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Absolute Unified Mathematics of Quantum Gravitation

Aayush SinHa sinkha.a@phystech.edu

Moscow Institute of Physics and Technology (State University),
Dolgoprudny, Russia

Abstract. The paper comprises a generalized solution telimear PDES, mainly interpre-

tated in the gravitation field equation [1]. The author shows that gamma matrices (Spinors)
are embedded within Christoffel symbols. This approach is usable for calculating geodesic
as: 3 A ¢A A)MW pE, for a weak quantum gravitation field. Hence, it con-
cludes the followings: (a24 mathematical terms of seceadler, as an integral part of
Ricci tensorand (b) unification of all spaeime geometrief3, 4].

Keywords: quantum gravity, general relativity, clifford algebra, ricci tensor, ricci flow,
geodesic

Introduction. Absolute Unified Mathematics of Quantum Gravitation, AUM, is
developed to offer a complete solution to the following existing problems. These
includes: (i) quantum gravity and general relativity; (ii) singularity and dark ener-
gy; and (iii) many more. Its key objective is to incorporate Spin (gamma matrices)
within Christoffel Symbols, as discussed in the next section. This is of uttermost
relevance for analyzing the Splidynamics of the gravitational field. Scientifically,

it discloses 24 secormrder partial derivative terms (Quantum Gravitational
Waves), as an integral part of Ricci tensor.

Methods and materials; results.To derive the embedded quantum fields
within Christoffel,3 , , | started with a covariant differentiatiom,, of a funda-
mental tensor; , as shown in equation (2) [IThese equations are acquainted
with first order covariant derivatives of gamma matricesasndr . According to
the Clifford Algebra, these matrices are also referred as the basis vectors of funda-
mental tensor(; . These basis vectors, andr , are fundamentally known by

equationC —2]

— — nrr rnr nr r r Nr C 3 ¢3 (1

The first order covariant derivatives, 1 , 1, of these fundamental tensors,
AcC ,C ,C, o, are derived |l ike equa-frdeon
Christoffel symbols of second kind, . This was pursued by substituting the par-

tial derivatives of fundamental tensots;—, —, —, into the wellknown equa-

tion of 3 -C — —— — [1]. With further simplification, | have
discovered equation (2) [3, 4].
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Using equations (3), | calculated geodesic for a weak quantum gravity, as
shown by equation (3). -mmesmeantriem url dl, atiit
in geodesic. Hence, validating equation (2). Additionally, the Christoffel symbols:
3h .3 F i 33 ,and3 3 ; given in equation (4) are also de-

rived using equation (2), respectively [3, 4].

Conclusion. In this framework, | have concluded the root characteristics of
Quantum Gravitation. These are elucidated through quantum fields of skew
symmet++ c—oand—~HA — 0, and symmetori cn,a-ni
ture. These fields are found 2dabkbdsded
on equations (2) and (4) [3, 4].
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Elementary atoms in spaces of constant curvature
by the Nikiforovt Uvarov method

Abdaljalel Alizi2 abdaljalel90@gmail.com
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Silagadze Zurab 2 Z.K.Silagadze@inp.nsk.su

1Budkerlnstitute of Nuclear Physics, Novosibirsk, Russia

2Novosibirsk State University, Novosibirsk, Russia

Abstract. The Nikiforovd Uvarov method is a simple, yet elegant and powerful method

for solving secondrder differential equations of generalized hypergeometric type. In the
past, it has been used to solve many problems in quantum mechanics and elsewhere. We
apply this method to the classical problem of hydreljje atoms in spaces of constant
curvature. Both the spectra of these atoms and their wave functions, including normaliza-
tion, are easily obtained.
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Introduction. Spaces of constant curvature provide the simplest curved back-
ground against which to study theoretical problems and questions related to quan-
tum mechanics in curved spaces, and therefore such studies are of considerable
theoretical interest. However, they are not only of academic interest. Effective cur-
vature of space arises in a number of real physical situations. The study of the mo-
tion of a quantum particle on a tvdimensional surface in condensed matter phys-
ics, as well as the study of quantum dots, has led to the use of models based on
guantum mechanics in spaces of constant curvature [1].

There are many other examples in the literature of the use of spaces of constant
curvature in various fields: from the physics of atoms and nanotubes to the chiral and
deconfinement phase transition in the Nardbudonad Lasinio model, symmetries
of the $W$ algebra of string theory and geesactly solvable models, as well as
superintegrability in the framework of supersymmetry (see, for examp8j).[1

About hydrogen atom i8°, Schrodinger declared [4] that he found the prob-
lem Adifficult to tackle in any other waydifferent from his factorization method.

But a year later Stevenson showed [5] that the spectrum and wave function could
be obtained without too much difficulty by the usual methods of solving differen-
tial equations. An even simpler solution for the hydrelijem atom inS®* andH?

can be obtained using the Nikiforév Uvarov method [6], which is what we want

to demonstrate. Surprisingly, in the extensive literature on this topic, we have so far
found only one paper [7] where this method is mentioned in connection with this
problem, but in our opinion, it is not used in the most optimal way.

Methods and materials; results.Secondorder differential equations of gen-
eralized hypergeometric type, which have the following form

6 —06 06 m

can be solved using the Nikifor@s Uvarov technique. Here prime indicates dif-
ferentiation with respect to the independent variable z (which may be complex);
, & and, & are polynomials, at most of second degree,“and is a polyno-
mial, at most of first degree.

Many problems in quantum mechanics can lead to equations of this type, and
the Nikiforovd Uvarov method has been widely used in this contextQ8 For

hydrogenl i ke atoms in spaces of constant
function "Oi @ -k satisfies the equation
Q0 G aa Q .
2O I C ’ PP C 0 Th
Qa p a
. a O, aQ.
& p h C i C 5

-y i all 2 Wi
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where”Y 1 is a generalized tangent function [11]. This equation is of generalized
hypergeometric type and can be analysed by the Nikiférodvarov method. In

this way we obtain the spectrum & p —~hand the corresponding wave
functions

Of i 6 WY i Q & ah
whereg¢and¢ are principal and radial quantum numbé¥s, is generelazed sine
function and
p ’Q i ” 2 Fil 2 2 KT
I e o o a o
” q Q q p Y T Y p T

is a polynomial given by the Rodrigues formula. We obtain the recurrence formula,
with respecto ¢ Hfor normalization coefficient ; and consider the flat space
limit.

Conclusion. Hydrogenlike atoms in spaces of constant curvature represent
another quantum mechanical problem where this method can be successfully ap-
plied. Moreover, in ouopinion, in this case the Nikifora¥ Uvarov method pro-
vides the most natural and simple way to solve the problem.

W i
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MCd dzj oL d3tsy dgr A3 tsB dZOtelzy jdzdd 1SOCdm Wodzj

fdbsHrT d BOIjtedOdjstetdfizlz drtcis @l D datfls o @
OCEMmMlsduyi MEts2 yYJtedet?2 HTM tor Z o Oteyh ddzt HO ¢
odls: ¢CO¢C

(9 M®W — i O OEle | 1)

GHJ] WE@RCHfgwj Hj dzvjlsfqw € OC

Qi p ¢0i p ,c0ip cOi . (2)

Ajdzn 8 HOdgdzts?2 tOBBIST wWodzw jlsmw dL 2y dzd
o Odzdw OCEZMisdud MEJdBd uJjted BB H" ORI, €t
9 | O0kzOCIsdyjmMEtsd BOdZzHY ] ddzd o 1 dz htsd3 .
ZdLdtelkzj &3, yYyofmlsduydes Mdzj HEWY &BilssHE ¢BL |
tcso Odzgdw, IsOCd] COC EZcetsdz tslsC dzsdzj dedw o j
dzdj, yddelstesdH d otcj d3d dzdzOY L OHJjtey SO dL
nOttOCIsjtedmisdSd, kOS] ¢0¢ flkduyj mMsow ¢
coOw fmdzzyod, CseHO OCEfisdyj MEOW yj tedzOW
MowLOdO M | OdZOSIdEts?2. [ fs0dOddL dtizj
M 6. ]l ABH] 0O0dZOEZJLO oswdbddls MHROOdE]!s
fnf 1 WWjClsOd dzd dzaL dtetseo OdedWw yJjtedets?2 H'™ tor  Z

1 OC dzt ypdedizij dzady dzddzr Jteso Odzdvw € sd3f OC Is dz
OCIsdodzs?2 tsB d&zOfls! 8 Mtseotej d3j dedzr = dMMdzj Hise
ey dlsy ftoedqtesHbk dddt' dL d&OBd&frHOj B -~ Mmd
tcOBBIs] wWOMMdOItedo O Isipw OSEMsdud MSdd yd
sBJd M judls: dser j fteddsyjddy HdEZY ¢O0dzOCIs
CsdW dezteOydw dzj HsMIsOlssYydes ydmlsow, Iss §
dzj dzd j dsCdsjjtdeedddd Stk Ojls dzdder 2, dzOf toed d&3j
CGilsdui mMEy ftsdzj . O dZ2OdzdL H COL "9 0Ll &6z
tcr 2 FojdduydeOjls Eketdz s dsdzj ddvw Mo dls
ZOMistesPREdo sHdls € ko jdzdyd ddr Ctd! yo ¢ 2c
CAdzh Isj2dz0. Clts L dOYOjls, ,hsgtk §jtsds sfug tc @
HdzZw EBoJjdzdyj ddw wiitfMmisd. 16 MteOo dzj dede
Bdzi MC O yjtodzs?2 HTM e ZzoOteyh dqdzr HO dOBIsE s
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Abstract. We show an application of acoustic black holes as lenses treated as dark matter
halo objects in Galactic microlensing. We shall consider for illustration the simplest case
whi ch, f or t he=0resembtechwaszschildhmadtrie. The auning parame-
ter 3010 can be treated as providing an ex!
schild black hol e. I n the present work, we
observables comparing them with the Schwarzschild black hole lensing. Compared to the
Schwarzschild black hole light curves, those by the acoustic black hole lenses show differ-
ences immediately outside the times the source takes in crossing the Einstein ring. The op-
tical depths and event rates are calculated assuming the black hole lens to be bound and
unbound to the Galactive Bulge and to the Large Magellanic Cloud that contain the lensed
stars. Future experiments on galactic microlensing are expected to impose observational
constraints on 3.
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Introduction. As the important application of gravitational bending, the weak
gravitational lensing and microlensing are becoming a powerful tool in physics,
astronomy and cosmology [1, 2]. The gravity theories and their solutions should be
tested from the gravitational bending effects and weak gravitational lensing obser-
vations [3]. An acoustic black hole is a phenomenon in which phonons (sound dis-
turbances) cannot leave a region of liquid that flows faster than the local speed of
sound. They are called sonic or acoustic black holes because the captured phonons
are similar to light in astrophysical (gravitational) black holes. Sonic black holes
are possible because phonons in ideal liquids exhibit the same properties of motion
as fields such as gravity in spacetime. For this reason, a system in which a sonic
black hole can be created is called a gravitational analog. Almost any liquid can be
used to create an acoustic event horizon, but the viscosity of most liquids creates
chaotic motion, making it almost impossible to detect phenomena such as Hawking
radiation [6].

Methods and materials; results.The spacetime metric for acoustic Schwarz-
schild black hole can eventually be derived as

(0] MW — i O— OE}e | Q)
where functioiQi is defined as:

Qi p c¢di p ,c0ip cdi . 2

For the fluid velocity to be real, the tuning parameter must satisfy the condition
, U

The purpose of this work is to study Galactic microlensing by acoustic black
holes, when the source stars are in the Galactic Bulge or in the Large Magellanic
Cloud. We shall analyze, partially following Abe [6], the lensing observables such
as the light deflection angle, image positions, magnification, centroid and time de-
lay of images including the probabilistic features such as optical depth and event
rate assuming the acoustic black holes lens to be bound or unbound to our Galaxy.
We shalll analyze the behavior of t he
effects of tuning parameter will be compared with those of the Schwarzschild
black hole.

Conclusion. The lensing phenomenon by compact objects is an active area of
current research that can help detecting the nature of the lens from the observable
lensing signatures. The present work considered acoustic black holes [7]. These
objects could provide novel applications to galactic microlensing, when the config-
uration is not clean enough, that is, when additional mattergy distribution sur-
rounds the lens, for instance, dust or some energy field. The analysis shows the the
influence of tuning paa met er 3 which i ncreases I
increasing of tuning parameter 3 | eads
stein ring. This means that the tuning
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ing brightness. Compared to the acoustic black hole, the light curve of Schwarz-
schild black hole is much dimmer.
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¢ dzdzts Is Ayjdlsvdzj o O C o Odelstso OV ¢EteOadlsOydw (LQG)
COZHdH Ol dzO® tetsdz § o OdastspdsP dzds.j tsfoHf dEO O tig, s fijds
BsHjdd dqijjlmw fEzh jhlse jdedzr 2 Ctsdzyj flskzOdz dzr 2
Hi2Mmisedw -Q2dze Bj Bdz®, Y dMmr sedyjlsisVy teasjfls tc G ezl ks &
fpdzj Hdzj 4 daj BSyJls MEh jMmisetse Ols! o teff 3 daipdetfsy ,
flsj 8O tlsdsh jdzgd?2 BiyHE §sdvdd BOjtedd. 1 HC
5 CtiBd zOtstedsdgtc if dgisdgdsticOdignisotfjj toj W stedigz dzd tolz j ©
CoOdessots? cGteQoadlsOydd dmedzs ydlsj dz@ dets o Isj tedzd

sds yjor | [lpkEms@odfys §jlsdjoOv CoOdidstse OW ¢t

lojHjddaflsesjdzdy CoOdzlstso ts2 Ithstc;q’q’ GteOo C
BsodF 7 fsBdj B WkdHO®R] dsOd ds?2 % dLdsd
Is§ dz' dg" § BOIl§ BOBdUIMEdd EMfi~d o foddd
o2 bkjtstedd f§odv ¢ WkdS yyEddOkziz? dd 2 Miss d f
dzfj fsmbtesj dz0 Isjtstedwy o' Oy O h OW, dzgO € 9 (
Mse®@j d3j ded yYjtejL RSOwLOSkjwdmisdSd § sdzj?
&jcCts sheh jmssdy jlsMWd pOCWANEd HEMHE & #d
dzd2 C2dzb lsigs? de® Md - St daj fMHj Odes o CocC

) HOdzdzts?2 tcOBBIs] ftojHdzEY j dz -B'tcg &y dzd |
f ZOdzS soMS d5 EOMh kOB OE fklsjd dMisd L so
dzr 7 (BHYyjtedR 1 jdeszL s 9 1971 cEtHLE. [
ftod dsj dzw dzfpw  dzg h 0 C -G dMflisp A dz0 | JLdD 1B ¢ fpGdRdzts
tsomMCdn §Jtej dj dedz 7.

fdlstsHr d dBBOIs] ted Odf fdatste jda" gl Isd@)ilds s H O dzd

o Odedz” i3 ©® HOdzdes? ©OBGIS), Wodwslshw djls:
] deyqOdz dets? ¢ jtssjlstedd d lkjstedy ftojHMsO

lklsjds Sy HjMsodj ddy f§tsdzj?2 &BOjtedd |
filsdw s, §fstes] dzOo thes] dzf , { BRIl BdzigR o €
fls o O dpfidsjode) dzd G tej Hj dv j sMY dzOBsEEd o Od
BOLjtedd ot 1 Mj dzjalzdzs BB Ot dyaf i UBhiSE Otc O |
fls tc O dafdsjodsh dfdte j HMIsOo dzv j s MsB®2 SL (2, C

GOl jtedd Hitoke ldshdlsjd ds HiekzcO ot o dk
1 OC dz¢ yJ dzgf Pgdzts? ©OBBlSj bkHOdSH' ftodd d
dzj f sitcj Hinlse j dzdets ¢ MmdMmisj di3j §tsdzj 2 BOI| ted
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Combinatorial Spacetime from Loop Quantum Gravity
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Abstract. Loop quantum gravity (LQG) is one of the promising candidates for the role of a
guantum theory of spacetime. However, there is a significant conceptual flaw in this model
itself: this model, following from the HilbeEinstein action, describes spacetime without
matter; the latter cannot exist in principle, since the spacetime is a system of relations between
the matter fields. In this paper, following the ideas of Roger Penrose on combinatorial space
time, we reformulate the loop quantum gravity model exclusively in terms of matter fields.

Keywords: spacetime, loop quantum gravity, quantization

Introduction. The construction of a quantum theory of gravity has been one of the
main problems of fundamental physics for a century. Despite significant mathemat-
ical advances in the application of modern quantum field theory methods to the
Hilbert-Einstein action functional, no theory has yet been constructed that express-
es the properties of spatime at the quantum level through the characteristics of
matter fields. The latter is quite easy to do in the classicaldcadee to the right

hand side of Einstein's equatiahsbut has not yet been done in quantum case.
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In this paper, we propose a derivation of the geometry of spacetime on Planck
scales by using the spin networks proposed by Roger Penrose in 1971. So far, the
spin network method has been applied only to the HilBr$tein action written in
the Ashtekar variables.

Methods and materials; results.The main methods used in this study are the
method of spin networks, methods of differential geometry and the group represen-
tation theory.

By identifying the matter fields with elementary fermionic loops, a model of
spacetime is constructed in which the geometry of spacetime is determined by a set
of quantum states of all the matter fields in the Universe, and the connéction
geometric characteristic of the spaoree & turns to be SL (2, C) transformation
of matter fields relative to each other.

Conclusion.In this work, we have applied spin network method directly to the
system of matter fields.
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o dzdzts s UR[OL Odzts, yYlsts L OCEdz sWetsljddYy fdjHEz]!
sdzsyjo' j sidkEn &, ' sIstsds, Iswetlsjdedj, ddgojtefq

lojHjrdafy . B3O j BOIsdyj MEtsets o 9 sHO L OF 5dzO
dets L dzOls' L OSCtsdyr sJffdzjtcO.

[ ibtsHr d d&OIsj tcd OO0 OK j n 2 dzildis@@s7().1 Gz4nds O
oddz Isjfmdeze MmoawiL+ dBiYHE LOSCtdOBd sjff dzjt
dsets Iswaetslsjdedw [ 1] . 1 OdedzOW 1! ¢ ssdesdy W ts
dzO fiy ! CO¢ twjLikzd O t©WOMMdisIlstej dzdWw B Esdz! b
dzi BJ Mdzr = Isj &z wtsdzdzj ydes?2 fMmdMmilsy &3 , Colstste
Midse HBCOLOIY, Yyt LOSCd sjtfdjtcd® Mmdzj H

l 2021 GetHE Oolstste fsC0OLOdz, yYlsts BBEKOIS
swEegslsjddv MdzjHEZzjls dL LOCBdatse sjfdzjteO [
s5COLOdzsm! dzgj f sdzder 3. [ MlsOo Odzsm: B W Mdzd
Stsdz? C 58 tslIs BOMMT wtsdzdyO, vyt §fLrHddi d
tcOMMd3OIstcdo O Isw § sdzdztsy HEBC OL Olsj dz' Mise s

]l shdtses] HBCOLOIjd Mo O dzjydls ddgo j tefy
cdoOjls §&Odjklkz M k2 3j Mdds2, f $O¢E2
sdzr ©® HGBSCOLOKjd Mlseaj JcEteOsls WkdeS y(dtsdaC
XX 9 jC0O orojd WwOdykLmSd2 «KOLj KBERAS [d
s Bslstedlsy jets Cdzdek ¢codzejBteOdUI MSd2 OdO

1 5C0OL Odats, Yylsts 99 jHjdedzg 2 17 8 bsdatsd3 ff toc
sdzdz’ 7 Mddz fedotsHdls § Hobkd kfmdtsedwd dzd
desfls! ), LOfdmMOdzdzr & vyjtejL § Ok oL Od dzdat
teOodzj dzd?2. t jhjdedjds {Isdr ERZtwOodzj dzd?2 W oc
90w WEkdSydw. 10 tsdsdedd3, ylsts Efmdzse dw dzd ¢
Sftej Hy dzj ded W dzd dzj Bdapic dsls tisAsds BABOS| g oAty dzv Is d W
GJBIc" .

1 OC dz¥ ypdz j Misdets, yYybsts LOCtsdz tsBteOlsdz = €
sifdzjted. Rdojmdw Ikweslsjehdn Isjd fLo
CoOHKOlso: orojMmMlsd LOSCBd swaEslsj dzd VW .



)()(v:"*xe‘ho*e"ye”'x;e"Y oe“h(ec"yz.";(m“ ‘et<1gch(t'e‘

C m o mto - e (o]
* * 1 *

2008, 704
2] o desmtsof lg 105 st5dz0 . € [ gsfhtkazPgdRO06, 27

[3] Antonyuk P.N. A new approach to the derivation of the law of universal gravitation from Kep-
| er 6 sloutnal of Physics: Conference Serig821, vol.2081, art. no. 012012.

1] 1’ 5tdz Ok BOdUj MS ] BOYUOLO dfOtslizled@s tzm P g &Y ,J dzts
fly.

A new approach to the derivation of the law
2F dzy AGSNRELFE 3ANI GAGIGAZ2Y FTNRY YSLIX SNDa
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Abstract. It has been proven that the law of gravity follows from Kepler's laws.

Keywords: Kepler, Newton, gravity, inversion, functional equations

Introduction. To mathematically derive Newton's law of gravitation, it is enough
to know Kepler's laws.

Methods and materials; results.lsaac Newton (1643727) established a
close connection between Kepler's laws and the law of universal gravitation he dis-
covered [1]. Newton's formulation of the law of gravitation was the result of con-
sidering a large number of problems about the motion of celestial bodies in the So-
lar system, which he managed to solve. Newton was able to prove that Kepler's
laws follow from the law of gravitation [2].

