

X =X" corresponding to the Minkowski metrics and splitting Eq. (1) by col-
umns, for the most interesting case R = F' (or L = F)) one obtains the so-called gen-
erating system of equations (GSE)

d = LdXg, 2)

for a 2-spinor §(X) and a complex 4-vector L(X) fields which both together can be
found from the over-determined system (2). The field L(X) is identified as that of the
electromagnetic potentials, and homogeneous Maxwell equations do hold identically
on any solution to Eq. (2)! Moreover, the value of electric charge associated with any
isolated singularity of the induced electromagnetic field is necessarily self-quantized,
integer multiple to a minimal, elementary one [4]. Generally, singularities of the pri-
mary and secondary B-fields are identified with pre-particle formations and partici-
pate in (purely algebraic) collective conservative dynamics [5, 6].

Further on, we discuss possible realizations of algebrodynamics on a manifold
equipped by the structure of a Lie group or its specific generalizations, — algebraic
structures (A4S) with only one operation (contrary, say, to linear algebras) and de-
fined by a single relation which connect any three or four 4S-elements. Specifical-
ly, we consider 1) the so-called invariant AS,with the principal operation denoted as
(—) and the defining relation (x — z) — (y — z) = x — y, for any x, y, z; 2) automorphic
AS: (x—z)— (¥ —z) = (x—y) — z and 3) universal AS: (x —y)—(z—-w)=(x—2z) -
—(y—w), foranyx, y, z, w.

In the procedure,we consider fundamental physical fields as nontrivial map-
pings on the “World” AS corresponding, in particular, to the “multiplication” of
any element by itself, F(X) =x —x.
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Nilpotents, Clifford Algebras and Elementary Particles
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Let a and b be generators of the Clifford algebra with a* =b> =1 and ab +ba =0.
Let E, p and m be commuting scalars and let U = abE + ap + bm. Then it follows

that U?> =—E* + p* + m*. Thus the Pythagorean relationship E* = p* +m* holds

if and only if U? =0. Combining with physics where Planck’s constant and the

speed of light are set equal to 1, we see that U” =0 corresponds to the constraints
on energy, momentum and mass for special relativity. Thus, as Rowlands [1] has
observed, relativistic quantum physics begins with the structure of nilpotent ele-
ments in a Clifford algebra. This talk will explore this relationship and its algebraic
implications for the structure of elementary particles and its relationships with ge-
ometry and topology [2].
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Five-Dimensional Gravity and Non-Linear Electrodynamics
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The five-dimensional generalization of Einstein’s theory of gravitation has led to
the Kaluza-Klein and Brans-Dicke models. However, neither of them did use the
possibilities offered by the enlargement of the Einstein-Hilbert variational principle
by including the Gauss-Bonnet invariant, which in 5 dimensions is no more a pure
divergence, and modifies substantially the equations of motion of the theory. We
investigate the generalized Kaluza-Klein theory, which leads, in the Minkowskian
space-time, to an interesting variant of non-linear Electrodynamics. After discuss-
ing the modified Maxwell’s equations, we show how a toroidal soliton can be con-
structed, and show that it deisplays the most essential features of Dirac’s electron:
electric charge, magnetic moment, and spin. It also predics particle-anti particle
symmetry.
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Tracking Propagation of Quantum Information
along Postselection-Induced Time Arrows

1,2,3,4

Evgeniy Kiktenko evgeniy.kiktenko@gmail.com

! steklov Mathematical Institute of Russian Academy of Sciences, Russia

2 Russian Quantum Center, Skolkovo, Russia

* schmidt Institute of Physics of the Earth, Russian Academy of Sciences, Russia
“ National University of Science and Technology “MISIS”, Russia

In the current work we present a time-bidirectional state formalism (TBSF) [1],
which bridges the gap between the standard quantum mechanical formalism and
the time-symmetrized two-state vector formalism (TSVF) [2, 3]. The new formal-
ism allows studying quantum experiments with both pre- and postselection, where
postselection is realized with respect to an arbitrary positive operator-valued meas-
ure (POVM). This includes the case of trivial POVM with a single identity opera-
tor, which corresponds to no postselection. Within the TBSF, a quantum state of a
particle, called time-bidirectional state (TBS), is given by a density operator de-
fined with respect to a doubled Hilbert space: the first (second) Hilbert space corre-
sponds to a time-forward (time-backward) propagation of quantum information.
We also develop tomography protocols for experimental reconstruction of a TBS.
Then we reconstruct TBSs of a qubit (two-dimensional quantum particle) transfer-
ring within a quantum teleportation protocol realized on seven-qubit cloud-
accessible super-conducting quantum computer. The obtained results justify an ex-
istence of a postselection-induced qubit’s proper time arrow [4], which is different
from the time-arrow of a classical observer. In particular we observe decohernece
of informational qubit’s state during its propagation along time-lines of distinct
physical qubits connected with each other via entangled state preparation and en-
tangled state measurement.

The theoretical work was funded by the Russian Federation represented
by the Ministry of Science and Higher Education (Grant No. 075-15-2020-788).
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3¢pupHas Teopus dNHWTENHA — AHra — Muanca
C HeJIMHEeMHbIM aKCMOHHbIM NoneM: pacnaj LBeTHoro acoupa
u o6pa3oBaHMe aKCMOHHOW TEMHOW MaTepumn
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OcHoBaHHasi Ha BBEJEHUM EJUHMYHOTO BPEMEHMIIOJI00HOTO BEKTOPHOIO IO
s¢upHas TEOpHS TECHO CBS3aHA CO CKOPOCTBIO HEKOTOPOIO KOCMHUYECKOro cyo-
cTpaTa — JAuWHAMHU4ecKoro 3¢upa. B nanpHeiinem nocie co3laHus TEOPUU B3au-
MOJEHCTBUS JHHAMHUYECKOTO d(HUpa C 3JICKTPOMArHUTHBIM II0JIEM ObLTa MpeJio-
xena SU (N) — cummMerpuuHas 3¢upHas Teopust DiHmTeliHa — SHra — Muica
kak obobmenne U (1) — cummerpuuHoii 3pupHON Moaeny DiHIITEHHA — Makc-
Besuta. IIpennonaranock, 4To B UCTOpUU BceneHHONW CyIIECTBYET KPUTHYECKUMN
MoMeHT BpeMmeHH, koraa SU(N) cuMMeTpHYHBI IIBETHOW JMHAMHUYECKUH 3¢up
npeobpazyercs B U (1) CHMMETpUUYHBIA JUHAMHYECKHH d3Qup, a Takke
pe3yabTaTOM 3TOrO IIpoliecca sBIIeTCsl 00pa3oBaHUE NCEBAOCKAIIPHOIO (aKCHOH-
Horo) nosst ¢. PaxTuyeckn ObUIa cHOPMYNIMPOBaHA KOHUEMIUS LBETHOTO AMHA-
MHYECKOr0 3()Hpa, OCHOBaHHAS Ha aHAIN3E MYJBTHIUIETa BEKTOPHBIX U TICEBO-
CKaJISIPHBIX TOJEH.

[Ipouecc mepexoga OT CHMMETPUYHOTO LBETHOTO 3(Hpa B THHAMUYCCKUH
BBITVISIIUT B BHJI€ CTIOHTAaHHOM IIBETOBOM MOJSPHU3aLMM, KOTOPasl COMPOBOXKAa-
€TCAd BBIPABHUBAHUEM MYJBTHILUIETA BEKTOPHBIX IOJEH BAOIB BBIAECIECHHOTO
HaIlpaBJIeHUs] B I[IBETOBOM IPOCTPAHCTBE W TOSBIECHHWEM IICEBIOCKAISIPHOTO
(axcuoHHOTO) mTOJsA. JlaHHBIM Tpolecc MMeeT Xapakrep (ha3oBOTO Mepexoja
BTOPOTO POJA.

B nmannoif paborte uccnenoBana HenuHeitHas Bepcus SU(N)-cuMMeTpU9HOMN
TEOpUH, KOTOpasi CaMOCOTJIaCOBAaHHO ONMCHIBA€T B3aUMOJECHCTBUE MEXAY T'PaBH-
TaIlMOHHBIM, KaJTMOPOBOYHBIM, BEKTOPHBIM U TICEBIOCKAISIPHBIM (aKCHOHHBIM) TIO-
nsmu. B xonTekcre 310# Teopun SU(N)-CHUMMETPUYHBIA MYJIBTUIUIET BEKTOPHBIX
MoJiel CBSAZBIBACTCS C IIBETHBIM 3(HUPOM, pacmaa KOTOporo B paHHed Bcenennoit
MOPOAMI KAaHOHMYECKUH AWHAMHYECKHH 3QHUP M aKCHOHHYIO TEMHYIO MaTEepHIO.
SU(N)-cummerpuuHOe mone SlHra — Mmuica, CBS3aHHOE C IBETHBIM 3(HpoM,
o0pa3yeT MCTOYHMK, NEpelJarolliil 3HEPrui0 pacHajarollerocs IBETHOro 3¢dupa
B akCHOHHOE ToJie. HennHelHas Moaudukanus MOAETH SIBHO NPEABSABISIET TPeOo-
BaHUE JHCKPETHON CHUMMETPHUH, 3a7aBaeMO aKCHOHHBIM mojeM. OHa OCHOBaHa
Ha AHAJIOTUH C HENWHEHHBIM (PU3MUYECKMM MasTHUKOM. MBI TOKa3bIBaeM, YTO
B pPaMKax HTOW HEJIMHEWHON pEryJsipHOM MOJEIM aKCHOHHOE IOJIE MOXKET pacTu
JI0 CKOJIb YTOJHO OOJIBIIOTO 3HAYEHHUSI, YTO OOBSICHAET OOMINE aKCHOHHOW TEMHOM
Matepuu Bo BeeneHHol.
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Einstein — Yang — Mills Aether Theory with Nonlinear Axion Field:
Decay of Color Aether and the Axionic Dark Matter Production
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Based on the introduction of a unit time-like vector field, the ethereal theory is close-
ly related to the speed of some cosmic substrate — the dynamic ether. Later, after the
creation of the theory of interaction of the dynamic ether with the electromagnetic
field, the SU(N) — symmetric ether theory of Einstein — Yang — Mills was pro-
posed as a generalization of U(1) — the symmetric ether model of Einstein — Max-
well. It was assumed that in the history of the Universe there is a critical moment of
time when the SU(N) symmetric colored dynamic ether is transformed into U(1)
symmetric dynamic ether, and the result of this process is the formation of a pseudo-
scalar (axion) field . In fact, the concept of a colored dynamic ether was formulated,
based on the analysis of a multiplet of vector and pseudoscalar fields.

The process of transition from a symmetric color ether to a dynamic one looks
like a spontaneous color polarization, which is accompanied by the alignment of
the multiplet of vector fields along a selected direction in the color space and the
appearance of a pseudoscalar (axion) field. This process has the character of a sec-
ond-order phase transition.

In this paper, we study a nonlinear version of the SU(N)-symmetric theory,
which self-consistently describes the interaction between gravitational, gauge, vec-
tor, and pseudoscalar (axion) fields. In the context of this theory, the SU(N)-
symmetric multiplet of vector fields is associated with the colored ether, whose
decay in the early Universe gave rise to the canonical dynamic ether and axion dark
matter. The SU(N)-symmetric Yang-Mills field associated with the colored ether
forms a source that transfers the energy of the decaying colored ether to the axion
field. The non-linear modification of the model explicitly imposes the requirement
of discrete symmetry, given by the axion field. It is based on an analogy with
a nonlinear physical pendulum. We show that within this non-linear regular model,
the axion field can grow to an arbitrarily large value, which explains the abundance
of axion dark matter in the Universe.

References

[1] Mattingly D., Jacobson T. Relativistic gravity with a dynamical preferred frame. arXiv preprint
gr-qc/0112012,2001.

[2] Balakin A.B., Kiselev G.B. Spontaneous Color polarization as a modus originis of the dynamic
aether. Universe, 2020, vol. 6, art. 95. https://doi.org/10.3390/universe6070095

[3] Balakin A.B., Kiselev G.B. Einstein — Yang — Mills — Aether Theory with Nonlinear Axion
Field: Decay of Color Aether and the Axionic Dark Matter Production. Symmetry, 2022,
vol. 14, art. 1621. https://doi.org/10.3390/sym14081621



88 Mockea, MITY um. H.3. BaymaHa, 3—6 urtons 2023 2.
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PaccmoTpeH mepexon K KBa3HMKIACCHUECKOMY NpeAeny B KBAaHTOBOW MOJENHU 3a-
KPBITOH U30TPONHON BeeneHHoM cOo CKASIPHBIM I10JIEM, PA3JIOKEHHBIM 10 AMILUIN-
TyaaM. IIpoBoATCS BBIUMCIIEHUS B paMKaX TpeX MOJIX0J0B K KBAaHTOBAHUIO IPAaBU-
Tallid U CPaBHUBAIOTCA TOJIyYeHHBIC pe3ynabTaThl. [IepBbIM 00CyKIaercs: MEeTox,
M3N0KeHHBIN B pabotax Kudepa n CuArxa m 0oCHOBaHHBIA Ha T€OMETPOINHAMUKE
Yunepa — [le Burra. B 3TOM citydae BpemMsi BBOOUTCS B KBa3UKJIACCUYECKOM IIpe-
Jlesie Kak MmapaMeTp BAOJIb KJIacCHYecKon TpaekTopuu. CleqyomuM paccMaTpruBa-
eTCsl TOAXOH, NPEIIOKEHHBIM B padorax MoHTanm. McXoaHBIM ypaBHEHHEM
B 3TOM CIydae TakXke sBIseTcs ypaBHeHHe Yuiepa — Jle Burra, Ho mpobiema
BPEMEHH pa3pelaeTcss NocpeacTBoM BBeneHus xkuakoctd Kyxapma — Toppa,
BBINOJIHSIOIIEH POk cCUCTeMBI oTcueTa. M nanee, BeIuncineHus IpoBoasaTcs B Gop-
MaJIu3Me PacIIuPeHHOro (a30Boro npocrpancTsa. OCHOBHBIM YPaBHEHUEM B paM-
Kax 3TOro Mojxofa sBIseTcS BpeMeHHoe ypaBHeHue lllpennHrepa, B KOTOpOE,
HapsAy ¢ QU3NYECKUMH CTEeHsIMH CBOOOIBI, BXOJAT KaTMOPOBOYHBIE. DTO MOXKET
TPaKTOBaTbCS KaK MHOXKECTBO CHCTEM OTCYETa, COOTBETCTBYIOIIMX pPAa3JINYHBI
HaOIIOAATEeNsIM, YTO COIJIACYETCSl C 00IIel Teopruel OTHOCUTENBHOCTH. Js mepe-
X0la K KBa3HWKIACCHYECKOMY IMIpeleNly HCIoJb3yeTcss npubmmkenne bopHa-
Omnmnenreiivepa. B kauecTBe mapamerpa pa3jiokKeHUs UCIONb3yeTcs: KO3 OUIueHT
M = /(16nG), ananornuusiii koddduuuenTy B neficTun DifHiTeiiHa — [Hlb-
Oepra. YpaBHeHHe B nopsake pasnoxkeHus O(M) Bo Bcex TpeX Clydasx CBOAUTCS
K BpeMeHHOMY ypaBHeHuto lllpennHrepa mia noneir marepun. MHTEpec npencras-
JSeT ypaBHeHUe, nonydatorieecs B O(1/M) nopsiake pa3noxenus. B pamkax Bcex
PaccMOTPEHHBIX MOJX0A0B OHO COOTBETCTBYET BpeMEHHOMY ypaBHeHHMIO [lIpeaun-
repa Juisl Iojed MaTepuM ¢ KBaHTOBOIPaBUTAILMOHHBIMU NonpaBkaMu. [Ipu s3Tom
MOJTyYEHHBIE MOTIPaBKU OTINYAIOTCS B PA3IMYHBIX MOAXOAAX, U 3aBUCAT OT JOMOJI-
HUTENBHBIX TPEANONIOKEeHUN. Takxke B JOKIaAe YIENAETCS BHUMAHHE BOIIPOCY
YHUTApHOCTH 3TUX MOMpPaBOK.
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The report focuses on studying the semiclassical limit of quantum gravity for the
case of a closed isotropic model with a scalar field, decomposed into modes. Three
approaches to quantinization of gravity are discussed. The first one was proposed
by Kiefer and Singh [1] and based on the Wheeler — DeWitt quantum geometro-
dynamics. In this case time variable is considered as a parameter along a classical
trajectory in the semiclassical limit. The next one is the method put forward in the
paper by Maniccia and Montani [2]. Here time appears due to introducing Kuchai—
Torre reference fluid. And the final one is the extended phase space approach [3].
The temporal Schrodinger equation is assumed to be fundamental in this method.
The equation is gauge noninvariant and has a different form depending on a choos-
ing reference frame. This point can be treated as a set of reference frames related to
different observers, that is in accordance with concepts of General relativity. The
transition to the semiclassical limit is implemented by using the Born-Oppenheimer

type of approximation. The expansion parameter is chosen to be M =¢’/(16nG),

that is the coefficient in expression for the classical action of gravitational field. In
each approach the O(M) order of the approximation corresponds to the temporal

Schrodinger equation for matter fields. The O(1/M) order is of the main interest.

The equation, obtained in this order, is Schrodinger equation with quantum gravita-
tional corrections. As shown the correction terms differ in each case and depend on
additional assumptions. Also, the question of unitary evolution is discussed in the
work. The present results were published in the paper [4].
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Macca uepHBIX IbIp, 00pa30BaBIIUXCS B PE3yJbTaTe KOJUIATICA 3BE3/ MIIH MPOIiec-
COB B si[pax rayakTUK Ooubine mpeaena Onmenreiimepa-BonkoBa. Macca penukTo-
BBIX YEPHBIX IBIP MOXKET OBITh JIt000#. [103TOMYy KOHEUHBIE CTaJWM HCIIAPEHUS
MOTYT NPOUCXOAUTh W B Hamie Bpems. KoHeuHas cramus mpouecca HCIapeHus
MPOXOINT MPH WHTEHCHUBHOM BBIJIENIEHUH 3Hepruu [1]. D10 nenaer ee HabOmromae-
Moii. Takum 0Opazom, aHATN3 XapaKTEPUCTHK PETMKTOBBIX YEPHBIX JABIP MPHOOpe-
TaeT U MPaKTUIECKYI0 HAPaBICHHOCTb.

3aKoHUYEHHAsT KBAaHTOBasl TEOPUsI TPAaBUTALIMU OTCYTCTBYIOT. Teopus paszmep-
HOCTH [2] MTO3BOJISIET BHISIBUTH HEKOTOPHIE CBSA3M B 3TOH obnmacTu. B wactHOCTH, 3TO
KacaeTcs UCIapeHusl YepHBIX AbIp. OHAKO BCIEACTBHE CBOEH OOITHOCTU MPH HC-
MOJIb30BAaHUHU TEOPUU PA3MEPHOCTU MOTLYT BO3HUKHYTH COOTHOILIEHUS, BBOMSIIKE
B 3a0myxxaeHue. [ uX BBIABIEHUS HAMH HCIIONB3YETCS TPHUEM PacCMOTPEHUS
MTOJIYICHHBIX COOTHOIIICHU B MHOTOMEPHBIX MTPOCTpaHCTBaX. Ecin pe3ynpTaT WH-
BapUaHTEH OTHOCHUTEIbHO M3MEHCHUS pPa3MepHOCTH DD KOH(UTYPaAIIMOHHOTO IMPO-
CTPaHCTBa, TO MOYKHO HAJIESATHCSI HA €T0 OOJBIIYI0 HAIEKHOCTb.

B cnyuae pasmepHoro ananuza 3QQeKTOB PENMKTOBBIX YEPHBIX IBIP MOJIydYa-

€M, 4TO

y 2M

¢ TeMIIEpaTypa NOBEPXHOCTHU YCPHOU JAbIPHI T= W )
G Pl

* BpeMsI JKM3HHU YEPHOM JBIPBI ¢ = (LG / c)(LLG)_1 / Ly );
* SHTPOIHUS YEPHOM ABIPBI S = k (Lg_1 / L?Z_ I );

* MOMEHT UMITYJIbCA YECPHOU ABIPBI W =i (Lg_1 / L?,‘l )

OTH pe3ynbTaThl THBAPUAHTHBI 110 OTHOIIEHUIO K M3MEHEHUIO Pa3MEpHOCTH D.
Anamm3 3¢ ¢$eKkToB HaMU4YHUS 3apsfa y PEIUKTOBBIX YEPHBIX JABIP, KaK OKaza-
JI0Ch, TPeOyeT OTAEIBHOIO PACCMOTPEHHUSL.
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Characteristics of Relic Black Holes
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The mass of black holes, formed as a result of the collapse of stars or processes in
the nuclei of galaxies, is greater than Oppenheimer — Volkov’s limit. The mass of
relict black holes can be arbitrary. Therefore, the final stages of evaporation can
occur presently. The final stage of the evaporation process takes place with an in-
tense release of energy [1]. This makes it observable. Thus, the analysis of the
characteristics of relict black holes also becomes of utmost importance.

There is no complete quantum theory of gravity. The dimension theory [2]
makes it possible to reveal some relationships in this field. In particular, this con-
cerns the evaporation of black holes. However, when using the dimension theory,
due to its generality, the may arise misleading formulae. To correct them, we use
the technique of considering the obtained relations in multidimensional spaces. If
the result is invariant under the change in the dimension D of the configuration
space, then we can hope for its greater reliability.

In the case of a dimensional analysis of the effects of relic black holes, we ob-
tain that

oM,
* black hole surface temperature 7' =| ————— ;
L. /L,
¢ 'Lp
* black hole lifetime 7 =(Lg /c)(Lg1 /Ly );
* entropy of a black hole S = k(Lgf1 / LDpf 1 );

+ angular momentum of the black hole W =7 (Lg_1 / o )

These results are invariant with respect to the change in the dimension of D.
Analysis of the effects of the presence of a charge in relict black holes, as it
turned out, requires separate consideration.
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In the differential geometry the reference frame, the linear connection and the met-
ric are built in the tangent space. In the case of the Einstein theory, we solve the
inverse problem, the tangent space of general relativity is defined as an independ-
ent structure that exists before the solution of the Finstein equations, and in this
tangent space, only after the solution of the field equations, both the metric and the
connection arise.

Einstein’s equations consist of six equations for ten unknown functions gep(x).
The standard step for obtaining a complete system of equations is to set the coordi-
nate conditions within the framework of the chosen arithmetization, these are four
additional algebraic or differential non-covariant equations for determining the
metric tensor. Only solutions of field equations that satisfy Hilbert’s causality prin-
ciple have physical meaning.

The solutions of these equations are not correct enough if they are not based
on the concept of a class of admissible functions. For example, the reduction of the
metric of centrally symmetric fields to the standard form can always be carried out
only under the assumption that g,; belongs to functions of the class C' [1], while
the Bianchi identities impose the restriction C* on the functions gop- The proof of
Birkhoff’s theorem is based on the use of those solutions that are sought in the
class at least C* and, therefore, the wave solutions are discarded in advance.

The solutions of the Einstein equations determine the local properties of the
metric tensor in the tangent space with an accuracy of four arbitrary functions by
which we are trying to recreate the whole space. On this basis, we can agree with
V.A. Fok [2] — an arbitrary assignment of coordinate conditions introduces ficti-
tious gravitational fields. To eliminate this ambiguity, it is necessary to impose ad-
ditional restrictions, a criterion for the admissibility of the resulting solutions is
required.
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Lenp pazpabaTeiBaeMOTO0 HAaMH WHHOBAaIlMOHHOTO IMPOEKTAa — CO3JaHHE HOBOTO
HaIpaBJIeHUS] HAYyIHO-UCCIIEIOBATEIBCKON JESITENFHOCTH, B TOM YHCIE pa3paboTka
W CO3JaHUE CBEPXUYBCTBUTEIBHOM NPELU3HOHHON Ja3epHO-HUHTephepoMeT-
pUYeCKOl ammapaTypsl Ui TIPOBEICHHsS SKCIIEPUMEHTOB B TEOPWHU TPaBUTAIIHU.
Panee B pe3ynbrare peanm3aliii HAyIHO-TEXHUYECKOTO TpoekTa «Jlymkera» [1]
HaMU OBLTH peIIeHbI CeIyIoINe 3aauu:

1. Cozgan nerextop mepBoro ypoBHs «/lynkeia-1». Jlokazana paborocmnoco0-
HOCTB JIETEKTOpa M BCEW BCIIOMOTATEIFHON anmaparypsl B TeU€HIE MHOTHX MECSIIEB
HENPEPBIBHOM KCITyaTal[uy B XOJ€ NMPOBEIEHUS dKCIIEPUMEHTA «JIyHHBIN TECTY.

2. locturHyTasi 49yBCTBUTENBHOCTD JETEKTOpa «/JlyNKbIH-1», KOTOpas cocTas-
nser 1072...8 - 107'° B amamasome wactor 107°...1 ', COOTBETCTBYET 3HAUCHHSIM,
MPEIBABISIEMBIM K JIETEKTOPY MEPBOTO YPOBHS, U SBISETCS Ha CETOMHSANIHUN JIEHb
€MHCTBEHHOW B MUpE AJIS JAHHOTO TMana3oHa HHPPaHU3KUX 9acTOT.

3. B pe3synbrare mpoBeneHUs dKcrepuMeHTa «JIyHHBINH TecT» ObUI MpoBepeH
MPUHIUI SKBUBAJICHTHOCTH JWHINTEHHA (B YacTH YHUBEPCAIbHOCTH 3aKOHA Tpa-
BHUTAIIMOHHOTO «KPACHOTO» CMEIEHHs /ISl 9YacoB pa3HOW (pH3MUEcKOil MpUpobl)
Ha ypoBHE 0,9 %, 4TO MOYTH BIBOE YIYUIIWIO MpPEXHEe MHPOBOE IOCTIKEHHE
(1,7 % — CIIA, 1983 r.). DkcriepuMeHT noA00HOTO poaa mpoBoauics B Poccuu
(u 6s1BmmemM CCCP) BiepBbIe.

4. IlonTBepkIeHa TIPaBWIILHOCTh KOHIENIHMH TocTpoeHus ['B-geTexTopa
«JlynkbIH», B OCHOBE pacueTa 3JacTOAMHAMUYECKOTO OTKJIMKa KOTOPOTO JIEKUT
noaxon JK. MoskeHa, COOTBETCTBYIOIIUI 3HAUEHHIO (PEHOMEHOIOTHYECKOro napa-
Metpa =1, B omyimuMe OT anmbTepHaTHBHOTO momaxoxa k. Bebdepa (& =0), mo-
CKOJIBKY JKCHEpUMEHTAIbHOE 3HAa4YeHHe, MOJTy4YeHHOE IPH IPOBEepKe MpUHIUIA
SKBHUBAJICHTHOCTH, cocTaBwio & = 1 £ 0,009.

B mocnenyromuit meprnon OCHOBHBIE pabOTHI OBUIM HAIIPAaBIIEHBI HA TEOPETH-
YeCKOe OCMBICICHHE TONYYeHHBIX PEe3yJbTaTOB M, MO pe3yibrataMm l-ro asrama,
pa3paboTKa JeTeKTopa BTOPOr0 YPOBHSL.

[IpoBeaeH mukI pabOT MO MUCHOIH30BAHUIO MOAYJISIIIMOHHBIX METOJIOB JIETEK-
THPOBAaHUS TPABUTAIMOHHOTO CHTHAjJa, OCHOBAHHBIX Ha MPUMEHEHUH aMIUIATY-
HO-()a30BbIX MpeoOpazoBarenel s GOopMHUPOBAaHUS OMOPHOTO U WH(OPMAIUOH-
HOT'O KaHaJIOB.
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HpOBOJII/IHaCB 0Tpa60T1<a TEXHUKHN PaCIIO3HABAHWA HU3KOYAaCTOTHBIX NEPHUOIU-
YECKHX CHUTHAJIOB CPEIU MOIIHBIX FCO(i)I/I?:I/I‘-IeCKI/IX, TEXHOI'CHHBIX M TCXHHUYCCKHX
IIyMOB, KOTOpasd ABJIACTCA 4aCTbIO HJ'IaHI/IpyeMOf/i pa6OTLI, 49ToO B ,Z[aﬂbHeﬁHICM 103-
BOJIUT YCTAHOBUTHL IHOPOTOBBIC KPUTCPUHN I ACTCKTUPYCMOCTH IICPUOAUYICCKUX
rpaBUTAllMOHHO-BOJIHOBBIX CUTHAJIOB MUJIJIMT'CPIIOBOTO AMalla30Ha.

HpOpa6aTBIBaHaCB BO3MOXXHOCTb pa3pa60TKH HOBOHl TEXHHKHU JJIsI MOHHUTO-
puHTa BapI/IaLII/Iﬁ IOJIS TATOTEHHS 3eMIIH U METPOJIOTNYCCKUX TECTOB, CBA3AHHbBIX C
J0JITOCPOYHBIMHU ITPEACKA3aHUAMN CeHCMHUYECKOM aKTUBHOCTH.
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The purpose of our ongoing innovative project is to create a new research field in-
volving design and development of ultrasensitive precision laser interferometric
equipment for conducting experiments concerning the theory of gravity. Previous-
ly, as a result of completing the Dulkyn scientific and technological project [1], we
solved the following problems:

1. The Dulkyn-1 first-level detector has been created. We proved the operabil-
ity of the detector and its auxiliary equipment over the course of several months of
continuous operation during the Lunar Test experiment.

2. The Dulkyn-1 detector achieved a sensitivity of 107%...8 - 107" in the frequen-
cy range of 107...1 Hz, which satisfies the requirements for a first-level detector; in
this infra-low frequency range there are currently no competitors worldwide.

3. The Lunar Test experiment verified Einstein’s principle of equivalence (in
terms of the universality of the gravitational “redshift” law for clocks of various physi-
cal nature) within a margin of error of 0.9 %, almost a twofold improvement over the
previous international achievement (1.7 % — USA, 1983). Our experiment was the
first of its kind to be conducted in Russia (and the former USSR).
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4. We confirmed that the concept behind constructing the Dulkyn gravitational
wave detector is correct; the basis for computing the elastodynamic response in our
detector is G.A. Maugin’s approach, where the phenomenological parameter £ =1,
in contrast to the alternative approach of J. Weber (§ = 0), as the experimental val-
ue obtained while testing the equivalence principle was & =1 + 0.009.

Afterwards, we primarily worked on furthering theoretical understanding of
the results obtained and developing a second-level detector based on the results of
the first stage.

We conducted a series of works concerning the use of modulation methods for
gravitational signal detection based on employing amplitude-phase transducers to
form the reference and information channels.

We trialled the technique of recognizing periodic low-frequency signals
among strong geophysical, technogenic and technological interference, which is a
part of the work scheduled to establish threshold detectability criteria for periodic
gravitational wave signals in the millihertz range.

We investigated the possibility of developing a new technique for monitoring
variations in the Earth’s gravitational field and performing metrological tests relat-
ed to long-term predictions of seismic activity.
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Msbl npeAcTaBWIM MOJAENH JABYHANPABICHHOM MPUTAIKUBAIOLIEH TpaBUTALUU
(BPG) na PIRT-2021, yTo0BI 00BACHUTH, KAaKUM 00pa3oM BBIpaBHUBaHHE HeOec-
HBIX Ten CONHEYHOW CUCTEMBI C YJAICHHBIMUA KOMITAKTHBIMU 00BbEKTaMH, a TaKxKe,
Jpyr ¢ APYroM BOJHM3M acCTPOHOMHYECKHX CIMSHUA W MPOTHBOCTOSHUH, MOXKET
MOPOKIATh KaTacTpo(hUUIecKre CTUXHWIHBIEC SIBICHUS, CBS3aHHBIC C JBIKEHHUEM
cBOOOIHBIX Macc B ymTochepe, ruapochepe u armochepe. [locnemyronmuii anamm3
MOKa3aJl, YTO MOMEHTBI PETUCTpaK ObICTPBIX paauoBciuieckoB (FRB) u ramma-
BcieckoB (GRB) Takke COMpOBOXKIAIOTCS OCOOBIMH TIOJOXEHHSIMH HEOECHBIX
ten ConHeuHo# cuctembl. B manHo#t paboTe MBI IpeyiaracM MEXaHu3M BO3SHHKHO-
Benust FRB u GRB B Mmoaenu BPG [1], mokanu3oBanusiii B CoTHEUHOM cucTEME.

OO0menpu3HanHo Monenu Bo3HUKHOBeHHs FRB He cymecrByer [2]. Mexa-
HU3M JEWCTBUS TaMMa-BCIUIECKOB M WX TOCJECBEUEHHS TAaK)Ke HE BIIOJHE SICEH.
Oba ¢eHOMEHA CBSI3BIBAIOT C BBICOKOIHEPIrEeTHYCCKHMH SIBICHHSAMH B JIAIbHEM
kocMmoce, — caustaiueM YJI, H3, BO3HMKHOBEHNEM CBEPXHOBBIX, aKTUBHBIM 3BE3-
nooOpazoBaHueM u T.1. MiMeetcs HaOmoaTeNnbHbIe TaHHBIE, HE HAIIEAIINE Pean-
3aliM B CYMIECTBYIOMIMX MOJEISX, TAKUE KaK «rHUranTckoe koiabio GRBy; BEICO-
kooHepreruueckue ¢oronsl (18 u 251 TOB) or GRB221009A, koTOpEIE HE MOTYT
JIONIETAaTh C PAacCTOSHUS, HA KOTOPOM IPOU30IIEIN TaMMa-BCIUIECK, H3-32 POXKICHUS
rmap Ha KOCMHYECKOM (POHOBOM H3ITy4deHHH; 16-AHEBHAS MEPUOAUIHOCTH TOBTOP-
Horo FRB20180916B, HeoOBsSCHUMas BBICOKOOHEPIETUYCCKHUMH IMPOIIECCAMU
B JaJbHEM KOCMOCE, U JIp.

Msr nonaraem, uto ¢peromensl 1 FRB [3] n GRB [4] o0ycmoBiieHBI 3BONOIIH-
SIMA BEKTOpa TPaBUTAIIMOHHBIX Bo3myIneHnit (I'B), mamympoBanHpIx y Habmr0a-
TeNs JBMKEHHWEM HEOECHBIX TeJl Halled COJHEYHOH CHCTEMBI, T.€. JBHKEHHUEM
Comnnna, JlyHsl, aHeT, MabIX TUTAHET, KPYITHBIX acTePOUIIOB, Jajiee MMEHYEMBIX
Oerekmopamu.

Cormacuo BPG [1] rpaButanimoHHasi Macca Tell HE SIBISCTCS WHBAPUAHTOM
Y YBEIIMYMBACTCS C PACCTOSHUEM, MPONOPIHUOHATIBHO KOAPQPHULIUEHTY CaMONUH3H-
pPOBaHHS MAacChl, BEIMYMHA KOTOPOTO OOYCIOBJIEHa KOMITAKTHOCTBIO Tesl. B pe-
3yJibTaTe, AaJbHOJCHCTBHE TPaBUTALMHU Ui KOMIIAKTHBIX TEJI CYIIECTBEHHO YBe-
nu4arBaeTcs. PaccmarpuBaeTcs KOCMOJIOTHS CTallMOHAPHOW 3aMKHYTON BCETIEHHON
¢ Tononorueii rumepchepst S° (Bcenennas BHyTpu UJI), 3aMbIkaHHe KOTOPOI JI0-
MyCKaeT JABYHAIpaBleHHOE AEWCTBUE CHUJI TPABUTAIINH.

OT yJaneHHOro UCTOYHMKA TPaBUTAIMH HA MPOOHOE TENI0 B MPSIMOM Harpas-
JIEHWH JEHCTBYET CHJia OTTANKMBAaHUA (OONBIIONW BEIHMYMHBI), B aHTHIIOAAIHHOM
HaIlpaBJICHUM 3aMKHYTOM BCEJICHHON MTHOBEHHO JICHCTBYET paBHAasl € cuja MpHU-
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TamkuBaHus. [Ipu OTCYTCTBHU BO3MYIIECHUH, BEKTOP HANPSDKCHHOCTH T'PaBUTAIIH-
OHHOTO TIOJISI OTTAJIKMBAHUSI CKOMIIGHCUPOBAH BEKTOPOM MPUTATKHUBAHUS, U CYMMa
3TUX BEKTOPOB pPaBHA HYJIIO.

[Tpu npubnmxernn deghiekmopa K HANPaABICHUIO Ha WCTOYHHK TPABUTAIIUU
MIPUIICIBHBINA TTapaMeTp yYMEHbBINAETCSA, W MPOUCXOJUT PEISTUBUCTCKOE OTKIIOHE-
HUE HAaNpaBJICHUSl NEHCTBUSA BEKTOPA OTTAJIKHWBAHMS HA yrod Majod BEIUYUHBI.
AHanornyHbIe BO3MYIICHHUS CO CTOPOHBI APYTUX OeqhieKmopos TaKKe UCTIBIThIBa-
€T BCTPEYHO HAIPaBJICHHBIA BEKTOP MpUTATKUBaHUA. CyMMa OTKIIOHEHHBIX BEKTO-
POB OTTAJKUBAHMS M MPUTATKUBAHUS YKE He OyAeT paBHA HYJIO U MPEACTABISICT
co0oit naaynMpoBaHHbIH BekTop I'B, AeiicTBytomuii Ha mpoOHOE TEIo.

B ycnoBuu nanbHONEUCTBYIONIEH TpaBUTAIlMU, B3aUMOJIEUCTBUE TEIl MPOUCXO-
JIAT TIPH 00sI3aTEIFHOM YYaCTHU TPEThEro areHTa — HeOecHoH cdepsl, o0manaromieit
BBICOKUM YETBHBIM ITOTCHIIUAIOM OTTaNKuBaHus. [IpuTshkeHne macc (pUTaIKuBa-
HUe HeOecHOW cdepoi) BOHMKAET IO MPHYMHE SKPAHHUPOBAHUS TPABHTUPYIOIIEH
Maccoi CHJI OTTaJIKUBaHMS HEOECHOH c(ephl B IPSIMOM HAIIPABIICHNH.

Korna Bekrop I'B mproOperaeT 10ocTaTouHy0 BENWYHHY W HANpPaBJIeH HAa 00b-
€KT JaNbHEro KocMoca, uiimydaroumii OMU, u uMmerommid 3Ha4YUTENbHYI0 Maccy,
KOTOpasi IKpaHUPYET TPABUTAIIMOHHOE OTTAIKHBAaHWE HEOECHOW c(ephl, TO B COOT-
BETCTBYIOIIEM TEJIECHOM YTJe SKPaHUPOBAaHHS MPOMCXOAUT KOJUIMMAIMS BEKTOpa
I'B. He wucnbITbiBas MPOTHBOACWCTBHSI CO CTOPOHBI HEOECHOW cdepbl, BEKTOP
HanpspkeHHOCcTH ['B mproOperaer OOMNBIIyI0 BEMMYWHY W BBI3BIBACT TUTAHTCKHN
TpaBUTAIMOHHBIN cIBUT yacToT OMMU o0Obekra manpHero kocmoca. Yactorer UK,
OINITUYECKOTO, U MPHUJIETAIONINX JUANAa30HOB, CIBUTAIOTCS B 001aCTh PauoaHana3o-
Ha, IEPEHOCS IIPH ATOM JOMOJTHUTENHHYIO YHEPTHIO BRICOKOYACTOTHBIX H3ITyYeHHH.

B moment peructpaunu FRB, Bektop I'B ckitagpiBaeTcst ¢ BEKTOPOM yCKOpe-
Hust cuiibl Tsxectd (YCT) nabmogarens (panoTeNecKona), KOTOPhIi BpaliaeTcs B
MPOCTPaHCTBE BMecTe ¢ 3emiieil. Mamas mpogomkutensHocTh FRB o0ycnoBneHa
On1cTpBIM TTOBOpOTOM BekTopa YCT OoTHOCHTENBbHO HamlpaBiIeHUS Ha OOBEKT Jallb-
Hero kocMoca. IIpu comemenun cymmapaoro Bekropa (I'B + YCT) ¢ manpasie-
HUEM Ha OOBEKT MPOUCXOJUT MOJYJISAIUS YacTOT (TPaBUTANMOHHBIN KpacHBIH
CIBHT), TIPH 3TOM, 110 MEPE COBMEIICHUS HAIPaBIICHUA, BEICOKHE YaCTOTHI B CHTI-
Hane FRB nosBnsAoTcs paHblie, 4eM HHU3KHUE, UTO MHTEPIPETUPYETCS HCCIEI0Ba-
TEJSIMH, KaK 3HAYUTEIbHAs BeTnYnHa Mephl nucniepcuu (DM) pagnocurHana.

B orimmumnn ot FRB, ramma-Berecku [4], mpu aHaATOTHIHOM MEXaHHU3Me, 00Y-
CJIOBJICHBI TUTAHTCKUM TPaBUTAIMOHHBIM (DHOJICTOBBIM CIIBUTOM YacTOT OOBEKTa
JanpHero kocmoca. IIpu a3tom BexTop I'B HampaBiieH B MPOTHBOIIOIOXKHYIO CTOPO-
HY OT 00BEKTa JaIbHEro KOCMOCa, M3IIy49eHUE KOTOPOTO MpETepIieBaeT CIBUT Ya-
crot. OgaoBpemenHo ¢ FRB, ramma-Bcruiecku He Habmonatorcs, T.K. Bektop YCT
B (popmupoBanun GRB He ydacTByeT, MOCKOJIBKY PErHCTpaIusi MPOUCXOJIUT Ha
KOCMHUYCECKUX arlaparax, HaXoJsaImuxcsl BHe npenenos AeiictBus YCT, mubo oHO
CKOMIIEHCHPOBAaHO KMHEMAaTHYECKIMH YCKOPEHUSIMHA Ha OpOHUTe.

J1st perieHus pa3TuIHBIX MPUKIATHBIX 3a7a4, TPEOYIOMMX BEIYUCICHUS BEK-
topa ['B, HeoOXoauMo yTouHeHHE psga napaMmeTpoB Moaenu BPG, Takux kak 3Ha-
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YeHUE TPABUTAIIMOHHON TOCTOSHHOM OTTAJIKUBAHUS TEJI, COCTABIICHHUE JIETATHHOTO
MepeydHs] KICTOYHUKOB TPAaBUTAIMH, UX Macc U KOA(PPHUIHNEHTOB CaMOJIHH3UPOBA-
HUs. MBI mpenyiaraeM airoOpuTM BBIYHCICHHS TPAaBUTALMOHHBIX BO3MYILEHHH B
monemn BPG ¢ ncnons3oBannem 6ubmmoreku Skyfield (Python) [5], ocHoBanHO#
Ha USNO NOVAS 3.1. Hebecnble koOpauHaThl 3apeructpupoBaHHbix FRB
1 GRB cooTBeTCTBYIOT (pakTHUECKOMY HampaBieHHI0 BekTopa I'B B MoMeHT peru-
CTpallMy, ¥ MOTYT BBICTYNAaTh B KAYECTBE PEIICHUN TMPH HCIOIb30BaHUHA METOJIOB
MAaIIMHHOTO O0Yy4YeHHs I 1MoA00pa mapaMeTpoB Mojenu. JlanHas 3a7ada MOXKET
NMOTpeOOBaTh BHIMOJHEHHUS WHTEHCHBHBIX BBIYHCICHUN M OpTaHU3alMU CIICIUalb-
HOT'O TIPOEKTA.
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We presented the Bidirectional Pushing Gravitation (BPG) model at PIRT-2021 to
explain how the alignment of celestial bodies in Solar System with each other and
with distant compact objects in the vicinity of astronomical conjunctions and oppo-
sitions can generate catastrophic natural phenomena, associated with the movement
of free masses in the lithosphere, hydrosphere and atmosphere. Subsequent analysis
showed that the fast radio bursts (FRB) and gamma-ray bursts (GRB) also coincide
with specific arrangement of celestial bodies. In this paper, we propose mechanism
for FRB and GRB emergence in the BPG model [1], localized in our Solar System.

There is still no generally accepted model for the occurrence of FRBs [2].
Emergence of gamma-ray bursts and their afterglows also is not entirely clear.
Both phenomena are associated with high-energy events in deep space, such as
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mergers of black holes, NSs, emergence of supernovae, active star formation, etc.
Existing models cannot explain, such features as: the “giant ring GRB”; high-
energy photons (18 and 251 TeV) from GRB221009A, which cannot arrive from
the distance where the gamma-ray burst occurred, due to production of pairs in the
cosmic background radiation; 16-day periodicity of the repeated FRB20180916B,
inexplicable by high-energy processes in deep space, etc.

We believe that both phenomena of FRB [3] and GRB [4] emerge due to evo-
lution of the gravitational perturbations (GP) vector induced at the observer by mo-
tion of celestial bodies in our Solar System, i.e. by motion of Sun, Moon, planets,
minor planets, large asteroids, hereinafter referred to as deflectors.

According to BPG [1], the gravitational mass of bodies is not an invariant and
increases with the distance, in proportion to the coefficient of self-lensing of mass,
the value of which is due to compactness of the bodies. As a result, the long-range
action of gravitation for compact bodies increases significantly. The cosmology of
a stationary closed universe with the S* hypersphere topology (the universe inside a
black hole) is considered, which closure allows for a bidirectional action of gravita-
tional forces.

From a remote source of gravity, a repulsive force (of a large magnitude) acts
on a test body in forward direction, while in the opposite, antipodal, direction of a
closed universe, instantly acts equal pushing force. In the absence of disturbances,
the intensity vector of repulsion gravitational field is compensated by vector of
pushing, and the sum of these vectors is equal to zero.

As the deflector approaches the direction to the source of gravity, the impact
parameter decreases, and a relativistic deflection of the repulsion vector occurs by
a small angle. Similar perturbations from other deflectors are also experienced by
the oppositely directed pushing vector. The sum of the deflected repulsion and
pushing vectors will no longer be equal to zero and represents the induced GP vec-
tor acting on the test body.

In the condition of long-range gravitation, the interaction of bodies occurs with
the obligatory participation of the third agent — the celestial sphere, which has a
high specific repulsion potential. The attraction of masses (pushing by the celestial
sphere) arises due to shielding by the gravitating mass of the repulsion of the celes-
tial sphere in forward direction.

When the GP vector acquires a sufficient magnitude and is directed to a deep
space object that emits EMR and has a significant mass that shields the gravitation-
al repulsion of the celestial sphere, then the GP vector collimation occurs in the
corresponding solid angle of shielding. Without experiencing opposite action from
the celestial sphere, the GP intensity vector acquires a large value and causes a gi-
ant gravitational frequency shift of the EMR of a deep space object. The frequen-
cies of the infrared, optical, and adjacent ranges are shifted to the radio range,
while transferring additional energy of high-frequency radiation.

At the time of FRB registration, the GP vector is added to the gravity accelera-
tion vector (GV) of the observer (radio telescope), which rotates in space together
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with the Earth. The short duration of the FRB is caused by the fast rotation of the
GV vector relative to the deep space object. When the total vector (GP + GV) is
aligned with the object, frequency modulation occurs (gravitational red shift),
while, as the alignment occurs, high frequencies in the FRB signal appear earlier
than low ones, which is interpreted by researchers as a significant value of the dis-
persion measure (DM) of radio signal.

Unlike FRBs, gamma-ray bursts [4], with a similar mechanism, are caused
by a giant gravitational violet frequency shift of a deep space object. In this case,
the GP vector is directed in the opposite direction from the deep space object, the
radiation of which undergoes a frequency shift. Simultaneously with FRB, gam-
ma-ray bursts are not observed, because the GV vector does not participate in the
formation of the GRB, since the registration takes place on spacecraft that are
outside the range of the GV, or it is being compensated by kinematic accelera-
tions in orbit.

To solve applied problems that require calculation of the GP vector, the BPG
model requires refinement of a number of parameters, such as the value of the
gravitational repulsion constant for bodies, refinement of the list of gravity sources,
their masses and self-lensing coefficients. We propose an algorithm for calculating
gravitational disturbances in the BPG model using the Skyfield (Python) library [5]
based on USNO NOVAS 3.1. The celestial coordinates of the registered FRBs and
GRBs correspond to the actual direction of the GP vector at the time of registra-
tion, and can represent solutions when using machine learning methods to select
model parameters. This task may require intensive calculations and the organiza-
tion of a special project.
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To date, the geometrothermodynamic models of cosmological phase transitions in
the early universe and in the black holes are intensive developed [1]. A geometriza-
tion of the cosmological phase transition problems consists in the construction of
such contact manifolds, geometric structures of which predict a character of nu-
cleation process and phase domain growth. Previously, we have proposed the geo-
metrodynamic model for interfacial first-order phase transition [2]. A goal of the
paper is to study the dynamics of the phase transition in dependence on the relaxa-
tion-time distribution function for true and false vacuum phases.