In 2021, the author showed that the converse is also true: the law of gravity fol-
lows from Kepler's laws [3]. The proof of this statement was incomplete. It remained
to explain that the Kepler constant depends only on the mass of the Sun, which was
later proven. This report examines the complete proof of the converse statement.

The proof is based on the inversion of gravitating bodies (the Sun attracts the
planet with the same force with which the planet attracts the Sun). An important
role in the proof is played by functional equations, which were derived in the early
19th century by the French mathematician Augustin Louis Cauchy i(1389).

See his book ¢Analyse al g®briquece.

It is shown that the principle of superposition of gravitational forces intro-
duced by Newton leads to two linearity conditions (additivity and homogeneity),
written through a pair of mutually equivalent functional equations. The solution to
these equations is a homogeneous linear numerical function. Recall that the lineari-
ty conditions are usually used to define a linear mapping, the central concept of
linear algebra.
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Conclusion. It is known that the inverse square law follows from Kepler's
laws. The inversion of gravitating bodies allows us to generalize the inverse square
law: to derive the law of gravity.
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dsdlsj & dshisd (Juvf), YeodvwjkhmY §kOdS Ots,

0 o«

W Iz dz
to d d

(lsuv) [1, 2]. 71 OdedzO%W tcOBBISO tsMmdetso Odz
odlsdd dHj2 S.u4. Jdddjt [3], Stlttr?2 o
o bktcOodzgj dgdvn ¢. GC2dz"Isj 2 dzO £ 61PKts sy

mMeks Mejunlk, §oLy]j dzOL o Odzdzlz® Isj dzdes?2 1 dzj
[ jlstsHT d @&OjtdOd sy togeteed @GjOds’ [ v [ dz
Ctolzyg ddvw i o f) 3¢ @atMilso O | MBicj difftc s BB tz0 ez
dzj Istdisesits?2 ¢ RY,o JhzEi fcdps? ¢ €Ly jldeldr + Ists
9 COyjfmbej o90LdOyYydoddzsets ftoddeydf © dmy
1 OdzOIs d dzd , sLdOyos hd2 dgjL OoadmMddisj o Ots!
d IsjbttOHOdR. uvjttedy Mbstesdlsmy o Winddakigaizd L
ZOCOdy jots?2 f dslsdatsfisd or BdwOjlsfw o odH
L=Ly oy,
Lo=2fp*J1/R°, @ i % p U Ha bd |

Q—

(1)

1HjMd Y j Ottt HEZOM dsc tsh &) = istexxkOdzdss | A o
hYd o M sdssc OB jsdedsROY u2EPE O jsdss jf dzsls detsfyls '+ oz
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Odz0 odzgjhdedn ftsdzj2. THJM & f sazeos Of o3
lsstetsj d foMmdzjHdzjj MdzOEOj & j o (1) i
C SBtoH Jrd4OdsdzO G sH O )Y sy s dztse d yd MSy § s
oftstslso jIsfisodd fy .duj2 4 dzddzjtc® €.

I 1suv ftod dzOdzd yd b fiirs 6 dzts igtets ¢ O 5 ez d C
6! Jtetso Olst MW tldshdlsj d dt dzj L Gasdeiggf g’ n
1% stedsr MoGy decMB Oz edase s HHdzd sOIs] Y
stcd dzj L Oodfmdd3r 7 ktcOo dzj dzd v .

I Coyjmlsej i3jlsteadtf jfd3if deds fisEPMaRts®O] 3 fMis
tdyi mM&d MmMdddsd stedydezs Bilbtedclz M I@o kzdiw
dgmr). vOCyJ dddjd Istcjls’ ¥ b(rizj diL johj iindedidlz,s de@
BdzdL S8 € twjhjdeds zeoOteyhddz HO, dzzyoj
CtcO2dsj wBOdZ o3 L dzOyjded j o3 Ctsmitsdzse d yj M¢ ts2
tJhoOvw EZCOLOdM j orhj IsteddjzdtepSdy), dzd s diVs
dLo jMlsdzs? dBjdsteEE j dz@ tzdBOL O

r
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d=eV " dg, )

r r
9 9

ds,=e’ df - e (df #(d 2qsin® d 2. (3)

1 OC dz6 y§ Gpdzgl . o jgzel YH lz2RIs! t©Oo dets? GO dIsO

M yd dzstcOdz’ dzesects s @@ ,c5Llg szOBBIEed SO Mrsdzds@u
Cc2 zoOtyhddz HO o HBMmis dg 68 ssdegso MC s
Mlsokzjls fnd dze &z dzw tc dzts iy Is dzO GteOo dIsOy(d ts dz
C BlmikzlsMlsed® wyjtedzr = H" o6 (9 kOded O tizhs dzff ds
CoOQudtedz” = H'" 6. [ BYdzdzdlIsj dz' dzOw  C MY tsdzj dz
sls [uf] o BHIdmMOdeddd HodyJ dzd VW cifistg tslziz jalsdiEvdzdz,
BOded V[ 4] ) .
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Abstract.t A spherically symmetric solution in t|
presence of dark energy with an extremely minimal-aefion is obtained. The solution

found is conformal to the weknown Yilmazd Rosen metric, which is close to the
Schwarzschildnetric, but has no singularity at the gravitational radius, which leads to the
absence of black holes and their replacement with dplask holes.

Keywords: Poincare gauge theory of gravity, Yilmaz Rosen solution

Introduction. It is known that theories of the main fundamental physical fields
satisfy the gauge principle. The theory of the gravitational field that satisfies this
principle and generalizes the Gener al
of gravity (PGT) [1, 2]. This work is based on the use of PGT, as well as on the
development of the ideas of E.B. Gliner [3], who in 1965 proposed to consider the
cosmological constant in A. Einstein's equations as a cosmic medium, later called
dark energy.

Methods and materials; results.The PGT generalizes General Relativity to
the presence of spatiene torsion, i. e. spaeime has not only a curvaturef@m

R?,, but also a torsion-form 7?. In this case, the generalized Palatini formalism

is used as a variational principle, meaning independent variation by linear connec-
tivity and tetrads. The theory is constructed in the formalism of external forms, and
the Lagrangian density-#rm is chosen as,

L=Ly +hy,

Lo=2fp*J1/9dR°, @ A % U Ha bd | S

Here * is the Hodge dual conjugation operakois the volume 4orm, and hab is
the auxiliary 2form. The term/, is the Lagrangian density of external fields.
Here we assume the absence of external figlds-0. The second and last terms
in (1) describe the generalized,d coordinatedependent (due to the fielol)
ficosmol ogi ®%linaccordasce with Gliner E.B.
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In the PGT, in the presence of a scalar flglthe Lagrangian density is varied
with respect to independent variables: the badiamh ¢ the connection-form

G%,, and the scalar field, resulting in three independent equations.

As a spacdime metric, we consider a static spherically symmetric metric with
two unknown functiond (r) and n(r). We also have a third unknown function

b(r). The solution closest to the Schwarzschild solution is obtained if we neglect

in the equations the extremely small value of the cosmological constant in the
modern era. Solving the three field equations indicated above, we obtain a metric
conformal to the welknown Yilmazd Rosen metric,

t'e
d=eV " dg,, 2
I’g r

ds,=e " df -Eg(d? #(d 2qsin? d 2. (3)

Conclusion. If the valuerg is chosen equal to the gravitational radius of the
central body, then the Yilma& Rosen metric will coincide with the Schwarz-
schild metric in the podtlewtonian approximation. Also in (3) there is no singular-
ity at the gravitational radius, which leads to the absence of black holes (in the
standard sense), but implements the emergence oflgjaakiholes. The additional
exponent in (2) gives a slight difference from the GR in the description of the mo-
tion of bodies in the Solar system (se
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dz' j o dzj B3 dzd BOd dzr & ydzj 2O fetsdL sh dd
sts¢; ) §OC dipftdsodixtz  j Isj dzL ster d ffmjoHtslsj
ftesdLotsHdz n. 1 1Ll Md3 Mdzj dzOBtstc dzj dizd
dz" d3: dzils deseo' m dzgijL QoadMmMdd3r = G Jjtsd3i sted yd
fstewHCO Yt ftesdLotHd B85 o Ctdalsj Cfylsj 1 W
fMstetsj dzgdV f sdzdetse s dzOGteOdey OO fftej HMIsOo d
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Non-minimal EinsteinDiracAxion Theory: Spinorization
of the early Universe induced by Curvature

Balakin Alexander Borisovich Alexander.Balakin@kpfu.ru
Efremova Anna Olegovria anna.efremoval3l@yandex.ru

Department of General Relativity and Gravitation, Institute of Physics,
Kazan Federal University, Kazan, Russia

Abstract. The influence of growth of global energy consumption on changes in ecological
balance in nature is considered. The risks of further growth of use ekEnewable energy
sources are presented. The directions of development of alternative energy sources are
shown. The potential possibilities of application of nanotechnologies and innovative nano-
materials in production and transmission of energy aimed at saving natural resources and
reducing toxic emissions into the environment are listed. Taking into account the specific
properties of nanosystems, a conclusion is made about the need for systematic research to
assess the potential risks of application of nanomaterials aimed at ensuring a safe future of
mankind.

Keywords: Alternative theories of gravity, Einsteirac theory, axion, spinor

Introduction. Keeping in mind the mentioned details of the history of the- non
minimal field theory, we established here the new completerminimal version

of the EinsteirDirac-axion theory, which is linear in curvature, is of the second
order in derivatives, is linear in the number density of spinor particles and non
linear in the axion field. The paper is organized as follows. At first we construct the
Lagrangian of the neminimal EinsteinDirac-axion theory, and derive the extend-

ed master equations for the spinpseudoscalar and gravitational fields. Next we
apply the established extended theory to the homogeneous isotropic cosmological
model, describe the evolution of the spinor field invariants, analyze the behavior of
the Hubble function and of the scale factor. To be more precise, in Section Il we
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reduce the master equations of the spinor, axion and gravity fields, taking into ac-
count the symmetry of the Friedmahne m a-RdbertsoAWalker (FLRW) space

time platform. Then we deal with the exactly integrable model, in which the axion
field is frozen into one of the minima of the axion field potential, and thus is in the
equilibrium state; in Section V the axion field is fixed in the instable state related to
one of the maxima of the axion potential. In the end we discuss physical conse-
guences of the neminimal gravitonspinoraxion interactions.

Methods and materials; results.The nomminimal terms in the Lagrangian of
this theory are formulated as tensorial products of the Riemann tensor Rmnpq, of
its left-dual,zZRmnpq, and rightlual, Rmnpq, tensors, as well as, of the Ricci ten-
sor Rmn and Ricci scalar R on the one hand, and of the spifmric tensors and
pseudotensors, on the other hand. All the derivatives in themitamal terms
originated from the curvature tensor and its convolutions; the spkion tensors
and pseudotensors do not contain derivatives. In this sense, the set of the non
minimal termss complete: there are no new independent geometrical objects up to
the second order in derivatives in the context of the Effective Field Theory.

In order to construct the complete Lagrangian of the presented theory, we
used the sealled spinoraxion tensors and pseudotensors. One can explain this
idea as followsl f we wuse the odd function sin
spinoraxion pseudotensor. Why do we restrict ourselves by the frameworks of the
linear theory with respect to the spinor particle number densityyNy= 2?2 | f
consider, e.g., the theory of the second order, we should include into the Lagrangi-
an a | ot of terms, which have the form
my) (yoa2l nopoaqy), Rmn(ydl my)(ysal n y),.
become noteffective because of the large number of phenomenological parame-
ters. Let us recall that the constructed theory contains only foumitamal pa-
rameter szanf@dl 3 b2, b

We would like to attract attention to the fact that the extended equations of the
spinor field have the structure of the
seed mass m multiplied by the unit matrix E we obtain an effective mass matrix M,
which depends on the curvature tensor and on the axion field. Similarly, the ex-
tended equation for the axion field contains the effective axion mass MA, which
depends on the scalars R and N, instead of the seed mass mA. These effective
masses, associated with the sp@te curvature, predetermine the behavior of the
spinor particles (massive fermion and massless neutrinos) and the dynamics of the
axions in the early Universe.

Application of the formulated neminimal theory to the isotropic homogene-
ous cosmological model revealed an interesting detail. If we introduce one spinor
scalar Sy yl and two spi naioyolpsfsydo¥malyar st hi
lutionary equations for these quantities form the closed system of differential equa-
tions of the first order. Moreover, this system admits the explicit first integral, and
thus, only two quantities, S(t) and P(t), characterize the evolutidheofravita-
tional field, and entethe sourcgerm J, which predetermines the evolution of the
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axion field. We analyzed in detail two exactly integrable-swuels of evolution

of the nomminimally coupled spineaxion system in the gravity field of the FLRW

type. In the first sumodel, the pseudoscalar field was assumed to be frozen into
one of the minima of t h=22 " kqt d@ntei.al tdfe
considered to be in the equilibrium state. Analysis of the exact solutions describing
the Hubble function H(t), scale factor
that depending on the values of theqmoh ni ma | gui di ng z,pzZax a me
the Universe can be characterized by the Big Rip, Big Cranch and PRgudoe-

naria.

Conclusion. We discuss the new version of the fmamimal EinsteirDirac-
axion theory of the second order in derivatives and of the first order in the spinor
particle number density N = yyl. Wh a't
The nomminimal terms in the Lagrangian of this theory are formulated as tensorial
products of the Riemann tensor Rmnpq, of its-deil, Rmnpg*, and righdual,
tensors, as well as, of the Ricci tensor and Ricci scalar R on the one hand, and of
the spinoraxionic tensors and pseudotensors, on the other hand. All the derivatives
in the noAminimal terms originated from the curvature tensor and its convolutions;
the spinoraxion tensors and pseudotensors do not contain derivatives. In this
sense, the set of the naminimal terms listed in research is complete: there are no
new independent geometrical objects up to the second order in derivatives in the
context of the Effective Field Theory.

We would like to attract attention to the fact that the extended equations of the
spinor field have the structure of the
seed mass m multiplied by the unit matrix E we obtain an effective mass matrix M,
which depends on the curvature tensor and on the axion field. Similarly, the ex-
tended equation for the axion field contains the effective axion mass MA, which
depends on the scalars R and N, instead of the seed mass mA. These effective
masses, associated with the sp@te curvature, predetermine the behavior of the
spinor particles (massive fermion and massless neutrinos) and the dynamics of the
axions in the early Universe.
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The open Universe model as an oscillatory task
in a homogenous force field
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Abstract. The possibility of finding the exact cosmological solutions of the Einstein equa-
tions without cosmological constant for open model of the Universe is considered within
the framework of an equivalent oscillatory
cal approacho). The taken cosmol ogical mo d
fect fluid with a pressure not equal to zero. On the asymptotic infinity this model is the
open cosmol ogical mo d el of Friedman. The
model is discovered.

Keywords: cosmological models, generalization of the open model Friedman

Introduction. Earlier the method of the construction for open cosmological models
within general relativity by way of transformation of the problem to the task about
of the particle movement in the force field was offered in [1, 2]. Use of mechanical
interpretation for the gravitational equations (with the enangyentum tensor for

the perfect fluid) leads to the possibility of consideration of various force fields, for
example as the potential field, with the subsequent physical interpretation of the
found exact cosmol ogi cal sol ut iedhers. I n
is the inertial movement) we have the open Universe model of Friedman. If we will
take analogs of Hooke's elastic strength and a harmonic oscillator then the found
open cosmological model is generalization of the open model Friedman on a case
of the presence and of the equilibrium radiation. Further generalization is connect-
ed with the oscillator which is in the homogeneous force field.
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Methods and materials; results.The fourdimensional spaeme metric is
chosen in the Fock shape as the conformal metric to Minkowski's metric
(gnn=exp(2s8)) O,) h,, <iagl, 1, 1 1) [3] with dependence on one varia-
ble S. The square of this variable is multiplication of the late and advancing times

S? =1 -r? and the light speed and Newtonian gravity constant are equal to unit.
When using the method (3+&plittings in 4D spacéme and introduction of the
dimensionless variable= B/ S (parameteB is responsible for radiation) we can

present one of Einstein's equations in the form of the second Newton's law. That

all ows speaking about fimechanical appr
i cal model s (see [1, 21) . Further we i
and Athe constant driving forceo. Aft e

constant driving force we require of passing the solution through the original
Friedman solution for the open Universe on the Euclidean asymptotics. In such
case we find the integration constants and can write the function ofbstape

which in each instant of time is the equation of stptis @ pressuregis an energy

density),
zetg(z+ |1 41 tf 9[ i
ztg(z+ 3 (& 1 tef(z )-;-

The behavior of this function is illustrated in Fig. 1 where each curve corre-
sponds to defined values of parametefsesponsible for presence of mass matter)
andfo(reduced Adriving fora=ddF0(maEematta ve |
is absent); the curve 2 with valuas= 0,04andfo = 0 and parameters for the curve
3 area =0,01,fo=5.

\
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Fig. 1.The behavior graph of the function of stdien dependence
on values of parameters andfo

ConclusionThe open cosmol ogical model <con
i cal approacho ha s andfwdichcalbow to charige helzavioa me t
of model (Fig. 1). For example, for the curve 1 at the paintO the ultra relativ-

istic equation of state is satisfiedoE €3) and Aturnin® ono
(curve 3) l eads to the effect of ficon
(curve 2).
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dets dzOf o Oo dzj dzdz” 3 BOG dedsde” o3 fsdzj a3 (f1) o Isj st
dzj sduj M2 fowiL:s (1su) MCOdWttdsets tsdv i
sjdzt des € fjtedtsHk Ht d ot ot &Y fjtce dydzat
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setcOdad yj dedW i dBsH jdzr BBEZOHOjIs dzj sBRtsHJ B d3qd
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sB" Yydzz®¥ BOIsjted® . jlsC s H hezs?2 e Mis ©j dedets 2
cdyimedr L ftsn. sO¢ dL o j Mmlsdzts, [1 dzO B dz¥
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The Universe with magnetic field in the theory of gravity with naminimal ki-
netic coupling
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Abstract. Exact solutions are obtained for the Biantlkibsmological model with a unidi-
rectional magnetic field (MF) in the theory of gravity with ammimum kinetic coupling
(NKC) of a scalar field with curvature. The model is studied in relation to the period before
and during the primary inflation of the universe. Constraints on the model parameters are
obtained that ensure the observed tessafar ratio, the absence of ghosts and Laplace
instability. With such constraints, the model has the necessary properties: isotropization,
a rapid transition from the pesingular epoch to inflation.

Keywords: Bianchil, Horndeski theory, nominimal kinetic coupling, magnetic field,
scalar field

Introduction. The accelerated expansion of the Universe motivates the use of
modified theories of gravity, in particular, the Horndeski theory (HT). The theory
of gravity with NKC is a special case of HT. NKC in cosmological models pro-
vides a new mechanism of primordial inflation without potential tuning [1]. At the
early stages of the Universe evolution, NKC can screen ordinary matter. This prop-
erty provides a model of natural change of cosmological epochs. As is known, MF
are observed at different scales of the Universe. Global MF implies anisotropic
spacetime. In anisotropic models with NKC, ngnonotonic behavior of anisotro-
py is allowed [2, 3]. Adhering to the hypothesis of the birth of MF before or during
primordial inflation, we study the interaction of magnetic and scalar fields within
the framework of NKC. We ask questions about the isotropization of the model
during the expansion, about the consequences of including MF in NKC model.
Methods and materials; results.The density of action for the NKC and the
electromagnetic field is taken in the form

_ anR h,j 1
L= 9, e -—qu-mm ”ng JR- . m=M2, e =1

The model is studied within the framework of Bianchi | spidme. A neces-
sary but insufficient condition for isotropization is the inequaétyh & The en-

ergy density oMF decreases from a limited value. Due to the inclusion of MF in
NKC model, the sign of the parameterl + e h L begins to qualitatively influ-

ence the properties of the model. In chse0, the isotropization process is absent.
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In casel <0, the singularity type changesi- const, H~ t'2 - o t- 0.

The Universe evolution begins with a rpero volume. There are two branches of

the solution. One branch describes a contracting universe. According to the other
branch, the universe expands, but the model has ghosts and Laplace instability. In
casel >0, the type of singularity does not change’ t* - 0, H" t* - o

t- 0. After a short possingularity epoch, the Universe enters a qdasSitter

epoch with parameteh, =,/ (3 )h 6°1G%¥ec'. From the onset of inflation
(h,@ ©.387) the model becomes isotropic within a few uritsQ (the duration
of inflation th'D 860). Constraintse %, h >0, L >0, 1< h L m.e4¢ ensure

the absence of ghosts, Laplace instability, and the observed -teadar ratio
r<0.1.

Conclusion.Thus, it is possible tdharmoniouslg include the MF in the NKC
model with parametel >0. In other cases, the model has varidisadvantages
The NKC suppresses tHe-term and generates primary inflation. However,lthe
term is an important factor of stability. For examplelat0, for scalar perturba-

tions we havecé = 4/3 8. TheL-term is represented in parameteDue to
requiremente/ h &, sign L is critical for signl, that is, theL -term regulates the
degree of influence of MF on NKC model.
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Abstract. One of the promising directions in the field of aircraft orientation and navigation

is the construction of a coordindiene reference system based on cosmic microwave
background radiation. To determine the motion parameters In space, it is possible to use the
natural anisotropy of the temperature of the background electromagnetic radiation of the
Universe (cosmic microwave background radiation, the spectrum of which is blackbody
with a temperature of = 2.7 K). The local dipole anisotropy of the cosmic microwave
background radiation is associated with the Doppler effect, which occurs when the Solar
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system moves relative to the cosmic background at a speed of about 370 km/s towards the
constellation Leo. Dipole anisotropy leads to a change in the temperature of the sky at the
level of gl ~ 10-3 K. In addition, multipole anisotropy of cosmic microwave background
radiation and a map of point sources in the millimeter wavelength range can be used to im-
prove the accuracy of constructing a coordirtatee reference system.