A generalized cosmological model of nucleation has been constructed under
the assumption that each i-th phase nucleus of true vacuum is described with a re-
laxation time (life time) 7; and in the limit of infinite number of nuclei one can

. At . dt : :
choose such parameterization: T, N —>1=E= 7 where s is an evolution pa-
S

rameter. The phase transition is modeled in the expanded configuration space
(r,&, 1, é,s) with the pseudo-Finsler metric:
%) 22272
- +
Fi= —[A(é,r)a—wB(é,r)&—MJ .

r g
Euler — Lagrange equations have been solved numerically. It has been shown
that for the weak phase transition the nucleation rate is constant and the nuclei with
only critical relaxation time (& ~ 1, the nuclei of the critical size) are produced. The
strong phase transition proceeds at high supersaturation of the system, the ava-
lanche-like production of phase nuclei with relaxation times significantly higher

than a critical one (&>>1) occurs.
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Laser Noise in the GW Detector AURIGA

Vladimir Krysanov krysanov@mail.ru

Institute for Nuclear Research RAS, Russia

In the gravitational wave antenna OGRAN [1], the conceptual optoelectronic chain
of AURIGA project had borrowed to register length variations of the aluminum
acoustic resonator (bar). This chain has presented in 1998 [2] and earlier. In OGRAN
project, due to intensive development, certain progress had achieved in identification
and elimination of significant noise source [3]. The remaining noise level 2 x
x 107 em/Hz'* (0.003 Hz/Hz"?) had not been identified; the abstruse conclusion
had made that non-Poisson laser noise can be 1000 times larger than shot noise of
photoelectrons [1]. In article [4], a well-substantiated version of excess noise origin
has proposed. It has shown analytically how stochastic phenomenological process of
low frequency (LF) laser power variations penetrates into the precision chain, which
determines displacement noise (threshold signal) of the registration circuit.

In the AURIGA facility, noise moderately exceeding calculated values had al-
so revealed; results have published in 2002 [5] and later. However, during these
tests, another registration chain had used, it has significant differences from the
initial one (OGRAN). This realized modification should considered and called as
the actual chain of AURIGA GW detector.

In present report, extra effect of LF laser power noise in the main AURIGA
scheme has analyzed.

Each AURIGA scheme contains two units constructed in Pound-Drever-Hall
(PDH) technique [6]; each unit based on Fabry-Perot interferometer (cavity). For-
mal difference is which unit feed actuator of laser frequency re-tune. In the original
OGRAN-AURIGA scheme, the laser frequency follow resonant frequency of the
FP cavity mounted on end tops of the bar. In the actual AURIGA scheme, the laser
frequency has returned by reference cavity (RC) unit corresponding classical PDH
scheme [6]. Here high short-term stability of radiation frequency ensures; intrinsic
stochastic deviations of laser frequency decrease, their dispersion reduces narrow-
ing radiation line.

In the OGRAN facility, the sensor cavity (SC) of the bar superposes function of a
mechanical oscillations sensor [6] with function of a reference cavity (RC) to suppress
intrinsic laser frequency fluctuations. As a result, laser frequency not only follows qua-
si-static drifts caused by aluminum temperature expansion, but also effectively tracks
fast signal variations in resonant frequency of the SC. Frequency modulated radiation
is formed with very low modulation index. This radiation feed the second, optoelec-
tronic PDH discriminator unit. On the slope of its discriminator characteristic (PDH
error signal) laser frequency deviations converts into voltage signal for data processing.
Here, the error signal also compel its zero to follow laser frequency drift.

In the principal AURIGA chain, the SC used as a frequency discriminator.
While laser frequency is fixed, the entire PHD error signal moves along frequency
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axle together with quasi-harmonic signal and Brownian motion. The same effect ap-
plied in the Braginsky’s conceptual displacement sensor [7]; this scheme underlies
the OGRAN theory including usage of non-Poisson noise factor B into formulas [1].

Creative modification of initial AURIGA PDH chain aims to adapt circuitry
implementation to particularity of GW signal. Extremely weak signal not feed laser
frequency actuator and not send through feedback loop. This signal handling prin-
ciple has realized earlier in the superconducting (SQUID) displacement meter con-
structed for a cryogenic GW detector [8].

The complete description of laser noise effect on threshold signal of the AU-
RIGA displacement meter assumed concentrated study the classic version of PDH
laser stabilization scheme. Thus, as an intermediate and by-product result, the ex-
pression for minimum achievable spectral density of laser frequency stochastic de-
viations should derived, complementing to formula of the introductory article [6]
with terms describing contributions of laser noise components. Deviations of fre-
quency dv,, are given by the expression:

I S
v, =Lc+ﬂ+Av,[§.
Dy Ko

Here, the first term determines shot noise spectral density [6], dvy and & are
stochastic processes characterizing the phenomenological fluctuations of laser fre-
quency and power, Kj is feedback factor, Avy is difference between laser and cavi-
ty frequencies [4].

In the complete AURIGA registration circuit, it has shown that LF laser power
noise also penetrates into precision chain; its carrier is quasi-static error signal due
to aluminum temperature drift.
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Recent investigations showed the possibility of phase transition near the event
horizon of a black hole. However, the critical Hawking temperature near hori-
zon, at which the phase transition can happen, is reached in the vicinity of the
event horizon and the radius of the region, where this effect is possible, is neg-
ligible. When one considers the particle collisions the situation becomes better
because the center-of-mass energy can grow unboundly in some processes. The
region near event horizon where phase transition can happen is much bigger in
comparison to the Hawking temperature. However, one can try to increase the
effect caused by the Hawking temperature by considering the modification of
standard black hole solution and how these modifications affect the black hole
temperature.

The gravitational decoupling method represents an extremely useful tool to ob-
tain new solutions of the Einstein equations through minimal geometrical defor-
mations. In this work, we consider the hairy charged black hole obtained by the
gravitational decoupling and calculate their Hawking temperature in order to com-
pare it with the case when the hairs are ignored. We have found out that the hairs,
under some conditions of black hole parameters, affect the Hawking temperature
and can increase it. We have also found out that the black hole temperature, in
hairy case, doesn’t depend on the electric charge.

The thermodynamics and the thermodynamics phase transitions are considered
for a black hole supported by non-linear electrodynamics. We calculate Unruh-
Verlinde temperature, entropy and specific heat. We plot its behaviour and find the
region where phase transition might happen and compare it with Reissner-
Nordstrom black hole.
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In symmetric teleparallel geometry the curvature and torsion tensors are assumed
to vanish identically, while the dynamics of gravity is encoded by the nonmetricity.
Here the spatially homogeneous and isotropic connections that can accompany flat
Friedmann — Lemaitre — Robertson — Walker metric come in three sets. As the
trivial set has received much attention, in this work we focus upon the two
alternative sets which lack a Minkowski limit. We consider symmetric teleparallel
scalar non-metricity gravity with generic coupling functions, and study under
which conditions these cosmological spacetime configurations with radiation and
dust matter content relax to the limit of general relativity (possibly with a
cosmological constant). We derive the approximate solutions and compare the
behavior with the usual scalar-tensor cosmology based on curvature.
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Searching for varying dimensionless physical constants presents a meaningful
characteristic in experimental and observational studies. One of the most valuable
explorations of these variations could depend on the evolution of white dwarf
stars. Applying the spectrum of white dwarf star: G191-B2B, we derive a robust

limit on the cosmological variation of the gravitational constant G/G=
= (0.238 * 2.959) x107yr™". This limit proposes a potential test of the framework

of modern unification theories.
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Llens noknana — WHTEPHpETALUs JaHHBIX O KPaCHOM CMEIICHHU Z CBEPXHOBBIX
trura SN la, monydenHsIx npu ucciieqoBanuu [ryookxoro (HDF) u YnbTpa rioy6o-
koro (UHDF) none#t Xa66ma rpynmnoit High-Z SN Search Team u Ha3BaHHBIX B
HOOeneBCcKo Nekuu A. Pucca «3KCTpaopaIuHApHBIMH J0Ka3aTeIbCTBAMI CYIIle-
CTBOBAHMSI «YCKOPEHUs paciuupeHus BeeneHHOM».

B xoJie Auckyccun 0 TYNMMKOBOW CUTYAaI[MH B KOCMOJIOTHH TOSIBHIIACH allbTep-
HaTHBa «yCKOPEHHIO paciiupeHust BeeneHHoi». 9To — rpaBUTAMOHHBIE AUTIOIH
KPYITHOMAcIITaOHO! HEOAHOPOIHOCTH B BHJE Hapbl «MacCCUBHOE CBEPXCKOIUICHHUE
rajakTuk (super cluster) niam arTpakTopoB (attractor) M THTaHTCKas MycToTa (super
void). Jlunonu Takoro pojia MPUBOJIAT K MOSIBJICHUIO B JIUPCKTPUCE UX JNCHCTBUS
HEYPaBHOBEUICHHBIX TPAaBUTALIMOHHBIX CHJI, BBI3BIBAIOIINX YCKOPEHHE MacCOBBIX
MOTOKOB JIBUXKCHUS TAIAKTHUK.

[lokazano, yto opueHTauusi nosneld XabOma oOpa3yeT TpaBUTAIIMOHHBIA M-
noibp Xab0ma. st 3Toro OBUT MCHONB30BaH CIOCOO OOHApy)KEHHS I'PaBUTALUOH-
HBIX JUIOJEH IO pa3iajgkaM M PaHrOBBIM MHBEPCUSM HU30TPOIHON MOAEIH LIKAJIBI
KOCMOJIOTHYECKHX pacCTOsTHUM, puHsTOH rpynmoiit High-Z SN Search Team. Oto
MO3BOJIMJIO TI0 KOOpAMHATaM CBEpXHOBBIX THma SN la, HaXoAsmMXca Ha rpaHUIAaxX
MHTEPBAJIOB Pa3iajoK M PAHTOBBIX MHBEPCHUIl, YCTAHOBUTH HCTOYHUKU I'PABUTALIU-
OHHOW JMIOJIBHOW aHU30TPOIIMU B PaMKax aHU30TPOINHOM Mozenn — Draco super
cluster + Ursa Major super cluster — Eridanus super void + Fornax void.

Taxum crioco6om B 2010-2013 rogax ObuM MAEHTU(OUIUPOBAHBI TPABUTALIN-
onnble aumnonn «Eridanus super void — Virgo super cluster» u «Aquarius super
void — Leo super cluster». OHE OKa3alUCh AIIEMEHTAMH TUTAHTCKOTO TOJIIPHOTO
rpaBuTaronHoro aumnois «Eridanus + Cetus + Aquarius super void — Shapley +
+ Centaurus + Leo + Coma + Virgo super cluster».

B 2017 rogy mo 6a3zam maHHBIX Cosmicflows 0 MOTOKax TaJlaKTHUK TPyIIa
b. Tanmm cmozenupoBana 3-MepHOE T0JIe TPAaBUTAIIMOHHBIX CKOPOCTEH B IMpeAenax
z =~ 0,1, moka3aB 30Hy MPUTSHKEHUS U JBE 30HBI OTTAJIKUBaHNA. 30HA IPUTSHKEHUS —
nponoswkenue Shapley super cluster. OfHa 30Ha OTTaJKUBAaHUsS, AUMONBHBIN OTITY-
TUBAaTeNb, PACIIONOXKeHa BOIM3H aHTHANeKCca KOCMUYECKOTO MUKPOBOJIHOBOTO (o-
HOBOTO JIUIIOJS, a Apyras — B HanpasieHnnn Eridanus super void. Otu pe3ynsTaTsl
paccMaTpuBarOTCsl Kak MOATBEPIKACHNE METOJUKH Ha OCHOBE Pa3liaIoKk U PaHro-
BBIX MHBEPCUH U30TPONTHON MOAEH A5l OoJiee TOYHON aHU30TPOIHOM MOJIeIH.

Taxum oOpa3om, gaHHBIE TUTONT Xab0a HeMb3sT paccMaTPUBAThL OAHO3HAYHO
B Ka4eCTBE «IKCTPAOPIMHAPHBIX JOKA3aTENbCTBY» KOCMOJIOTHYECKOTO YCKOPEHHS
pacumpenus: BceneHHOM.
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The purpose of the report is to interpret the data on the redshift of z supernovae of
type SN Ia, obtained during the study of the Deep (HDF) and Ultra Deep (UHDF)
fields of Hubble by the High—Z SN Search Team. This data in the Nobel lecture by
A. Riess named as “extra-ordinary evidence” of the existence of the “acceleration
of the Universe expansion”.

During the discussion about the impasse in cosmology, an alternative to the
“acceleration of the Universe expansion” appeared. These are gravitational dipoles
of large—scale heterogeneity in the form of a pair of “massive super cluster of gal-
axies or attractors” and a super void. Dipoles of this kind lead to the appearance of
unbalanced gravitational forces in the directory of their action, causing acceleration
of mass flows of motion of galaxies.

It is shown that the orientation of the Hubble fields forms a gravitational Hub-
ble dipole. For this purpose, a method was used to detect gravitational dipoles by
the irregularities and early inversions of the isotropic model of the cosmological
distance scale adopted by the High-Z SN Search Team. This made it possible to
determine the sources of gravitational dipole anisotropy within the framework of
the anisotropic model based on the coordinates of supernovae of type SN Ia located
at the boundaries of the intervals of disjunctions and rank inversions — Draco su-
per cluster + Ursa Major super cluster — Eridanus super void + Fornax void.

In this way, the gravitational dipoles «Eridanus super void — Virgo super
cluster» and «Aquarius super void — Leo super cluster» were identified in 2010—
2013. They turned out to be elements of the giant polar gravitational dipole “Erida-
nus + Cetus + Aquarius super void — Shapley + Centaurus + Leo + Coma + Virgo
super cluster”.

In 2017, using Cosmicflows databases on galaxy flows, B. Tully’s group mod-
eled a 3-dimensional gravitational velocity field within z = 0.1, showing a gravity
zone and two repulsion zones. The zone of attraction is a continuation of the Shap-
ley super cluster. One repulsion zone, Dipole Repeller, is located near the antiapex
of the cosmic microwave background dipole, and the other is in the direction of
Eridanus super void. These results are considered as a confirmation of the method-
ology based on the disjunctions and rank inversions of the isotropic model for a
more accurate anisotropic model.

Thus, the Hubble dipole data cannot be regarded unambiguously as “extraor-
dinary evidence” of the cosmological acceleration of the Universe expansion.
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O6mmas Teopust otHocutensHOCTH (OTO) B KBaHTOBAasI TEOPHS COCTABIISIIOT OCHOBY
COBpeMEHHOH (u3nuecKor KapTHHBl Mupa. OnHAKO, MOMBITKA MOCTPOCHUS KBaH-
TOBOI TEOPUM T'PaBUTALMHN HEN30EKHO MPUBOIAT K HAPYLICHHUIO JIS)KAIIEro B OC-
Hoe OTO »ifHmTEHOBCKOTO TpHMHIMNA dKBHBajeHTHOocTH (OI13). B cBs3u
C 3THM B HACTOSIIEE BpEeMsl aKTHUBHO BEIYTCS SKCIIEPUMEHTHI 10 HKCIEpUMEHTaIb-
Hoil mpoBepke OIID. OnHHMM M3 NEPCHEKTUBHBIX 3KCIEPUMEHTOB TAKOIO THUIA
ABJIsieTCSl n3MepeHue 3(pdekra rpaBUTAMOHHOTO KPACHOTO CMELICHUS WK T'PaBU-
TallMOHHOTO 3aMeieHus: BpeMeHnu [1]. [Iporpecc B TeXHUKE CO37aHUST BRICOKOCTA-
OMJIBHBIX M BBICOKOTOYHBIX CTaHAAPTOB YacTOTHI U BPEMEHH, B TOM YHCIIE B OOp-
TOBOM HCIIOJIHEHHH, MO3BONUT B Ommxkaiimme 10 JeT CyImEcTBEHHO MHOBBICUTH
TOYHOCTh TaKHX JIKCIIEPUMEHTOB, a TaK)Ke MPOBOAWTH W3MEPEHHs HOBOTO THIIA.
g TeopeTHyecKoro omMcaHus M aHaJIN3a JAaHHBIX TaKUX 3KCIIEPUMEHTOB Tpedy-
eTcs yTOYHEHHE MOJENH, ONKCHIBAIOIIEH NpeoOpa3oBaHUS YACTOTHI M Mepenady
BPEMEHH MEXIy [BYMS CIyTHUKaM{ WM CIOYTHUKOM W Ha3eMHOH CTaHIIWeEH,
a UMEHHO BKIJIIOUEHHE B PACCMOTPEHHUE YJIEHOB 2-TO MOPSAJIKa M0 TpaBUTALIMOHHO-
My MOTEHIHATY U 4-T0 TopsAaKa o ckopocTH [2]. B nanHo# paboTe MBI peacTaB-
JsIeM TaKyl YTOYHEHHYIO MOJENb U C €€ IOMOIIBI0 aHAJIU3HUPYEM TOUYHOCTH MPO-
Bepku OIID, KOTOpPYI0 MOXHO JOCTUTHYTH B OyIyIIUX CHEIMATU3UPOBAHHBIX
KOCMHYECKHX 3KcnepruMeHTax B COMHEUHOU cHCcTEME.

Paboma evinonrnena npu noodepoicke epanma PH®
(npoexm Ne 22-22-00861).
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General relativity (GR) and quantum theory form the basis of the modern physical
picture of the universe. However, attempts to formulate the quantum theory of gravi-
ty inevitably lead to violations of the Einstein Equivalence Principle (EEP) which
forms the basis of GR. Experiments to test the domain of validity of EEP are, there-
fore, an area of active research. A promising kind of such experiments is based on
the measurement of the gravitational redshift or gravitational time dilation effect [1].
Recent progress in the stability and accuracy of time and frequency standards, in-
cluding those qualified for operation in space, will make it possible to significantly
improve the accuracy of such experiments in the next 10 years, as well as to conduct
new kinds of measurements. In order to give a theoretical description of such exper-
iments and analyze their data, it is necessary to refine the current models that de-
scribe the frequency and time transfer between two satellites, or a satellite and
a ground station. In particular, it is necessary to include terms of the 2nd order in the
gravitational potential and 4th order in the velocity of light [2]. We present such an
improved model and use it to analyze the accuracy of EEP tests which can be per-
formed in near-future dedicated space experiments in the Solar system.
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We used the parametrisation method in modified teleparallel Gauss — Bonnet
gravity to generate cosmological models. Applying the parametrisation method to
research cosmological models has proved attractive. The observational data may be
used to test the cosmological models, which is the true advantage of this approach.
The Hubble parameter (H), the deceleration parameter (q)), and the equation of

state parameter (EoS) were among the cosmological parameters that were investi-
gated. Under the traditional scenario, the reported results align with recent cosmo-
logical discoveries. It has been found that cosmic evolution is moving from a de-
celerating stage to an accelerating stage. The universe’s accelerated expansion is
caused by the EoS parameter, which is also in its quintessence phase. We also ex-
amine the strong energy condition violation, which is inevitable in modified gravi-
tational theory. Also, we used a dynamical system approach to study the cosmolog-
ical viability of F(7, T;) gravity theories.
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Possible temporal variations of nucleus decay parameters were studied extensively
in the last years, their observation can be the signal of unknown physical effects.
Several experiments reported the annual and daily decay rate oscillations in alpha
and beta-decays of some radioactive nuclides at the level of .05 % [1, 2]. Also, cor-
relation of Mn-54 e-capture decay rate with electromagnetic solar activity was re-
ported [1]. BSTU — PhIAN — INF collaboration studies decay rate variations in
Co-60 B-decay and Fe-55 inverse -decay (e-capture) isotopes. 1.3 Mev y-quanta
which accompanies Co-60 beta-decay were detected by cooled germanium semi-
conductor spectrometer. Fe-55 e-capture accompanied by X-ray with energy 5,9 or
6,4 KeV which in our set-up detected by cooled Si-Pin detector. Measurements of
decay rate performed in 2016-2023, demonstrate that together with observed Fe-55
decay exponent with life-time 1004 days, oscillation period 29.5 + 1.5 days corre-
sponding to moon month is found with amplitude (0.22 = 0.04) %; theoretical
model of such decay rate deviations considered in [3, 4].

Possible influence of electromagnetic solar activity was studied during 2015-
2023 for Fe-55 decay rate, simultaneously with C0-60 decay rate in Novosibirsk
INF at the distance 2800 km from Moscow [5]. The deviations of similar form and
size from exponential decay low at the average level (0.55 + 0.004) % were detect-
ed in both experiments during October-December 2018. Supposedly, they can be
related to solar activity minimum started in the beginning of 2018 and continued
till the end of 2020. Similar deviations were observed at this period in Baksan a-
decay experiment. In addition, ten decay rate dips of the order 1 % with duration
from 50 to 208 hours were found. It is shown that such dips occur 48—80 hours be-
fore X-ray solar flare events with significant reliability. Observation of such corre-
lations can have important applications for radiation safety of space flights [5].
SOLARIS project plans to perform simultaneous measurements of Fe-55, Co-60
decay parameters at International Space Station and Earth labs. to study their corre-
lations with X-ray solar flare events.
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Cratuuyeckoe COCTOSIHUE YEPHOM IbIPbI BO B3aMMOJCHCTBUM ¢ TEMHOW MaTepuei
PacCMOTpPEHO B CHHXPOHHOM cucTeMe KoopauHatr. Takxke Kak M B KOOpJAWHATAX
[IBapuimunbaa, B CHHXPOHHBIX KOOPAMHATAX CYIIECTBYET PEryJISIPHOE CTaTHue-
cKoe ceprdecKd CUMMETPHUYHOE peIIeHHe CHUCTeMBbl ypaBHEHWH OJWHIITEHHa U
Kiretina — ["op/ioHa, onrchIBaroIee COCTOSHUE MaTepHH, IIPENETLHO CKATOM c00-
CTBEHHBIM TPABUTAIMOHHBIM TOJIEM. Takke HET OTrpaHHuYEHHUs Ha Maccy. Takke
CYIIECTBYIOT JBa I'PaBUTAI[MOHHBIX paANyca, C TPAHUYHBIMHU YCIOBUSAMH Ha KOTO-
pBIX peIICHUS HE SBIAIOTCA CAWHCTBEHHBIMH. B oTiaudme OT KOOpIuHAT
[IBapumuibaa, B CHHXPOHHBIX KOOpJUHATAX OMPEACTUTEh METPUUECKOTO TEH30-
pa u KoMroHeHnTa g (r) He 0OpalaroTCs B HYJb Ha TPABUTALMOHHBIX Pajnycax.
B cuHXpOHHBIX KOOpAMHATAX, B OTJIMdue OT KoopauHat llIBapummnbaa, B chepu-
YECKOM CII0O€ MEXAY TPaBUTAIMOHHBIMH DPAJAyCaMU CHUTHATypa METPUUYECKOTO
TEH30pa HE HapylleHa. B CHHXpOHHBIX KOOpAMHATaX ypaBHEHUs DUHINTEHHA U
Kneitna — ['opmoHa cBomsTCS K crcTeMe BTOPOTO (a HE YETBEPTOTO) MOPSIKA.
Pemenust momydeHbl aHATUTHYECKH, TaK YTO YHUCJICHHBIX PacueTOB HE MOTpeboBa-
nock. OnpenesieH TpaBUTANMOHHBIN ASPEKT MacChl B MOJICTH Mf‘. ITonnas macca

MaTCepun OKa3bIBACTCS BTPOC 0OJIBIIIE MaCChI H_[BapI_IH_II/IJ'ILZ[a, onpenenﬂeMoﬁ yAaa-
JICHHBIM HaGJHOIlaTeJIeM IIpU COIIOCTABJICHUU C FpaBHTaHHeﬁ HrroToHa.
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On the Gravitational Field of a Black Hole
in a Synchronous Coordinate System

Boris Meierovich meierovich@mail.ru

P.L. Kapitza Institute for Physical Problems, Russian Academy of Sciences, Russia

The static state of a black hole in interaction with dark matter is considered in a
synchronous coordinate system. As well as in Schwarzschild coordinates, in syn-
chronous coordinates there is a regular static spherically symmetric solution of the
system of equations of Einstein and Klein — Gordon, which describes the state of
matter, which is maximally compressed by its own gravitational field. Also with no
mass limit. Also there are two gravitational radii, with boundary conditions on
which the solutions are not unique. In contrast to the Schwarzschild coordinates, in
synchronous coordinates the determinant of the metric tensor and the component

g"" (r) do not vanish on the gravitational radii. In synchronous coordinates, in con-

trast to the Schwarzschild coordinates, in the spherical layer between the gravita-
tional radii, the signature of the metric tensor is not violated. In synchronous coor-
dinates, the Einstein and Klein — Gordon equations reduce to a second (rather than
fourth) order system. The solutions were obtained analytically, so no numerical

calculations were required. The gravitational mass defect is determined in the Ay*

model. The total mass of matter turns out to be three times greater than the
Schwarzschild mass, determined by a distant observer when compared with New-
ton’s gravity.
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Constraining Teleparallel Gravity with the Dynamical
System Analysis and the Cosmological Implications

Bivudutta Mishra bivu@hyderabad.bits-pilani.ac.in

Birla Institute of Technology and Science-Pilani, Hyderabad Campus, India

Cosmological models have been analyzed through a dynamical system analysis un-
der the modification of teleparallel gravity as follows: A) f(7, ): The dynamical

system analysis of the cosmological models under f (7, ) gravity has been studied.

Tand  denote the torsion scalar and trace of the energy-momentum tensor, respec-
tively. It explains how first-order autonomous systems may be investigated using
standard dynamical system theory methods and handled as cosmological equations.
The function f(7, ) is analyzed in two ways: (i) as a linear combination of linear

trace and squared torsion, and (ii) as the product of trace and higher order torsion
scalar. The key points are determined for each scenario, and their stability and cos-
mological behaviours are shown. In both models, stable critical points are found in
the de-Sitter phase, while unstable critical points are found in the phase dominated by
matter and radiation. The deceleration parameter exhibits the Universe accelerating
behaviour at the stable critical points, while the equation of state parameter exhibits
the behaviour of the A CDM. Lastly, the models’ generated Hubble parameters are
examined for cosmological data sets. B) f(7,7;;): In order to explore the late-time

stable solutions in a systematic manner, a dynamical analysis is necessary and excit-
ing. The phase-space and stability analysis provides a powerful tool for revealing
global features of a cosmological scenario regardless of an initial condition or a spe-
cific evolution of the universe. In teleparallel gravity, the stable critical points and the
related cosmology are obtained by adding a Gauss-Bonnet topological invariant fac-
tor. One cosmologically plausible model that can characterize various stages of the
known universe evolution have been presented as part of our analysis of the dynam-
ics of the universe. Each critical point has been supplied with the value of the decel-
eration parameter (g), the total equation of the state parameter (o, ,), and the dark

energy equation of the state parameter (®,,). Furthermore, discussed are the stability

fot

and existence criteria. We investigate how the phase space trajectories behave at each
critical point. Lastly, compatibility with the current cosmological scenario has been
noted while comparing the development of the deceleration parameter and the equa-
tion of state parameters with the starting condition of the dynamical variables. C)
f(T,9): Gravitation is described by teleparallel-based cosmological models in which

torsion acts as the gravitational mediator. It has been attempted to examine the exten-
sions of this kind of gravity and to define more broad functions of the torsion scalar 7'
via the so-called teleparallel equivalent of general relativity, which is equal to general
relativity at the level of the equations of motion. One of these extensions is called “
f(T,¢) gravity”, where T and ¢ stand for the torsion scalar and scalar field, respec-
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tively. For this class of theories, a dynamical system analysis has been done in this
study to determine how various models behave cosmologically. Here, two models
with various functional forms of the torsion scalar are shown, and the critical points
are determined. The stability behaviour and associated cosmology are shown for
each critical point. The density parameters for the matter-dominated, radiation-
dominated, and dark energy phases are likewise shown for both models via the
graphical description.
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The Hairy Regular Black Hole by Gravitational Decoupling

Maxim Misyura™? max.misyura94@gmail.com

Vitalii Vertogradov®* vdvertogradov@gmail.com

! Herzen State Pedagogical University of Russia, Russia
%saint Petersburg State University, Russia
® SPB Branch of SAO RAS, Russia

The gravitational collapse of massive stars can end up in a black hole or naked sin-
gularity formation. According to the famous singularity theorem [1], the singularity
must form during the gravitational collapse, if the weak energy condition is held.
However, singularities are generally regarded as indicating the breakdown of the
theory, and one needs to modify the theory in this region by considering the quan-
tum effects. Quantum field theory, applied to stationary black holes, leads to
Hawking radiation which requires the negative ingoing energy flux [2]. This fact
means that a black hole evaporates up to the singularity. For this reason, a regular
(non-singular) black hole is considered [3]. Hayward has considered the formation
and evaporation of regular black holes [4].

Another famous fact, regarding black holes, is the no-hair theorem i.e. a black
hole can have only three charges — mass, electric charge and angular momentum.
However, it was shown, that a black hole can have soft hair [5]. Recently, it was
understood, that one can obtain a hairy black hole by using the gravitational decou-
pling method [6, 7].

In this work, we consider the gravitational decoupling method in order to ob-
tain a hairy regular black hole which corresponds to the Hayward model. We modi-
fy the hairy Schwarzschild solution to obtain the regular Kretschmann scalar. The
energy-momentum of a new model is considered, and we show, that there is an en-
ergy exchange between its parts.

We also consider Bardeen’s black hole and obtain its hairy analogy by
gravitational decoupling. Then we consider the formation and evaporation of
such objects.

This research was funded by Russian Science Foundation
(grant no. 22-22-00112).
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FpaBUTaLMOHHO-BOJIHOBOM MHTEepdepoMeTp,
OT NepBbIX UAEN [0 HALUUX aHel

B.M. MutpogpaHos vpmitrofanov@physics.msu.ru

MOCKOBCKUI rocyfapCcTBEHHbIN YyHUBEpCUTET MMeHn M.B. JToMOHOCOBa, Poccus

B 1962 r. M.E. I'epuenmreitn u B.M. IlycroBodT omyOnmukoBain B KypHAJe
KITD crarpo, B KOTOPOH MPEATIONKHUIN U O0OOCHOBAIN HCIIONB30BaHUE ONTHYC-
cKoro uHTephepomMeTpa Uil AETCKTHPOBAaHHUSA IPaBUTALIMOHHBIX BOJIH. B HacTos-
IIeM JOKJIajie MOKa3aHO, KaK pa3BHBajach 3Ta HAEs, COBEPIICHCTBOBAJIACH KOH-
CTPYKIIMSI TPaBUTAIMOHHO-BOJIHOBOTO HWHTEphEpOMeTpa, HCCIEAOBAINCh U
CHUXAQJIMCH IIIYMBI B Pa3IMYHBIX AJIEMEHTaX JeTekTopa. B pesynbrare B 2015 romy
netextopsl LIGO (Laser Interferometer Gravitational-Wave Observatory) BriepBbie
3apeTUCTPUPOBAIN TPABUTAIIMOHHBIE BOJHBI OT CTOJKHOBEHHS W CIMSIHHA JBYX
yepHbIX Aplp. K Hacrosmemy Bpemenu aerektopsl LIGO u Virgo oxono 100 pa3
3aperUCTPUPOBAIN CUTHANBI TPABUTALIMOHHBIX BOJIH, TEHEPUPYEMBIX MPU CIHUSIHUH
KOMITaKTHBIX 00BEKTOB BO BceneHHoll naneko ot 3emin. YueHsle U3 Kojutabopa-
it LIGO, Virgo u KAGRA npopomxkaroT yinydmiaTh 49yBCTBUTEBHOCTh HHTEP-
¢depomeTpoB U BecTH HabmoaeHus. Mcnons3yrores Bce 0ojiee MOIIHBIE BBICOKO-
CTaOMIIBHBIC JIA3€Phl U CXKATBIN CBET, CHUKAIOTCS IIyMbI B 3€pKAIbHBIX MTOKPHITHAX
MpOOHBIX Macc M IPYruX 3JeMeHTax HHTepdepomerpoB. Hauarta paspaboTka nH-
TephepoMeTpHYECKUX JIETEKTOPOB TPaBUTAIMOHHBIX BOJH HOBOTO ITOKOJICHUS,
KOTOpbIE IO YyBCTBUTENBHOCTH OYyAYT 3HAUUTEIBHO NPEBOCXOAWUTH HBIHE JCH-
CTBYIOIIIME, YTO TO3BOJIUT MOJYYUTH OTBETHl HAa MHOTHE (pyHIAaMeHTaIbHBIE BO-
MPOCHI (PU3HUKH U ACTPOHOMHUH.

Uccneoosanus evinonnensvt npu noodepoicke epauma POOU Ne 19-29-11003
u MesicoucyuniunapHoii Hayuno-obpazosamensrou uikoist Mockoscko2o yHueep-
cumema « QyHoamenmanvuvie u NPUKIAOHbIE UCCTIE008AHUSL KOCMOCA»
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Gravitational-Wave Interferometer, from the First Ideas
to the Present Days

Valery Mitrofanov vpmitrofanov@physics.msu.ru

Lomonosov Moscow State University, Russia

In 1962, M.E. Gertsenstein and V.I. Pustovoit published an article in the journal
Soviet Physics-JETP, in which they proposed and substantiated the use of an opti-
cal interferometer for detecting gravitational waves. This report shows how this
idea was developed, the design of the gravitational-wave interferometer was im-
proved, and the noise in various elements of the detector was studied and reduced.
As aresult, in 2015, LIGO (Laser Interferometer Gravitational-Wave Observatory)
detectors detected gravitational waves from the collision and merger of two black
holes for the first time. To date, the LIGO and Virgo detectors have registered
about 100 times the signals of gravitational waves generated by the merger of
compact objects in the Universe far from the Earth. Scientists from the LIGO, Vir-
go and KAGRA collaborations continue to improve the sensitivity of interferome-
ters and conduct observations. More powerful, highly stable lasers as well as the
squeezed light are used, and noises in the mirror coatings of test masses and other
elements of interferometers are reduced. The development of a new generation of
interferometric gravitational-wave detectors has begun, which will significantly
exceed the current ones in sensitivity, which will make it possible to obtain an-
swers to many fundamental questions of physics and astronomy.

This research was supported by the Interdisciplinary Scientific and Educational
School of Moscow University “Fundamental and Applied Space Research”
and funded by Russian Foundation for Basic Research
under Project No. 19-29-11003.
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The Impossibility of the Existence of Majorana Spinors
as Physical Particles
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A Majorana spinor is a charge-self-adjoint (or charge-anti-self-adjoint) solution of
the Dirac equation. Such solutions were found by Majorana [1]. Dirac spinor is a
superposition of charge-self-adjoint and charge-anti-self-adjoint Majorana spinors.
In the Majorana representation of the Dirac gamma matrices, the charge conjuga-
tion operator is the same as the complex conjugation operator, the gamma matrices
are purely imaginary, and the Majorana spinors are real with respect to complex
conjugation.

Majorana spinors play an important role in modern physical theories. Most of
the neutrino mass generation mechanisms are based on the presence of the Majora-
na mass term in the Lagrangian. In particular, the seesaw mechanism of neutrino
mass generation is a leading candidate for explaining the smallness of the neutrino
mass [2]. This mechanism is based on the assumption of the existence of two types
of neutrinos with a common mass matrix. When such a matrix is diagonalized,
light and heavy neutrinos with Majorana masses appear.

Majorana solutions of the Dirac equation certainly exist. However, we proved
that for the Majorana spinor the mass term of the Lagrangian is equal to zero [3].
The non-zero mass term of the Lagrangian arises only for the products of the fields
of charge-self-adjoint and charge-anti-self-adjoint Majorana spinors, one of which
is Dirac-conjugate. The result is the Lagrangian of the field of the Dirac spinor.

In addition, we have proved that the Majorana solutions have zero energy and
momentum for both the massive and massless cases. This means that Majorana
spinors cannot correspond to physically existing particles.
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Anisotropic Compact Stars in Energy-Momentum
Squared Gravity
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The main objective of this paper is to examine the viability and stability of aniso-
tropic compact stellar objects adopting the Karmarkar condition in energy-
momentum squared gravity. For this purpose, we take a static spherical metric in
the inner and Schwarzschild spacetime in the outer region of the stars. The values
of unknown parameters are found by the observational values of mass and radius
of the considered compact stars. We consider a particular model of this theory to
investigate the behavior of energy density, pressure components, anisotropy,
equation of state parameters and energy bounds in the inner region of the pro-
posed stellar objects. The equilibrium state of the stellar models is examined via
the Tolman — Oppenheimer — Volkoff equation and their stability is analyzed
by causality condition, Herrera cracking approach and adiabatic index. We find
that Karmarkar solutions in this modified theory are physically viable and stable
for anisotropic stellar objects.
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TpaeKTOopuUn MacCUBHbIX TeNn B MeTpuke Kottnepa
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Hecwmortps Ha 00Bsicnerne ACDM-mofienbro HabmogaeMoro yCKOPEHHOTO paciiii-
pennst BeceneHHOHM, BOIIPOC O 3HAKE W BEIMYWHE KOCMOJIOTHYECKOW MOCTOSHHOMN
(A-aneH B ypaBHeHHMIX DWHIITEIHA) ocTaeTca OTKPHITHIM. C OJHON CTOPOHBI, 3TO
CBSI3aHO C TeM, YTO (PU3UUECKUI MEXaHU3M yCKOPEHHOTO pacmupeHus BeeneHnoi
He ogHo3HaueH. [locneqHee Mo3BONIAET CTPOUTH KOCMOJIOTUM B MHOTOYHCIEHHBIX
TEOpHsIX, MO0 pacupsAoIux, 1uoo anprepHaTuBHBIX OTO (HOBast ¢pu3MKa U HO-
Basg reomeTpusi). C fpyroi CTOPOHBI, HAIWYME B YPAaBHEHUSX TPABUTALMOHHOTO
moJisi A-4jieHa ¢ OTIMYHBIMH OT NPHHATHIX B ACDM-Mozenu 3HaueHUsIMH, TT03BO-
nsieT OOBSICHUTH HEKOTOpBIE JApyrue HaOmrojaeMble acTpo(u3nvecKkue SBICHHS
(HanmpuMep, KpUBBIC BpAIICHUS HEKOTOPHIX TayakTUK [1]). YkazaHHas curyaums
JeNlaeT aKTyaJbHbIMHU HCCIICIOBAHUS CIEACTBUI, OOYCIIOBICHHBIX DPa3IHYHBIMH
3HAYCHUSAMH A-4jieHa B YPaBHEHUIX DUWHILITEHHA.

B HacTosmeit pabote m3ydaroTcsi pa3UYHbBIE THIBI TPACKTOPUI MaCCHUBHBIX
Tel B LEHTPaIbHO-CHMMETPHUYHOM TIPABUTAMOHHOM IIOJIE C Y4YETOM A-4JeHa,
onuchbiBaeMbIX B pamkax OTO merpuxu Kortnepa [2]

-1

r, 1 r, 1 .

ds* =| -5 ——As? (cdt)2 —| 1= ——AF | dr* -7 (d92 +sin’ Od(pz), €))
r 3 r 3

TJ€ 7, — TPAaBUTAIMOHHbIA PaJyC UEHTPAIBLHONO TeNa; A — KOCMOJNOrMYECcKast

noctosiHHasg. O0Iee BeIpaskeHUE I TPACKTOPUH MOTY4aeTcsl CTAHAAPTHBIMU Me-
tomamu OTO [3] 1 uMeeT B MONAPHBIX KOOPIUHATAX BH]L

jdr
| AP+ KPP vt =+ g,
3 &
Ine j — OTHECEHHBIM K CKOPOCTH CBETa MOMEHT HMIIyJbCa, BEIMYMHA

2
K=1 —( 5 } XapakTepu3yeT OTHOCUTENIFHYIO SHEPTUIO YaCTUIIBI.
mc

[IpaBas yacth ypaBHeHUs (2) HE BhIpa)kaeTcsl yepe3 UIMITHYECKHEe HHTerpa-
Bl M3-32 HAJW4YUsA TOJMHOMA IATOW CTENEHHM B MOJKOPEHHOM BBIPaXKEHHU.
B nacrosmel pabote, OCHOBBIBASICH Ha AHAJUTUYECKOM METOJAE HCCICAOBAHMS
KOpHEHl MHOTOmapaMeTpUYecKUX TOJHHOMOB, HHTErpal B (2) TpUOIMKEHHO
YIpOINAeTcsl B 3aBUCHUMOCTH OT COOTHOLIEHHH BXOJAIIMX B HETO MapaMeTpoB.
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Ha ocHOBaHMM Takoro moaxoja MONy4YeHbl KPYTOBbIE M HEKPYTOBBIE TPACKTOPHHU
MacCCHBHBIX TeJl. BBIIENSroTCS yCcIoBHsI CyIIECTBOBAHUS Pa3UYHbBIX THIIOB TPacK-
TOPHI B BUJIE HEPABEHCTB Ha MapaMeTprl ypaBHeHUs. [IpoBoauTces knaccudukanust
TUIIOB TPAaeKTOPHH M Jaercs ux rpaduyeckoe npexacrasiaenue. [Ipumepsr Tunmy-
HBIX TPAeKTOPHil PeICTaBIEHbI HA PUCYHKE.

a) 6)

TpaekTopum:
a — po3eTka 3oMMepdenbaa; 6 — cnupanb

PasnuuHple TUIBI TPACKTOPUM BO3HUKAIOT HPU Pa3HBIX COOTHOLUEHUSX Mapa-
METPOB: I'PaBUTALUOHHOIO PaJdyca LIEHTPAIbHOIO T€la, SHEPTHUA U MOMEHTA UM-
nyJibca yacTulpl, 3HaueHus A. [logoOHbIe TpaeKTOpUr MOTYT HaOIOAATHCS B pas-
JMYHBIX acTPO(U3UUECKUX CHCTEMax, HalpuMmep, B rajakrukax. ComocraBieHue
TEOPETUYECKU TPEICKA3aHHBIX U HAOII0AaeMbIX TPAaEeKTOPHH JAaCT BO3MOXKHOCTD
CYZIUTh O 3HAKE U BEIMYNHE TIOCTOSIHHOM A.

Paboma evinonnena npu noooepocxe npoexma FEUZ20230017
Munucmepcmea oopaszosanus u nayku Poccutickoii @edepayuu.
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Orbits of Massive Particles in Ksottler Metric
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Despite the fact that the ACDM model explains the observed accelerated expan-
sion of the Universe, the question of the sign and magnitude of the cosmological
constant (the A -term in the Einstein equations) remains open. On the one hand,
this is related to the physical mechanism of the accelerated expansion of the Uni-
verse being not unambiguous. The latter makes it possible to propose cosmological
models in numerous theories, either expanding or alternative to general relativity
(Physics beyond the Standard Model and Nijenhuis geometry). On the other hand,
the presence of a A-term in the equations of the gravitational field with values that
differ from those accepted in the ACDM model opens up a possibility to explain
some other observed astrophysical phenomena (e. g. the rotation curves of several
galaxies [1]). This situation makes it relevant to study the consequences of assum-
ing different values of the A-term in the Einstein equations.

In this paper, we study various types of trajectories of massive particles in a
centrally symmetric gravitational field, taking into account the lambda-term. In
general relativity, such a field is described by the Kottler metric [2]

-1
18 18
ds” =[1——g—%Ar2](cdt)2 —(1—i—%Ar2j dr? —1?(d6” +sin’ 0do” ), (1)

r r

where r, is the Schwarzschild radius of the central body, A is the cosmological
constant. The general equation of the trajectory is obtained by standard GR meth-
ods [3] and has the following form in polar coordinates

jdr

\/r[;A P+ Kr® +rgr2 —j2r+j2rgj

o= %] ; 2)

where j is the angular momentum reduced to the speed of light ¢, and

2
E . .
K=1- ( 2 j is related to the energy of the particle.

The right side of equation (2) cannot be expressed in terms of elliptic integrals
due to the presence of a polynomial of the fifth degree in the radical expression. In
the present study, we find approximations for integral given by (2) depending on
the ratios of the parameters included in it, based on the analytical method for study-
ing the roots of multiparameter polynomials. Based on this approach, circular and
non-circular trajectories of massive particles are obtained. Conditions for the exist-
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ence of various types of trajectories are singled out in the form of inequalities for
the parameters of the equation. A classification of types of trajectories is carried
out and their graphical representation is given. Examples of typical trajectories are
shown in Fig.

a) 6)

Fig. 1. Trajectories:
a — Sommerfeld ellipses; b — a spiral

Different types of trajectories arise at different ratios of the parameters: the
gravitational radius of the central body, the energy and angular momentum of the
particle, and the value of A. Similar trajectories can be observed in various astro-
physical systems, for example, in galaxies. Comparison of the theoretically pre-
dicted and observed trajectories will make it possible to estimate the sign and mag-
nitude of the constant A.

The work was supported by the FEUZ20230017 project of the Ministry
of Education and Science of the Russian Federation.
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In this paper, the cosmological model of the Universe has been presented in f(Q)
gravity and the parameters are constrained from the cosmological data sets. At the
beginning, we have employed a well-motivated form of f(Q)=a+BQ", where a,
B and n are model parameters. We have obtained the Hubble parameter in redshift
with some algebraic manipulation from the considered form of f(Q). Then we pa-
rameterize with the recent Hubble data and Pantheon + SHOES data using MCMC

analysis. We validate our obtained model parameter values with BAO data set. A
parametrization of the cosmographic parameters shows the early deceleration and

late time acceleration with the transition at z, # 0.75. The Om(z) diagnostics gives
positive slope which shows that the model in the phantom phase. Also the current
age of Universe has been obtained as, 7, = 13.85Gyrs. Based on the present analy-
sis, it indicates that the f(Q) gravity may provide an alternative to dark energy for
addressing the current cosmic acceleration.
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Quantum Sensitivity of Broadband Variational Measurememnt
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Optomechanical force detectors are precise measurement devices sensitive to the
effects that show up at scales with order of 10-19 m. They are used in gravitational
wave detectors, magnetometers and torque sensors due to their precision. Another
notable application is measurement of thermal noise of mechanical oscillator and
distinguishing the excess noise that may point to new mechanisms of physical in-
teraction [1]. Resonant detectors are more sensitive and have an advantage over
nonresonant in these experiments.

One of the models capable of realization of such a detector is an optomechanical
scheme with three equidistant optical modes that have frequency difference equal to
the frequency of the mechanical oscillator coupled to the optical cavity [2]. One of its
properties is a possibility of broadband beating the standard quantum limit of force
measurement related to back action evasion [3]. It is possible due to quantum me-
chanics free subsystems that exist in this scheme, the presence of which gives the
theoretical possibility of precise measurement of a quantum observable [4].

Quantum sensitivity of such an optomechanical system is considered in this
work. Presence of quantum mechanics free subsystems leading to back action eva-
sion is shown.

The research of S.P.V. and A.LLN. has been supported by the Russian Foundation
for Basic Research (Grant No. 19-29-11003), by Theoretical Physics
and Mathematics Advancement Foundation “BASIS” (Grant No. 22-1-1-47-1),
by the Interdisciplinary Scientific and Educational School of Moscow University
“Fundamental and Applied Space Research,” and by the TAPIR GIFT MSU
Support of the California Institute of Technology. A.I.N. is the recipient
of a Theoretical Physics and Mathematics Advancement Foundation “BASIS”
scholarship (Grant No. 21-2-10-47-1). Research performed by A.B.M.
was carried out at the Jet Propulsion Laboratory, California Institute
of Technology, under a contract with the National Aeronautics
and Space Administration (Grant No. SONM0018D0004).
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Hccnenyercsi BO3SMOKHOCTh T€OMETPH3ALMN TPABUTALIMOHHOTO M 3JIEKTPOMArHUT-
Horo moJeil B 4-mepHoMm ¢unciepoBoM [1] mpoctpancTBe (Moaens BrnoskeHHBIX
IMpoctpancte — MBII [2]). Moaenb nocTynupyeT CyIlIeCTBOBaHHE COOCTBEHHOTO
METPHUYECKOI'0 MHOXKECTBA 3JIEMEHTa pPacIpele/CHHOM MaTepuu M yTBEp)KAaeT,
YTO peajbHOE MPOCTPAHCTBO-BPEMS SIBIISIETCS B3AUMHBIM (pr3maecKkuM BroowceHuem
TaKUX MHOXECTB. (B10oofcenHue MOXKHO TPAKTOBATh TaK)Ke KaK YacTHBIN ciiydail pac-
cinoenHoro npoctpadcTsa [3].) Ctpourcs mpocreitmas reomerpust MBII (pensru-
BHUCTCKHI ()MHCIIEPOB BapHaHT) CO CBA3HOCTHIO, 3aBHUCSIICH OT CBOWCTB MaTepuu
U ee noJeil (mpearnonaraercs, 4YTo KpyuyeHre U HEeMEeTPUYHOCTh OTCYTCTBYIOT). [lo-
neBas runore3a u [THJI cucremsl MaTepuss — mose BeAyT K ypaBHEHMSM THUIIA
OUHIITeHHA U THIAa MakcBeia, a UX HETMHEHHOCTH — K aHU30TPOMHOMY IOJIe-
BOMY BKJIaJly B 3aTpaBOYHYIO Maccy Martepuu. [lokazaHo, 4To 3aTpaBo4yHast mare-
pHsL UTpaeT poib (PU3NYECKOTO BaKyyMa Brooicenus W onpenensier KOCMOJIornye-
CKYI0 KOHCTaHTY ypaBHEHHWH THIa DiHIITeHa. B dacTHOM ciydae KOHQOPMHOI
METPUKH M BEKTOpHOro moreHImana (rumote3a I'. Beitns [4]) ypaBHeHuHs Tumna
MakcBesia CBOAATCS K caMMM YpaBHEHHMAM MakcBeiula U ompuyamenbHomy To-
JIEBOMY 3JIEKTPOMAarHUTHOMY BKiaay. OIeHEHa BO3MOXHOCTh 3KCIIEPHMEHTAJb-
HOW TIPOBEPKH JAHHOTO pe3ylibTaTa. YTIOMSHYT Takoke aQdekt “red shift” B amexk-
TPUUYECKOM TmoJie [5] — Kak crmoco0 HCCIeIOBaHUS BaKyyMa U PEIMKTOBOTO
3NIEKTpUUecKoro 3apsga Beenennoil. M3yuenne kannOpoBOYHOH CTPYKTYpBI U3JI0-
JKEHHOW TEOpUH OTHECEHO K 3a/1a4aM Oy TyIIero.
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On the Geometrization of Classical Fields
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The possibility of geometrization of the gravitational and electromagnetic fields in
the 4-dimensional Finsler space [1] (Model of Embedded Spaces — MES [2]) is
investigated. The model postulates the existence of the proper metric manifold of
the distributed matter element and states that the real space-time is a mutual physi-
cal Embedding of such manifolds. (Embedding can also be treated as a special case
of fiber space [3].) The simplest geometry of MES (relativistic Finsler version)
with connectedness depending on the properties of matter and its fields is con-
structed (assuming that torsion and non-metricity are absent). The field hypothesis
and the Least Action Principle of the matter-field system lead to the equations of
Einstein- and Maxwell-types, and their nonlinearities lead to an anisotropic field
contribution to the matter’s seed mass. It is shown that the seed matter plays the
role of the physical vacuum of the Embedding and determines the cosmological
constant of the Einstein-type equations. In the special case of conformal metric and
vector potential (H. Weyl hypothesis [4]) the Maxwell-type equations are reduced
to the proper Maxwell equations and the negative field electromagnetic contribu-
tion. The possibility of experimental verification of this result is evaluated. The
“red shift” effect in the electric field [5] is also mentioned as a way to study the
vacuum and the relic electric charge of the Universe. The study of the calibration
structure of the above theory belongs to the task of future research.
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Particle Accelerators and Gravitational Waves:
Old and New Perspectives
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The intersection between the Communities of Particle Accelerator (PA) and Gravi-
tational Wave (GW) Researchers has been traditionally non-void at all levels, and
the possibility of using PA technologies and facilities to implement GW experi-
ments has been long since suggested and discussed.