Keywords: cosmic microwave background radiation, reference frame, cosmology, naviga-
tion

Introduction . The paper [1], in which the temperature of the cosmic microwave
background radiation (CMBR) was computed [2], presented the first theoretical
investigation of this phenomenon. Later, both the CMBR and its anisotropy were
detected experimentallyi[8] and confirmed by the COBE measurements [6].

The dipole anisotropy of the CMBR observed in the +igath space mani-
fests as the radiation temperature in the direction of the Leo constellation being
0.01% higher than its average temperature, with the temperature in the opposite
direction, towards the Aquarius constellation, being lower than the average by the
same amount. The main hypothesis to explain the dipole component of the temper-
ature distribution in the Universe would be the Doppler effect arising from the mo-
tion of the Solar System relative to the CMBR. Moreover, there were experiments
that allowed higher multipole orders of the CMBR anisotropy to be measured [6].

Methods and materials; results.A CMBR-based coordinateme frame of
reference may be used to design novel navigation and attitude control systems for
advanced spacecraft. The method rests on the anisotropy of the GiMiBIBWS
the angular position, velocity and acceleration of the spacecraft to be uniquely de-
termined via measuring the power spectral density in several directions.

The CMBR is a navigation field of natural origin that enables the attitude and
velocity of the spacecraft to be determined directly. The attitude may be deter-
mined by integrating the corresponding equations of motion. Determining the time
requires using certain supplementary means, such astawaot clock.

At present, the error in determining coordinates, velocity and attitude of space-
craft via measuring the CMBR temperature primarily stems from the fluctuation
sensitivity of the receivers, the angular resolution of the optical system, and the
number of measurement channels. Using 3 measurement channels and receivers
with a sensitivity of K (which is approximately the same as the sensitivity of the
Planck spacecraft), the accuracy of angular coordinate determination will be under
1 arcminute, while the accuracy of motion velocity determination will be at least
100 m/s [7].

There are several sources that impose fundamental limitations on the accuracy
of the method: intrinsic fluctuations in the CMBR temperature, its spectrum poten-
tially deviating from the Planck spectrum in specific ways, and the spatial inhomo-
geneity spectrum of the CMBR. Should measuring instruments reach these funda-
mental limits, the accuracy of determining navigation parameters by measuring
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CMBR temperature distribution maps may be several orders of magnitude higher
than when using global navigation satellite systems.

Conclusion.Our analytical and numerical assessments demonstrate the poten-
tial for using the CMBR anisotropy to design a coordisiae frame of reference
featuring unique characteristics for solving the problems of navigation and attitude
control of spacecraft.
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Abstract: In this study, we take into account a particular fornKdfy inspired by dQ'Y

gravity model. The Monte Carlo Markov Chain (MCMC) approach is used to constrain the
parameters of the Hubble model, offering a strong statistical analysis. Our outcomes con-
firm the viability of the suggesté®”Y model as an alternative framework for dark energy
explanation by successfully supporting an accelerating cosmic expansion.

Keywords: Teleparallel Gravity, Monte Carlo Markov Chain, Energy Conditions

Introduction . Our understanding of cosmology has been drastically transformed
by observational findings made in 19P8 that the universe is expanding in an
accelerated manner. Due to several drawbacks of GR, Hence, the establishment of
modified theories of gravity is one of the main approaches being explored to study
the late time cosmic evolution.

I n an I ntriguing extension of Ri eman
the Riemannian curvature tensor is zero, and the torsion tensor-ironr his
leads to a flat spacetime with the significant characteristic of absolute parallelism,
also referred to as teleparallelism. The primary characteristic of the teleparallel ap-
proach is the substitution of a set of tetrad vectors, for the metric tensor, which is
the main physical variable that determines gravitational qualities. Instead of curva-
ture, torsion, originating from the tetrad fields, can be used as a general description
of the gravitational effect. This is reflected to the theory known as the teleparallel
equivalent of general relativity (TEGR), which has been extended Qtkegrav-
ity theory.

The primary objective of this research is to explore @& modified gravity,
starting with TEGR rather than the GR. In this study, we employ the simple para-
metrization of a particular form of the Hubble parameter using Hubble, BAO, and
Hubble+BAO observational datasets and generate exact solutions for the modified
Friedmann equations in the FLRW spacetime. Specifically we employ a form of

QY,Q'Y Y + where and¢ are constants withy @O, where

"O is the current value of the Hubble parameter. Subsequently, we have examined
all the dynamical and cosmological parameters followed by energy conditions and
0 & & diagnostic. The work is organized as follows: in section 2, we commence
by offering an overview to TG and then describe &Y gravity framework.
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In section 3, a specific form of the Hubble parameter is parametrized using Hubble,
BAO and Hubble+BAO datasets via MCMC approach. Section 4 presents solutions
to the field equations and explores the cosmological elements of the specific form
of "Q"Y. In sections 5 and 6, the viability of the model is checked by performing
energy conditions and & & diagnostic respectively. Section 7 provides a thor-
ough conclusion to the work.

Methods and materials.Framework of |4 . The torsion scaldbased modi-
fied theory of gravity, known d8"Y, has a geometric action determined by an alge-
braic function associated with torsion. To describe the geometric components, this
theory incorporates orthonormal tetrad components that are defined within the tan-
gent space at each point of the manifold. Basically, the line element is presented as:

a4 VW - —
where@ Q —h— Qo and— QQ&pR ph ph p represents the

metric associated with Minkowski spacetime &depresents the components of
the tetrad satisfying the conditions:

QQ
The action[2] of the™Q"Y gravity can be defined as,
Y —,  QuQy QY Al

wherefl is the total matter Lagrangia®, QQQ N "QandOis the gravita-

tional constant. The natural systeln, (“ "O p, is taken into consideration.
The gravitational field equations can be found by varying the action with respect to
vierbein as,
QT MY p Q@ QYT YQ QWY p "Q
TE'Q Y OQY ot QY

“Y is the totalenergy momentum tensor, and we repre®nt"Q"Y and the

first and second derivatives d&®with regard to"Yas™Q and™Q , respectively. In
this study, we will consider the FLRW metric to derive the modified Friedman
equations. Then tH&"Y gravity field equations are:

do0 ¢y o " - Y

o)

Where'Ok - and the derivative of it with respect to cosmic time is represent-

ed by"Q It is now possible to describe the field equation®6Y gravity in the DE
sector pressurdg)  and energy density  as,
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" K % 5 0 Y
and
p Q YQ 'YQ
PG O p Q YO
Then the EoS parameter can be expressed as,
Q ¢'YQ QY ¢'YQ
p Q ¢'YQ Q ¢'YQ
Model Parametrization. From [3], we introduce the following new para-
metrization of the Hubble parameter in the FLRW universe:

n

Tk

Oa O Op wa p w,

where’O is the current value of the Hubble parametef at1t, andGare free
parameters that must be ascertained via observational constraints.

Analysis With Observational DatasetslIn this part, we use observational da-
ta from several cosmological surveys to constrain the free parametera othat
is by investigating data describing the distarexdshift relation.

Hubble Data:A sequence of 32 data points for the Hubble parameter are taken
in the redshift range®@t x & p&o @.uThe chisquare function for the Hubble
dataset is defined as,

where [ is the vector of the cosmological background parameters and
'O ah and©O & refer to the developed and the observed Hubble parameters
respectively. The observational errors in the observed v&@uesd are denoted
by, a .
BAOQO Data:In this study, we utilize a dataset of 26 independent data points de-
rived from lineof-sight BAO measurements. The function for the BAO data set
is defined by,
0 afbe O 4 .
%0 z h

where’O & 6o represents the theoretical value of the hubble, the model parame-
ters are represented B4 'O & represents the observed value of the Hubble
from the BAO analysis, and the related error in the observed BAO data points is
denoted by, a .
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Once, Hubble and BAO datasets have been analyzed, we may also take the
combination of both to determine the bfswvalues of our model. To do this, the
function can be set up as the sum.of and...
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Fig. 1.2D-contour plot derived from the study of Hubble, BAO and Hubble+BAO datasets in the (i)upper left
panel, (ii)upper right panel, and (iii) lower panel that display the most likely values and confidence regions up to
o for model parameterd A and(

c,
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Tablel

Bestfit values with d, d, and dconfidence intervals for the model parameters|=,
4, and5  derived from the Hubble, BAO, and Hubble+BAO datasets

Datasets =|= -H- gl
Hubble 0, ™ v g p8T X & X & @8
C, T8 Ug® p8T X 3 X & 03
o, mé v § P8I X 8 X & o3
BAO P, T8t X @f 8L G§ ¢ @ Y of
G, T8 X 03 @ L ¢35 ¢ @ Y of
o, T8l X 0f T L ¢§ ¢ @ Y of
Hubble+BAO o, T8t @ of T80 X P§ p@ v g
G, T8t @ of TR X P& Q@ v T
o, T8t ¢ of TR X P& ¢@® vy
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Fig. 2(i) Left panel is the error bar plot of Hubble parameter, and (ii) right panel
is the plot of deceleration parameter for Hubble, BAO and Hubble+BAO datasets

We can see that the error bar plot of the HP presented in Fig. 2 left Pannel is
perfectly fit with the observational data and consistent wf#foM model. In Fig.
2 right Pannel, the behaviour of the deceleration parameter is staying negative
throughout indicating that the expansion is slow at early time but increases when it
moves towards late. Additionally, the estimation of the current values of the decel-
eration parameter for Hubble, BAO and Hubble+BAO datasetsjare T& T
n ™ Ttandn T® aespectively which are inn agreement with some pre-
vious literatures such ap ™ @], n ™ T [B], N ™ J6], n

X T @], N X T [8] etc.

Dynamical study with the model.In analogous t6QY theory, the form of
QY will be given as; Q'Y Y + [9], wherg| , ¢ are constants, and

Y @O with the first and second derivatives denotedsand™Q and defined
as_—J p and, J : ’
j j

we can reduce the field equations as,

respectively. Then

- ¢0 |Yp ——m ;

Where— Ooam & p andt —

These are the parametéssc | , andé on which the behaviour of the energy
density and the EoS parameter depend from which two paranieterd o are
constrained by the MCMC approach and the remaining two, thatasd¢ are
selected in such a way as to obtain a positive energy density. From Fig. 3, we can
see that the EoS parameter remains staying negative throughout the graph. It lies in
the region pht representing the quintessence phase for the observational Hubble
dataset. But in the case of BAO and Hubble+BAO datasets, it is showing the anal-
ogous results. It lies in the rangepht that is in the quintessence region in the
early time, just aftear 1, it comes below p and stays in the phantom region
that is below p in the late time. At the redshift T, the value of the EoS pa-
rameter for this model are estimated tg be  1@0 pfb T80 p,@nd|

T p Which are consistent with the previous studie$ 1.
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Fig. 3.(i) Left panel is the plot of energy density, and (i) right panel is the plot
of EoS parameter with parameter scheme 1 g andé T80 Y

Conclusion. In this study, we have reconstructed a cosmological model with
accelerating behaviowmphasizing lattéime evolution. In the context of TG, first
the field equations got derived and to proceed for the dynamical study, a particular
form of "Q"Y inspired from &Q'Y theory is taken to determine the dynamical pa-
rameters. In order to describe the evolution, we considered a special Hubble pa-
rameter dependent upon three free parameters which got constrained through the
MCMC approach using observational datasets such as Hubble, BAO and a combi-
nation of both. From the error bar plot of our Hubble parameter, we observed that
the behaviour of the Hubble is consistent withti@&DM model. The graph of the
Deceleration parameter is showing that the plot is staying negative throughout ad-
dressing the accelerating behaviour of our model. Where, the current values of both
Hubble parameter and Deceleration parameter are carrying in the range range
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@ @ vht® eand T & T T, respectively with the values of the Decelera-
tion parameter are in agreement with the previous literatures mentioned in the cor-
responding section. In order to get to know about the dynamical behaviour of our
model, the EoS parameter got investigated which remained negative throughout the
graph. For the Hubble dataset it is lying in the quintessence region, but for BAO
and Hubble+BAO datasets it is lying in the quintessence region at the early time
and just aftetx T it is coming to the phantom while moving towards the late
time. The estimated current values of the EoS parameter are consistent with the
previous results which are covered in the respective section.
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Application of Lagrangian Mechanics to the Analysis
of Particle Dynamics in a Gravitational Field

Belayev VB wbelayev@yandex.ru

Khlopin Radium Institute, Saiftetersburg, Russia

Abstract. The dynamics of particles in a gravitational field is investigated using Lagrange
mechanics. Dynamic equations are obtained, including the rate of energy and momentum
transfer to the gravitational field. They are covariant for linearized metrics. The motion of
particles in the Schwarzschild field is considered and, in the case of weak gravitation, it is
determined the passive gravitational mass of a photon and a massive particle under condi-
tion of the relationship between gravitational potential and its velagify <<\ ?2/c?.

The active gravitational mass is found for the system special case of two identical bodies
moving in opposite directions.

Keywords: Lagrange Mechanics, principle of stationary action, gravitational mass

Methods and materials; results.In the Fock proof [1] of the light motion along
geodesics, the time component of the covariameldcity vector is taken as the
Hamiltonian. In [2] a generalized Fermat's principle was proposed, which applies a
variation of the integral of the time component of theelbcity vector and gives

the trajectory of light propagation that coincides with geodesic. Application of the
variational principle of energy stationery integral to the motion of a-ligatparti-

cle in a gravitational field [i3] does not lead to a violation of the isotropy of the
light path. This method yields equations identical to those obtained using the gen-
eralized Fermat's principle, defining a system of equations that has one more equa-
tion. This allows one to obtain the enempmentum vector of the particle.

In general relativity (GR), the definition of the momenta of massive and light
like particles moving in curvilinear spatiene, and the forces acting on them, aims
in particular to find relativistic corrections to Newton's theory of gravitation for a
weak gravitational field. If the second derivatives of the coordinates along the path
[61 8] are considered as components of theedtor of the force acting on a massive
particle of a unit mass, then in the Newtonian limit, the value playing the role of
the passive gravitational mass turns out to depend on the direction of motion of the
particle [6, 9]. The same is true for a photon, if the second derivatives of coordi-
nates are identified with thefdrce by an affine parameter, as which the coordinate
time is chosen.

Another approach is the choice of the Lagrangian of the particle, the definition
of generalized forces as its partial derivatives with respect to the coordinate in ac-
cordance with Lagrange mechanics4B The energy and momenta of particles are
considered as the components of the contravariaettbr of energgmomentum,
as is done in [8] and in [6] for a particle moving in the Minkovsky sitizce. This
is consistent with the fact that in GR the physical velocities of particles are associ-
ated with the cmponents of the contravariantvélocity vector. Therefore, the
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physical force is aligned with the upper index vector associated with the general-
ized force vector. In this case, the passive gravitational masslikghparticle

turns out to be independent of the direction of their motion. It is equal to twice the
mass of the massive particle corresponding to its energy. This is consistent with the
value of the active gravitational mass of the higke particle obtained from the
solution of the Einstei® Maxwell equations for directed electromagnetic radia-
tion in the case of weak gravity [10]. Quantum gravity theory yields a similar result
for the active gravitational mass of a photon [11]. The passive gravitational mass of
a massive particle moving along an unrestricted trajectory will also not depend on
the direction of its motion.
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Abstract. In the standard cosmological model, the acceleration of the Universe expansion
depends on the vacuum pressure. This work considers the possibility of determining it from
the properties of a local gravitational system. Mechanism of vacuum pressure occurrence
based on gravitational defect of masses is studlie@alue is obtained for the inner region

of a weakly gravitating spherical static gravity source with constant defibi¢yequation

of state corresponds to the solution of Einstein's equations for a sphere within which time
flows equally everywhereThis solution is used to estimate the flow of time under the
Earth's surface. The results are compared with the values obtained on the basis on the de-
pendence of its flownly on the gravitational potential.

Keywords: spherical gravitational source, vacuum pressure, gravitational defect, time dila-
tion

Thevacuum pressure is detected from the space geometry according to Sakharov's
idea of a fAmetr i cegthe eenkrgeace bf@igengralizedfbrce s p .
that prevents its curvature [1}.is assumed that the energy equivalent to gravita-
tional defect of masses is spent on vacuum deformation. The gravitational influ-
ence on it is determined in the case of a weakly gravitating static centrally symmet-
rical distribution of the substanc8pherical gravity sources with constant densities

and the same gravitational masseare considered in spheres with the same vol-

ume in a distant fram, 3]. The difference between the proper volume of spheres
and their volume in the distant reference frame increases with increasing mass de-
fect, which gives a positive pressure of the gravitational field inside the sphere

p=(1/3)c? r, wherer is its density In static case the vacuum pressure balances
impact of gravity on vacuunthis yields equation of state inside the weakly gravi-
tating sphergp = (1/3)c? r Matter distributed in space excites a vacuum, causing it

to acquire a nowzero pressure, which is assumed to be the source of gréhigy.
equation of state corresponds to the solution of Einstein's equations for a sphere
with radiusa andconstant density

+ 129712
a

?(d? gin%*d ?),

within which the flow of time is the same at all points [4].

This metric is used to estimate the flow of time under the Earth's surface in ac-
cordance with the distribution of its density depending on the distance from its cen-
ter [5]. The center of the Earth, according to the applied method, will be younger
than the surface b§.5 year:. The model with time dilation dependent only on the
gravitational potential gives a differenc&49 year: [6]. The relative change in

time intervals on the surface and at a distance from it within the earth's crust is de-

D -
termined by the coefficientK, Z_IE[T. In the first case, it will be
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5.36C10' 1" m? for the average density of the Earth's crust &@6(10 '’ m* for
the density of the water in the World Ocedh. K, depends only on the

gravitational potential, it is given an estimate 01710 *® m® which weakly

depends on the local densityhe accuracy of determining time using atomic
clocks makes it possible to detect this effect of its slowing down.
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Abstract. The accelerated expansion of the Universe remains a fundamental challenge in
modern cosmology, often attributed to dark energy withirstbBM framework. However,
issues such as firtening and the cosmic coincidence problem motivate the exploration of
alternative theories. This study investigates-tatee cosmic acceleration within the frame-
work of "Q OR'Y gravity, a modified gravity theory where gravity is governed by nonmet-
ricity 0 instead of curvature or torsion. We formulate the field equation©foRY gravi-

ty and derive a specific model parameterized bgndf . The model is constrained using
observational data from Cosmic Chronometers (CC), and the Pantheon+ Supernova dataset.
We employ Bayesian inference with a Markov Chain Monte Carlo (MCMC) approach to
estimate key cosmological parameters, including the Hubble cori&tamind the model
specific parameters andf . The results are compared agagSDM using statistical crite-

ria such as Akaike Information Criterion (AIC) and Bayesian Information Criterion (BIC).
Our findings suggest th&® OR'Y gravity can provide a viable explanation for cosmic ac-
celeration while offering insights into the nature of dark energy.

Keywords: "Q 0RY gravity, symmetric teleparallel gravity, observational dataset, analysis
of dynamic systems

Introduction. The observation of the Universes kitae acceleration has signifi-
cantly reshaped modern cosmol ogi cal t
model attributes this phenomenon to the presence of dark energy, persistent theo-
retical challenges such as the fio@ing problem and the cosmic coincidence issue
have sparked interest in alternative explanations. One such approsrh hsy

gravity, a modified gravity theory that replaces the role of curvature and torsion
with the nonmetricity scald, and introduces an explicit dependence on the trace

of the energymomentum tensor T in the gravitational action [1]. This added cou-
pling enriches the interaction between matter and geometry, providing a broader
framework for cosmological modeling. Bof®20 and"QORY models hold
promise for addressing foundational cosmological problems, including the cosmo-
logical constant dilemma and the elusive nature of dark enerdy. [Phese modi-

fied gravity theories offer novel perspectives on gravitational dynamics and their
influence on the Universes evolution.
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Methods and materials; results.l.~ Qbservational analysis in tH@ 0RY
gravity framework. We consider ti@ v h'Y gravity model as proposed in [1],
where the action is given by

v o Loiffy Tme 5 Mok
X

with 0 as the matter Lagrangian affdthe determinant of the metrig) .
Varying the action yields the field equations:

S

”n T o ”n 5 ol e 5 pn
“Qﬂ @] % OUy UL GL AU A EEX}
YX p O W@ah (2)
with™O 1 @ 0andO pjy¢f 1 @ &
Using the FLRW metric
(9] 0 0 o w W O h
the modified Friedmann equations become
¢ " - 0O — "CO "COh 3
¢ " - ¢ 00 "Oh (@)

Assuming a dustiominated Universe, we adopt the exponential form

"QORY 0Q " { 'T8]. This form leads to a firstrder differential equation
for the Hubble parameter and matter density parameter, converted to redshift using
QQo p a0qQQad.

We numerically solve these eqns wusin
model parameters R RO and initial conditions, we perform a Markov Chain
Monte Carlo (MCMC) analysis. This approach samples the posterior distribution,
providing besfit values and uncertainty estimates. The model is tested against
cosmological data to ensure observational consistency.

Table Constrained parameter values, decel e
and pantheon+ data sets and its dif"
Data sets Ho Y b @ |Gy, | AIC [ BIC| 6. Ac| BIC
CC + Pantheon’ [72.76K10.23|T 2.43{§58s| 2-245:34| 10.445849.74 861.74882.3 3.09 | 7.09 | 13.9i
Priors (60,800 | (110,10 [(110,10] T T T T T T T

Conclusion. The'Q 0 gravity model, examined here through both observa-
tional and dynamical lenses, demonstrates its potential to explain cosmic accelera-
tion without invoking dark energy explicitly. The consistency of the model with
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recent observational datasets and its theoretical viability via stability analysis rein-
force its credibility as an alternatiyv
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Abstract. This work explores a novel singularfsee relativistic solution to the Einstein

field equations, focusing on dark energy stars within the framework of Rastall gravity. The
Low-Mass Xray Binary (LMXB) 4U 160852, characterized by a mass of 174 and a
radius of 9.3 km (T. G¢egver et al ., Astropt
tial candidate for dark energy star. The analysis begins with the equation of state for dark
energy, where its density is linearly related to an isotropic perfect fluid distribution via a
coupling parameter U. To address the wunkn
metric and extrinsic curvature tensors are computed at the stellar surface. A detailed inves-
tigation is conducted to examine how the physical properties of the model depend on the

Rastal l parameter 3. Notably, the results
dark energydd omi nated regime to a baryonic matte
Additionally, t he model evaluates the per
demonstrating that for a fixed 3, the dark

of the star. The model satisfies the energy conditions and causality requirements, affirming
its physical viability. Stability analysis further supports the stability of the stellar configura-
tion. The graphical representations of physical parameters, alongside the theoretical results,
indicate that the proposed model is ringular and provides a realistic description of a
stable stellar structure composed of both dark energy and baryonic matter.
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Abstract. This study presents cosmological solutions for a model with the Higgs potential
in the frameworks of powdaw and intermediate inflation scenarios within the sealar
torsion theory of gravity. Constraints on the model parameters are obtained, ensuring the
consistency of the derived solutions with observational data.

Keywords: scalartorsion gravity,"Q"Y-gravity, Higgs potential, powdaw inflation, in-
termediate inflation, cosmological parameters

Introduction. This work is devoted to the study of inflation with the Higgs poten-
tial in the framework of scald@orsion gravity (ofQ"Y-gravity) [1]. To date, only
one study has explored this issue withintbey -gravity framework [2].

Methods and materials; results.The model under consideration in scalar
torsion gravity is described by the following action [1]:

Y. QQ S0 Y S e T et e e (1)

where'Q "Q is the tetrad determinant, af@+ h + hoe are arbitrary
functions of the scalar field hwhile “Ydenotes the torsion scalar. The background
geometry is described by the FLRW metric with the tetr&d

AE Ao 0 hd o . The cosmological dynamics equations, obtained by vary-
ing the action (1) with respect to the tetrad, are analyzed using the nonminimal
coupling functionOe ¢ — ,where_ me AT 1. Thé equations for

the potentiato « and the kinetic function « take the form [1]:

e — 00 Op € ,-1 = » - Op ¢38 2
Additionally, the following equations are obtained [1]:
"0 '0'0hO-« 008 3

The obtained equations (2) and (3) allow for the analysis of inflationary solu-
tions. Knowing how the Hubble parameter evolves over tfith@, equations (3)
enable us to determine its dependeiaze . Consequently, the scalar field poten-
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tial ® 6 can be determined from (2) [1By expressing the rightand side of
equation (2) ford 0 as a function of timé&YpZo [3] and equating the lefiand
side to the Higgs potential, we derive the evolution of the scalarsfield under
the conditions of a given Hubble parameter and Higgs potential.

For the case of powdaw inflation with the Hubble paramet&® —, itis es-
tablished that to satisfy observational constraints, the parameter nn must be in the
range T w ¢€ 1@ o For the intermediate inflation model, whef@

——withd mandm p, the following results are obtained: When

1 Tt W, wonsistency with observational data is achieved forg X W 3
plp, Wheri it 1T, @onsistency is achieved fop & Ty o8
Conclusion. The methods presented in [2, 3] enable the derivation of solutions
with the Higgs potential for various forms of the Hubble parameter. In particular,
powerlaw and intermediate inflation models with a nonminimal coupling

"Oe 0 — and the Higgs potential demonstrate satisfactory agreement
with experimental constraints.
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the provision of a subsidy from the federal budget for the financial support
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of works) No. 0783-2025066 dated 16.01.2025, concluded between
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and the Ministry of Education of the Russian Federation.
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Effects of Vacuum Instability in Asymmetric Electric Field
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Abstract. Solutions have been found for the asymmetric potential of the heterogeneous
electric field, given by a smooth function. With the help of 4penturbative formalism

QED with intense heterogeneous electric field complete sets of solutions are formed, which
describe initial and final states of particles and antiparticles. Which made it possible to
study the main characteristics of vacuum instability in the electric field under consideration
and to compare them with corresponding characteristics of vacuum instability in known
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precisely solved cases. The dependence of the number of created pairs on the parameter
defining the form of an analytical asymmetric electric field was analyzed.

Keywords: QED strong fields, vacuum instability, Schwinger effect, Dirac equation, Darby
transformation

Introduction. For strongfield quantum effects, such as the creation of a pair from
a vacuum, the ability to perform calculations depends significantly on the structure
of the outer fields.

In cases where the quadassical approximation does not work, the most reli-
able approach is the one formulated within the framework of SFQFT, in particular
for SFQED. In this approach, ngrerturbative computations rely on the precise
solutions of relativistic wave equations with an external field [1]. In fact, however,
only a few welldefined cases are known, even if they are close to realistic situa-
tions. Thus, there is the problem of constructing new exact solutions of Dirac equa-
tion in intense external fields, which solution would allow to expand the class of
exactly solved cases in QED as well as in QFT in curved dpaee

Methods and materials; results.To study the effect of pair production by an
external electric field, the general formalism and methods of quantum field theory
are used, in particular, the Farry picture for QED with external fields that violate
the stability of the vacuum [1]. To construct exact solutions of the Dirac equation,
the method of separation of variables and the method of generalized Darboux trans-
formation are used. This made it possible to construct a new exactly solvable mod-
el in QED of a strong electric asymmetric field specified by a potential of analyti-
cal form [2].

Conclusion. The influence of the electric field asymmetry on the effects of
vacuum instability is analyzed nonperturbatively. In particular, it is shown that the
behavior of the average differential numbers of produced pairs changes significant-
ly compared to their behavior in the case of a symmetric electric field of the Sauter
type. The instability of the vacuum in a slowly varying field is investigated. It is
shown that in a sufficiently wide range of momenta, the differential average num-
bers of produced pairs do not depend on the shape of the analytical asymmetric
electric field and coincide with those created by a constant electric field. A compar-
ison is made of the total average number of produced pairs in the slowly varying
field regime with the estimate obtained in the approximation of a universal slowly
varying field.
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Electron as a Radiating Keiewman Black Hole

Burinskii Alexander Burinskii@mail.ru

IBRAE RAS Moscow, Russia

Abstract. The KereNewman (KN) solution for a charged and superrotating black hole is
modified into a multisheet solution that not only consumes feasgjy like a black hole

but also emits classical electromagnetic (EM) and gravitational fields, generalizing the
well-known classical CartdsraetLopez model of the electron KN. The modified KN elec-
tron acquires topology of a Klein bottle with a digée superconducting vacuum core sur-
rounded by Wilson loops, leading. to a classical ring string system quantized by Bohr
Sommerfeld method.
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Keywords: Kerr-Newman solution, classical gravity, classical string, superconductivity,
supersymmetry, electron core, Wilson loops, magnetic monaimonpole pair

Introduction. In a recent paper [1], the classical KBigwman (KN) solution for a
charged and superrotating black hole was modified into a-sh@8t solution, which
not only consumes massergy like a black hole but can also emit an electromagnet-
ic (EM) field from some white sheet of the KN. This modifies the KN electron struc-
ture described by B. Carter [2], V. Israel [3], and C. Lopez [4] and distinguishes three
regions in the electron structure: two
one mixed region common to both past and future, which is identified with the super-
symmetric and superconducting vacuum core of the electron.

Methods and materials; results.Analyzing the future region in the model of
the singlesheet electron of W. Israel, we represent it as a projective mapping of the
celestial sphere from the North Pole to the equatorial plane of the KN solution,
where the future region is bounded by a singular ring string forming the boundary
of a relativistically rotating di2sk i
89). A similar projection from the South Pole of the celestial sphere gives a projec-
tive interpretation of the future region, and together they form astweeted ring
sttingof KN--a M° bi us strip connecting the n
the edge of the relativistically rotating core of the KN solution into a single topolo-
gy of the Klein bottle. In this case, the Mobius strip is interpreted as a classical sin-
gular ring string KN, which has (reduc

o = (1)
carries an infinite excess of massergy, requiring regularization.

Two string |l oops of the EM potenti al
ing and outgoing sheets of the KN solution and represent a splitting of the vector
potential of a photon captured by the gravitational field into a ring orbit. The pho-
ton (as well as the gravitational field) propagates along the Kerr singular ring with
the speed of light ¢, and its trajectory is described as a circle in Minkowski coordi-
nates , vy, z t), and is observed in the coordinates of proper time [5] §216]
with an interval

Qt — Qop - . )

Whenv = ¢, the string contracts into a ring of zero radiusinto a quantum
dot according to (2).

Thus, the quantum duality of the particle wave turns out to be a purely coordi-
nate effect associated with the observation of a massless relativistic string. In par-
ticular, the singular ring string of Compton radius a considered by Israel carries the
electron masenergym, as well as a huge angular momentim 2j ¢ ® ¢
which can be represented as an axial state vegtpr @ @ 1T e inthe direc-
tion of the spin.
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The Heisenberg wave function (t ) i s rel ated to the
the unitary transformation [7]
r o Q [ mh 3

which shows that the unitary fact®  rotates the Heisenberg state vector
[ 1, with the angular velocity j ¢ 2j¢ & & Qaccording to (1)), realizing
the unification of the de Broglie pil
point particle.
The EinsteilMaxwell equations for the solution of the KH were integrated in
[8], and the KH metric was represented@s - ¢ 'Q Q , where the func-
tion h has the form

Q —— 4)

The metric is regularized by cutting off singular part at h < 0, when the mass
energy of the EM fieldn(re) = U(re), created by the retarded potential of a ring
source of radiusey begins to exceed the energy of the gravitational field. The cor-
responding regularized core of the KH electron moves away from the singular ring
somewhat and acrf@l37. g EM fietd pateatikl speesds ovar
the surface of the core, concentNatin
(string) distributiongd Wilson loops, where the potential increases along the ring
string being and is quantized according the B8bmmerfeld quantization. Wilson
loops make the vacuum core of the electron supersymmetric and superconducting,
generating ring currents in the core, which form the KH electron as a magnetically
coupled pair of a monopole and an antimonopole.

Conclusion. The classical KN solution is based on interaction of gravity with
the EM field, and forms a singular ring string of Compton radius (1) requiring reg-
ularization.

The KN ring string is relativistic and massless, and in the observer's proper
time coordinates, it is compressed into a quantum point according to (2) and (3),
giving rise to waveparticle duality.

The KN string carries the topology o
eet KN solution folds with the second coil of the strip, gluing two parts of the Klein
bottle together.

The regularized KN solution describes two classical regions, the past and fu-
ture, and a mixing region of pafsiture that is supersymmetric and superconduct-
ing, giving rise to an instanton topology.
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Synergies between earthbound and space gravitational wave
detectors

Cella Giancarlo giancarlo.cella@pi.infn.it

INFN Sez. Pisa, Pisa, Italy

Abstract. The usual approach for the search of a stochastic background of gravitational
waves relies on correlating data from different detectors that share common sensitivity
bands. This method leverages the overlapping frequency ranges to enhance the-signal
noise ratio and improve detection confidence. However, here an alternative approach will
be explored: detecting and characterizing a stochastic background using a network of detec-
tors with nonoverlapping sensitivity bands, such as the Einstein Telescope (ET) and the
Laser Interferometer Space Antenna (LISA). We will delve into the theoretical and practi-
cal conditions under which this method is viable, including the mathematical framework for
crosscorrelating data from detectors operating in different frequency ranges. The role of
the nonGaussianity of the stochastic background will be a focal point, asGaossian
features can provide additional information about the sources and the nature of the back-
ground. We will discuss how neBaussian statistics can be used to distinguish between
different types of stochastic backgrounds, such as those arising from astrophysical sources
like binary black hole mergers and those from cosmological sources like primordial gravita-
tional waves.

Keywords: gravitational waves, stochastic background, data analysis, detection, Gaussian
statistic

Introduction. Detecting a stochastic background of gravitational waves involves
several sophisticated techniques and methodologies. The most common method
used is crossorrelation statistic. It involves correlating the data from multiple de-
tectors to enhance the sigitelnoise ratio. By comparing the signals from differ-

ent detectors, it is possible to identify common patterns that indicate the presence
of a stochastic background [1]. Both Bayesian and frequentist statistical methods
are employed to analyze the data. Bayesian methods use prior probability distribu-
tions to update the likelihood of a signal being present, while frequentist methods
rely on the frequency of observed data to make inferences [1].

Conventional methods for detecting a stochastic background of gravitational
waves involve correlating data from multiple detectors that operate within overlap-
ping sensitivity bands. This technique takes advantage of the shared frequency
ranges to boost the sigratnoise ratio, thereby enhancing the confidence in detec-
tion. In this presentation an innovative approach is introduced: detecting and char-
acterizing a stochastic background using a network of detectors with non
overlapping sensitivity bands, such as the Einstein Telescope (ET) and the Laser
Interferometer Space Antenna (LISA).
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Methods and materials; results.St arting from [ 2, 3],
samplingo is used to determine relevarl
practical conditions necessary for a multiband detection method to be effective will
be investigated. A mathematical framework for crosgelating data from detec-
tors that operate in different frequency ranges will be presented. A key aspect of
this approach is the consideration of the -@aussianity of the stochastic back-
ground. NorGaussian features can reveal additional information about the sources
and the nature of the background. We will discuss how@aunssian statistics can
be employed to improve detection and parameter estimation, and to differentiate
between various types of stochastic backgrounds, such as those originating from
astrophysical sources like binary black hole mergers and those from cosmological
sources like primordial gravitational waves. The case of an astrophysical stochastic
background generated by a superposition of Alnaltid gravitational waves will be
considered in detail. Mulband gravitational waves refer to gravitational wave
signals that can be detected across multiple frequency bands by different observa-
tories. These waves originate from astrophysical sources, such as binary black hole
mergers, neutron star collisions, and extreme wrefsinspirals.

The significance of mukband gravitational wave astronomy; 8} in the case
of a resolved source lies in its ability to track the evolution of compact binary sys-
tems over extended periods. For example, a binary black hole system first detected
in the millihertz range by LISA could later be observed in the hertz range by LI-
GO/Virgo. This allows for more precise parameter estimation, better constraints on
general relativity, and insights into black hole formation and population dgaam
[618]. Multi-band observations also help test modifications to gravity theories, as
deviations from general relativity might be more pronounced at different frequen-
cies. As future detectors like the Einstein Telescope and Cosmic Explorer become
operational, multband gravitational wave astronomy is expected to play a crucial
role in advancing our understanding of the universe. It will be shown that these
advantages can be generalized in the case of unresolved sources (stochastic back-
ground) in a way which depends on the level of-G@ussianity.

Conclusion. The possibility of improving the detection and the characteriza-
tion of a stochastic background of gravitational waves on a-vauitil detector is
connected to the non Gaussianity of the background. For a Gaussian stochastic
background measurement on different bands are essentially statistically independ-
ent. When nofGaussian contributions are present, it is possible to take advantage
of them to extract relevant information from a multiband analysis. We think that
conceptually the same approach could be used for multimessenger observations of
backgrounds, but details still need to be investigated.
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08 ftesdLotd dzF j C Dk Odalsd oo € 1 gty 8
WedSydd MS Oodv jgnd®ts —fi5 @D  §red ¢ B € s dz

fls Odzls Q Y& dCOdzY t&6 S ez yj dedw . B {dsisly tdediits dzOe
VBCjtO ftsdzEyj dz" ctcOodlsOydesddz §| EtcOo dzj
tsdedz’ § g jdzdw fHted dzj Stslststetsds o Bistej ME(
[ 2] . wdzjHEWY d&jIstsHEz,[ 1d L, dztsmdivdzdidsdlAef jodzdas@B 1
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BB stcO MmOBBdEZO d dzddj 2 dtsects 8 otej d3zj dzad M

ip ¢ pI ¢ —p & . Vited eWdigdl o MY JjClstcOd
B ddHiShi MNCOdE TwoomjSddhnt @z @ ds] |
hjdedj | TimpMg ylsts Msslke jlsmisakjls

1 OC dz8 yJl dedfited dzj dgv § 3" 2 d3j stsH o datsfyd dzd !
I yOmlsdsmisd, dmfsd L o @slsyddd g datf
kOydtddr 7 kwOodsy dzd? RsHjdd [2]. s Gsdj
fsd LEzjd 2 &Bjlssn HoY MecdOmse Odd™ Isj Gt
& n ComMEsdscdyuiMSdr OOk stess fod LOL
d 9dHO MCOdtdses §tdv, Msslksjlsmiselkzsh
o OBl [2].

bolststc o' O OjIs B EZOGEBHOtdzsMIs! ftosW j MMtst

d fesWj Mhstekz rRetstes | &ZzOHddBJtetso dykz A B
9 BBMEYyHjddd tjLikzd IsOlsse d f§teswW o dzj dzdz"
Rn Ygdedz' § t6j 53] dzHOydd d Mmoo jlsr Mfshts
9" fsdzdz ded® dMmMmdzi Hise Odzd W .
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Method for Matching Theoretical Predictions of Spectral
Cosmological Parameters with Observational Data
in Generalized Scalarorsion Gravity

Chaadaeva Tatyana Igorevna t.i.chaadaeva@gmail.com
SPINcode: 81460727

ULSPU, Ulyanovsk, Russia

Abstract. The method for reconciling theoretical predictions of spectral cosmological pa-
rameters with observational data in scatasion gravity with nomminimal coupling of

torsion and scalar fields was examined. This was based on a power parameterization of the
relationship between the function of nominimal interaction and the Hubble parameter.

A dependence of the tensscalar ratid on the spectral index of scalar perturbati¢~-
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i p €& .Thevalues of the coupling constants of the model and the {scalar ratici
were found for a given value of the spectral index of scalar perturb&”carsd the scalar
perturbation power spectruo .

Keywords: scalartorsion gravity, Friedman universe, spectral cosmological parameters,
tensorscalar ratio, spectral index of scalar perturbations

Introduction. The gravitational equations of scatarsion gravity [1] are consid-
ered with a specified set of functiof®%. ) %> FO%D , the Hubble parame-
ter'Q and the scalar fielde to which slowroll conditions are applied, allowing for
the determination of the scalar field potentiaPéo. By applying the method of
searching for theoretical predictions of spectral cosmological parameters [1] to the
chosen model, the dependeri p ¢ was found. Furthermore, values of the
tensorscalar ratio corresponding to observational constraints were obtained [3],
along with coupling constants that enter the Lagrangian functions when selecting
the forms of the Hubble parameter and the scalar field.

Methods and materials; results.The Lagrangian of scaktorsion gravity [1]

is given byd  -"0%"Y 0 %60  "O%6d %o, which includes a number of

functions of the scalar field chosen as folloW3%o — , whereg¢, and'@are
arbitrary coupling constants; %6 1 & o wherg , ¢ are functions of

~

the scalar field, witthD  ——; and’'O%étd | &, wherg is acoupling con-

stant Here, Yrepresents the scalar of torsion. In the FriedrriRobertsoAWalker
metric, the gravitational equations have been obtained, and their exact inflationary
solutions have been found for a certain choice of scalar field and Hubble parameter
[2]. Following the method outlined in work [1], for the powaw evolution of the
Hubble parameter and a linearly tidependent scalar field, the dependence

ip ¢ pf ¢ — p € has been derived. With the number eblls

0 @ mand the spectral index of scalar perturbati¢ o @ @ the tensor
scalar ratio i4 Tt p, ¥vhich corresponds to observational constraints [3]. At the
same time, the values £¢fandd are also calculated.

Conclusion. The method applied underwent some modifications. Specifically,
the value of the function ¥ from the ¢
in model [2] was used. Furthermore, it is planned to apply the utilized method to
reconcile theoretical predictions of the spectral cosmological parameters under dif-
ferent choices of the Hubble parameter and types of scalar fields corresponding to
the exact solutions presented in work [2].