The achieved milestones represented by the direct observation of gravitational
waves of cosmic origin and the Higgs boson raised significantly the challenges for
further advances in both fields, and the perspectives of renewed synergies between
the two Communities were revived, as witnessed by a recent topical Meeting host-
ed at CERN [1].

Earth-bound GW detectors may explore only a relatively narrow window of
the natural GW spectrum. Space-borne detectors and pulsar-timing observatories
may access the LF to ELF GW spectral range, and different detectors have been
proposed to probe possible GW sources in the MF to SHF range [2]. While the di-
rect use of storage rings and colliders as sources/detectors of gravitational waves
may still face substantial difficulties, significant advances of PA technologies in
the field of superconducting materials, with special reference to high-field magnets,
and extremely high-Q EM resonators, may boost significantly the performance of
proposed HF-SHF GW detectors based on Gertsenshtein effect [3], and perhaps
bring us closer to the possibility of a gravitational Hertz experiment [4].

We shall briefly review such ideas, and discuss possible directions for further
cooperative work between the PA and GW Communities.
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BHYTpeHHsS CBA3b ypaBHEeHUI TeOpum Nons
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Hacrosimee nccienoBanue 6a3upyeTcs Ha 3aMKHYTBIX KOCOCHMMETPHYHBIX BHEII-
HHUX (opMax, CBOMCTBAa KOTOPBIX COOTBETCTBYIOT 3aKOHAM COXPaHEHMS Il (PU3H-
YecKuX Mmosied. MOKHO yBHIETh, YTO YPABHEHHUS TEOPUH TIONISA CBS3aHBI C 3aMKHY-
THIMU BHELTHUMH (popMaMH OTIpeeICHHOHN CTEeTICHH:

* 3aMKHYTbIe BHEIIHUE (OPMBI HYJIEBOI CTENEHH COOTBETCTBYIOT KBAHTOBOM
MEXaHUKe,

* (hopmanu3m ['aMHIBbTOHA OCHOBAaH Ha CBOMCTBAX 3aMKHYTHIX BHEITHUX (OPM
MIEpPBOM CTEleHH,

* CBOMCTBA 3aMKHYTOCTH BHEIIHEH M QyanbHOW (HOpM BTOPOH CTEIEHU SIBIISI-
I0TCS 6a3MCOM YpaBHEHUH 3JICKTPOMArHUTHOTO TTOJIS,

* YCIIOBHUS 3aMKHYTOCTH BHEIIHEW M AyalbHOW (OPM TPEThEH CTENEHH JIeKaT
B OCHOBE YPaBHEHHH I'PaBUTALIOHHOTO TIOJIS.

CBs13p ypaBHEHUH TEOPHUH MO C 3aMKHYTHIMHA BHEITHUMH (OpMaMH TOKa3bI-
BAET, YTO CYLIECTBYET BHYTPEHHSISI CBSI3b TEOPHi, OMUCHIBAIOIIUMH (UIUUECKUE
0TS Pa3HOTO THUIIA.

3naueHne BHEMHUX aupdepeHnnatbHbIX GOpM Il TEOpHil MO COCTOUT B
TOM, YTO OHH PAaCKPBIBAIOT CBOWCTBA, OOIIME ISl BCEX TEOPHH MO B (PU3NIECKUX
MoJIell HE3aBUCHUMO OT MX KOHKPETHOTO THMA. JTO IIAr K MOCTPOEHUIO EAMHOMN
TEOPHH TOJIS.
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Internal Connection of Field Theory Equations
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The present study is based on closed skew-symmetric exterior forms, the properties
of which correspond to the conservation laws for physical fields. It can be seen that
the equations of field theory are related to closed exterior forms of a certain degree:

* closed exterior forms of zero degree correspond to quantum mechanics,

* Hamilton’s formalism is based on the properties of a closed exterior form of
the first degree,

* the properties of closure of the exterior and dual forms of the second degree
are the basis of the equations of the electromagnetic field,

* the conditions of closure of the exterior and dual forms of the third degree
underlie the equations of the gravitational field.

The connection of the equations of field theory with closed exterior forms
shows that there is an internal connection of theories describing physical fields of
different types.

The significance of exterior differential forms for field theories is that they re-
veal properties common to all field theories and physical fields, regardless of their
particular type. This is a step towards building a unified field theory.
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The dielectric reflective multilayers coating the end-mirrors (test masses) of the
optical cavities in interferometric detectors of gravitational waves are a most criti-
cal component of these instruments, ultimately setting their visibility distance [1].
Optimizing the mirror design has been crucial for the first detection [2].

The use of three or more metal oxides, and of best-tradeoff meta-heuristic op-
timizers to sample the related Pareto manifold efficiently, allows to meet all design
requirements of next generation detectors (in terms of transmittance, absorbance
and Brownian noise) with currently available technologies [3].

Design algorithms, material downselection, and latest results [4] will be re-
viewed, and their impact on the perspective visibility distance of 3G instruments
will be discussed.
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Within the framework of the metric gravity with gravitational action depended on the
Ricci scalar (R) and Gauss-Bonnet topological invariant (G) the possible function
F(R, G) compatible with the conservation of the respective Hamiltonian and with the
inflation conditions (the number of e-foldings, experimental data on the spectral in-
dex (n,), and tensor-to-scalar ratio (7)) is suggested and discussed. Without cosmo-
logical constant and dark matter this model fits well SN Ia and BAO data.
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HeyHUTapHOCTb ONepaTopOB 3BOJIIOLUU B FPaBUTALLMOHHBIX NONAX
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MOCKOBCKMi1 aTOMO6USIbHO-A0POXHbI FOCYAaPCTBEHHbI
TexHU4Yeckuin yHusepcutet (MALN), Poccus

B xBanTOBOII MeXaHHNKE HCIIOJIB3YETCA KOHUCTIIUA HEUSMECHHOCTH HOPMBI BEKTOPaA

y oIeparopa 3BOJIOLUU U'0=1, r.e. OIIepaTopbl 3BONIONVH ABIAIOTCS YHHUTAp-
HeIMH. OJJHAKO UCTIAPEHUE YEPHBIX ABIP, Beayllee K HHPOPMAIMOHHOMY MapagIoK-
Cy, HapylaeT NPUHIMI YHUTapHOCTH. HeoOXoauMo OTMETHTh, YTO YHUTapHOCTb
OTIepaTOPOB HE SIBIIETCS CBOMCTBOM IMPHPOJIBI, a SIBIAETCS MaTEMaTHYECKOW MO-
JIEJIbIO MCTIONIb3YEeMOM B KBAaHTOBOM MEXaHHKe, KOTopas K TOMY e MOXET Hapy-
I1aThCs, HATPUMED B MPOLIECCE U3MEPEHUSI.

B nmoxmane Oynmer paccMOTpeH BapHaHT KBAaHTOBOW MEXaHUKH, B KOTOPOM
OIepaTopsl SBOJIIOLMY HE SBJISIOTCS YHUTAPHBIMH, @ HOpMa BEKTOpa 3aBUCUT OT

IPaBUTALIMOHHOTO NoTeHnuana U U =1gy, TOE goo — HyJeBasd KOMIIOHEHTa

TEH30pa METPUKH, oNpeenseMas FpaBUTALIMOHHBIM NOTeHIuaioM. Takoil moaxon
MO3BOJISIET COXPAHUTh WHBAPUAHTHOCTH HOPMBI BEKTOpPa COCTOSHHUSI B YETHIPEX-
MEPHOM IPOCTPAHCTBE, HO MPUBOAUT K HAPYIICHUIO HHBAPUAHTHOCTU HOPMBI BEK-
TOPa COCTOSIHUSI TPEXMEPHOI'O POCTPAHCTBA B CHJIBHBIX IPABUTAIIMOHHBIX MOJISIX.

3aBUCUMOCTh HOPMBI BEKTOpA OT TPAaBUTAIMOHHOTO MOTCHIIMAIA TPUBOJNAT K
TaKUM MHTEPECHBIM CJIEACTBHUAM, KaK HEMHBAPHUAHTHOCTH CKaJISIPHOTO MPOU3BEIC-
HUS IBYX BEKTOPOB COCTOSHUI B TPaBUTAIMOHHBIX IOJISIX U BHE, U3MEHEHHIO CO0-
CTBEHHBIX 3HAYCHHWHA HAOJIOJAEMBIX BEJMYMH B TPABUTAIMOHHBIX IOJIAX, HE CO-
XPaHCHUIO KOMMYTAIIMOHHBIX COOTHOIICHUH U, KakK CIEJCTBUE, BO3MOXXHOCTHU
OJTHOBPEMEHHOTO M3MEPEHUS JIOOBIX JBYX BEIHYUH BOJIM3H TOPU30HTA COOBITHH
YEPHOH JBIPHI, YMEHBIIEHHE BEPOSTHOCTH OOHAPYKEHHS YaCTHIIBI B KaKOM JTHOO
COCTOSIHUM BOJIM3M MAacCHUBHBIX Tell. Takke B JoKiaje OyJeT IMOoKa3aHa 3aBHCH-
MOCTh 3HTponuu (oH HeiiMaHa OT paccTosHUS IO IIEHTpa YepHOU ABIphl. MHTe-
PECHBIM SIBJISIETCSl YBEJIMUYECHHUE SHTPOIUU JaXKe AJI YUCTOTO COCTOSHHS IO MEpe
MPUOTMKEHUN K YePHOU NBIpe, KOTOPOE MOXKHO TPAKTOBATh KaK IEPEXO] JIFOOOH
CHCTEMBI U3 YUCTOTO COCTOSIHUS B CMEIIAHHOE, U B TO K€ BPEMS PE3KOE YMEHbIIIe-
HUE SHTPONHH BOJIM3U TOPU30HTA YEPHOU ABIPHI ISl TFOOOTO CMEIIAaHHOTO COCTO-
SIHUSL.

MoHO nonaraTh, YTO HAWJAEHHOE PEUIEHUE MOXKET CIY>KUThb OCHOBOW JIf
pelieHuss THPOPMAIIMOHHOTO TapaoKca.
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Quantum mechanics uses the concept of vector norm immutability in the evolution

operator U'u=1 , meaning that the evolution operators are unitary. However, as
black hole evaporation leads to the information paradox, it violates the unitarity
principle. It should be noted that operator unitarity is not a property of nature, but a
mathematical model used in quantum mechanics, which can also be violated, for
example, during measurement.

The paper will consider a variant of quantum mechanics, in which evolution
operators are not unitary, and the vector norm depends on the gravitational poten-

tial U'U = Ig,,, where g, is the zero component of the metric tensor, as deter-

mined by the gravitational potential. This approach makes it possible to preserve
the norm invariance for the state vector in four-dimensional space, but leads to vio-
lation of the norm invariance for the state vector describing three-dimensional
space in strong gravitational fields.

The fact that the vector norm depends on the gravitational potential leads to
such interesting consequences as: non-invariance of the scalar product of two state
vectors within and outside of gravitational fields; a change in the eigenvalues of the
observed quantities in gravitational fields; non-conservation of commutation rela-
tions and, as a result, a possibility of simultaneously measuring any two quantities
near the event horizon of a black hole; reducing the probability of detecting a parti-
cle in any state near massive bodies. The paper also presents von Neumann entropy
as a function of distance to the center of the black hole. Of particular interest is the
increase in entropy even for the pure state while approaching the black hole, which
can be interpreted as the transition of any system from the pure state to the mixed
state, and at the same time, a dramatic decrease in entropy near the black hole hori-
zon for any mixed state.

We may assume that the solution discovered may serve as a basis for solving
the information paradox.
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O CAMAHUAX ABOMHDbIX NEePBUUYHbIX YEPHbBIX AbIp
B HabnoaeHuax LIGO-Virgo-KAGRA
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FAULL MIY nmeHn M.B. JIoMOHOCOBAa, Poccus

Llenpto paOoTHl SIBIISIETCA MOCTPOEHHE KOMOMHUPOBAHHOW MOJENU Ui pacueTa
OKHIAEMOTO pacHlpesesieHus] CIMBAIOMINXCS TBOWHBIX YEPHBIX IBIP C TpHUBIEUe-
HUEM pachpeiesieHus] 10 MaccaM MCTOYHHUKOB JIBOMHBIX NMEPBHUHBIX YEPHBIX JIBIP
(ITYO) u actpoduznyueckux MojJenei M AaibHeillee ee CpaBHEHUE C AMIUpPHYE-
cKoll pyHKIMeH pactpeeneHus mo nanaeM 3 Habmogernit O1-03 LIGO/Virgo.

PaccmarpuBaetcst mozens [TU/] 3Be3mHBIX Macc, KOTOpble MOTYT 00Opa3oBbI-
BaTbCAd M3 BO3MYIICHUH KpHUBU3HBI B paHHel Bcenennoit (Momens [lonaroBa —
Cunxka [2]). B aToit Mmomenn, pactpenenenne [TY/] mo maccam nmeeT Buj yHHUBEp-
CaJpHOTO JIOTHOPMAJILHOTO 3aKkoHa [1]:

dN A M
FM =—=—¢€X — 11’1 _—
(M) YR EY;

c

B Mozenu ecTh TpU CBOOOIHBIX TTapaMeTpa — A MOXKHO ONPEJICIIUTh U3 YCII0-

~+00
BUSI j F(M)dM =1, cpennsas macca IepBUYHBIX YEPHBIX Ablp M, U nucmepcus
0

1/ 2"{, KOTOPBIC HECJIB3s1 PACCUUTATL TCOPCTUYCCKU, HO MOXHO OIPCACIUTH U3

HaOJIOJICHUI YepHBIX JIBIP 3BE3HOM Macchl, Mpejrnoaras ux MepBUYHOE MPOUC-
XOX/IEHUE.

Ilo mamapiM GWTC-3 w3 nHemaBHux HaOmomeHuit O1-O3 kommabopammu
LIGO/Virgo [4] Obuia mocTpoeHa sMIUpuuecKkas (YHKIUS paclpeaeieHus. A
TaKXe, pacCMOTpPEH Cllyyail KOMOMHUPOBaHHOW MOJIEINH, TAE ISl pacueTa oXKuaae-
MOTO pacrmpezesieHus ciuBaromuxcs 1BoiHex [TY][ mo MaccaM mpu perucrpanuu
Ha3eMHBIMH TPAaBUTAIMOHHO-BOHOBBIMU JeTekTopamu LIGO/Virgo ¢ yueTtoM nx
aKTyaJIbHOM YyBCTBUTENBHOCTH B HOBBIX HaOmropeHusx O1-O3 ucnoiabp3oBalnch
nBa pacrpenencHusa. OOTHUM U3 paclpenesieHHi Obula JIOTHOpManbHas (QyHKIHS
pacrpeneneHus o MaccaM MCTOYHUKOB B JIBOMHBIX CHCTEMax, a BTOPBIM pacipe-
JeNieHreM Oblta (QYHKIMsI pactpeeieHus o0 MaccaM MCTOYHUKOB B ABOHHBIX CH-
CTeMaX, pacCYMTAaHHOH U3 acTpopU3MUECKHX Mojeneld oOpa3oBaHHs IABOHHBIX
YEePHBIX JBIP, peIoskeHHBIX B padbote [loctHoBa 11 Kypanosa 2019 roxa [6].

[Ipu ompeneneHHBIX MapaMeTpax JOTHOPMAIBFHOTO pacipeaesieH s, C NCIIONb-
30BaHMEM OJHOH M3 acTpOpHU3MYECKHX MOAEJeH, TeopeTHYecKas KpuBas J1ocTa-
TOYHO XOPOILIO ONMCHIBAET SMIHUPUUECKYI0 (YHKIHMIO paclpelesieHus, HOCTPOCH-
Hyto o Habmogernam O1-O3 LIGO/Virgo. Hambonee xopomo sMmupudeckoe
pacrpesiesieHle OMUChIBaeT KOMOMHUPOBAaHHAs TeOpeTHUeCKas MOJEb ¢ ImapaMeT-
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paMu JIor-HOpMaJIbHOTO pactipenenenus M, =33M

un

(M

.. — Macca ConHua)
u y = 10, a Taxxe ¢ mapamerpom CO al=1 (CO _al— napametp oOmieii 060s104-
KH) acTpo(pu3MIecKoil MOAeIH.

[Ipu nocTpoeHnn KOMOMHHPOBAHHON MOJIENU B 4acTH, oTHocsmencs k [T/,
paccmarpuBainuch 1Be Monenu ¢opmupoBaHus IBoWHbBIX [IY]/l, Ha3zBaHHBIE
“pbh 1” [3] u “pbh 2” [5]. O6e Momenu Har0T MPUMEPHO OJUHAKOBEIC PE3yIbTATHI.
KomOunupoBaHHass MOl BKIIIOYACT NOYTH PaBHBIC BKIAJbI OT CIUSHHH acTpo-

¢uznueckux aBoitabix Y (x,,, =0,47)) n nepBudnbix Y/l ¢ HCXOIHBIM JIOTHOP-

MaJIbHBIM CIIEKTPOM Macc (prh =0,53). O6e momenu matot moiro ITHJI B Xomom-

HOI TEMHOH MaTepHH fypn ~ 107 st HabIIO MAEMOiH ckopoctu cnusinug YJ1 + /1.
KomOuHMpOBaHHOE pacrpesiesicHHe COOTBETCTBYET SMIUPUICCKON (DYHKIIUU pac-
npeneneHuss Ha ypoBHe 90 % B COOTBETCTBHU C MOTUGDUIIMPOBAHHBIM TECTOM
Kommoroposa — Cmupaosa (KC).

Paboma svinonnena npu noooepoicke epanma PH® Ne 23-42-00055,
a maxaice npu nodoepoicke epanma Ponoa pazeumusl
meopemuyeckou pusuxu « BA3IUCy Ne 22-2-10-2-1.
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The study aims to construct a combined model for computing the expected distri-
bution of merging binary black holes using the mass distribution of binary primor-
dial black hole (PBH) sources and astrophysical models, and then to compare the
result to the empirical distribution function plotted according to the O1-O3 LI-
GO/Virgo observation data.

We consider the model describing PBH of stellar masses that may be formed
from curvature perturbations in the early Universe (Dolgov-Silk model [2]). In this
model, the PBH distribution by mass has the form of a universal log-normal law [1]:

F(M)Ej—ﬁz%expl:—yln(%ﬂ. (D)

c

The model has three free parameters, of which A can be determined from the
condition JF (M)dM =1, while the average PBH mass M_ and the variance

1/4/2y cannot be computed theoretically, but may be determined from observa-

tions of stellar-mass black holes, assuming their primordial origin.

According to GWTC-3 data, an empirical distribution function was plotted us-
ing the recent O1-O3 observations by the LIGO/Virgo collaboration [4]. We also
considered the case of a combined model using two distributions to calculate the
expected mass distribution of merging binary PBH as recorded by ground-based
gravitational wave LIGO/Virgo detectors, taking into account their current sensitiv-
ity in new O1-O3 observations. One of the distributions was the log-normal mass
distribution function describing sources in binary systems, and the second distribu-
tion was the mass distribution function describing sources in binary systems that
was computed using astrophysical models of binary black hole formation proposed
by Postnov and Kuranov in 2019 [6].

For certain parameters of the log-normal distribution while using one of the as-
trophysical models, the theoretical curve adequately matches the empirical distribu-
tion function based on the O1-O3 LIGO/Virgo observations. The best match to the
empirical distribution is provided by the combined theoretical model with the pa-
rameters of the log-normal distribution M, =33M, (Mg, — mass of the Sun)

Sun Sun

and y =10, as well as with the parameter CO,, =1 (CO,, — the shared shell pa-
rameter) of the astrophysical model.
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When devising the PBH aspects in the combined model, we considered two
models of binary PBH formation, dubbed “pbh 1 [3] and “pbh 2” [5]. Both models
give approximately the same results. The combined model includes nearly equal
contributions from the mergers of astrophysical binary black holes (x,, =0.47)
and the primordial black holes with the original log-normal mass spectrum
(X,pn =0.53). Both models result in the PBH fraction in cold dark matter equal to

Jpbh ~ 107 for the observed rate of black hole merging. The combined distribution is
a 90 % match to the empirical distribution function according to a modified Kol-
mogorov-Smirnov test (KS).