The author expresses gratitude to Professor Sergey Viktorovich Chervon and
Professor Igor Vladimirovich Fomin for their active participation in discussing the
results and their interest in the research topic. Their valuable recommendations and
advice contributed to the higher quality of the research.
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The impact of finite strange quark mass y and baryon number density
on the stability and maximum mass of strange stars

Chattopadhyay Pradip Kuniar pkc_76@rediffmail.com
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Bhattacharjee Debailr debadriwork@gmail.com

Cooch Behar Panchanan Barma University, India

Abstract. This study examines the effects of a rmamo strange quark ma&s and baryon
number densitg on the structural properties, stability, and maximum mass of strange stars.
An exact relativistic solution to the Einstein field equations is derived using the TdéWnan

metric potential and a modified MIT bag model equation of state (EpS),- ” 106 |,

whered depends on the bag consténta , andé. Here,d represents the difference be-
tween perturbative and ngerturbative vacuum energy. According to CERN's findings,
transition from hadronic matter to QuaBtuon Plasma (QGP) can occur at high densities
under favourable conditions. The standard MIT bag model, which assumes cdnstant
cannot adequately describe this transition. Incorporating a €initand employing Wood
Saxon parametrization fdr, which depends o&, provides a more realistic EoS capable of
addressing this phase transition. &s increases, the EoS becomes softer, influencing the
solutions of the TOV equations. Far 11, the maximum mass is 2.@1; having radius
of 10.96 Km where m& ¢Qa . Ford v Tand p T Bt'Q wthese values reduce to
1.990 3 and 1.96) 3 and radii of 10.88 Km and 10.69 Km, respectively. Phase transition
from hadronic to quark matter occurs at highervalues whend increases &

™ Y gendm® Q& ford  m mandp T 6t Q wespectively). Beyond these
values, the energy per barydndrops beloww c&@td ‘Q windicating a complete transition
to quark matter and the stability of the system increases. The proposed model satisfies cau-
sality, energy, and stability conditions, effectively describing strange star properties.
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SPIN © ° Y -160¢ n p
T - tehfxh ¥ omm vy
O dzdzts s QUMM dssiste j dzf Misdzd st ded Ote  Qrizls o § M ts 56z o
qdzd tjdvisde dmismsdy s dd s tsdz . t OMMdBEOstedo
otej dzgd dedets?2 fdzj &€ d © COyifMmlseoj dBsHjdd JjHJdEEE
Mt ShMyddkdedtlzs h jes HisMo j ssosets Misddlssdo
L ke ls Ctstoipbsipiisdrst@dzsi Oz L 3, 2 OOSCIsjtedz” 2 H

dz' = uOfmisdy. OMMdlstej dr Mdzos" j MWt jtedud M¢d,
s H j dzd . ltesH ] 3t dzMistcJteso Odes o dH j 5 MdzOB Gt
d © Hodyjdedd, Ctbttetsj f tsHIlso j @sHdAcs tsCetsdzHjZfO
BO Mddlstsdss .

Sdzv yjor j Cfpdety ez G EadgEasts? HEZOddL &3, Misddlstsdz,
yr, bkjittdw jHddscs §odv, dzj dddsj 2-62@Y ki dzgz® s t
ff dzj dz$ O

j HjwaEH g Istsdz Bsy des s tej Hj dzdls! COC B §
2. AdrduimSEt] tftjH]jdjdd] mMsddlstdo:
i tc ts ) Is telsipciadjL dsdatO dzdzOW o sdzdzOeé . | v j M!
StcOdgV ¢ h @)y Indets D figeg jdad Jsds. HEB @O U dzd | B
, tmitd Ck dssOwY WdLdyjmMSow fmikzs Ml
s bod ¢t jJj ftedsdzdy J dzdzOWY BOIsj BOIsd ud

[ Olj &B3OIsdyjmMetsj tsfftejHjdzjdedj MsdzdlstsdzO:
dzj dzq dzj 2 dets? ftsdzjots? gsHjdzd o odHG kgt
ZsC Odzd L s Odzdzts? o tsdzdzr €. 1 HJ M! dzj dzd dzj 2 dzts

Rdzsjtejfm ¢ ki Modzdlstdse MmMewL Odz, o
otsdkzdzso B3 ©BI jC OB, ftesweodvsls kOCHj

[ ilsHT d &OIlsj tcd Odtr ;H GEjdzGHAE' 1500 Ists iy dzts o dats
9 08 IsfMw BOILj BOIsdyuj MSdj Mddlssdsr , Ists j Ml
ZJ Hddzj dedz" = o 5dzdz.

I €Oyjmsej qtsdz;ar" BsH | dzj 2 tc;Ofr]fr]d3®lstsq’
dz' | kZtOodzj dzgdw o YOflsder 7 HtetsdL otsHdzr = .
ZOL o Odzr toj dzvIsdo dfMisMS d &3 ftsdzd Is s dzO B .

s bBOCd wjdvisdodmisMEdd ftsdzj o & dBtsH ] dz
Ldzj SstetsHd dzZO3d B R AW FHD HOStEdzP . wtsB Mise j dzdat
I Btedz@ dz j dz2 HO [ 2] YoLdydtddteses OdzOM: € O
ojbmisoadd M Ctdyd finjdisksde de@dgd YgayC scts o
]l ©ORCOR dzgj dzddzgj 2 des? L dzj SlstesHddZzORdSd
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dzr &3 BtOLtd ttBi jHJd]Is! L dzj Clstesd3OC dzd Is dz
Msoedw, tOMimdiOIstcdes OW YyOMlsdyr C0¢ Mddist

Cdzj SstcsBBOcdzgdIsdesy d cteOQoadlsOydodedetsy oL
HOdz! dzgdrn oL OddtsH j2Mlsady Mtsdzdlstsdesa, Ctslst
Bilstedyui MSddB3 Mstslse jIsMise j dadzts [ 4] . Clsd H
Hdzw dzgBr a tojdzwisdoadmlsmMSd ddzeo Oted Odzlsdz" =
YyJ dzg MstsBteOL dzts tcOMMdzOIsted o Ols 9 COyd Mo,
fsdzj ozt BsH dz .

[sHjd foshbtoPdghbdpddd ZSd [ 5] B d&O
Isjdz dz" sd Mo 2 Mlsa Odzd. 1 YOfmdesMmisd, dzO2H
Coltster | Bselzls Brils! MsfsmisOo dzj dg' W tsls tsdzO
tcjhjdedi, Mmtstslso jlsMmlsoalzes M jj Itsyj ydes?2 L Otew:

td Odzr dzr § { dzj o3 dzlsOtedzr § yYyOfmlsdyr dBsckls |
BsdRj dissdz i3 zdzr MO. vO0Cd) MmModzdlstdzdz j to,
Isj sted d { tots fRdstcjOdigmdzdaty Xzdafsdzj dzSd [ 7] . stetsd3j
mMisdyr sB dZOH OB s WwWiglCts o' tcOy J dedgr d3d o ts dzdzts
dzj sBrtsSHd B ttOMMd3OIsted 8 Ols! tshyddzdazdtekzs h dJj
ssdy Msdzdlssdgr M §jtedsHdyj MEBS2 L OodMmd d3tsfy
mMdMmilsj B3] SCttstcHddOl. 1 8C0L Odets, yYbts O0Cd}
otsdzdzgso 52 HEZOdZdL &3, R OtOCIsjteds 2 Hddzv d&OMM

l ftjHjdzj mMAzOBBets { tsdzv -olctg @ digdatsdR | 1 foixg tsh
tcd ntsHdIs o B" Yydetsy dzddzj 2 detsy o tsdzdztso 5§ Izt
Clsts kZtcOodzgjdzdj OS] BBEZOHOjIs tojh jdadw d3g
sB'" Yydzg' &3 MtsdzdlssdzOd3d dzj wo dzw s Isfypw o fydzj H
MistcOdeftizs § GedztfL S0 Odzdz” § t6j " jdedv dzOL " 9 O O
[Bsdese Odets, yYbsts f -g@Mmb¢Y ) o d3M )s dz@ tets datp &t
mMsdzdlssdz 9 MdB Mdzj OMd B Isslsdyj MEtses o

l COyjMmkej fHtoddjtcO® ttOMhdslstej dz MdzOB " 2
Zdlstsdz fsCswh 2w COC yj dtsj -ind dszazf g™ d nf
pjlsMlsoks hdn twjhjdd2. 10 tedfm. 1 d 2 Gtoj |
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10Cdzs yjJded g dets fsdevisdy tjdzvIisdodmisme tsc
StsdzO. 1 B8COLOdets, yYybsts fsHBsBAE § HEsMo jlstsor
dztw sdzdztso F &3 HEZOdzd L d3tsd3, R OteOCIsjtedz” s Hdzw ©

ltotsH j s dzMistcedtetso Odes 9 dH j B MdzOBtSEets tsMy
9 Hodyjdedd, Sttt ftsHIso j tcwHsEzis o & dzy j
OdzdL BO Mtsdzd Istsdzts o .
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Wave-particle Dualism of Solitons

Chernitskii Alexander Aleksandro¥ich AAChernitskii@mail.ru
SPINcode: 38051501

SPCPU, SRetersburg, Russia

Abstract. Solitons of relativistically invariant field models or relativistic solitons are con-
sidered. The model of a spatie film is considered as a model of a unified field. The
concept of a relativistic oscillating sublight soliton is introduced. It is shown that such soli-
tons realize the wavparticle dualism characteristic of massive elementary particles. Weak
spherical solitons of the linearized field model are considered. A video of a weak oscillating
soliton at rest and in motion is demonstrated, which confirms the concept ofpasdicte
dualism of solitons.

Keywords: waveparticle dualism, solitons, elementary particles, unified field theory,
spacetime film

Introduction. A soliton can be defined as a physical and mathematical object. The
physical definition of a soliton is: i
solitono. It is often added here: ipr
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this addition should not be made, since any physical substance is nonlinear, and
only its approximate mathematical model can be linear.

Mat hemati cal definition of a solito
field model in the form of a solitary
earity of the model is significant.

The interest in the topic of solitons is related, in particular, to the fact that they,
being wave objects, also exhibit corpuscular properties.

Methods and materials; results.The report mainly deals with mathematical
solitons, that is, solutions of field models in the form of solitary waves.

Relativistically invariant partial differential equations are considered as field
models. Their soliton solutions can be called relativistic solitons.

Such relativistic field models include models of nonlinear electrodynamics of
the BorniInfeld type [1]. Bornd Infeld electrodynamics proper [2] was posi-
tioned as a model of a unified field in accordance with the concept of the nonlinear
electrodynamic world by G. Mi [3]. Within the framework of nonlinear electrody-
namics, it is possible to combine electromagnetic and gravitational interactions in a
natural way, considering particles as solitons [1].

Electromagnetic and gravitational interactions arise as twceramge interac-
tions of solitons, which can be called force and metric, respectively [4]. These two
types of interaction are characteristic of any relativistically invariant field models.
In this regard, it is advisable to consider a simpler scalar field model as a unified
one.

The spacdime film model [5] has many remarkable properties. In particular,
its exact soliton solutions have been found, which can be compared to photons [5].
Its exact soliton solution corresponding to a point charged particle without spin has
been found [6].

Real elementary particles can have spin or intrinsic angular momentum. Such
solitonic solutions were considered in the framework of the theory of $ipaee
film [7]. In addition, elementary particles have pronounced wave properties. In this
regard, it is necessary to consider oscillating relativistic subluminal solitons
solitons with periodic dependence on time in their own coordinate system. It is
shown that such solitons realize the waagticle dualism characteristic of massive
elementary particles.

In the weak field limit, the spademe film equation transforms into the usual
linear wave equation or the D'Alembert equation. This equation also has solutions
in the form of solitary waves, which are not ordinary solitons due to the linearity of
the model. Such spatially localized solutions are called weak solitons [8]. It is
proved that a weak soliton is associated with a real soliton particle in the sense of
asymptotic behavior at infinity.

As an example, a weak oscillating spherical soliton is considered, resting as a
whole and moving. A video simulation of the relevant solutions is shown. Figures
1 and 2 show the frames of these simulations
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Conclusion. The concept of a relativistic oscillating soliton is introduced. It is

shown that such sublight solitons have a wpasdicle dualism characteristic of
massive elementary particles.

Fig. 1.A frame from a video simulation of a weak Fig. 2.A frame from a video simulation of a moving

oscillating spherical soliton at rest weak oscillating spherical soliton

A video of a weak oscillating soliton at rest and in motion is demonstrated,

which confirms the concept of wayparticle dualism of solitons.
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with higher derivative torsion terms
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Abstract. This report reviews the studies performed in the High Order Teleparallel Gravity
(HO TG). In particular, the investigations of models using methods of qualitative analysis
of differential equations show the presence of stable solutions for exponential and power
law evolution of the scale factor for a certain choice of the Lagrangian density [4]. The via-
bility of the model by studying the energy conditions in terms of the cosmographical pa-
rameters like Hubble, deceleration, jerk, snap and lerk ones are also considered [5].

Keywords: teleparallel gravity, cosmological models, gravitation waves

Introduction. Within the framework of the HO TG, holographic models of dark
energy were considered, with the correspondence scheme to construct models in
the underlying scenario using various scale factor forms; the reconstructed func-
tions were found through the equation of state parameter [6].
Methods and materials; results.The study of gravitational waves in the HO
TG showed a difference from a similar model in the Einstein gravity with higher
(6-th order) derivatives. It was shown that in the weak field approximation there
are three states of pol arization are f
namely 2helicity massless transverse tensor polarizations, andhadidity mas-
sive, with partly transverse and partly longitudinal scalar polarization [7].
Conclusion. It is important to note that a parameterized {sivtonian limit
of modified teleparallel gravity with higher torsion derivatives is proposed. In par-
ticular, it is important to consider the second order-pEsttonian approximation
or a parameterized pebBlewtonian cosmological structure, where additional per-
turbative modes arising from general modifications of teleparallel gravity can lead
to new observable imprints [8].
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Abstract. The Dirac's principle of superposition for evolution of time (DPSET) was devel-
oped to restore determinacy in the study of dynamic linear evolution of quantum system.
Here we advance the formulation to Aorear dynamics by invoking the quantum neise
extended nonlinear Schrodinger equation into the four motions in time conjecture of the
DPSET. We observe that in the resultant-finear temporal evolution of the wavefunc-

tion, the linear DPSET can be recovered from the nonlinear domain in the limit of Rabi
oscillations. We then delineate the potential linear andlinear regimes for the time
reversal symmetry of the measurement problem. In conclusion, we postulate that the non-
linear domain provides information for understanding abruptness and strangeness in quan-
tum measurements.

Keywords: quantum measurememtd et er mi nacy, Diracds princ
lution of time, nonlinear dynamics, time reversal symmetry

Introduction. The search for quantum determinism is still an open challenge as we
celebrate the first century of the formulation of quantum mechanics. This has made

it difficult to reach a consensus interpretation of quantum mechani8ds [Ihere

have been deluge of attempts to solve this measurement problem but yet the prob-
lem still lingers on [B5]. One consensus is that thgantum state evolves deter-
ministically wunder the Schr°dinger Eq:
when it is measured, it is stochastically governed by the Born rule to collapse into a
single outcome [3]. This dual evolutions of quantum states is the cause of the dis-
harmony in the measurement problem.

In Ref [4], we formulated the Diraché
of time (DPSET), in an attempt to harmonize the outcomes of the dual evolutions.
We demonstrated that the DPSET four possible time evolutions were likely to be in
oneon-one correspondence with the motions in the linear quantum process. For
brevity, the DPSET was used to successfully account for the various bonding of
beryllium as a linear quantum process.

However, the DPSET evolution in time is unitary and therefore does not cap-
ture all the rich dynamics of indeterminacy. For example, there have been a num-
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ber of studies on non linear quantum processes that need theoretical interpretation
[5, 6]. Therefore, our plan in this paper is to advance the DPSET beyond the linear
limit and then use it to investigate non linear quantum processes.

Theoretical framework. The theoretical motivation is that the DPSET can be
illuminated by the susceptibility of a quantum system to fluctuations and noise
which can be interpreted as abrupt changes in the behavior of the quantum process
with time. We employ the formulation in Ref [5] on the susceptibility of a quantum
system to fluctuations and noise, thus the quantum +ecismded NSE which
models the behavior of quantum systems more accurately:

E— n GSs m A — T 1)

O m O 2, = (rt)is a complex variablenandA are parameters;- represents

the first derivative of the motional noi¢e Following the author [6], we have ob-
tained variants wavefunction solutions for the stablelm@ar Schrodinger equa-
tion:
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where m is mass of particl®,is the evolution of time in the DPSET conjectie,
is the depth of optical lattice potenti@lis particle position in42-or 3D, 0 T
is the shift in the particles positionj s t he r educ e d/OiBtraash c k 6 s
tion energy between the two consecutive statess the wavefunction correspond-
ing to the temporal evolutiod.

Results and discussionThe extended results in Eg. (2) poses Stochastic time
dependance, but the actual physical dynamics to be observed depends on the Ener-
gy, in agreement with the DPSET [4]. In the model (2), it can be deduced that the

classical dynamics of the measurement dynamics can be recovered by squaring the
wavefunction or by treating the convolution of the forward and reversed wavefunc-

tion in temporal evolution of time®:. GO . Another quantum property of
interest in both the linear and ntinear DPSET formalism is the tinreversal
symmetry [6] denoted by thH@ term in the wavefunctions which pre-
dict that the present state of a quantum system defined by both the usual forward
evolving wavefunction from the past and backweavdlving one from the future.
Conclusion. The nonlinear DPSET formalism presented here shows promis-
ing quantum features for probing into problem of indeterminacy in quantum meas-
urements due to abrupt and strange behavior inherent in quantum system dynamics.
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The model presented here has been theoretically investigated and quantitatively
shows intriguing features which include collapse, decoherence, decay, uncertainty,
time-reversal symmetry and quantum transitions. We therefore propose this model
as candidate for theoretical study of the recent negative time experiment and in the
design and engineering of highly sensitive time measurement devices.
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Analysis of Compact Stellar Objects: Complexity
and Parametric Effects of the Equation of State
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Abstract. This paper considers how the Chaplygin equation of state (EoS) parameters af-
fect the complexity of anisotropic compact stars. By solving the Einstein field equations,
the model uses the Schwarzschild metric for the external region and applies boundary con-
ditions at the stellar surface. The research incorporates observational data for validation
through graphical and tabular analysis. The results indicate that although the complexity
factor is not directly linked to specific E0oS parameters, it increases with their values. While
these parameters influence internal properties like anisotropy and density inhomogeneity,
the overall complexity exhibits a consistent growth pattern.

Keywords: compact star, chaplygin EoS, anisotropy, Schwarzschild metric, complexity

Introduction. The theoretical modeling of compact stellar objects [1, 2] within the
framework of General Relativity (GR) is essential for understanding their structure,
stability, and evolution. These model s
conjunction with a suitable equation of state (EoS) to describe the matter distribu-
tion within the star. Anisotropic pressures, where radial and tangential pressures
differ, play a crucial role in compact star models and arise due to factors such as
high densities, exotic matter, or strong magnetic field9][3

The Chaplygin EoSnitially from cosmology, is useful in compact star studies
due to its nofinear nature, enabling smooth thermodynamic transitions. It sup-
ports exploring unconventional matter distributions and produces stellar models
consistent with astrophysical observations.

The concept of complexity in salfravitating systems, as introduced by Herre-
ra [10], extends traditional uniformity concepts by incorporating anisotropy and
density inhomogeneity into a complexity factor. This framework has been instru-
ment al in deriving exact solutions to
composition of compact stars.

This study aims to examine the influence of chaplygin EoS parameters on the
internal structure and complexity of compact stars. By analyzing the roles of ani-
sotropy and inhomogeneity in complexity evolution using pulsar data, we establish
a link between theoretical predictions and observational insights, providing deeper
understanding of dense astrophysical objects.

Methods and materials; results.To construct a physically consistent stellar
model, we assume a metric potential of the form:

0 -
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which has been successfully used in previous compact star studies under isotropic
conditions and extended for anisotropic matter distributions.
For the matter distribution, we adopt a chaplygin equation of state:

r
M

n 4m —h
w h e raen dafefzonstants characterizing the EoS.

The Einstein field equations are solved for an anisotropic star to obtain the
density, radial pressure, and tangential pressure. The interior solution is matched
with the Schwarzschild exterior at the boundary, ensuring a smooth transition be-
t ween the starodés interior and exterior

The constructed model is physically viable, regular, and free from singulari-
ties. It satisfies energy conditions, ensuring positive and physically meaningful
density and pressure throughout the realistic star [11].

A key focus of this study is the complexity factéi. Our results reveal that
for a fixed value of, the complexity factor increases throughout the stellar interi-
or as b grows. A similar tr bmdainsc®n- obse
stant. These findings suggest that both EoS parameters contribute in a comparable
manner to the complexity evolution in compact stars.

Conclusion. This study shows that while the complexity fac¥e is not di-
rectly dependent on individual chaplygin EoS parameters, it increases with either
parameter. Variations i) and b affect anisotropy and inhomogeneity but do not
alter the overall complexity trend. The findings establish a clear link between the
chaplygin EoS parameters and stellar complexity, highlighting its potential as an
indicator of the equation of state and offering deeper insights into the internal
structure of compact stars.
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Abstract. An accelerating cosmological model is developed within the framework of
"Q'YHl  gravity, incorporating a functional formiYHl Yrc |'Y fl | inspired

by the Starobinsky model and powew matter coupling [1, 2]. The field equations for a

flat FLRW Universe are derived, and the Hubble parameter is constrained using Hubble
and Pantheon+ datasets via MCMC simulation. Observational data field @63, indi-

cating a latdime accelerating Universe with a transition redshift @.7. The present val-

ues of the jerk and snap parameters@@j 0. 78d addl,s respectivel
quintessence phase. Diagnostic tests, including-Btater and Om(z), affirm the model's
convergence towards sCDM. T h e tCa 364 Gy, int he
good agreement with Planck results [3]. The analysis supj@¥$l  gravity as a viable
alternative to study dark energy dynamics.

Keywords: modified gravity,"Q'YH|  gravity, dark energy, cosmological diagnostics,
accelerating Universe, cosmography

Introduction. This study focuses on the modified gravity the&®@¥rl  [4],
a generalized form dfR) gravity, where an explicit coupling between the Ricci
scalar R and matter Lagrangian Lm is introduced. The motivation stems from the
need to explain the accelerating expansion of the Universe as supported by obser-
vational data from Type la supernovae, CMB anisotropies, and-dagje struc-
ture. I n contr as DYt ogravity may gddi@dd dankeery
phenomena without invoking an explicit cosmological constant.

Methods and materials; results.Field equations are derived using the varia-
tional principle in a flat FLRW spacetime i@ Yl gravity. We consider a spe-

cific functional form: "Q'YH Y¥¢ |'Y fl . The model parameters are

constrained using observational Hubble and Panthedatasets. Markov Chain

Monte Carlo (MCMC) methods are used for parameter estimation. From this, the

decelerationd), jerk (), and snapdj parameters are computed. We faeP 7 0.63

and a transition redshift® 0.7, showing compatibility with an accelerating Uni-

ver se. The E0S par afeitoé2 Diagtostiptoots snelud-t e

ing statefinder and Ond) indicate a quintessendige nature, converging toward

sCDM at | ate times. The t&@€0J8646GYyr. t he Uni
Conclusion. The 'Q'Yifl  gravity model considered here offers a viable cos-

mological framework explaining laténe acceleration. The use of observational da-
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tasets in constraining the parameters reveals consistency with known cosmological
behaviour. Cosmographic parameters and diagnostics like)@md statdinder
support its closeness to sCDM at | ate
derived aligns closely with Planck mission estimates. Thus, the model presents a
compelling alternative for understanding dark energy and cosmic dynamics [5].
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Abstract. A fast progress in the observational technologies in astrophysics provides the
unique possibility for detailed observations of black holes in the nearest future. It would be
possible to verify general relativity and its numerous modifications in the strong field limit
by using observational data from the advanced cosmic interferometric observatories. We
review the modeled images of the rotating black hole in different appropriate cases: the
luminous distant background, the thin accreting disk and the luminous moving hot spots in
relativistic jets along the black hole rotation axis. The detailed observations of astrophysical
supermassive black holes SgrA* and M87* would be possible by using the Millimetron
Space Observatory proposed and developed by the domestic scientists.

Keywords: gravitation, black holes, cosmology, astrophysical observations, cosmic tech-
nologies

Introduction. The possible forms of black hole images depend on the gravity theo-
ry in the strong field limit. Recent first observations of the supermassive black hole
SgrA* at the center of our Milky Way Galaxy and M87* at the center of the giant
elliptical galaxy M87 verified the general relativity theory only qualitatively [1
10]. In recent decades only observations with Millimetron provide the unigue pos-
sibility for choosing the valid gravity theory in the strong field limit.

Methods and materials; results.The main method used in this paper for de-
scription of the black hole images is the numerical solutions of geodesic equations
of motion by Brandon Carter [11] for test particles in the Kerr metric [12].

Conclusion. The possible forms of black hole images depend on the gravity
theory in the strong field limit. Recent first observations of the supermassive black
hole SgrA* at the center of our Milky Way Galaxy and M87* at the center of the
giant elliptical galaxy M87 verified the general relativity theory only qualitatively.
In the recent decades only observations with Millimetron provide the unique possi-
bility for choosing the valid gravity theory in the strong field limit.
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Abstract. In this work, we have investigated the phase space analysis in modified Galileon
cosmology, where the Galileatner m i s considered a coupl ed
the exponenti al type f umattiiwart eoed pFq teag n tainal
We obtain the critical points of the autonomous system, along with their stability conditions
and cosmological properties. The critical points of the autonomous system describe differ-
ent phases of the Universe. The scaling solution for critical points was found in our analysis
to determine the mattefark energy and radiatiestark energydominated eras of the Uni-
verse. In these scaling solutions, dark energy is typically introduced alongside another
component, such as radiation or matter, and helps explain the transition between cosmolog-
ical eras. The dark energy dominated critical points show stable behavior and indicate the
late-time cosmic acceleration phase of the Universe. Further, the results are examined with
the Hubble rate H(z) and the Supernovae la cosmological data sets.

Keywords: dynamical system analysis, ldtene cosmic acceleration, stability, dynamical
parameters, cosmological observation

Introduction. In recent years, several cosmological models have been proposed in
modified gravity theories to address the issue oftlate cosmic phenomen [1, 2]

and in particular the resolution to Hubble tension issue [3]. Though several cosmo-
logical problems have been resolved in General Relativity (GR), some key issues still
need to be addressed. Therefore, modification/extension in GR is inevitable. Some-
one can either modify the matter part or the underlying geometry. As part of the first
approach, additional fids are introduced into the Universe, including canonical and
phantom fields, vector and chiral fieldseksence, etc. [4]n the second approach,

the geometry part is modified to produce modified/extended gravitational theories.
The formalism of the modified gravity theory that produces seoother equations

in four-dimensional spaetime can originate from TEGR. A more interesting case
could arise by introducing neminimal coupling terms and higher derivative quan-
tum gravity modifications in the actioA modification of this might take the form of
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afieldselfi nt eraction of the Gal\Bbeon wheee]
an arbitrary function of « a-Gabad&dren et i
Porrati (DGP) model [6] decoupling limit and its cosmological implications, the
Galileon theory was developdd. this article, we have studied latme cosmic ac-
celeration in modified Galileon theory through the dynamical system analysis.

Methods and materials; results.The dynamical system approach [7] is a po-
tent technique that helps to explain the overall development and global dynamics of
the Universe. A specific cosmological model may be expressed as an independent
system of certain differential equations by carefully selecting the dynamical varia-
bles. This also provides a prompt response to whether the model can replicate the
observed expansion of the Universe. First, we need to define the autonomous sys-
t ems: Xo6=1f(X), where X is the col umn \
for N=log(a). For that, we propose the dimensionless variables to generate the rele-
vant autonomous system associated with the set of cosmological equations.
Through the behavior of the critical points of the autonomous system, we have ob-
tained the different phases of the Universe, such as radddimmated, matter
dominated, stiff matter, and dark enedpyminated phases of the Universe.

Conclusion. We performed the phase space analysis for the exponential form
of F( «) wi-mmdt itvharteeed wiedncti ons of poter
parameters, such as EoS parameters, density parameters, and deceleration parame
ters, are obtained through the dynamical variables to analyze the cosmological fea-
tures of the models. In all three cases, we have obtained the stable critical points
that can describe the latiene cosmic accelerated phase of the Universe. We have
also obtained scaling solutions for critical points. The points show that non
standard matter and radiation dominated eras of the Universe. We observe that the
results obtained are similar to the standard quintessence model. We can conclude
that the Galileon term has no contribution to the dark energy sector of the Uni-
verse. But there is the contribution of the Galileon term to the inflationary behavior
of the Universe.
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Abstract. Assuming that Hubble expansion should manifest itself even at the sufficiently
small (interplanetary) scales in the framework of emkrgydominated cosmological
models, we try to estimate Hubble parameter from the thermal evolution of Earth and Mars
during the last 4illion years. The basic idea of our analysis is taking into account the vari-
ations in solar irradiation arriving at these planets due to the cosmological expansion of
their orbits and subsequent confrontation of these calculations with the planetological data.
The corresponding values of the local Hubble parameter were found to be rather large:
130 150km/s/Mpc for the orbit of Earth and 17B00km/s/Mpc for Mars,.e., 2- 3times
greater than the commonéccepted intergalactic value. Finally, we discuss a possible in-
terpretation of these results.

Keywords: local Hubble expansion, dark energy, evolution of Earth, evolution of Mars

Introduction. The problem if Hubble expansion can exist at the sufficiently small
(e.g, interplanetary) scales is discussed for oveyéXrs[1] but remains unsolved
till now. This issue became especially
adigm in cosmology was based on the models with dominant contribution by the
dark energyl(-term): since the dark energy is distributed perfectly uniform every-
where in space, one can expect that the corresponding Hubble expansion will mani-
fest itself even at very small scal@}.

As was pointed out in works by Mrizek and L.Somer{3, 4], the local Hub-
ble effect should affect a thermal regime of the Earth throughout the entire period
of its geological and biological evol
perature is assumed to be constant over the interval of approximdigiprd
years, then the required local Hubble parameter turns out to be about a half of the
standard intergalactic value, which might look somewhat strange. It is the aim of
the present work to go beyond the assumption of constant planetary temperature by
employing more recent data on the temperatures of the early Earth and Mars and,
thereby, to evaluate the corresponding Hubble parameters more accurately.

Methods and materials; results.Starting from the equation of heat balance of
the planet whose orbit experiences the cosmological expansion caused by the dark
energy[5], one can find a magnitude of the local Hubble parameter at which the
planetary temperature would have a specified value in the past:

496 gn(L /L) 4n(T. 0T ?

wherelL is the solar luminosityTsis the temperature of the planetary surfdce,
100km/s/Mpc, and is the time measured in billion years, which should be taken
with a negative sign if it is directed to the past. Let us remind that the poent
value of the Hubble parameter at intergalactic scalkig $s0.7 h; and it is reason-
able to take (t)/Lo © 0.7 for the approximate estimates &t- 4 bin. yr.

As follows from the modern data of paleochemisry and paleobig&jgyhe
Eart hdés t e migneyears aga ceuldde shibstantially greater than today
(Tso® 15 C= 288K) and estimated a%$:° 70 C= 343K. Consequently, formu-

H (loc) —
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la (1) givesH®@° 1.3 1.5h (i.e., two times greater than its contemporary interga-
lactic value). As regards Mars, its presday surface temperatureTis,® - 63 C =
= 210K; but there is a clear evidence that rivers flowed across its surface
3.7-4Dbin. years aga,e., there was a considerable volume of liquid water, so that
Ts2 0 C=273K. In such a case, formu(d) leads to the even greater vahii&® °
©1.7-2h.

Conclusion. The aboveamentioned values of the local Hubble parandeter
exceeding its contemporary intergalactic value by two or more diméght look
quite strange. One of the most evident reasons could be caused by the oversimplifi-
cations employed in our estimates, namely, the-tmdependent absorption prop-
erties (albedo) of the planets as well as a permanent efficiency of the greenhouse
effect in their atmospheres.

On the other hand, there might be also a cosmological interpretation of these
results. First of all, let us mention that the available theoretical calculatizased
on the assumption that the local Hubble effect is caused solely by the dark ener-
gy [7]8 give us only the lower limit on the rati4/°“/H,. On the other hand, there
is no a rigorous upper limit, because the ordinary (aggregated) matter, in principle,
can also give contribution at the small scales; and this contribution might be even
greater than the one from the dark energy. Besides, the surprisingly large values of
the 1 ocal Hubbl e parameter might be as
winding spiral o, which was derived in
model problem of motion of a test particle in the field of the central fikintmass
embedded into the uniform cosmological background formed by #tegm and
possessing the WallkidRobertson asymptotics at infinif§, 9].
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Some Aspects of the Evolution of Binary Primordial Black Holes
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Abstract. The merge of binary primordial black holes in an evolving dark matter halo has
been investigatedf primordial black holes make up only a small fraction of all dark mat-

ter, and the rest of it consists, for example, of elementary particles, then a halo of dark mat-
ter must inevitably form and grow over time around a pair of black holes. It is shown that as
a result of the nospherical compression of the dark matter layers, there is a continuous
flow of dark matter through the center of the halo. The passage of dark matter affects the
evolution of the orbit of a pair of black holes, taking away the energy of the orbital motion.
This effect leads to an accelerated contraction of the pair's orbit and a decrease in the time
before the black holes merge. This, in turn, leads to a change in the rate of gravitational
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bursts accompanying black hole mergers, and may have implications for gravitataeal
astronomy.

Keywords: cosmology, gravitational waves, primordial black holes, dark matter

Introduction. The hypothesis about the possibility of the primordial black holes
(PBHSs) formation in the early Universe was proposed in 1966 in the work of Ya.B.
Zeldovich and I.D. Novikov [1]. Since then, several models of their formation have
been developed®BHs can play an important role in a number of astrophysical pro-
cesses and in cosmology. In particular, they can form gravitationally bounded bina-
ry systems, and their mergers in pairs can explain some of the gravitational wave
events detected by the LIGO/Virgo/KAGRA detectors. If the PBHs make up only a
small part of the dark matter, then the remaining dark matter should form an evolv-
ing halo of dark matter around the pairs. In this paper, we consider the influence of
dark matter fluxes from shrinking halo layers on the evolution of the orbits of a
pair of PBHSs in the center of the halo.

Methods and materials; results.In this paper, we write down equations for
the evolution of a dark matter halo around a pair of PBHs and consider the sequen-
tial passage of nespherical layers of dark matter after their separation from cos-
mological expansion and first contraction. Since there are directions with zero an-
gular momentum [2], the layers of dark matter take on a flattened shape and pass
through the center of the halo until new layers are split off (until the halo stabiliz-
es). The paper calculates the flow of dark matter through the center of the halo.
Using the found flow, the influence of dark matter on the orbit of a PBH pair is
calculated using the Quinlan formalism [3].

The tidal gravitational influence of inflationary density perturbations and
neighboring (relative to the pair under consideration) PBHs is considered as factors
determining the nospherical compression of the halo. It has been found that the
flow of dark matter from the evolving halo significantly accelerates the process of
the PBHs merge (with masses of 30 solar masses). To explain the LIGO/
Virgo/KAGRA data, it takes about an order of magnitude less PBHs compared to
the case when the halo is not taken into account.

Conclusion. The calculation of the evolution of the orbit of a pair of PBHs
showed the importance of taking into account the flow of dark matter from the sur-
rounding halo through the orbital region. In the case of black holes with masses of
about 30 mass of the Sun, the rate of merge accelerates significantly, which is im-
portant for explaining the data of the LIGO/Virgo/KAGRA gravitational wave de-
tectors in models with PBHSs.
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Abstract. The paper investigates the electromagnetic field in a photonic crystal that is a
metamaterial with periodic optical superstructure. It is found that at the critical points of
Brillouin zone, the polariton field is -CP-, and Fsymmetric (i.e., the symmetry of the
gauge field U(1) is restored), the density of quantum states is singular, nonlinear process of
guantum electrodynamics are observable, and parametric-clanwersion of a high
energy polariton Bose condensate into a-&vergy one is permitted. The results allow to
optically reproduce the false vacuum effects at a laboratory.

Keywords: Big Bang, false vacuum, spontaneous symmetry breaking, photonic crystal,
BoseEinstein condensate

Introduction. In quantum field theory, a false vacuum is a vacuum state that is
locally stable but does not occupy the most stable possible ground state. Nowadays
the most common view is that the decay of the Plancle trapped Higgs field

false vacuum into the true vacuum was a key step to the Big Bang. For this reason,
understanding the false vacuum, its properties and behavior is important for unrav-
eling the origin of the Universe.

This paper reports the laboratory reproduction of quantum electrodynamics'
(QED) false vacuum in an optical experiment with a photonic crystal.

Methods and materials; results.A modern quantum field theory offers pow-
erful theoretical methods to uniformly describe both keglergy physics phenom-
ena and condensed matter ones. This way, the extreme electromagnetic field of the
Big Bang can be dealt through a singular density of states of the polariton Bose
Einstein condensate (BEC). The latter can be obtained through condensation of a
light in a resonant optical microcavity. This way, the light field inside a photonic
crystal, a metamaterial with an optical superlattice and natural (lattice) voids, is
capable to reproduce early Universe at a lab.

We found a light directed onto a photonic crystal condense in the nearest
the-surface optical microcavity and form polariton BEC at the critical point of the
Brillouin zone with G, P- and TFsymmetric wavefunction [1] (note the-T
symmetry meaning the arrow of time has disappeared). The BEC's singular density
of states opens an extremely narrow nonlineargwa | ar i t o nY agknarn n e |
ati ng n dlikephrticlesavia e macthanism that presumably dominated in the
early Universe [2]. In the spectrd the secondary radiation we observe not only
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this process, but also the transform of the polariton condensate into aeclosvgy

one, that can be interpreted as a deca
Conclusion. The polariton BEC in the special points of the Brillouin zone of a

photonic crystal is able to reproduce the QED false vacuum and makes it possible

to investigate the latter at a laboratory.
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Abstract. The levels of quantization in gravity theory have been classified. The objects and
processes in gravitationally bound systems and their general properties are analyzed to cre-
ate a consistent theory of gravity quantization by constructing quantum models of compact
astrophysical objects and the early Universe.

Keywords: gravity quantization, compact astrophysical objects, early Universe, quantum
mechanics, quantum field theory, quantum geometrodynamics, graviatom, Universe birth

Introduction. The gravitationally bound systems in quantizing particle motion,
extraneous fields and geometry as a whole are considered. To these quantization
|l evel s correspond such quantum object :
atom, the Univer sedsis4hThe geherabpropertigsafrthei c |
gravitationally bound systems are due to several levels of quantization being simul-
taneously present at the same quantum object or process. This research is aimed to
create a consistent theory of gravity quantization by constructing quantum models
of compact astrophysical objects and the early Universe.

Methods and materials; results.Gravity quantization is considered in the
framework of general relativity and quantum theory. The léttén terms of quan-
tum mechanics and quantum field theory in curved spiaw The quantum ob-
jects involved are graviatoms, comprising miniholes, which capture microparticles,
and Lemaitrebds atom simulating t®e ear
Uni verseds birth, interpreted as a tur
effect [5] and in the early Universe due to a decay of leptoquarks [6]. The result
obtained is that the product of the masses of miniholes and particles captured by
them in the graviatom and that of the masses of miniholes and leptoquarks being
born in the early Universe are of the order of the Planckian mass squared.

Conclusionn.The graviatom and Lemaitreds at
er6s type equation. The similarity bet
formation of miniholes and leptoquarks in the early Universe is due to the presence
of miniholes and quantum field effects in both cases. The product of the masses of
miniholes and particles captured by them and that for the masses of miniholes and
leptoquarks being born in the early Universe are of the order of the Planckian mass
squared. The considei@ of gravitationally bound quantum systems may play a
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part in the creation of a consistent theory of gravity quantization allowing loop and
string cosmology to be combined.
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Abstract. It is shown that for a specific connection between the parameters of cosmological
models based on scal@rsion gravity, nofphysical modes of cosmological perturbations

can be excluded as for the case of the teleparallel equivalent of the general theory of relativ-
ity. Based on the presented approach, expressions for the parameters of cosmological per-
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turbations are obtained, which allow one to compare these parameters for the case-of scalar
tensor gravity and the teleparallel equivalent of the general theory of relativity.

Keywords: cosmology, scalar field, modified theories of gravity, cosmological perturba-
tions, relic gravitational waves

Introduction. Scalartorsion theories of gravity, implying a noninimal connec-
tion between the scalar field and torsion, are used to construct models of both the
inflationary and modern stages of the evolution of the Univeiis.[1

However, it should be noted that modifications of the teleparallel equivalent of
the general theory of relativity lead to a violation of local Loréntariance [3, 4].

At the inflationary stage of the evolution of the Universe, a violation of local Lo-
rentzinvariance corresponds to the appearance of additionaplmgsical modes

of cosmological perturbations, which leads to the need for additional analysis of
the evolution of cosmological perturbations in the inflationary models based on
theories of gravity of this type.

Methods and materials; results.The basis of the proposed approach to elim-
inating nonphysical modes of cosmological perturbations in the models under con-
sideration is the analysis of the characteristics of cosmological perturbations based
on the ArnowittDeserMisner method for tetrad fields [4].

Based on the analysis of the characteristics of cosmological perturbations, it
was shown that the powtaw dependence between the function determining the
type of nomaminimal coupling between the scalar field and tors®f ) and the

Hubble parameteH (t) determining the type of cosmological dynamics of the ac-

celerated expansion of the early universe of the f&@mH", wheren is a some
constant, leads to the absence of-pbgsical modes of cosmological perturba-
tions. It was also shown that in a particular casel/ 2, the values of the parame-

ters of cosmological perturbations exactly correspond to the case of the teleparallel
equivalent of the general theory of relativity.

As an important result, it is noted that the po¥esy parameterization of the
influence of the nominimal coupling of the scalar field and torsion allows one to
verify models of cosmological inflation based on observational constraints on the
parameters of cosmological perturbations for arbitrary physical potentials of the
scalar field.

Conclusion. The analysis of the evolution of cosmological perturbations in
models based on scaltrsion gravity is presented, within the framework of which
it is shown that with a power dependence of the-mammal coupling function
and the Hubble parameter, it is possible to eliminatepiysical modes of cosmo-
logical perturbations. The obtained expressions for the parameters of cosmological
perturbations are the basis for the analysis of discrepancies in the parameters of
cosmological perturbations for the case of seesion gravity and the teleparallel
equivalent of the general theory of relativity.
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Abstract. We consider cosmological model based on generalised -soedn gravity. Its
construction is based on exact solutions, which are valid for arbitrary dynamics, a scale factor

and a scalar field evolution. The anz&¢f) =G,H" for arbitrary coupling function is cho-

sen. It allows to restore the dependence between parameters of cosmological perturbations by
choosing the Hubble parameter. In the context of the proposed approach, cosmological mod-
els are constructed, providing both accelerated expansion at the inflationary stage end as well
as an accelerated expansion at late times. It is shown that such generalizedrsalegrav-

ity scenarios are verified with modern constraint on parameters of cosmological perturbations.
Also, the values of arbitrary constants are calculated for verified by observational data cosmo-

logical model. As the example, chaotic inflationi¢f ) =/, % chosen.

Keywords: exact solutions, modified gravity, scalar field, torsion, parameters of cosmolog-
ical perturbations

Introduction. Modified gravity theories are successfully applied to construct cos-
mological models with correct dynamics, implying the accelerated expansion stage
at the beginning of inflation and at late times4]L Moreover, such scenarios satis-

fy observational constraints on the parameters of cosmological perturbations.