The study was supported by the Russian Science Foundation
grant no. 23-42-00055, as well as by the grant no. 22-2-10-2-1 provided
by the BASIS Theoretical Physics and Mathematics Advancement Foundation.
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This work aims to give an insight to the role of big rip and pseudo rip cosmologi-
cal models in an extended theory of gravity. The matter field is considered to be
that of perfect fluid. The geometrical parameters are adjusted in such a manner
that it matches the prescriptions given by cosmological observations, to be spe-
cific to the H, range. The models favour phantom behaviour. The violation of
strong energy conditions are shown in both the models, as it has become essential
in an extended gravity theory to provide late time cosmic acceleration. We show
that, the choice of the coupling parameter has significant effects on the evolution
of the universe.
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The Coming Back of the Proca Field
in Contemporary Astrophysics
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A new version of the old Weyl’s unified field theory based on a strict application
of the principle of gauge invariance leads to the appearance of a massive vector
field, which has an entirely geometric nature and can be interpreted, under some
conditions, as the Proca field. We investigate some possible consequences of the
presence of this field in modern astrophysical scenario.
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O puHCNEepOBOM pacLUIMpEeHUU
cnewmanbHOM TeOPUU OTHOCUTENIbHOCTHU
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MBI IOKa3bIBaeM, UTO OTpEZeeHIe PEISTHBICTCKOTO NHTEpBaia, TanHoe Po6bom —
I'epoxom, MOmMycKaeT MPOCTOE W JOBOJBHO ECTECTBEHHOE 00OOIICHHE, Bemyllee
K (DUHCIICPOBOMY PACIIMPEHUIO CHEUHATbHOH TEOpUH OTHOCHTENBHOCTH. [pyroe
000CHOBaHME TaKOTO PACIIMPEHUs] BOCXOJWT K pabotam Jlamana u AjBes U, HaKOHeTI,
OBLTIO TIOCTaBJICHO Ha MPOYHYI0 OCHOBY M CHCTEMaTHUECKU HCclieqoBaHo borocmos-
CKUM IO/ Ha3zBaHHWeM «CIenUaibHO-PENATUBUCTCKAsI TEOPHs JIOKATbHO aHU30TPOII-
HOTO TPOCTPAHCTBa-BpeMEHW». ['pyIma HM30METpUl 3TOr0 MpPOCTPAHCTBA-BPEMEHH,
DISIMb(2), npencrapmisier coboil aedopManuio Tpyrmnsl CAMMETPHH CHEIHATBHOM
Teopun otHocutenbHOCTH KosHa u ['mmoy ISIM(2). Takum obpa3om, mapameTp ae-
¢dopmaruu b MOYKHO paccMaTpyBaTh KaK aHAIOT KOCMOJIOTHYECKOH TTOCTOsIHHOM, Xa-
paxrepusyromeii nedopmarmio rpynmsl Ilyankape B rpymmy e Cutrepa (aHTH-zI€
Cutrepa). [IpocroTa U ecTeCTBEHHOCTh (PUHCIIEpPOBa paclIMpeHHsi B KOHTEKCTE ITOH
CTaThM IPHUJAET BEC APTYMEHTY O TOM, YTO CIEAYET TUIATENIFHO PacCMOTPETh BO3-
MOYKHOCTb HEHYJICBOTO 3HAYEHHS D.
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On Finslerian Extension of Special Relativity
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We demonstrate that Robb-Geroch’s definition of a relativistic interval admits a
simpleand fairly natural generalization leading to a Finsler extension of special rel-
ativity. An-other justification for such an extension goes back to the works of Lalan
and Alway and,finally, was put on a solid basis and systematically investigated by
Bogoslovsky underthe name ”Special-relativistic theory of locally anisotropic
space-time”. The isometrygroup of this space-time, DISIMb(2), is a deformation of
the Cohen and Glashow’s veryspecial relativity symmetry group ISIM(2). Thus,
the deformation parameterbcan beregarded as an analog of the cosmological con-
stant characterizing the deformation of thePoincar e group into the de Sitter (anti-
de Sitter) group. The simplicity and naturalnessof Finslerian extension in the con-
text of this article adds weight to the argument thatthe possibility of a nonzero val-
ue ofbshould be carefully considered.
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Within the scope of a Bianchi type-I (BI) cosmological model we study the inter-
acting system of spinor and electromagnetic fields and its role in the evolution of
the Universe. In some earlier studies [1, 2] it was found that in case of a pure
spinor field the energy-momentum tensor (EMT) possesses nontrivial non-diagonal
elements which imposes some severe restrictions on the space-time geometry and
spinor field itself. This very fact leads to the following results: (i) spinor field be-
comes massless and linear; (ii) the BI space-time transforms into a locally rotation-
ally symmetric (LRS — BI) or (iii) it evolves into a FLRW space-time from the
very beginning. The motivation to introduce an electromagnetic field together with
the spinor one is to clarify whether this move can bring any essential changes to the
space-time geometry. The interacting system is given in the form

Ir_ _ _ 1 .
L=—[ "V, y =V, 'y | -myy -, F(K)-——F, FH(K), (1)
2 lén
where m is the spinor mass, F(K) and H(K)=1+ /12F' (K) are the functions of
K={I,J,I+J,1-J}, 1=5"=(yy)’, J=P’=@yy’y)’, describe the self-

coupling and interaction with the electromagnetic field, respectively. The gravita-
tional field we choose in the form

ds* =dt* —a} (t)dx,” — a; (t)dx,” — a; (t)dx;’. )

The electromagnetic 4-potential is taken as 4, =(0,4,,4,,4;). Assuming that

y=wy(t), y=y(t) and 4 =A4(t), i=1,2,3, the nontrivial non-diagonal compo-

nents of the EMT leads to the following interesting relation between electromag-
netic, spinor and gravitational fields:

G A gy, 4 + g0, A qsa, 4 + gy, 4 qua A' =0, 3)

where g;,a, and A’ are related to the electromagnetic, gravitational and spinor

fields, respectively. In this case restrictions, mentioned earlier for a pure spinor
field, do not occur.
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Wormbhole: Is it Science or Science Fiction?
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A wormhole is a special solution to the equations describing Einstein’s theory of
general relativity, connecting two distant points in space or time via a tunnel. Ideal-
ly, the length of this tunnel is shorter than the distance between those two points,
making the wormhole a kind of shortcut. Though they make for good science fic-
tion as ways for faster-than-light-speed travel between two extremely distant points
in the universe. They are legitimate solutions to general relativity, but scientists
have never figured out a way to maintain a stable wormhole in the real universe.
Nowadays, one of the biggest arguments is “Wormholes are real Science or Sci-
ence fiction”. Here, we discuss the geometrical developments to present the
wormhole structures and scientific measurements to test these types of theories.
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The nature of dark matter (DM) is one of the fundamental problems in modern as-
trophysics. Its presence in the Universe today is a well motivated by observational
facts. However, it is still unknown which particles consist in DM, and a number of
theories provide us with various candidates for DM.

One of the popular models of cold DM is light (pseudo)scalar bosons that form
a Bose-Einstein condensate (BEC). Under gravity the condensed bosons combine
into compact objects, which are called Bose stars.

There are two mechanisms preventing a gravitational collapse. The first one is
so-called quantum pressure and provided by the Heisenberg uncertainty principle,
when all the bosons are in the same quantum state. An alternative way implies re-
pulsive self-interaction between the condensed particles, which balances gravity.
An approach with non-interacting bosons is known as a kinetic regime. The oppo-
site approach, when quantum pressure is ignored, is Thomas-Fermi approximation.

We study numerically stabilities of the Bose stars both for interacting and non-
interacting bosons. Small perturbations in Bose stars under the Thomas-Fermi ap-
proximation were considered taking into account variations of the gravitational po-
tential. All modes, both radial and non-radial, are oscillating, which indicates that
the Bose star is stable with respect to small perturbations.

Radial perturbations in Bose stars consisting of non-interacting bosons under
Cowling approximations (variations of the gravitational potential are ignored) were
considered. Numerical solutions for the perturbations incorporate growing modes,
which indicates that the Bose star is unstable in this case.

Studies on the stability of Bose stars, taking into account both quantum pres-
sure and self-interaction, can give new constraints for the BEC DM models.
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ITocTpoeHBI TpH KOCMOJIOTHYECKHE MOAENN A MeTpukH Tumna [X no besHku.

B nepBom citydae nocTpoeH KOCMOJIOTMYECKUI CLIEHApUIl ¢ BpalllCHUEM C Xa-
otnueckoi nHpsMedt. Onucansl GpUIMAHOBCKHE 3TAbl KOCMOJIOTHH. Y CTaHOB-
JIEHO, YTO B COBPEMEHHYIO 3MOXY T€MHasi SHEeprus, ONMUChIBaeMas aHW30TPOITHOMN
JKUJIKOCTBIO, PAKTUYECKH HE BpalaeTcs.

Bo BTOpOM ciywae paccMaTpuBaeTCs mepBas cTaaAus MHQIALUU IS CIydast
MHQIIUK ¢ BpalleHHeM BOJIM3M MakCUMyMa moTeHnuana. VcciemoBaHa 3BOIIIO-
LUs BpPALIECHUS TEMHOW SHEPIUH, MOJCIHPYEMOW AHU3OTPOIHONU IKHUIKOCTBIO.
B paccmarprBaeMoM penieHnH Ha BCeX CTaausX (ppUIMaHOBCKON IBOIIONNH 3aBU-
CHUMOCTb MacIITabHOro (akTopa OT BPEMEHH COBIAAACT C aHAJOTMYHOM BO (pua-
MaHOBCKOW KOCMOJIOTHH, a Ha MO3JHUX BpeMEHax OyAeT NMEeTh MECTO YCKOPEHHOE
pacipenue BeeneHHOM.

B Tperbem ciydae paccmarpuBaeTcs nepBast HHQISIUOHHAS CTaIusl ¢ Bpalle-
HHEM JUISL IBYX CKaJSIPHBIX HOJNEH — Tak Ha3blBaeMasl «rHOpHIHAs MHOISLH.
B kauecTBe MCTOYHHMKOB TpaBUTAl[MHM HA JTare paHHEH WHQISIUHA HCIOIb3YEeTCs
AQHU30TPOIHAs KUIKOCTh U JBa CKAJIAPHBIX MOJIS.
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Various Cosmological Models of Inflation with Rotation
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PSU, Russia

Three cosmological models for the Bianchi type IX metric are constructed. In the
first case, a cosmological scenario with rotation with chaotic inflation is construct-
ed. Friedman stages of cosmology are described. It is established that in the mod-
ern era, dark energy, described by an anisotropic liquid, practically does not rotate.
In the second case, the first stage of inflation is considered for the case of inflation
with rotation near the maximum potential. The evolution of the rotation of dark
energy modeled by an anisotropic liquid is investigated. In the solution under con-
sideration, at all stages of Friedman evolution, the dependence of the scale factor
on time coincides with that in Friedman cosmology, and at later times there will be
an accelerated expansion of the Universe. In the third case, the first inflationary
stage with rotation for two scalar fields is considered — the so-called “hybrid infla-
tion”. An anisotropic fluid and two scalar fields are used as sources of gravity at
the stage of early inflation.
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Cronerne Hazan ['.Beinp Npeanokuwin TEOPHIO TPaBUTALMH, HCIOJIB3YIONIYIO JIO-
KaJbHYI0 CHMMETPHUIO OTHOCHUTENBHO KamnOpoBkH n3Mepenuit. Mnen I'. Belins ak-
TyaJbHBI 1 ceifuac. KonndecTBo myOimKanuii, OCHOBaHHBIX Ha 3THX HAEAX, OCTO-
STHHO YBEJIMUYUBACTCS.

B nocnennue roapl paccMaTpHUBAIOTCA pa3iIMUYHBIE BapUaHTHl MPUMEHEHUS
BEIJIEBCKOW (JIOKQIbHONH KOH(OPMHOI) CUMMETPUH K IPAaBUTALUH C TOUYKH 3PEHHS
Monupukanuu obmieit Teopun otHocutenbHOCTH (OTO) Anms omucaHus TEMHO
MaTepuu, TEMHOH YHEPTHH, HBOIONNHN paHHel Bceenennoit. Mognduxanun OTO c
YYETOM JIOKILHOW KOH(QOPMHOW WHBAPUAHTHOCTH HMCCIEAYIOTCS B TEUCHHUE IOJI-
TOro BPEMEHHU KaK MOMBITKH PELIeHUs] Pa3IMYHbIX HIpoOJieM, B YaCTHOCTHU: CIIOCO-
0OB MEPEHOPMHPOBOK B KBAaHTOBOM TPaBUTAILINH, IEPEHOPMHUPOBKH TEH30pa HYHEP-
THU-MMITYJIbCa, TUHAMHUKH UHQISIMK B paHHeH BceneHHON U MOsIBICHUST Macchl Y
3JIEMEHTAapPHBIX YaCTHII.

B noknane oOcyskmaroTcst Moaenu KOH(GOPMHOM I'paBUTALMK C JlarpaH)XKuaHa-
MU, JUHEHHBIMH 10 CKAJSIPHOM KPHUBHM3HE U HEMHHHMAJIBHOM CBSA3BIO CO CKaJsIp-
HBIM ToneM. [IpennoskeH HOBBIH BapuaHT KOH(QOPMHOIO JarpaHKHaHa C JABYMsI
CKaJIIPHBIMU IOJISIMH, B KOTOPOM BEKTOp Beiins 3ameHeH Ha BekTop, mpeolpasy-
IOIIMICS Kak U BeKTOp Beilns, HO He BXOMSAIIMI B BEWJIEBCKYIO CBSI3HOCTH. [Ipo-
CTPaHCTBOM TaKOM MOJEIH SIBJIIETCS MHTErpUpyeMoe mpocTpaHcTBo Beitms [1].

B pamkax Teopum rpaBuTanuy Beinns ¢ HEMUHUMAaNIBHOM CBS3bIO BELIECTBEH-
HOTO CKAaJSIPHOTO TIOJSI PacCMOTpeHa3ajada ONMHCaHUs KOH(GOPMHOW CTaIlH 3BO-
monmn BeenenHo#t Ha ocHoBe Merpukn @Ppuamana. [IpuBeneHsl koH(pOPMHO-
WHBapUaHTHBIC PEIICHUs AJsl MacITabHOro (pakTopa W MOKa3aHO, YTO KBAHTOBHIC
MIONPaBKH K CIIeAy TEH30pa SHEPIHMH-UMITYJIbCa YACTUYHO KOMIIEHCHUPYIOTCS Ka-
mubpoBkoi ¢yHkmu Jupaka, MpUBOASIIEH K Jarpamkuady o0IIeld Teopruu OTHO-
CHUTENIBHOCTH [2].
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About Weyl — Dirac Theory of Gravitation and Its Development
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One hundred years ago H.Weyl proposed a theory of gravitation, which uses local
symmetry with regard to measurement gauging. The ideas of H.Weyl are still ur-
gent today. The number of papers on the basis of these ideas continuously grows.

During recent years different ways of applying Weyl (local conformal) sym-
metry in gravitation theory have being considered from the point of view of modi-
fication of general relativity (GR) to describe dark matter, dark energy, and evolu-
tion of early Universe. Modifications of GR with local conformal invariance have
been examined for a long time as attempts to solve different problems; in particu-
lar, these are the methods of renormalization in quantum gravitation, renormaliza-
tion of the energy-momentum tensor, dynamics of inflation in early Universe and
the origin of masses of elementary particles.

Models of conformal gravitation that contain Lagrangians, which are linear on
scalar curvature and with nonminimum connection with two scalar field, are dis-
cussed in this report. Theory of Weyl-Dirac gravitation has been reported in detail.
A new version of conformal Lagrangian with two scalar fields is proposed, in
which the Weyl vector is replaced with the vector which is transformed as a Weyl
vector, but is not contained in Weylian connection. Weyl integrable space is the
space of such model [1].

The problem of description a conformal stage in the evolution of the Universe
on the basis of Friedmann metrics is considered within Weyl-Dirac gravitation the-
ory with nonminimum connection with the real scalar field. Conformal invariant
solutions for the scale factor are presented. It is demonstrated that quantum correc-
tions to the trace of energy-momentum tensor are partially compensated by gaug-
ing the Dirac function, which results in the Lagrangian of the General Relativity
theory [2].
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Axionic Extension of the Einstein — Maxwell Aether Theory
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We work in the framework of the axionic extension of the dynamic aether theory,
which is a modified vector-tensor theory of gravity. The key elements of the the-
ory are the dynamic aether velocity four-vector [1] and the pseudoscalar field
identified with axionic dark matter [2]. By the variational formalism, the master
equations for the evolution of the axion field, the velocity field of the dynamic
aether, and the gravitational field have been obtained [3, 4]. In these papers, for
various potentials of the axion field, exact cosmological solutions are found.
These solutions describe the isotropic Friedman cosmological model. Introducing
into consideration various potentials of interaction of the axion field with the ae-
ther field, we study the concept of regulating the state of axionic dark matter due
to interaction with the aether flow.

In work [5], the master equations for the evolution of the axion field, the field
of the dynamic aether, the electromagnetic and gravitational fields were also ob-
tained. The main difference of this work is an anisotropic homogeneous cosmolog-
ical model of the Bianchi-I type. A feature of this model is that the covariant deriv-
ative of the aether velocity four-vector has two nonvanishing components — the
extension scalar and the shear tensor, in contrast to isotropic models, where only
the extension scalar is nonvanishing.

In the work [6], special attention is paid to electromagnetism. In the frame-
work of nonlinear axion electrodynamics, the interaction of axion and electromag-
netic fields in homogeneous anisotropic models of the Bianchi V and VI types with
one preferred direction is considered. A feature of these models is the dependence
on time and one selected spatial coordinate, however, Einstein’s equations contain
dependence only on time, which imposes certain restrictions on the symmetry of
the electromagnetic field. The analysis of admissible particular cases, matching the
symmetry of the electromagnetic field with the symmetry of the cosmological
model, is carried out.
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The Problem of Time in Quantum Gravity:
Analysis of Various Approaches
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At present, the idea that time does not exist in the realm of quantum gravity, in par-
ticular, in the Very Early Universe, is widespread. It originates from the Wheeler —
DeWitt quantum geometrodynamics, where there is no time evolution. After some
period of criticism, new arguments were put forward in favour of this idea. In its
turn, it implies that time must have appeared at the semiclassical stage of the Uni-
verse existence. In principle, quantum theory of gravity should explain the appear-
ance of time, however, in the “semiclassical program” [1, 2] time is just a parameter
along the classical trajectory. The goal of the “semiclassical program” is to obtain the
Schrodinger equation for matter fields with quantum-gravitational corrections as a
consequence of the Wheeler — DeWitt equation using the Born — Oppenheimer
approximation.

In other approaches, time appears as a result of introducing some reference
frame, like, for example, in [3, 4], where Kuchat — Torre reference fluid is con-
sidered, or in the extended phase space approach to quantization of gravity [5].

The general conclusion is that time cannot be introduced into formalism of
quantum gravity without indicating some observer in a reference frame equipped
by clocks. Any attempt to explain the appearance of time in a timeless universe
implies that spacetime had already existed and so leads to a logical vicious circle.
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[Mone p-dpopM WM aHTHUCUMMETPUYHOE TEH30pHOE IoJie, Hampumep, mnoje Kano-
PamoHa B Teopuu CTpyH, JOCTATOYHO XOPOILIO M3YYEHHBIH OOBEKT B COBPEMEHHOM
TeopeTHueckoil ¢usuke. I'pynma kamuOpoBOYHBIX MpeoOpa3oBaHuii p-GopMBbl Ta-
Kasl ke, KaK B dJIeKTpoanHaMuke, To ecth U(1). HeabGeneBsiM 00001IeHNEM TEOpUH
¢ 2-hopMmoii saBisieTcs BhIcInas Teopus SHra-Muiica, ocHoBaHHas Ha 2-rpymme Jlun
[1]. UmeroTcst HeabeneBbie KaTuOPOBOYHBIC TEOPUH, OCHOBAHHEIE I p-hopM, Te
p Oonbiie AByX [2]. Maremarnueckuil ammapaT BBICIINX KaTHOPOBOYHBIX TEOPHUI
BKJIIOUaeT B ce0si 0000IIeHne paccaoeHniH — >KepOrbl, I/ie cTapliue MO CTENeHH
(OpMBI MOTYT OCYIIECTBIISITH MapauICIbHBIA IEPEHOC BOJIb TOBEPXHOCTEM.
Teopust HeabeneBoit 2-popMbl OCHOBaHA Ha 2-rpyrie JIu Wi >KBUBaJICHTHO
2-CKpeuIeHHOM MOJyJe. 2-CKpEeIIeHHBIH MOAYJIb COCTOUT M3 ABYX rpynm Jlu H u
G, a Takke OBYX omnepauuii: romomoppmsma o : H — G u neiictus > rpynnsl G

Ha H, takum uto a(g > h)=ga(h)g™', rnegeG, he H. Takxke ecTh jBe ecTe-

CTBEHHBIE aKCHOMBI Ha 3TH omnepanuu. Kak o0br4HO, 4TOOBI NEpEHTH K KpUBU3HE
KaJHOPOBOYHOTO TOJISI, HYXKHO paccMoTpeTs 2-anredpy Jlu wnn nuddepennmans-
HBI CKpPEIIEHHBIH MOAYJb, KOTOPBIH COCTOUT U3 ABYyX anredp Jlu g u h nuddde-
PEHIMATBHBIX Bepcuii roMoMopdu3Ma do ¥ aecTBus d >. CBI3HOCTH TPUBHAb-
HOrO TJAaBHOTO 2-pacciioeHus: l-opma A, KoTOpas NPUHUMACT 3HAYCHHUS B
anrebpe g; 2-gopma B, npuHUMaromias 3Ha4ueHus B anreOpe /. Torma depe3 3Tu
(hOpMBI MOXKHO OTIPEAETUTH BBICIIIME aHAJIOTH KPUBHU3HBI 2-paccioenus [1]. Taxxe
3/1eCh MOYKHO 3aIMCaTh BBICIITNE aHAIOTH TOKIECTB BhsIHKY, ypaBHEHUH TBUKEHISI
U JeUCTBUS.

B noknane mbl 00cyaum 6osee moapoOHO BhIcIyio Teoputo Slara — Munica,
a Taxoke Beicmue anajgoru BF-teopun u reopun Uepna — CaiimoHca.
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Features of Higher Gauge Theories
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The p-form field or antisymmetric tensor field (for example, the Kalb-Ramon field
in string theory) is a well-studied object in modern theoretical physics. The p-form
gauge transformation group is the same as in electrodynamics, ie U(1). A non-
Abelian generalization of the theory with 2-form is the higher Yang-Mills theory
based on the Lie 2-group [1]. There are non-Abelian gauge theories based for p-
forms where p is greater than two [2]. The mathematical apparatus of higher gauge
theories includes a generalization of bundles — gerbes, where the higher degree
forms can carry out parallel transfer along surfaces.

The theory of a non-Abelian 2-form is based on a Lie 2-group or equivalently
a 2-crossed module. A 2-crossed module consists of two Lie groups H and G, as
well as two operations: a homomorphism o : H — G and an action > of the group

G on H such that og>h)=ga(h)g™'. Here g € G,he H. There are also two

natural axioms for these operations. As usual, to get to the curvature of the gauge
field, one has to consider a Lie 2-algebra or differential crossed module, which
consists of two Lie algebras and differential versions of the homomorphism do and
action d >. Connections of the trivial principal 2-bundle: 1-form A that takes val-
ues in the algebra g; 2-form B taking values in the algebra /4. Then, through these
forms, one can define higher analogues of curvatures [1]. It is also possible to write
here the higher analogues of the Bianchi identities, the equations of motion and
action.

In the talk, we will discuss in more detail the higher Yang-Mills theory, as
well as the higher analogues of the BF-theory and the Chern-Simons theory.

References

[11 Baez J.C. Higher Yang-Mills theory. e-print: hep-th/0206130.

[2] SongD., Lou K., Wu K., Yang J. Higher form Yang-Mills as higher BFYM theory. Eur Phys J,
C, 2022, vol. 82, art. 11. e-print: 2109.13443[math-ph].



XXIII MexdyHapodHas Hay4YHas KoHgepeHLUs «dusuyeckue UHTepnpeTaLuu Teopuu oTHocuTesbHocTu» 161

Constraining Graviton Production during and after Inflation
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Modern cosmological theories generically predict generation of primordial tensor
perturbations (gravitational waves) during and after inflation and even at the pre-
sent time. However, in contrast to already discovered primordial scalar perturba-
tions having an approximately flat power spectrum with the slope |ny(k) — 1| <1,
we have only an upper limit on such primordial GW background at present. The
observational result that the tensor-to-scalar ratio » < 1, too, is in the excellent
agreement with the generic prediction of inflationary models with the slow roll
evolution during inflation. In particular, the simplest (one-parametric) inflationary
models — the pioneer R + R one [1], the Higgs model, and the mixed R’-Higgs
model produce the target prediction » = 3(1 — n,)* = 0.004 below the present upper
limit » < 0.036 [2]. However, even this upper limit provides us with much infor-
mation. It excludes many inflationary models popular in the past, like those with
a power-law inflaton potential (‘chaotic inflation’). It also strongly restricts possi-
ble kination-like post-inflationary behaviour of the Universe (expansion slower
than that during the radiation dominated stage) [3] and the hypothetical effect of
trans-Plankian creation of particles which, if exists, would show itself in large crea-
tion of gravitons even at the present epoch [4]. Finally, it leads to a lower limit on
an energy scale of non-locality in possible non-local modifications of gravity at
sub-Planckian curvatures which have the R’-like inflationary stage leading to the
observational result for the scalar spectral slope n, [5].
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Some Cosmological and Astrophysical Aspects
of Horndeski Gravity
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In this talk we will discuss the most general scalar-tensor theories of gravity which
contain the only single scalar degree of freedom. These theories, known as Degener-
ate Higher-Order Scalar-Tensor (DHOST) theories, include Horndeski and Beyond
Horndeski theories. More details, we will focus on the particular subclass of models,
known as the theory of gravity with non-minimal derivative coupling, and consider
isotropic and anisotropic cosmological models in such the theory [1-8]. As well, we
will shortly discuss compact astrophysical objects (black holes, wormholes, neutron
stars) in the theory of gravity with non-minimal derivative coupling [9].

This work is supported by the RSF grant No. 21-12-00130 and partially carried out
in accordance with the Strategic Academic Leadership Program “Priority 2030”
of the Kazan Federal University.

References

[1] Galeev R., Muharlyamov R.K., Starobinsky A.A., et al. Anisotropic cosmological models in
Horndeski gravity. Physical Review, D, 2021, vol. 103, art. 104015.

[2] Starobinsky A.A., Sushkov S.V., Volkov M.S. Anisotropy screening in Horndeski cosmologies.
Physical Review D, 2020, vol. 101, art. 064039.

[3] Starobinsky A.A., Sushkov S.V., Volkov M.S. The screening Horndeski cosmologies. JCAP,
2016, vol. 06, art. 007.