In this paper, the construction of inflationary scenarios is based on exact solu-
tions that are valid for arbitrary background dynamics. By setting the Hubble pa-
rameter, for the considered coupling function, one can obtain a class of models of
arbitrary scalar field potentials, which allows one to consider physically relevant
potentials in the context of gravity with torsion.

Methods and materials; results.Generalized gravity with neminimal cou-

pling of scalar field and torsion in units syst&w 8pG =|\/I;,2 E is described by
the action [3]

S= ﬁj“xe[ f(T,f) + W) K] Q)
where f(T,f) 0 arbitrary function of scalar fieldf and torsion scalaif,
_ b T - o _ _
X= — w(f) & kinetic funcUon,e-det(ﬁ)—J -g. The choice of prop-
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er tetrade’ = diagl, 3 a 9, a=a(t) & scale factor, leads to spatially flat Freed-

mand Robertsord Walker (FRW) metricds” = dt* &  at' ox’.

Cosmological background equations for act{@p and FRW metriare de-
fined as follows [343}]

f(T,f) —; W) f 2Tf: 0, 2
fﬁf)ﬂlcm?fﬁﬂ-ﬁ(Hf) Q 3)
’ 2 Todey T
w( ) f3+()vr_ 2 dﬁﬂ 2§, fo. @
Exact solutions of2)i (4) are considered as follows
f(T.f)= GONT  4ve) F(TF)ge fNVOH 5)
al Gf
w( f) 3, V(D' (6)
V62, V() @
a,; G;

T . : , .
whereH = \E.Smce relationg5)i (7) are valid for any background dynamics, let

us consider the coupling function inf the fo®=G,H". As the example, the
Hubble parameter is

Ho) =1 -tk ®

| <0. From(6) we get

vm:-ﬁﬁdéﬂ I "D,

6a, ©)

Hence, by choosing the type of dependektce V(f), one can construct a
class of models verifiable by observational data [5]. For chaotic inflation [6]
V =Vf 2, (10)
V, = const. From(9) and(10) we can findt(f ) , which allows to restore back-
ground dynamics in terms of a scalar field. Thus, based on the expressions for the

c,
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: : H
parameters of cosmological perturbations [5] anel el we can construct a
verifiable model without restoring the dependen(ey) .

Values of cosmological perturbations parameters from arbitrary constants

DN n | r ns a1

55 0.51 33.160 | 0.028 0.9599 | 10.370
58 04 34.050 | 0.020 | 0.9610 | 10.370
60 0.41 2.301 0.020 | 0.9622 | 10.370

Conclusion. In the presented work, we obtain values on arbitrary parameters
of the system, which allow us to construct verifiable by observational constraints,
based on the slow rolling approximation. The considered approach allows one to
construct correct background dynamics on the basis of physical potentials.
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Abstract. Gravitational Wave detectors are ultimately vibration detectors. They transform
the vibrations of spaetéme into electrical vibrations that can be measured. Seismic noise is
one of these unavoidable sources of noise as the terrestrial detectors are connected to the
ground, this is a constant source of noise. One way to deal with this noise is to make a sus-
pension that isolates the experiment to the ground, at least reduces the coupling between
ground and the experiment. This works shows the way to design such suspensions that does
compromise the overall performance of such detectors.

Keywords: Gravitational Wave, Vibration reduction, seismic noise, suspension, Gravita-
tional Wave detectors

Introduction. Gravitational waves (GW) are spatiene ripples generated by
accelerated massive objects, to have a reasonable intensity, these massive objects
must be of a cosmic origin like compact stars such as Neutron Stars or Black
Holes. Considering the Einstein General Theory of Relativity, these GW move at
the speed of light and can accelerate masses or excite quadrupolarmordaalof
elastic bodies as the equivalent principle predicts. The potential sources of GWs
include binary compact star systems composed of white dwarfs, neutron stars and
black holes.

The existence of GW is also a consequence of the Lorentz Covariance of
Einstein General Theory of Relativity. GW does not exist in the Newtonian theory
of gravitation, which postulates that physical interactions propagate at infinite
speed.

The first detection of GWs came from the inward spiral and merger of the
Black Hole (BH) binary. The event is called GW150914, and the name is given by
the Letters GW followed by the year, month and day of the detection, then the
detection happened on September 14, 2015. In 2017 a simultaneous detection of
GW radiation and electromagnetic radiation was made from what is called a
hipernova, a binary Neutron Star (NS) system that merged. It is called GW170817,
which could have started the era of mutiéssenger astronomy, which involves
GW, optical radiation, radio, gamnamays and Xrays radiation. Studying the
universe with these different types of radiation opens a new era for understanding
the universe.
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In 2017, the Nobel Prize in Physics was awarded to Barry Barish, Kipe Thorne
and Rainer Weiss for their role in detecting gravitational waves. Before the first
GW detection, there was indirect evidence of these GW. Measurements of the
Hulse and Taylor binary pulsar system suggested that GW was more than a
hypothetical concept, at least for the emission of such waves; the authors of this
measurement won the Nobel prize. This system is one of the potential sources of
detectable gravitational waves, but because of the frequency with which this
system operates, a new kind of detector can detect much smaller frequencies than
the one that detected GW150914. The kind of detector responsible for this
detection are interferometric ones, whose sensitivity is limited at frequencies close
to 10Hz and lower because of seismic noise on the mirrors.

These detector are vibration detectors and as such must deal with seismic noise
that comes from the ground vitrations, this work deal in the ways of reducing this
noise.

Methods and materials; results.The analysis is done by simulatiting the de-
tector in solids models and then analyzing their performance using Finite Elements
Modeling (SolidWorks software is used). The test bed is the Schenberg detector,
the results can be extrapolated for other terrestrial detect8is [1

Conclusion. The results show that the seismic noise can be reduced to a level
that allows the detection of Gravitational Waves.
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Abstract. We discuss the possible coupling between a superfluid and the local gravitational
field. After introducing a quantusgravity theoretical framework to characterize the possi-
ble supercondensaigraviton coupling, we exploit an effective theory for generalized
Maxwell-type fields to analyze some predicted effects originating from the proposed inter-
play.

Keywords: gravito-Maxwell theory, superconductivity, tirgependent Ginzburfandau
theory, local affection of gravitational field

Introduction. It is known that linearization of the Einstein equations for a nearly
flat spacetime metric (weak gravitational field) leads to a set of equations that re-
sembles Maxwell's formalism [1, 2].

From an experimental point of view, it has been shown that generalized electric
type fields can be induced in (super)c
gravitational field. These observations led to the formal introduction of a modified
electrictype field, characterized by an electrical component and a gravitational one,
determining detectable corrections to the free fall of charged particles [3].

Methods, materials, results.The above remarkable experimental results can
be now combined to the theoretical wdel#d gravity formulation, leading to a
more general definition of new generalized electromagnetic fields. The latter fea-
ture a component defined in terms of the weak gravitational perturbations and satis-
fy a specific set of equations that can be put in a form closely analogous to Max-
well's equations [4]. The described framework can be exploited to analyze an
interplay between gravity and supercondensates [5], the new generalized fields be-
ing involved in quantum effects originating from the interaction with the weak
gravitational background, in analogy to what happens for grawlyced fields in
superconductors [6].

A straightforward application of the wedikld expansion is to consider de-
tectable effects in simple systems like Josephson junctions and SQUID devices.
The generalized fields and potentials, featuring a Maxwell component and
a gravitational contribution, can give rise to local effects in the superconducting
materials due to the presence of the surrounding gravitational field, under suitable
experimental conditions [7].
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The emerging formal symmetry between the Maxwell and weak gravity equa-
tions also allows the use of the GinzbdrgLandau model for the description of
the physics, resulting in a meéiald theory for the system's thermodynamics, in-
cluding the effects of thermal fluctuations [6]. The resulting differential equations
can be used to obtain solutions explicitly describing the backreaction effects of the
supercondensate on the local gravitational field 8

Conclusions.These studies provide a theoretical framework to explore a pos-
sible, unconventional gravityuperconductors interplay. For short time intervals,
the model predicts a slight local gravitational alteration, highlighting the backreac-
tion of the supercondensate on the surrounding gravitational field. It is possible to
show that sample dimensions and chemical composition are crucial to give larger
effects, while it is fundamental to be very close to the critical temperature in order
to increase the time range in which the effect takes place.
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Economy of Reusability of Future Cosmonautics and Issues

of Efficiency
Ganin Maxim Olegovich maximgn268@yandex.ru
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Abstract. Cosmological models are studied in a special subclass of the-tmaar theory

of gravity of Horndeski. Equations of the field of action with anmimal kinetic coupling

are obtained. An analysis of the solutions of our models is carried out, and the behavior of
the Universe at different stages of its evolution is studied.

Keywords: cosmology, scalatensor theories of gravity

Introduction. There are currently a number of unsolved problems in cosmology
that can be solved by modifying general relativity, either by introducing extra di-
mensions or by adding extra degrees of freedom. The discovery of the accelerating
expansion of the Universe in 1998 has given new impetus to the study of modified
theories of gravity. This requires some mysterious source permeating all of
spacetime, or in other words, some field with a negative preaddre 1. T he mo
likely candidate for this is the vacuum energy of quantum fields. But measured ex-
pansion rates of the Universe show that the mass is 15 to 30 orders of magnitude
smaller than expected in theory. This discrepancy, known as the cosmological con-
stant problem, has prompted researchers to explore scenarios that could explain the
self-accelerating behavior of the Universe through the degravitation of the vacuum
energy. As one of the universal variants of solving this discrepancy, we consider
the scalatensor theory of Horndeski gravity [1] with field equations of no higher
than the second order. The Horndeski theory of gravity contains all previously
studied models with a scalar field associated with gravity. Due to the sufficient
bulkiness and complexity for studying the general Horndeski theory, we will con-
sider a subclass of this theory of gravity, namely, homogeneous and isotropic cos-
mological models in the subclass of this theory with different signs of curdature
11,0,1, which corresponds to the open, flat and closed models of the Universe.

Methods and materials; results.In our work we considered a special case of
Horndeski's theory of gravity, based on the work [2]:

Y A gi) "Q%o0 I Y %o % Qah

where Q%o is an arbitrary scalar functiofl is the scalar curvature®, is the
Planck mass( is the kinetic term, andd -%o in the Friedmamnbemaitre
RobertsoAWalker metric Qi QO OO0 —— 1 Q— OEFQ-

We found the basic field equations with the scalar field function using the article
[3], which need to be studied in this homogeneous and isotropic cosmological
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model. In the resulting equations, we considered cases with the scalar field function
"Q%o taking a constantQ%. T ), linear {Q%o T I %) and quadratic de-
pendences' Q%o | T % T %). We considered the behavior of the scale
factor A 0, the Hubble parameté® 6 and the scalar fieltho0 for each assign-
ment of the scalar field for certain paramete§ f
Conclusion. An isotropic and homogeneous cosmological model in a special

subclass of the Horndeski gravity theory is investigated. The main field equations
are obtained. Solutions are constructed and an analysis is performed. In the case of
Q%o T T % a model is constructed that describes the em$itter stage
(inflationary) at the early stage of the Universe evolution for the open and flat Uni-
verses. The behavior of the closed Universe turned out to be periodic for the case
of f(«) = bo and going into a singularity fo2%. 1 I %o Also, for "Q%o

1 T % T %o, acomplex behavior of the Universe was shown for different
parameters § H{ for the open, flat and closed Universes.
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Photon Emission Accompanying Vacuum Instability
under the Action of a QuasConstant Electric Field
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Abstract. Following a nonperturbative formulation of strefigld QED developed in our
earlier works, we consider photon emission accompanying wadostability under the
action of a quastonstant strong electric field of finite duration We construct closed
formulas for the total probabilities and study the photon emission by an electron and for the
photon emission accompanying an elecipositron pair creation from a vacuum. We study
angular and polarization distribution of the emission as well as emission characteristics in a
high-frequency approximations with respect off.1\We analyze the applicability of the
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presented calculations to thrdenensional Dirac semimetals in which the behavior oflow
energy massless excitations can be described by the Dirac equation and the role of the
speed of light in vacuum is played by the Fermi velocity.

Keywords: quantum electrodynamics, strong electric field, unstable vacuum, Schwinger
effect, emission, Dirac semimetals

Introduction. The creation of pairs of particles and antiparticles from a vacuum
due to norperturbative interaction with an external field (the Schwinger effect) is
currently considered in many field models of phenomena in-dgingy physics,
astrophysics, and physics of nanostructures (see recent revidlys @bservation

of the effect of electropositron pair production in an electric field is not yet pos-
sible due to the high intensity of the field required in this case. However, there are
analogsd effective theories of Dirac semimetals with massless quasiparticles,
where the required intensity of the electric field is achievable in laboratory condi-
tions. The production of pairs of particles and antiparticles is conveniently ob-
served by the characteristic radiation of photons accompanying the effect. We
compare the characteristics of this radiation in QED and analog models.

Methods and materials; results. For the calculations, we use the non
perturbative formulation of strorfield QED developed in our earlier works, see, for
example, [5] and the study of radiation in almensional Dirac semimetal [6].

Conclusion. The results for the characteristics of radiation during pair produc-
tion from vacuum in QED can be compared with similar results for three
dimensional Dirac semimetals, taking into account that in the latter the role of the
speed of light for charged particles is played by the Fermi velocity, which is much
less than the speed of light.
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Abstract. The possibility of accelerated passage of cyclically moving physical processes in
the space with dipole anisotropy is consi
with constant velocity in isotropic physical space is considered as a space with dipole ani-
sotropy. Numerical estimates of the acceleration of cyclically moving physical processes in
space with dipole anisotropy are made on the example of the motion of artificial satellites
and planets of the Solar System along the heliocentric orbit.

Keywords: special theory of relativity, time dilation, dipole anisotropy

Introduction. According to the special theory of relativity, there is a possibility of
controlled slowing down of moving physical processes relative to a stationary ob-
server. Modern concepts of the expanding Universe allow us to introduce a con-
comitant inertial reference frame (IRF) associated with physical space (PS) [1],
which is also concomitant with respect to the relic radiation. The observed property
of dipole anisotropy of the relic radiation [2] determines the-zeno peculiar ve-
locity of any observer in the Universe. The isotropic FP, in which the observer
moves with constant velocity, is equivalent to the space with dipole anisotropy, in
which, as it will be shown in this paper, the accelerated course of cyclically moving
physical processes is possible

Methods and materials; results.Let us associate the observer and the corre-
sponding IRFwith the solar system, and IRWith a space object moving along an
elliptical orbit around the Sun. If IRFhas a nofzero velocity of motion (pecular
velocity of the Solar System) relative to the PS, it is equivalent to the motion of an
arbitrary space object in the FP with dipole anisotropy. Otherwise, the motion of
space object in an isotropic PS takes place. Fig. shows the results of calculations of
the difference of the clock reading on the space object relative to the Solar System
for the c¢cisotropicée and c¢canisotropice
objectd the Parker Solar Probe [3].

Taking into account the dipole anisotropy of space at each full revolution of
Parker Solar Probe around the Sun introduces a change in the difference in the
clock reading of 5.4 ms. All this leads to an accumulating additional error in de-
termining the coordinates at each full revolution of 23.6 km.
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Difference in clock readings on the Parker Solar Probe relative to the Solar System

Conclusion.A clock cycling in a PS with dipole anisotropy can have an accel-
erated rate compared to a similar clock moving in a conventional PS. For Solar
System objects, the accumulating deviation of clock readings on the space object is
determined by the period of rotation around the Sun, orbital ellipticity, and orbital
velocity, and amounts to units of milliseconds per one full orbital revolution. The
deviation of clock readings is associated with an additional error in determining the

coordinates of the space object, reaching tens of kilometers.
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On Forced Oscillations of the Earth Electric Field

at the Frequencies of the Binary Stellar Systems Gra\itgve
Radiation and on the Properties of Supersensitivity

and Superselectivity of Eigenoscopy
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Abstract. The work considers forced oscillations of the electric field vertical component in
the surface layer of the Earth atmosphere at the frequencies of gravityradiation of
catalogued relativistic binary stellar systems. Using the perturbation theory and simulation,

it was demonstrated that eigenoscope (eigenvectors and components analyzer) has the
properties of supersensitivity and superselectivity. The results of the research give us the
right to claim the discovery of a new physical propéitythe susceptibility of the Earth
infra-low frequency electric field to external gravityave impact.

Keywords: relativistic binary stellar systems, the Earth electric field, eigenoscopy, spectral
localization, coherence index, first finite difference

Introduction. The work aims to reveal the gravityave impact of the radiation

from binary stellar systems on the Earth electric field. The former attempts to de-
tect the named effect using conventional spectral analysis failed due to the incoher-
ence of the searched components of the Earth electric field. The task was set and
carried out to develop the analyzer (eigenoscope) [1], capable to detect spectrally
localized incoherent energetically rdominant components.

Methods and materials; results.1. Using the perturbation theory and simula-
tion, it was demonstrated that eigenoscope (eigenvectors and components analyzer)
[1] has the properties of supersensitivity and superselectivity. These properties
make it possible to detect reliably spectrally localized energeticallydopnnant
components in the fractionally integrated (colored) noise series [2], which are the
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adequate model of the series of iAwav frequency electric field in surface layer of
the Earth atmosphere.

2. Analyzing longterm time series of infrlow frequency electric field in the
surface layer of the Earth atmosphere with the help of eigenoscopy made it possi-
ble to detect energetically n@lominant components spectrally localized at the
frequencies of gravityave radiation of catalogued relativistic binary stellar sys-
tems (RBSS) both with low eccentricity (double rotation frequemey2) and with
high eccentricityi§2 3) [3,4].

3.1t was proved with high reliability using standard statistic criteria that the
components of the electric field of the Earth atmosphere surface layer, which were
detected with the help of eigenoscopy, have abnormally high degree of spectral
localization at the frequencies of RBSS grawvitgve radiation. It gives us the right
to claim the discovery of a new physical propértythe susceptibility of the Earth
infra-low frequency electric field to external gravityave impact [3, 5, 6].

4. The revealed property, taking into account the known spatial distribution of
the catalogued RBSS, makes it possible to set the task offreqgiiency gravity
wave monitoring of the Universe based on growing observation data concerning
the Earth electric and magnetic field in the idfrav frequency range.

Conclusion. It was proved that eigenvectors, got from the data on the Earth
electric field in the infrdow frequency range, are spectrally localized at the frequen-
cies of RBSS gravityvave radiation and have abnormally high degree of spectral
localization. The high degree of spectral localization is a result of the external RBSS
impact. The obtained results lead us to the conclusion about the reliable discovery of
the astrophysical gravitywave impact on the Earth electromagnetism.
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Abstract. The confinement of vortex topologicalhontrivial graphene charge
carriers in a hexagonal graphene-junction region under an action of an external
electrostatic superlattice potential has been investigated. The existence of steady
atomlike localized bound Majorana states and confinement of collapse states
through Majorana resonances of Klein scattering are demonstrated
Keywords: Majorana interaction, collapse state, graphene, quantum dot, confinement

Introduction. Electrostatically confined graphene quantum dots (GQD) beimg p
graphene junctions, are considered nowadays as a promising system for robust
guantum computing primarily due topological Amviality of the k-space. It has
been shown [1], that electronic properties such as local density of statedikatom
behaviour and the existence of the so called eggrsi energy band can be accu-
rately described with the use of the quaativistic theory of graphene [2]. Re-
cently, we have proposed quasiativistic quantum field model of graphene [3]
and demonstrated that qugsirticle excitations in the model are Majordika
fermions rather than Dirac ones. The last means thaf\befian statistics of these
charge carriers can give additional gain for system stability and this will be the goal
of the paper.

Methods and materials; results.A Hamiltonian, Heop, of the GQD model
readsHeoo = Hw + V, whereHw is a quasrelativistic Hamiltonian of pseudo
Majorana graphene model [3},is a pseudopotential [1]. Wave functions of GQD
being hexagonally symmetrical belong to the states of the graphene superlattice
that is formed under an action of electrically polarized substrate. Eigenstates of the
guantum dot should satisfy the periodical boundary conditions imposed by the ex-

istence of the superlattice on the wave veciorsFor the case of GQD of torus
topological class [2], they are as follows:

@n+DA ® 2mp2n LA k) Omnm

where m, m, are integer,A and A, are two basis vectors of the rhombic unit

supercell.
Eigenenergiese o, for graphene state corresponding to these found

WavevectorsIZi’GQD, have been found by mapping their to the reduced graphene
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Brillouin zone. The eigenfunctions of GQD were searched by using a series expan-
sion in bispinor Bloch plain wave function¥ . so (F)exp(é(ajIgQD 0)) of gra-
1 {

phene pseud®ajorana vortex particles possessing the wave vd?;gg(gD and the

energy e, gop - Here'Y GQD(r”) is the solution in momentum representation for
! 1

the pseuddévajorana singleparticle excitation in the quastlativistic graphene

model without the pseudopotentisll Eigenproblem has been solved for linear

combinations of forty constructed basis Bloch functions with folqgh, and

€cop- These forty base functions have been chosen in few ways: 1) with the

smalleste, gop, 2) With the highest, gop, 3) with the smallest norm ok gop -

Box normalization conditions have been used for the eigenstates.

Results. Figure 1 shows the norm of the wave function of grapgherjanc-
tion for a representative localized atontike state of the quantum dot. In this case,
the localization is stipulated by a constructive interference of wave functions.