[4] Matsumoto J., Sushkov S.V. General dynamical properties of cosmological models with nonmin-
imal kinetic coupling. JCAP, 2018, vol. 01, pp. 040.

[5] Skugoreva M.A., Sushkov S.V., Toporensky A.V. Cosmology with nonminimal kinetic coupling
and a power-law potential. Physical Review, D, 2013, vol. 88, art. 083539.

[6] Sushkov S.V. Realistic cosmological scenario with nonminimal kinetic coupling. Physical Re-
view, D, 2012, vol. 85, t. 123520.

[7] Saridakis E.N., Sushkov S.V. Quintessence and phantom cosmology with nonminimal derivative
coupling. Physical Review, D, 2010, vol. 81, art. 083510.

[8] Sushkov S.V. Exact cosmological solutions with nonminimal derivative coupling. Physical Re-
view, D, 2009, vol. 80, art. 103505.

[9] Kashargin P.E., Sushkov S.V. Anti-de Sitter neutron stars in the theory of gravity with nonmini-
mal derivative coupling. JCAP, 2022, vol. 01, art. 005.



XXIIl MexdyHapodHas Hay4YHas KoHgepeHLUs «dusuyeckue UHTepnpeTaLuu Teopuu oTHoCcUTesbHocTUu» 163

PaccesiHue 3/1eKTPOHOB Ha YepBOTOUMHE
B 60pHOBCKOM NpU6ANXKEHUN

B.H. Tumocpees WTimoff@yandex.ru
CaHKT-MeTepbyprckuin rocypapCcTBeHHbI YHUBEPCUTET rpaXkaaHCKoM aBMaLmm
nmeHu MasHoro maptiuana asmaumnm A.A. HoBukoBa, Poccua

UzBectHo, uro ¢ynkuus I'puna G,(x—x") ypaBHeHust {upaka uist cBOOOIHOM
YaCTHUIIBI
0y —my =0
YAOBJIETBOPSIET yPaBHEHUIO
y'0,G,(x—x")—mG, (x — x") = 8(x — x')

1 UMCCT BUJ

1 P+M iy
G (x—x")= ARy i R
o ) (27:)4-[]32—”12 P

rne p=v"p,.

AHAIOTHYHO MOXXHO ompenenuth GpyHkimio ['puna G(x —x') s ypaBHeHUs
Jupaka BO BHEIIIHEM IPaBUTALIIOHHOM IIOJIE

'V, —my =0
KaK pEIlcHHUE YPaBHEHUs
W'V, G(x—x")~mG(x - x") = 3(x - x"), @8
rae y* = y(“)e(ﬁl )» €lyy — OPTOHOPMHPOBAHHAS TETPA/IA.

Omnpenenum onepaTtop I' mocpencTBoM paBeHCTBA

r_ (@) u n
=7 (el Vi — ety Vou ) )
e V, = (3” +I', — KoBapuaHTHas NpPOM3BOJHAS B TIPABUTALMOHHOM IOJIC;
1 A . .
[, =—y"v,, — CIMHOpHAas CBSI3HOCTb B rPaBUTALMOHHOM mose; V, =0, +1' ;

4
n
€, 1 I, — OpPTOHOpPMHpPOBaHHasi TETPaJa U CIMHHOPHAs CBSI3HOCTH B KPHBOJIN-
HEWHBIX KOOPAMHATAX B OTCYTCTBHE BHEITHETO I'PAaBUTAIIIOHHOTO TOJIS.
Boo_sK _
B nexaproBbix koopaunarax e, =96, u I'\, =0. Torna ypasuenune (2) MOx-
HO IIEpenrcaTh B BUJIE

iy MV, ,G(x—x) +ilG(x = x') = mG(x - x") = 8(x — x").
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PaccmoTpum criaboe TpaBUTAIIOHHOE TONIE, T. €. TaKoe Toje, B KOTOPOM
MOXXHO ITPUMEHUTH MCTO/ MOCJICIOBATCIbHBIX HpI/I6HH)KeHI/II>'I.

Beenenue onepatopa (2) no3BoJseT J0Ka3aTh CICAYIOUIYIO TEOPEMY.

Teopema. Jlns cmaboro BHENIHETO TPABUTAIIMOHHOTO TIOJS CIIPABEIJIHMBO
ypaBHEHHE

y(x) = —iCﬁ G(x' = )" ()y(x)y—g(x)dS,, 3)

rae Sﬁ —g(x)dS, — wWHTerpai 1o TPEXMEpHOH TMIEePIOBEPXHOCTH; g(X) —
ONpe/IeNIUTENb MATPULBL (g;;)-

ITpu oroM pynkuus I'puna G(x —x') yHOBIETBOPAET yPABHEHUIO

Gx—x")=G,(x—x")+ ij G(x— x")f(x")Gn (x" = x")J-g(x")d*x". 4
ITycTh rpaBUTAMOHHOE TOJIE SIBISETCS MEHTPAIbHBIM M CTAI[MOHAPHBIM. To-
ra uMeeM
y(x) =y(r)e™,
rJe & — DHEPIrHs 3JEKTPOHA.

B sroii pabore mHTEpec mpencTaBiseT ciydail, korna ¢yHkuus W(r) mpu
F — 00 UMeeT BUJ] CYNEePIIO3UIIIH TUIOCKOH U chepruecKor pacxoasmenicss BOITH

ipr

w(r) ~ue® + Am)—,
r

rae p, U p — UMITYJIBCHI DJIEKTPOHA 10 U MOCJIE pacCeIHUA Ha 66CKOH€‘IHOCTI/I; Us
— 6I/ICHI/IHOp, OHI/ICBIBaIOH_II/If/i COCTOSIHHE JJIEKTPOHA C UMITYJIbCOM P, U MNOJISIPHU-

3a1iei o; n = r/r.
B 6opuoBckom npubmmkennu u3 (3) u (4) crenyert, uro Oucnuaop A(n) mme-

eT BUJ
. 1 0) ' iKr' 73 .1
A(n) =i 475(_7 p+y e+ m)JF(r Juge™ dr’,
rae K=p, —p. 3aecs pynkuus I'(r) ompenensercs u3 paBeHCTBa
[(r)u ™" =T(r)u_e™".
AMIUIHTYa paccestHUs JIEKTPOHA paBHA
1 _ i _ ' iKr' 73 1
f(n,0)=—1u, A(n) =—1ir, j T ™ d°r. (5)
2m 4m

B nmannoif paboTe paccMOTpeH Ciiydail paccesHHs] DJIEKTPOHOB Ha YEPBOTO-
yrHe Dirca — bpoHHMKOBa B OOPHOBCKOM NPHOIHKEHUH (5).
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Electron Scattering on a Wormhole in the Born Approximation

Vladimir Timofeev WTimoff@yandex.ru

Saint Petersburg State University of Civil Aviation
named after Air Chief Marshal A.A. Novikov, Russia

It is known that the Green’s function G,(x—x") of the Dirac equation for a free
particle
0y —my =0

satisfies the equation
y'0,G,(x—x")—mG, (x —x") = 8(x — x')

and has the form

1 P+M iy
G (x—x")= AR A
,(x=x') (2n)4jﬁ2_m2 P
where p=y“p, .

Similarly, we can define the Green’s function G(x—x") for the Dirac equation

in an external gravitational field
'V y—my =0
as a solution of the equation
'V, G(x —x") —mG(x —x") =8(x - x'), @))

(a)

where y* =y'“¢,, €, is an orthonormal tetrad.

Let us define the operator r by the equality
r— (@ (1 u
P =7 (el Vy =€t Vo) )
where V, =0,+I, is the covariant derivative in a gravitational field;
Iy : . . o
r, :Zy Y, 1S @ spin connection in a gravitational field; V,, =0, +T,; e,

and I'j are orthonormal tetrad and spin connection in curvilinear coordinates in
the absence of external gravitational field. In a Cartesian coordinate system
€,y =0, u I, =0.

Then equation (2) can be rewritten as

iy(“)VOHG(x —xX)+ilG(x—x") = mG(x - x") = 8(x — x').
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Consider a weak gravitational field, i.e. such a field in which the method of
successive approximations can be applied.

The introduction of operator (2) allows to prove the following theorem:

Theorem. For a weak external gravitational field, the equation

() == G — 2 (I (Y=g ()dS, 3)

where Cf) —g(x)dS,, is an integral on a three-dimensional hypersurface, g(x) is

a determinant of the matrix (g;) is valid.

In this case, the Green’s function G(x —x") satisfies the equation
Gx—-x)=G,(x—x")+ iJ‘ G(x— x")f(x")Go (x" = x")J—g(x")d*x". (€))
Let the gravitational field be central and stationary. Then we have

y(x)=y(r)e™,
where ¢ is the energy of an electron.
In this paper the case of interest is that the function y(r) at » — « has the
form of a superposition of plane and spherical divergent waves

) ipr
w(r)~u ™ + Am)<

r b
where po and p are electron momenta before and after scattering at infinity; u_ is a

bispinor describing the state of an electron with momentum p, and polarization c;

n=rfr.
In the Born approximation, it follows from (3) and (4) that the bispinor A(m)

has the form
. 1 0) ' iKr' 73 01
A(m) —ZE(—’Y p+y e+ m)J.F(r Juse™ dr,
where K =p, —p. Here the function I'(r) is defined from the equality
lA“(r)uce"p“r =T'(r)u e™".
The amplitude of electron scattering is
1 _ I _ ' iKr' 43 1
f(n,0)=—ii_A(n) =—ii, j T ™ dr', (5)
2m 4

In this paper we consider the case of electron scattering on the Ellis —
Bronnikov wormbhole in the Born approximation (5).
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Lie Differential Geometry Aufbau of the Atoms and Molecules

Erik Trell erik.trell@gmail.com

Linksping University, Sweden

In previous PIRT conferences I have reported on a differential geometry structural
make-up of the standard model of the elementary particles and the periodic system
of the atoms following Marius Sophus Lie’s Ph.D. dissertation Over en Classe Ge-
ometriske Transformationer at Christiana (now Oslo) University in 1871 [1-4].
This thesis essentially describes Nature at the infinitesimal level it appears as by
“a transition from a point to a straight line as element” both mathematically and
materially of digital constitution. Under nucleosynthetic conditions its partial de-
rivative square wave steps “of length equal to zero” can go into a space-filling
modular “curve-net” formation. In the first generation, from the 10" meter size of
the Nucleon radius, this is a bi-layer wave-packet accumulation of palindromic
Bohr Aufbau configuration, whose repeated application like in an oriental tiling or
rug first outlines its pattern in the periodic table over the more than 10,000 times
larger extension of the atom cross-section area. When a layer is covered by a full
excursion of the knot returning to the origin, the train continues by moving one
step upward the Nucleon shaft to a new horizontal sheet, and this continuous ex-
pansion goes on till the multistorey atom is equally high as wide in the form of a
crystal that retains the shape of its infinitesimal module and so can self-assemble
into a polymeric nanostructure cluster of itself or molecular combinations with oth-
er atoms exactly and extensively as specified in established chemical formulas.
This is here exemplified by some basic and more advanced organic compounds
including the proteinogenic amino acids and DNA.
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Cosmological Implications of f(Q, T) Gravity
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!Indira Gandhi Institute of Technology, India
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It has been an accepted fact that, the expansion of the Universe is accelerating at
the present time. This appears as an exotic phenomenon that involves the incorpo-
ration of exotic matter fields within the general relativity. However, modified theo-
ries of gravity where the geometrical part of the action is suitably modified to ex-
plain this late time speed up issue without the need of any exotic matter fields. Of
late there have been a good number of geometrically modified theories of gravity
proposed in literature. In recent times, geometrically modified gravity theories in-
volving non-metricity within teleparallel approach have gained much importance.
In the present talk, we will discuss the cosmological implications of such a gravity
theory, dubbed as O, T) theory. After the derivation of the basic field equations,
we will construct accelerating cosmological models and will obtain the dynamical
cosmographic parameters and the equation of state parameters. The stability of the
models will be analyzed through different diagnostic techniques including the dy-
namical system analysis.
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Surrounded Generalized Vaidya Spacetime
by Cosmological Fields
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Recent direct observations of black hole shadows gave them the status of realistic
astrophysical objects. In a real astrophysical situation, a black hole loses its mass
during evaporation or gains it during the accretion process. As a result, their exteri-
or metric is not static or stationary but dynamical. Vaidya [1] and generalized
Vaidya spacetimes [2] are the simplest examples of the dynamical exterior geome-
try, which can describe accretion or evaporation processes. Moreover, considering
a black hole as a real astrophysical object, one should understand that it is not an
isolated but lives in non-empty backgrounds.

In our work, we consider black holes that are described by generalized Vaidya
solution in the dynamical cosmological backgrounds of stiff fluid, dust, radiation,
de Sitter, quintessence and phantom fields. According to Y. Heydarzade and F.
Daraby [3-5], we call it a surrounded generalized Vaidya black hole’. First of all,
we obtain the solution of the Einstein equations, which describes such objects, and
after it, we analyze time-like geodesics associated with the obtained solution. We
find out that new corrections to Schwarzschild’s black hole arise and find condi-
tions when these corrections are not negligible. Also, we investigate the question
about conformal symmetries of this solution and consider how surrounded fluid
influences the gravitational collapse of generalized Vaidya spacetime.

This research was funded by Russian Science Foundation
grant number 22-22-00112.
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Lorentz Force for Charged Particles with Negative Energy
in Black Hole Binaries
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There are several ways how the energy can be extracted from a black hole. Penrose
process states that in the ergoregion of a rotating black hole, the particles with neg-
ative energy might exist due to collision or decay. As the result, the energy of es-
caping particle is bigger than the energy of the original particle. This process is
possible only in the ergorigion where the Killing vector becomes spacelike. In
spherical symmetry, i.e., for Schwarzschild and Reissner-Nordstrom black holes,
the Killing vector is timelike outside the event horizon and the Penrose process is
impossible. However, in Reissner-Nordstrom case, one can consider the analogy of
the Penrose effect because there are charged particles with negative energy. These
particles can exist only in the generalized ergoregion. The border of this region is
called generalized ergosphere and it depends on the test particle parameters. Thus,
even in the spherically-symmetric case there is the analogue of the Penrose process
for charged black holes. This process might take place in binary system which ex-
terior geometry is well-described by The Majumdar-Papapetrou spacetime.

In this work, we consider the possibility for the existence of charged particles
with zero energy and find out the region where such particles can exist. After that
we calculate the Lorentz force associated with charged particles with zero and neg-
ative energy. We found out that this force for a particle with negative energy can
change its action from attractive to repulsive. After that, we compare forces for
such particles with ones in RN spacetime.
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Phase Correlations in Quantum Field Theory and Entanglement

Giuseppe Vitiello givitiello@unisa.it

Salerno University, Italy

The experimentally well-grounded entanglement phenomenon admits the concrete
physical representation when it is studied in the context of quantum field theory
where long-range correlations are phase correlations induced by vacuum coher-
ence. What appears at first sight as a “spooky action at a distance”* turns out to be
the fact that Alice’s and Bob’s measurements are embedded in the coherent dynam-
ics of the physical vacuum acting as a collective mode background, a feature not
present in the quantum mechanics analysis. Remarkably, this conclusion emerges
in fact from the very structure of quantum field theory leading to a different and
more concrete perspective on the physical mechanism of entanglement. Examples
considered in the entanglement analysis include quantization in curved space-time
[1, 2], quantization near the event horizon [3], and for expanding geometries [4]
and in general in dissipative systems [5, 6], also including application to the dissi-
pative quantum dynamics in brain modeling [7, 8].
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Laser Gravitational Wave Antennas and Quantum Measurements

Sergey Vyatchanin svyatchanin@phys.msu.ru

Lomonosov Moscow State University, Russia

Laser GW antenna is the unique displacement meter measuring distance 4 km be-
tween 40-kg masses with unique sensitivity about 10'° m. We present analysis of
main fundamental reasons, which determine sensitivity of GW detectors. Current
sensitivity is close to Standard Quantum Limit (SQL). We discuss the reasons of
SQL measurement noise and back action) and methods to surpass it: quantum non-
demolition measuremens (QND), quantum variational measurements, speed meter
and usage of optical rigidity. We also consider the methods of broadband varia-
tional measurement for mechanical oscillator, so called “system free from quanum
mechanics” (SFQM) and “negative mass”.
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Orbital Motion in the Reference Frame of a Blackhole
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I compare two versions of the analysis of the gravitational wave signal GW150914
presented previously by the LIGO/Virgo collaboration (LVC). The first version
was presented in 2016 by this collaboration along with their announcement of the
first experimental detection of gravitational waves [1]. It was based on rigorous
general-relativistic treatment of the coalescing two-body problem. The second
analysis of this signal by the same authors [2] was based on the quadrupole post-
Newtonian (PN) approximation of General Relativity (GR). I revisit this post-
Newtonian analysis and estimate the mass of the coalescing binary blackhole sys-
tem using frequency values read directly from the time-frequency diagram of
GWI150914. My estimation, similarly to the PN-result from LVC [2], coincides
with the rigorously calculated mass for this system from the LVC first publication.
Additionally, I estimate the masses of other coalescing binary systems by using the
same quadrupole PN-approximation formula applied to the data from the published
gravitational wave transient catalogues. Practically all of my PN-approximation
estimates coincide with the published masses based on the rigorous methods. In my
view, this coincidence means that the rigorous theory for gravitational waveforms
of coalescing blackhole binaries does not fully account for the difference between
the source and detector reference frames because the PN-approximation, which is
used for the comparison, does not make any distinction between these two refer-
ence frames: by design and by the principles and conditions for building the PN-
approximation. I discuss possible implications of this conflict and find that the ac-
curacy of the previously estimated characteristic (chirp) masses of coalescing bina-
ry blackhole systems is likely to be affected by a systematic error.
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Physical Meaning of the Einstein-de Sitter Space
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Einstein-de-Sitter (EdS) space is a modification of the Einstein space made by de
Sitter [1] a few months after Einstein published his first cosmological model in 1917
[2]. De Sitter found that, similarly to the Einstein space, the elliptical space, in which
antipodal points of the Einstein space are topologically identified, equally satisfies
Einstein’s field equations. This is a static space, but de Sitter found that spectral lines
of remote galaxy spectra in this space must be displaced towards longer wavelengths.
Thus, de Sitter predicted the existence of the cosmological redshift well before it was
discovered from observations by Lemaitre and Hubble. And this was done for a stat-
ic Universe model, as the Friedmann model did not exist yet! The topological identi-
fication of antipodal points of space is a mathematical abstraction. This can be inter-
preted physically as a connection between remote points via the Einstein — Rosen
bridge [3], also called “wormhole”. In this model, the major part of the observed
cosmological redshift is gravitational by its nature. So, I use the gravitational redshift
formalism to fit this model’s two parameters through a minimisation of X* using the
Type Ia supernovae data from the Pantheon+ sample of 1701 well-calibrated objects
[4]. My fit turns out to be equivalent to the ACDM model fit to the same data, with
the minimal X° values being similar for both models. The two models diverge in their
predictions for redshifts z exceeding ~ 1.5. So, since there are no available superno-
vae for large redshifts, I test both models against a sample of 193 gamma-ray bursts
(GRB), whose redshifts extend to z ~ 8. The GRB distance moduli calibrated via the
Amati relation [5] are currently extensively used by many authors as a standard-
candle proxy for the high-redshift Universe. My GRB-verification gives about 6 %
smaller X* value for the EdS model as compared with the ACDM model, which indi-
cates that the static EdS model can be a viable alternative to the expanding-Universe
models. This is especially important in view of the recent results from the James
Webb Space Telescope (JWST), showing that there exist well-evolved galaxies with
z >15 formed in an impossibly short time interval of ~ 230 Myr available for them
since the beginning of the Universe, according to the standard cosmological model.
The EdS model provides much more time for the evolution of those galaxies, which
explains the unusual JWST observations.
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O pacnpepeneHun TeMnepaTypbl B YepHOW Abipe
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®dopmyna i TeMIepaTypsl YepHOU IBIPBI T, BIEPBBIE ObUIA MOTy4YeHa XOYKHH-
TOM, KOTOPBIH HCIIONB30Bal pe3yibTaT bekeHInTeHa U1 3HTPOIMK 3TOTO acTpo-
¢m3ugeckoro o0bekTa. OmHAKO pe3yiabTaT XOYKHHTAa OTHOCHIICS (DaKTHICCKH
K TEIJIOBOMY M3JIyYEHHUIO C MMOBEPXHOCTH YEPHOU ABIPHI U BOIPOC O TEMIEpaType
ee BHYTPEHHHUX oOJiacTell He paccMarpuBaics. bekeHureiin, pemas Bopoc o co-
XpaHeHUH MHYOPMAIUY MPH MOMaJaHUN (U3NIECKOTO Tesla B YEPHYIO ABIPY, HC-
MOJIB30BaN TOJOrpadUUecKUil MPUHIIMII, COTJIACHO KOTOPOMY 3Ta MH(popManus 3a-
mUcaHa Ha IOBEPXHOCTH. B KauecTBe 3TOH MOBEpXHOCTH WM ObLIa BBIOpaHa
MOBEPXHOCTh TOPU30HTA, T. €. IOBEPXHOCTh C(Ephl C paAnycoM, paBHbIM I'PaBUTa-
IIMOHHOMY 7. IIpu 3TOM OJTHOMY OMTY MH(BOpPMAIMK COOTBETCTBOBAJIA DIEMEHTAP-
Has IUIOIIAJKa ¢ IJIOUIa/bl0, paBHOW KBajpaTy IUIAaHKOBCKOM JJIMHBL. Jlns pere-
HUs HalleW 3aadyu O PaclpenieeHUM TEeMIepaTypbl BHYTPU UYEPHOH ABIPHI MBI
BBEJIHM J[Ba MPEATNOIIOKEHNA. Bo-niepBhIX, ObUTO MPEANOI0KEHO, YTO TTOTOK TEILIO-
BOT'0 M3ITYUYCHHUS! OJJHAKOB Ha JIIOOOM pacCcTOSHUM OT €€ LeHTpa. Bo-BTOpBIX, KEpH
YepHOH IBIPBl MMEET IUIONIA/b, COOTBETCTBYIOLIYI0 OJHOMY OuTy MH(OpMauuu.
OTH TPEANON0KEeHUS MO3BOJIMIA MOJYyYUTh 3aMKHYTOE pEIIeHHE 3a/adi B BHIE
CTETNIEHHOTO 3aKOHa M3MEHEHMs TemIepaTypbl I’ B pagualibHOM HalpaBiIeHUH Ha
PacCTOSIHUM ¥ OT LIEHTPa CPEPHUUECKON YEPHON ABIPHI, & UMEHHO:

-1/2
=8 ""T,,=rir, (D
OxkaszaJiock, YT0 MaKCHMaJbHas Temreparypa 1, BHYTPH SBIAETCS KOHEUHON

BCJIMYMHOM M MMEET 3aBHCHMOCTH OT MAacCHI IlfprOI\/'I ABIpBL M, Ooiee cna6yro,

4eM B popmyie Xoykunra 1, ~1/m,,, a IMEHHO

3\3/4 1/2
1 [ he c 1 @)
0~ 5 | T~ — I
dnl G my, | Kg
rne i — mocrosiHHas J[upaka; ¢ — ckopocTh cBera; G — TpaBUTAITMOHHAS TI0-

ctogHHas; Kz — nocrosHHas bonbumana. CpaBHuM Temnepatypy 7, ¢ Temmepary-
poii Ilnanka 7p;. Ilocne mpocThIX mpeoOpa3oBaHU MOMydYaeM HMCKOMOE OTHOILIE-

HHEC, a UMCHHO

172
i: Mp. . 3)

Ty My,

OneHnM BEpXHIOI TPaHUIy ATOr0 OTHomeHws. llpruMeM 3a MHHHMAanTbHOE
3Ha4YE€HHE M1, Maccy, paBHyI0 4eTbipeM Maccam Comnna. Ilocne mpocroro yucio-
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BOIo pacdyera MMECM, 4YTO HCKOMas BEPXHIAA TI'paHUIla paBHA HpI/I6HI/ISI/ITeHBHO

5,2-10°. BBINONHEHB! YNCIIOBBIC OLEHKH JUISL W3BECTHBIX yepHbIX nbIp. [lomy-
YCHHBIC PE3yJIbTAThI MPEJICTABICHBI B aHAJTUTUYCCKON U rpaduueckoit popme. OO0-
CYXKTaeTcs CBA3b OIEHKH IJIAHKOBCKOW JJMHBI U Pa3MEPHOCTH MPOCTPAHCTBA-
BpPEMCHH.

On the Temperature Distribution in a Black Hole

Nikolay Yurasov yurasovhi@bmstu.ru

Bauman Moscow State Technical University, Russia

The formula for the black hole temperature 73, was first obtained by Hawking, who
used the Bekenshtein’s result for the entropy of this astrophysical object. However,
Hawking’s result actually referred to thermal radiation from the surface of a black
hole, and the question of the temperature of its inner regions was not considered.
Bekenshtein, solving the problem of the preservation of information when a physi-
cal body enters a black hole, used the holographic principle, according to which
this information is recorded on the surface. As this surface, he chose the surface of
the horizon, i. e. the surface of a sphere with a radius equal to the gravitational =
In this case, one bit of information corresponded to an elementary area with an area
equal to the square of the Planck’s length. To solve our problem of temperature
distribution inside a black hole, we introduced two assumptions. First, it was as-
sumed that the flux of thermal radiation is the same at any distance from its center.
Secondly, the core of a black hole has an area corresponding to one bit of infor-
mation. These assumptions made it possible to obtain a closed solution of the prob-
lem in the form of a power law of temperature change 7 in the radial direction at
a distance 7 from the center of a spherical black hole, namely:

T=¢"21T,, E=rir,. (1)

It turned out that the maximum temperature 7} inside is a finite value and has a
weaker dependence on the black hole mass m,, than in the Hawking formula

3 3/4 1/2
=t e | L @)
* 8nl G my, | K,

where # is the Dirac constant, c is the speed of light, G is the gravitational constant,

T,, ~1/my,, namely:

K, is the Boltzmann constant. Let’s compare the temperature 7, with the Planck’s

temperature 7,,. After simple transformations, we obtain the desired relation,

namely:
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Ty my,

Let us estimate the upper bound of this ratio. Let’s take as the minimum value
m,, a mass equal to four masses of the Sun. After a simple numerical calculation,

we have that the desired upper bound is approximately 5,2-107°. Numerical esti-
mates are made for known black holes. The results obtained are presented in ana-
lytical and graphic form. Discussing the linkage of evaluation on the Plank’s length

and space-time dimension.
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BHeranakTuyeckue TeV-Hble (pOTOHbI U NMpeaen cnekrTpa
HyneBbIX KoJsiebaHui

n.J1. Xoaux zhogin@mail.ru
MNXTTM CO PAH, Poccusa

Perucrpanuto ¢otoHOB oueHb Bbeicokoil sneprun (VHE), E, > 100 GeV, Benyt
Ha3eMHBIE YCTaHOBKH-00CEPBATOPUH, KIacTephl aTMOC(EPHBIX YEPEHKOBCKUX Te-
JIECKOTIOB | T. 1. BHeranaktuueckue uctounukun VHE-GOTOHOB 3TO akTHBHBIC Si7-
pa ranaktuk, 6ma3apsel (Markarian 501 [1], kBa3ap 3C 279 [2]), a cpeau UCTOYHH-
koB B ['anakruke — mynscap KpaGonamnoit tymannoctn (2 kpe; E, cBblwe
100 TeV). Ycranoka LHAASO coo6rana o potonax ¢ sueprueii 1...1,4 PeV; He
WCKJTFOYAeTCsl, YTO YacTh KBAaHTOB NMPHUObLIA M3-3a npeeno [ amaktuku [3].
Bcenennast He coBceM IMpo3pavHa I CTOIb YKECTKUX (POTOHOB — HM3-3a T0-
TJIOLICHUST MeXrajakTuieckuM (oHoBbM m3nydenneM (EBL; ono Brmowaer, mo-

MHMO PEITUKTOBBIX, (POTOHBI C IHEPTUIMU Ey =0,01...4 eV) B mporecce oOpazo-
BaHUS DIIEKTPOH-NMO3UTPOHHBIX map. Ilopor cBaA3aH ¢ Maccoil dJ€KTpoHa m,,
EE, >m62, ¥ cedeHue (NOIVIOUICHHE) MakcumanbHo [3], ecim E E, =
~ 1...5-10" eV>. SIpkocTh (M MpeaesbHbIC SHEPTHH Ey) BO3pacTaloT BO BpEMs

ecnvluiex.
IIpuBenem tpu ncrounnka VHE-QOTOHOB, ¢ KpacHBIM CMeIIEHHEM z M pac-

CTOSAHUEM L, a TaKiKe IMpeacjIoM BHCPFHP'I E}/; pacCToOsAHUEC OLICHUBACM 110 (bopMyne

=4283z/(1+z) (1.e.

(Momens pacumpenus aoot) L=ct)z/(1+z), L‘Mpc
B3 H, =1t;' =70 kms ' Mpc):
“ 6mazap Mkn 501 [1] (HEGRA) z = 0,0336, L = 140 Mpc, E, =20TeV;

b paguo-kBazap 3C 279 [2] (MAGIC) z = 0,536, L = 1,495 Gpc, E, =
0,3...0,5 TeV;

“ GRB221009A [4, 5] (LHAASO / Kosep-2) z = 0,1505, L = 560 Mpc, E, =
18 TeV /251 TeV.

[Tpouzomeamas 9-ro oktsa0pst 2022 r. ramma-Benbinika (GRB) 6puta pexop-
HOW MO ApKocTH; netanu peructpanuu (otona 251 TeV ycranoBkoit «Kosep-2»
coobrmamucy Ha cemunapax OT® WAU (C. Tpounkwuii, B. Pomanenxo)' [4, 5].
Ha pucynke MoxHO Ha0moaaTh AIHHY cBoOoaHOTO ipodera VHE-doToHOB, criek-
Tpsl EBL u 6mazapa Mkn 501, B3sthie u3 [1].

" Ectb mpo6iems ¢ 3THM GOTOHOM: GIH30CTH icka [anakTHKH i 2—3 MaprUHATbHBIX
MIOoOHa [4, 5].
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AnuHa cBo6ogHoro npobera VHE-OTOHOB; EBL-cnekTp u Koppekumsa cnektpa Mkn 501 [1]

Benyrcs HoBbIe u3MepeHus, 00Cy)aaroTcst crieKTphbl poHoBoro cBera (EBL) n
TeV-HbIX HCTOYHUKOB; HO MHOTHE aBTOPBI CUUTAIOT, YTO CYIIECTBYET aHOMaJIbHAS
MPO3pavdHOCTh MexraiakTiuaeckoro ¢ona (EBL) mis TeV-Hbix oTOHOB (CM. pH-
CyHOK) (CKOppeKTHpoBaHHEIN criektp Mkn 501), m uTo 00BCHEHHE aHOMAIINU
TpeOyeT Hekoil HOBoW (usmku [1-6] (THMa aKCHOHO-MOAOOHBIX YacTull [3] wiu
MoJIeNield ¢ HapyIIeHHeM JIOPEHII-HHBAPUAHTHOCTH [6]).

[Iporte, ogHaKo, CBSI3BIBATH 3Ty aHOMAJIMIO C MPOSBICHUEM T'PAHHUIIBI CTIEKTPa
HyJeBbIX Konebauuit, Uy (zero-point vibrations)’. Cuntaem, uto ZV-rpaHuua u3o-
TPOIHA B CHCTEME OTCUETa, TJIe M30TPOIHO (C TOYHOCTBIO v ~ 107, mmm 3 km/s)
penukToBoe nznyyenue, CMB.

HecrabuipHast vactuma (co BpeMeHeM XKHU3HH To), pacraj KOTOpOH CBs3aH
¢ ZVs macmraba U, pu IBUKEHUH OTHOCUTENBHO «a¢upay ZV + CMB ¢ nopeHu-
(akTOpOM Y, MOYYBCTBYET JaHHYI ZV-rpanully (T.e. najeHue ZVs B OJHOM
HampapJIeHUN) U OyAeT KUTh JOJblIe, 4yeM Y,T,, ecau U, > U, /(2y,). Obpa3oBa-

Hue e'e -mnapbl Goronamu 16 TeV u 0,3 eV uzger B cucTeMe 1. H. ¢ paKTOpOM
7, =0,5, /Ey /E, =3,7 10°, a U, ~ 10° eV; ecnu camuTarh, 9T0 ZV-aHOMAIHS yKe

B JICWCTBUH, TO BO3MOXKHa orleHKa: ZV = 7,4 TeV. beuto Ob1 MHTEPECHO U3MEPUTH
aHOMAJILHBIH POCT BPEMEHU >XU3HU (M0 CPaBHEHUIO C YTg) UL 4YacTHIl C [-

pacmazoM; YIYUTBIBasl, 4TO Uéﬁ)z 80 GeV, MOKHO OIEHHUTD JIOPEHII-(haKTOp Havasa
anomaman .Y =U,,, /(QUP) = 46.
Kpome mroonoB (BDIII-4/5)°, mmrepecus B-myxmumst (LHC) °H (tp- =

= 123y) u 'Be (tp+ = 53 d); (u, d)-kBapkM yKe HUMEIOT B HYKIOHE JIOPEHII-
daxTopsI ~ 35...70, 4TO CyIecTBEHHO" .

2 Bpsia 11 MOKHO Takyro XOpOILIYIO Bellb, KaK HyJIeBbIe KOJeOaHUs, pacTATUBATh 10
OCCKOHCYHOCTH.

> Unes w-xommaiinepa (byakep, CKpHHCKME M 1p.) HEMHOTO IPOABHTAETCS, CM.
MICE.iit.edu.

* Jlns bottle-beam anomanuu HeHTpoHOB, cM. arXiv: 1812.00626, CKOPOCT TEILIOBBIX

HEHTPOHOB V.~ CIMIIKOM Mana; HO bottle-HEHTPOHBI 4aCTO KOHTAKTHPYIOT C HYKJIOHAMH
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[IpunsiTo cuntarh, yT0 ZV-CHEKTp TSIHETCS 0 MIaHKOBCKOHW sHepruu. Cyiie-
CTBYeT, OJTHaK0, SD-Teopusi, B KOTOPOH TNIAHKOBCKAas JJWHA Ap SIBIIIETCSI COCTaB-
HOM BEJIMYMHOM, HE OTBEYAIOIed HUKAKOMY XapaKTEpHOMY pa3Mepy, W TJ/ie He
TpeOyeTcs KBaHTOBaTh IpaBUTALUIO [7].
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Extragalactic TeV Photons and the Zero-Point
Vibration Spectrum Limit

Ivan Zhogin zhogin@mail.ru

ISSCM SB RAS, Russia

Very-high-energy (VHE) photons, E, >100 GeV, are recorded by ground-based

observatory facilities, clusters of atmospheric Cherenkov telescopes, etc. Extraga-
lactic sources of VHE photons are active galactic nuclei, such as blazars (Markari-
an 501 [1], quasar 3C 279 [2]), while within the Galaxy VHE photons are pro-
duced, for instance, by the Crab Nebula pulsar (2 kpc; E, over 100 TeV). The
LHAASO project reported photons with an energy of 1...1.4 PeV; it is probable
that some of the quanta came from outside the Galaxy [3].

The universe is not entirely transparent to such hard photons, as they are ab-
sorbed by the extragalactic background light (EBL, which includes photons with
energies £, = 0.01...4 eV in addition to the cosmic background radiation) in the

CTCHKH (HpOTOHaMI/I), IIpU 3TOM CKOPOCTH UX d—KBapKOB (((peJ'IHTI/IBI/ISM») MOXCT CHMXXATb-
CiA — KaK U BpEMs JKU3HU.
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process of forming electron-positron pairs. The threshold is related to the electron
mass m,, EE, >m§, and the cross-section (absorption) peaks [3] if E E, ~

~1...5- 10" eV Brightness (and limiting energies E,) increase during flares.

Let us consider three sources of VHE photons, at a redshift z, distance L, and
energy limit E,; the distance is estimated via the expression (expansion model
awt) L=ctyz/(1+z2), LvM, v4283z/(1+z) (that is, we took H, =t(;1 =
=70 km s 'Mpc):

“ the Mkn 501 blazar [1] (HEGRA) z = 0.0336, L = 140 Mpc, E, =20 TeV;

"the 3C 279 radio quasar [2] (MAGIC) z = 0.536, L = 1.495 Gpc, E, =
=0.3...0.5TeV;

“GRB221009A [4, 5] (LHAASO / Carpet-2) z = 0.1505, L = 560 Mpc, E, =
=18 TeV/251TeV.

The gamma-ray burst (GRB) of October 9th, 2022, had a record-breaking
brightness; details on the Carpet-2 facility recording a 251 TeV photon were re-
ported at the workshops of the Theoretical Physics Department of the Institute for
Nuclear Research (S. Troitskiy, V. Romanenko)' [4, 5]. Figure 1 shows the mean
free path of VHE photons along with the spectra of the EBL and the Mkn 501
blazar taken from [1].

5 -6 1 T T
OF Mkn 501, 2=0.0336
4 = Tm _1| HEGRA 1997 average
K13 o ¥, ok
. - g =2 corrected
8 2F b > —3F
=] E S _af +
g1lp = ~ _5F +
< ~ = rtrrraeptt
& 0F < _gl N -6F #tt++++++‘,+++
- 2 5 _oE observed *+, E
-1F ) Y A Y =7 HIT:
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log(E,/GeV) log(\/pum)

Mean free path of VHE photons; the EBL spectrum and the Mkn 501 spectrum
correction [1]

New measurements are being made, the spectra of background light (EBL) and
TeV sources are being discussed; however, many authors believe that the extraga-
lactic background light (EBL) is anomalously transparent for TeV photons, cf. Fig.
(the corrected Mkn 501 spectrum), and that explaining the anomaly requires a cer-
tain new physics [1-6] (such as axion-like particles [3] or models violating the Lo-
rentz invariance [7]).

' There are problems with this photon: the proximity of the galactic disk and 2-3 mar-
ginal muons [4, 5].
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It is simpler, however, to connect this anomaly to a manifestation of the zero-
point vibration spectrum limit U, >. We assume that the ZV boundary is isotropic

in the reference system, where the cosmic microwave background (CMB) is iso-
tropic (with an accuracy of v ~ 107, or 3 km/s) as well.

An unstable particle (with a lifetime 7, ), whose decay is associated with ZVs

of scale U,, when moving relative to the ZV + CMB “ether” with the Lorentz fac-
tor v,, will sense this ZV boundary (i. e., the ZVs decreasing in the same direction)
and will live longer than y,t, if U, >U,,/(2y,). The 16 TeV and 0.3 eV photons

form " pairs in a zero-momentum frame with a factor of y,=
=O.5,/Ey/Eb ~3.7-10°, and U, ~ 10° eV; if we assume that the ZV anomaly is

already in effect, then an estimate is possible: Uz~ 7.4 TeV. It would be interest-
ing to measure the anomalous increase in lifetime (compared to yt,) for particles

featuring B-decay; given that UéB ) ~80 GeV, it is possible to estimate the Lorentz
factor of the anomaly onset as y» =U ! (ZUéﬁ)) = 46.

e

In addition to muons (VEPP-4/5)°, B*-nuclides (LHC) *H (15 = 12.3 y) and
Be (tp+ = 53 d) are of interest; (u, d)-quarks already have Lorentz factors ~ 35...70
in the nucleon, which is significant®.

It is generally accepted that the ZV spectrum extends to the Planck energy.
There is, however, a 5D theory in which the Planck length A, is a composite quan-

tity that does not correspond to any characteristic dimension, and where gravity
does not have to be quantized.
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Large-Scale Virial Relations in 5D Absolute Parallelism
with a 4th-order Gravity

Ivan Zhogin zhogin@mail.ru

ISSCM SB RAS SB RAS, Russia

1. Special relativity (SR) unites space and time but does not explain any field or
particle. General relativity (GR) relates gravity to space-time curvature; the other
fields/particles form the EMT, energy-momentum tensor, and remain unexplained.
Einstein wasn’t content with GR; he compared the GR-equation sides with a mar-
ble palace (the LHS, Einstein’s tensor G,, =R, —g,,R/2, G, =0) and an old

shed (the RHS with the EMT). Later Einstein explored the frame field 4] x"),

8w = nubhH hvb , and second order equations which symmetry unites symmetries of

both SR (Latin indexes; m,, is Minkowski’s metric) and GR (Greek ones) — the

third (or united) relativity, but Einstein call it Absolute Parallelism (AP).

The list of compatible (2%-order) AP eq-ns found by Einstein and Mayer in-
cludes the two-parameter class of Lagrangian equations and three more classes.
And there exists the exceptional equation (EE), non-Lagrangian, which solutions
don’t admit co-singularities (the principal terms do not remain regular for one-
degenerate co-frame matrices), and, if D = 5, contra-singularities (degenerate con-
tra-frame density of some weight) [1]:

1
Ea;,t:Lal—lV;V_ (fau_’_L @)= OEaHH fHVsz HkaXV’

2 a a a a — M.
here Lauv = Aauv - Sauv _gha[p.(Dv]; A =h —h (A [uv;k]= O)’

pv THY Vi
Suv?» = 3A[pv7\]; (Dv = h;Aa pv; |fpv = ZCD[H;V] = q)u,v - q)v,u .
The EE doesn’t permit D =4 at all:
4-D 1

Euu =E* uh; :Tq)u;u - 2 abc

D -1

SZ

abc

220,

The theory has a number of key features (remember, D = 5):
15 polarizations have very different functions and amplitudes (four classes;
generally, a higher class means many orders smaller amplitudes) as they relate to
different irreducible parts of A and A’, such as ®, (3+1 pol-s, 2% and 1%-class),

Sy (3 pol-s, 1*-class), and the Riemannian curvature tensor (or the Weyl tensor; 5

pol-s, 3¢ -class);
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three unstable pol-s (0™-class) grow linearly under action of three stable

pol-s relating to f, (2%class), while W'*-terms are tiny: A =

:_gfpv;x +(AA':A3); oS ~o00 zOzI:lf;

non-stationary Os-symmetrical solutions exist which resemble a (single)
longitudinal wave in Chaplygin gas [2] (1%-class pol-n relating to ®, — others

don’t survive in this symmetry); the wave can serve as a cosmological shallow
waveguide for tangential shorter waves, with ultrarelativistic expansion and differ-
ent evolution of waves amplitudes — according to the structures of quadratic terms
(whether they include 0™-class parts or only lower class ones);
non-linear localised A-field configurations can carry digital information —
topological charges and (for symmetrical configurations) quasi-charges (when 0"-
class waves become large enough), and a QM-like 4D-phenomenology emerges
through averaging along the huge extra-dimension, along a length L, the width of
large-scale O4-wave in co-moving coordinates [2]; note, two thin lines in a 4d-
space have tiny chances to intersect in a single approach.
2. The proper EMT (where only f~polarizations play the role) appears with the

prolonged, forth-order symmetrical equation [E ... ]:

2 .
G, + Gsr (2Rsurv _g},szr/z) = _ET;\{) + B[

VT T

2
ppllvtl A );p;r 4

, 1 . :
where Tu(vf )= JreS o ~ 78w f.%; this eq-n follows also from a “Lagrangian” quad-

ratic in the field equation £,

Note the absence of free parameters. The scale L is
a parameter of solution, not the theory; and L reduces to the Planck length A, via

multiplying by a tiny factor relating to the amplitude of f~waves. In other words,
the “conventional scale of EMT” (where the “energy” of a photon is just ® — in

natural units with ¢ =1= %) differs very-very much from the scale of Tp(vf ),

So, one can consider the static 4d-equation A’p(x*)=—p(x*) and suggest that
masses are very extended along the extra dimension, the length L. A point “mass”
aR™>3(R) gives the next solution (every large mass/over-density is accompanied
by an under-density, so the logarithmic growth should stop somewhere)

o(R)= %111(132) —%; we discard +c¢+d R*.

For an L-extended mass m, at scales r < L one gets Newton’s acceleration
¢y =G, m/r*, while for large distances 7> L it looks different: ¢' =G, m/(rL).

The second-order equation also should be accounted for and this restricts the solu-
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tions; at some constraint on the set a,b the first correction to Newton’s force (the
Rindler term) A ~r/L* can vanish, so Ap(r < L)= O—Qy ~ r?/L [2]. It seems
L should be about (few) hundred parsecs.

At large scales, if generally ‘rl.j‘>> L, a virial relation takes the form

T+t0

wn=7£wm

: anj(ri _rj)

2
<0= (Yt ) =( Zp T
- or.

T i,j#i i r

Zfi p; +1,p,

T
2
iz e

This relation can be applied both to galaxy clusters and to large gas clouds.
The (baryon) mass of a galaxy can hardly be measured accurately, and the function

L., (M) can be non-linear [3], L,, ~M ;al — this would support the suggested

theory (see also DarkMatterCrisis.wordpress.com).
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HoBas Teopua TAroTeHUs, OCLUNNAL UK 3BEe3 [,
u 11-neTHUM LUKN aKTUBHOCTU CONHL,A

B.M. )XXypasnes zhvictorm@gmail.com

YNbAHOBCKUM roCyfapCTBEHHbI Nefarormyecknii yHmesepcuret, Poccus

PaccmoTpeno npumeHeHHe HOBOHM Teopuu Tiarorenus [1, 2] x 3amaue onucaHus
JIMHAMUYECKOTO paBHOBecus 3Be31 [3, 4] u npyrux actpo@u3ndeckux o0bEeKTOB,
B TOM YHCIJIE K ONUCAHUIO OCUMIUIIIMK 3Be3 U 11-neTHum ocumsuisuusm CoiH-
na. HoBast Teopust rpaBUTaLIMOHHOTO I0JISI CTPOUTCS HA ONHMCAHUM I'PaBUTALIMOH-
HOTO TOJISI C IOMOMIBIO JIATPAaHXEBBIX IMEPEMEHHBIX (MapKEpPOB) TOYEK MPOCTPaH-
CTBa WJIM Cpefpbl, 3amojHsmomeld ero. B paboTe w3nararoTcsi OCHOBHBIE HIECH
HCIOJIb30BaHMUS MAPKEPOB Ul ONMCAHUS IPABUTALMOHHOIO IOJI HECTAaTHYECKUX
acTpou3nvIecKux OOBEKTOB U X aBTOMOAENbHOM 3Bomroruu. [lomydensr oOniue
COOTHOIIIEHHUS, MO3BOJIAIONIME IPUMEHITh METOJ] MapKEPOB JIJIsl ONMHUCAHUS aBTO-
MOJICIBHON AMHAMUKH Ta30NbUICBBIX acTpoPU3MUECKUX CTPYKTyp. B pamkax
Pa3BUTONW MOJENIH BBIUMCIICHA JUarpamMma IepuoI-CBETUMOCTb AJISl OCLUUIUINPY-
oKX 3Be3 Tuma nedeuna. [IpuBeneHsl pe3yabTaThl IPUMEHEHHSI HOBOTO TOIXO0-
Ja K onucanuto ocuwusinnii ConHia u 00bsicHennto 1 1-meTHero nukia coaHey-
HOW akTUBHOCTU. IIpuBeneHBl OCHOBHBIE PE3YJIbTATHl ONUCAHUS MAarHUTHOTO
mosisg 38e311 1 CoNHIIa B paMKax METOo/1a THAPOINHAMUYECKHX MapKepOB.
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New Theory of Gravity, Stellar Oscillations
and the 11-year Cycle of Solar Activity

Victor Zhuravlev zhvictorm@gmail.com

Ulyanovsk State Pedagogical University, Russia

The paper considers the application of the new theory of gravity [1, 2] to the prob-
lem of describing the dynamic equilibrium of stars [3, 4] and other astrophysical
objects, including the description of stellar oscillations and 11-year oscillations of
the Sun. The new theory of the gravitational field is based on the description of the
gravitational field with the help of Lagrangian variables (markers) of points in
space or the medium that fills it. The paper presents the main ideas of using mark-
ers to describe the gravitational field of non-static astrophysical objects and their
self-similar evolution. General relations are obtained that allow one to apply the
method of markers to describe the self-similar dynamics of gas and dust astrophys-
ical structures. The period-luminosity diagram for oscillating Cepheid-type stars is
calculated within the framework of the developed model. The results of applying a
new approach to describing solar oscillations and explaining the 11-year cycle of
solar activity are presented. The main results of the description of the magnetic
field of stars and the Sun within the framework of the method of hydrodynamic
markers are presented.
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Ultracompact Stars in the Light of Minimal Geometric Deformation

Muhammad Zubair drmzubair@cuilahore.edu.pk

Comsats University, Pakistan

Adopting gravitational decoupling through minimal geometric deformation (MGD)
procedure, we develop an analytical version of gravastar model with non-uniform
and anisotropic features, in the framework of modified gravity theory. This new
non-uniform model describes an ultracompact stellar structure of Schwarzschild
radius, whose interior solution smoothly joins a conformally deformed Schwarz-
schild exterior solution, and it is matched to the standard Schwarzschild exterior
solution under certain conditions. The constructed solution presents a family of
stellar models satisfying some of the fundamental properties of a stable configura-
tion, including a positive energy density everywhere with monotonically decreas-
ing behavior from the center to surface. Besides, a non uniform pressure is ob-
served with monotonic behaviour. The behaviour of energy conditions is analyzed
inside the stellar configurations.
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