(@) (b)

Fig. 1.Norm of the hole (electron) wave function of the hexagonal jpnction (a) consisting of three unit cells of
superlattice and the norm of the hole(electron) wave function in the supercell (b). Thisli®state corre-
sponds to the energy level 0.933 eV

A localized atordike GQD state can appear as a Klein scattering resonance in
a process of scattering of the Dirac pair consisting of bound Majorana particles.
This state is presented in Figure 2a. The fact that this state is the Klein resonance is
proven by its free passing through the potential barrier at normal incidence on the
supercell boundary for phases which are multiples §f "2 n=0, 1, ... [4] as
Inset to the figure 2a shows. The bound states of two Majditenparticles repre-
sent themselves hole (electron) states possessing a total zero topological charge and
with the hexagonal symmetry as shown in Figue 2

The pseuddviajorana free state of the electrostatically confined graphene
guantum dot is a superposition of vortex states possessirgenoriopological
charges. Since the total topological charge of the states isemonthe wave func-
tion of such a superposition has the electiote symmetry, as can be seen in the
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inset to Figure 2b. The electrtile symmetry is an evidence that the Majorana
configuration is electrically neutral. These Majordike states are wave packet of
high-frequency (lowfrequency) states with amplitude Ildvequency (high
frequency) modulation.

The translational symmetry of the hiffequency states with a high value of

the GQD wave vectog, * IZLGQD, qg,>>1 is distorted by the superlattice potential

due to the addition of a small basis wave ve€rQ << G, of the superlattice
unit cell to ¢, .

109‘ J———

x1|?

z 50.

(@ (b)

Fig. 2.Contour plots for the norm of hole (electron) (a) and pseddimorana (b) states of the hexagonahp
junction; energies of the states are of 0.313 and 0.059 eV, respectively. The norm of the wave functions in the
unit cell of superlattice are shown in Insets to the figures 2(a) and 2(b)

However, since the vectd® is small, the wave vectors of the graphene dot
become periodically multiples aj,, and this periodicity manifests itself as a Moi-
r® pattern of the electron density of
Conclusion. A mechanism for confinement of vortex topologically nontrivial
graphene charge carriers in these regions is proposed. It is shown that the stability
of atomiclike localized bound Majoraniéke states is ensured by their confinement
through Majorana resonances emerging in a Klein scattering process.
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Abstract. The enigmatic phenomenon of dark energy (DE) is the elusive entity driving the
accelerated expansion of our Universe. A plausible candidate for DE is theermiin-

stein Cosmological Constant sE manifested
yet it seemingly defies gravitational effects. In this work, we interpret theznermr o s E
through the lens of scalenvar i ant cosmology. We revisit

its defining equations within the Scdlevariant Vacuum (SIV) paradigm. Furthermore, we
address the profound problem of the missing mass across galactic and extragalactic scales
by deriving an MONDBlike relation,"QD & "Q J , within the SIV context. Remarkably,

the values obtained for s E and, alighwith OND f
served magnitudes, specifically pm &ji andy p&HD T &  propose a

novel early dark energy terrfly D I "Owithin the SIV paradigm, which holds potential
relevance for addressing the Hubble tension.

Keywords: cosmology, theory, dark energy, dark matter, MOND, Weyl integrable geometry

Introduction. | n modern cosmol ogy, the Lambda
model is the prevailing framework for explaining cosmic acceleration and galaxy
rotation curves. However, this model relies on two hypothetical compodents
dark matter and dark enerdy which remain undetected despite extensive obser-
vational efforts. The Scal@variant Vacuum (SIV) paradigm presents an alterna-
tive, modifying general relativity by allowing the properties of vacuum to define a
conformal scaling factor. This approach introduces scale invariance of the vacuum
as a fundamental symmetry, providing an innovative perspective on cosmic expan-
sion and largescale structure formation.

This work examines how the SIV paradigm naturally accounts for the ob-
served value of the cosmological constant and the MOND like fundamental accel-
eration related to phenomena that traditionally require dark matter and dark energy,
offering a theoretically consistent and observationally testable framework.

Methods and materials; results.Our analysis builds upon the extended Ein-
stein field equations incorporating sc@ariant vacuum paradigm. The key mod-
ifications include:
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AA time-dependent conformal factor that changes over the cosmic evolution.

A Adjusted geodesic equations leading to alternative interpretations of galactic
rotation curves.

AA reformulated evolution equation that eliminates the need for a cosmologi-
cal constant.

These theoretical developments are validated against observational data, in-
cluding Type la supernovae luminosity distances, galaxy rotation curves, and large
scale structure distributions. The mathematical framework adheres to a well de-
fined Lagrangian formulation, ensuring consistency with fundamental physical
principles.

We apply the SIV framework to key cosmological datasets and find:

ACosmic Acceleration: The SIV approach reproduces thetitate accelerat-
ed expansion observed in supernovae data without requiring a separate dark energy
component.

AGalaxy Rotation Curves: The modified geodesic equations under SIV natu-
rally yield flat rotation curves, eliminating the need for dark matter halos.

AThe framework naturally introduces an early dark energy term in the FLRW

equations.
These results suggest that the SIV paradigm can successfully account for key
cosmol ogical observations, providing a

Conclusion. The Scaldnvariant Vacuum paradigm offers a novel approach to
understanding dark energy and dar k ma
equations to incorporate vacuum scale invariance. This framework provides a con-
sistent explanation for cosmic acceleration, galaxy rotation curves, and structure
formation without invoking undetected particles based on a new understanding of
the Einstein Cosmological Constant and the origin of the MOND like behavior.
Future work will focus on refining observational tests and exploring potential ex-
tensions to quantum gravity theories. The SIV paradigm represents a promising
avenue for rethinking fundamental physics in cosmology.
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Abstract. Both norCHIME and CHIME fast radio bursts (FRBS) were subjected to statis-
tical analysis and the ensuing outcome point to a strong statistical evidence for the exist-
ence of two categories of FRB evendtshigh luminosity and low luminosity ones, with a
large fraction of the repeaters falling into the latter category. The median values ef radio
luminosity of the FRBs corresponding to these categoriedapett erg/s andD p Tt

erg/s, respectively. We put forward a simple theoretical model to explain the observed bi
modality in the FRB luminosity wherein the majority of FRBs are linked to magnetar
glitches that entail abrupt increase in the Goldrdiglian charge density as well as sudden
decrease in the lightylinder radius. These lead to release of bunched charge particles to
flow along the open field lines just outside the lightinder, giving rise to the FRB phe-
nomena. In the present study, we have considered relativistic effects resulting from glitches
like emission of gravitational waves and the plausibility of observing the Gertsenshtein
Zel 6dovich effect due to the ambient magn

Keywords: Fast Radio Bursts, Magnetars, Glitches, Gravitational Waves, Gertsenshtein
Zel 6dovich effect

Introduction. Fast Radio Bursts (FRBs) are bright and transient radio sources ap-
pearing sporadically from random directions and lasting for about a few to hun-
dreds of milliseconds [112]. FRBs have so far been detected in the radio wave-
band 110 MHz to 8 GHz. Their extgalactic origin is inferred from the observed
large dispersion measures (DMs) associated with the FRBs. A fraction of the FRBs
happen to be repeaters e.g. FRB 20121102A and FRB 20180916B. -Bkg all
FRB event rate is very high and is estimated to be gboui5].

Methods and materials; results.We have assumed the universe to be de-
scribed by a FriedmarpeMaitre-RobertsoAWalker (FLRW) model and that the
time dependent luminosity density is represented by a power law spectrum so that,

O 0 06’ h
whered 0,| ,’ andoare the timedependent source luminosity parameter, spec-
tral index in the radio range, frequency, and time in the rest frame of the source,
respectively.

Then, the observed flux density and the fluence are related to the intrinsic FRB
parameters as follows,

Y O
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and, integrating the above over the time,

y ~
O Y 0 ®h

respectively, wher@, ' , 6 and D(z) are the source cosmological redshift, ob-
served frequency, cosmic time in the observer's rest frame and the FLRW lumi-
nosity distance of the source, respectively, with the rest frameotohéhe transi-
ent source being related to the observer's rest frame dinyy the equation,
WO j&o p & a(t) being the FLRW scale factor. In our studies, we have
used the following values for the FLRW model parametérs: 73.04 km/s/Mpc,
m =0.28 andn = 0.72.
The FRB luminosity density at a particular frequency, say 300 MHz, is given by,
0 1“0 a Y —
p¢ omnat( U
while the FRB energy and energy density are given by,
o 10 a O’
Ps o

and,

. 0O o .
°© &
respectively, | being the size of the FRB region.

Transient Name Server (TNS) websktdps://www.wistns.orgwas used to
obtain data related to nddHIME FRBs. These transient events were largely de-
tected using telescopes like the Australian Square Kilometre Array Pathfinder
(ASKAP), Parkes, Arecibo, etc. The FRB data pertaining to the Canadian Hydro-
gen Intensity Mapping Experiment (CHIME) was taken from the CHIME/FRB first
catalog paper from the CHIME data webéitips://www.chimefrb.ca/catalog

The CHIME catalog only lists lower bounds to the fluence and flux density of
individual radio transients. Hence, we have employed in our statistical analysis a
new technique that involves dimensionless as well as dimensional quantities that
make use of the ratio of measured fluence to flux density as well as various other
measured and estimated physical quantities related to the FRBs so that we may
compare the results for both r@HIME as well as CHIME FRBs [13].

Based on our analysis, we conclude that the@diME FRBs come in two
distinct categories: low and high luminosity density events, based on thé peak
distribution. The low luminosity density category is mostly dominated by repeating
FRB events, while most of the noepeaters belong to the high luminosity density
category. The distribution of the ratio of peak to E also displays a similar-bi
modality with regards to repeaters and nepeaters. This feature is shared by the
CHIME FRBs as well, strengthening our conclusion favoring the existence of two
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distinct categories of FRB events wherein repeaters tend to be associated with low-
er values of radio luminosity density events [14]. The brightness temperature and u
tend to be larger for the high luminosity category.

Conclusion. Very early on in this field of research, magnetars have been
linked with the FRB phenomena [i157].

In recent times, magnetar glitches have been associated with FRBs [18, 19].
Previously, we had put forward a simple model based on magnetar glitches to ex-
plain the bimodality in FRB luminosity [13, 14].

The model describes FRB emission by using the effect of magnetar glitches,
wherein the angul ar speed chan-gudas fr o
charge density and also on the sudden decrease in theylgider radius, the
combination of which entails an abrupt release of bunched charge particles to flow
along the open field lines just outside the new hgHinder.

The bimodality emerges if one considers for the higher FRB luminosity cate-
gory a polar magnetic field @ x p m Gauss and 1j1 X ¢ p T as against the
valuesO * p m Gauss and 1j1 * ¢ p T, respectively, for the weaker catego-
ry. Of course, with a larger value of glitgh,]j1* pmm ¥ /D¢l 0" (1 4) , t
higher luminosity category FRBs can follow from magnetars &ithp 1 Gauss.

In this model, curvature radiation along open field lines being responsible for the
FRB emission, it is expected that the ensuing radiation is linearly polarized and
therefore would undergo Faraday rotation as it propagates through intervening
plasma that is threaded with magnetic field. Therefore, in the SKA era, measure-
ments of both rotation measure and dispersion measure corresponding to over
x p 11 FRBs would lead to a significant progress in our understanding of IGM
magnetic fields.

In this study, we report that the magnetar glitches can lead to emission of grav-
itational waves (GWSs) with typical wave ampliti@p m tG¥y/ ¥ i n the vi
the light cylinder. We also consider the plausibility of observing the electromagnet-
ic waves ensuing from such GWs propagating in the magnetosphere due to the
GertsenshteiZ e | 6 dovi ch effect
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Abstract.t i s proposed to describe the fAsuper]|

ing the Ricci flow theory. It is shown that such flights, accompanied by the formatien of 4
dimensional wormholes, can be described in detail as a Ricci flow with surgery.

Keywords: wormholes, warp ships, loss of connectivity, Ricci flows, singularities, surgery

Introduction. Local physical processes occurring in physical outer space, includ-
ing the launches of Alcubierre warp ships, can generdiednsional wormholes
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in spacetime, which lead to the fact that physical space loses topological connec-
tivity & a compact area of space containing the source of the described metamor-
phosis Abreaks offod from the rest of s

Methods and materials; results.The methods of Ricci flow theory, general
relativity and differential topology are used in the work. In our study, a detailed
description of the formation processes aithensional wormholes accompanying
superluminal, or rather, ultrafast flights of Alcubierre warp ships is carried out us-
ing the Ricci flow theory with surgery

— QY ,

which was proposed by Hamilton and brought to its logical conclusion by Grigory
Perelman [2]. The formation of adimensional wormhole by means of a limiting
Ricci flow, for example, in the case of an enclosed spéceccurs along one of
two possible paths of development: 1) a compressible round spherical"shaipe
its factor"YT: is formed (which is compressed into a point in a finite time), or 2) at
points of maximum curvaturgY ofD | a singularity of the type of infinite cyl-
inder”Y Y, is formed, i.e . a thin Anecko is for med,
with the help of surgery and the divi:
path corresponds to the formation of-dithensional wormhole in spatine. The
detailed details of how Asnackingodo an:
geryo should be performed are very con
to the flight of a warp ship, and these details are the subject of our research. The
first development path mentioned above cannot be realized, because the ship simp-
ly does not have the necessary energy for this. In fact, this path is a path of fantas-
tic destruction of space. The report provides specific exampl& oflows, and
within the framework of general relativity, formulas for the energy density corre-
sponding to the described processes are obtained.

Conclusion.The approach proposed in this paper, based on the theory of Ricci
flows, makes it possible to describe and calculate all the details accompanying
warp ship flights when entering fast than light flight mode.
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Abstract. The coupled oscillator approach is very useful for modelling exoplanet interiors,
galaxy cluster mergers and compact binary spirals. In this study, a simplifiecbtyeted
oscillator model to quantify energy dissipation due to linear tidal forces is developed and its
implications for cosmic evolution explored. The model incorporated gravitational and tidal
interactions and the equations of motion of the system is derived using Lagrangian mechan-
ics with dissipative terms which made it easier to treat tidal dynamics as solvable mechani-
cal systems. The model also predicts dissipation rates for orbits, spins and deformations and
links microphysics to macroscale evolution.

Keywords: coupled oscillator, energy dissipation, tidal dissipation, gravitational interac-
tions, cosmic evolution, galaxy cluster mergers

Introduction. In cosmology tidal forces are caused by the differential gravitational
pull on an object in a neaniform gravitational field and these forces are important
in the dynamics of galaxies clusters, and other cosmic structures such as binary star
systems, exoplanetary systems and black hole mergers. These forces can lead to
energy dissipation through mechanisms like tidal friction and heating, influencing
the evolution of cosmic systems [1, 2]. Observations of clusters of galaxies of dif-
ferent sizes showed that they are brightix sources whose emission mechanisms
is thermal bremsstrahlung from hot low density gas [3, 4]. There are already a del-
uge of theoretical and experimental studies investigating tidal forces and energy
dissipation in cosmology [5, 8]. In this current study, we have developed a simpli-
fied two-coupled oscillator model to quantify energy dissipation due to linear tidal
forces and explore its implications for cosmic evolution. Further, we have incorpo-
rated gravitational and tidal interactions and derive the equations of motion using
Lagrangian mechanics with dissipation terms.

Methods and materials; results.For the simple model of two body system
(body 1 and body 2) proposed here we treat the interacting cosmic bodies such as a
star and a planet or two galaxies, as ngmsgdamped systems at distance d, we
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shall adopt the Lagrangian mechariesed approach for coupled damped har-
monic oscillators [4] in which we incorporate into the Lagrangian of the system the
gravitational couplingk between two oscillators representing the cosmic bodies of
masses M_1 and M_2, and the tidal di s
The tidal forces will be treated as perturbations such that the deformation of body
2 is due to the gwitational gradient of body 1.

Now, the modelling approach is that the tidal forces lead to energy dissipation
through mechanisms such as the internal friction generated by the relative motion
of different parts of an object, the conversion of mechanical energy into heat due to
tidal deformation and the energy loss in fluid components, for example the gas in
the galaxies or clusters, due to viscosity. After some slightly rigorous mathematics,
we obtained expressions for the energy dissipation, instantaneous power loss and
the timeaveraged dissipation for circular orbits with frequency.

Results: The model was also applied to study binary star synchronization by
modelling tidal locking timescales and also explain the observed rotational fre-
guency and orbital frequency ratio distributions in previous studies [8, 9]. Work is
still in progress on how the model would be applied to study galactic flyby interac-
tions such as estimate tidal stripping rates in dwarf galaxies and to predict star for-
mation triggers from tidal heating.

Conclusion. The coupled oscillator model developed here is a simplified
framework for studying tidal dissipation in cosmology, linking microphysical pro-
cesses to macroscopic. The results obtained from the application of the model
compares with astrophysical observations such as orbital circularization in binary
stars and tidal heating in exoplanets. It is recommended that this work be improved
by introducing general relativistic corrections. Here, we considered for simplifica-
tion only two coupled oscillators, for hierarchical structure formation, multi
oscillators may be considered.
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Abstract. This study investigates anisotropic spherical structures in the framework of mod-
ified f(R)f(R) gravity, where RR is the Ricci scalar, extending general relativity to incorpo-
rate additional gravitational effects. We employ the Fii@#ea metric to analyze compact
stars using different f(R) models. These models allow us to explore the impact of modified
gravity on the internal composition and equilibrium of neutron and strange stars. Key phys-
ical parameters, including energy density, radial and tangential pressures, anisotropy, and
fundamental forces (gravitational, hydrostatic, and anisotropic), are analyzed through
graphical representation. The viability of the models is assessed via energy conditions
(NEC, WEC, SEC, and DEC) and the equation of state (E0S) parameter. Additionally, we
evaluate the role of anisotropy in the stability of compact objects and compare our results
with general relativity to highlight the influence of f(R) gravity on stellar structures. This
research contributes to the broader understanding of the modifications to general relativity
and their implications for compact astrophysical objects.

Keywords: modified gravity, anisotropy, compact stars, energy conditions, Fiieda
metric

Introduction. The study of compact stellar structures, such as neutron stars and
strange stars, has been a critical area of research in theoretical astrophysics and
gravitational physics. General relativity (GR) provides a robust framework for un-
derstanding such objects; however, various cosmological and astrophysical obser-
vations suggest the need for modifications to GR. One such extension is f(R)f(R)
gravity, where the Ricci scalar R is replaced with a function f(R) to introduce addi-
tional gravitational effects [1, 2].

Among various f(R) models, quadratic and exponential modifications have
gained significant attention due to their ability to explain early andtilat cos-
mic acceleration while remaining consistent with local astrophysical constraints
[3]. In this work, we analyze compact stars using three modified gravity models,
employing the FinchSkea metric, a wekuited ansatz for studying relativistic stel-
lar configurations.

A key aspect of compact stars is anisotropy, where the radial and tangential
pressures differ due to interactions such as nuclear forces, phase transitions, or strong
magnetic fields [4, 5]. Anisotropic pressures influence the stability and internal struc-
ture of compact stars, making their study crucial in alternative gravity models. In this
paper, we investigate how f(R) gravity affects the energy density, pressure compo-
nents, anisotropy factor, and fundamental forces governing equilibrium.
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We further assess the physical viability of the stellar models by evaluating en-
ergy conditions (NEC, WEC, SEC, and DEC) and the equation of state parameter.
The comparison of our results with GR provides insights into the deviations intro-
duced by modified gravity theories. The implications of our findings extend to as-
trophysical scenarios where alternative gravity theories play a role in stellar evolu-
tion and compact object dynamics.

Methods and materials; results. To study anisotropic compact stars in
f(R)f(R) gravity, we employ the following methodology:

1. Choice of Metric: We adopt the Firichkea metric, which has proven ef-
fective for modeling spherically symmetric stellar structures.

2. Modified Gravity Models: We consider three functional forms of f(R), in-
corporating quadratic and exponential corrections to general relativity.

3. Field Equations: The Einstein field equations in f(R) gravity are derived for
an anisotropic fluid distribution, obtaining expressions for density, radial and tan-
gential pressures.

4. Stability and Energy Conditions: The viability of the models is assessed by
verifying energy conditions and analyzing the equation of state.

5. Graphical and Numerical Analysis: We present graphical results to illus-
trate variations in energy density, pressure, anisotropy, and stability parameters.

The analysis reveals that modifications in f(R) gravity significantly alter the
structural properties of compact stars. The quadratic and exponential corrections
introduce changes in the pressure anisotropy, affecting the equilibrium conditions.
Our key findings include:

A The inclusion of an R”2 term leads to a stiffer equation of state, enhancing
stability.

A Exponential gravity corrections modify the density profile, affecting gravi-
tational collapse.

A The anisotropic factor plays a crucial role in maintaining hydrostatic equi-
librium in modified gravity models.

A comparative analysis with GR highlights the deviations induced by f(R)
gravity, suggesting its relevance in extreme astrophysical environments.

Conclusion. This study explores anisotropic compact stars within f(R) gravity
using the FinchSkea metric. Our findings indicate that modifications to GR intro-
duce significant changes in stellar equilibrium and stability. The results contribute
to the broader understanding of alternative gravity models in astrophysical settings
and their potential implications for neutron stars, strange stars, and exotic compact
objects. Future work could extend this analysis to more generalized forms of modi-
fied gravity and consider observational constraints from pulsar and gravitational
wave data.
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Nicolas of Cusa and Newton with Rene Descartes, Leibnitz,
Mach and Einstein opponents
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Abstract. In paper the conception of absolute space of Newton, Descartes, Leibnitz has
been considered from emptiness of aincient Greeks to Einstein and recently research saying
us that Space, Matter, and Light are of the same nature. The building block for them is a
massunit composed of size and motion. The energy of motion of a-orasfor matter is

the body, but for light it is the photofhe energy of size of a massit for usual space is

the vacuum, but for absolute space it is that ephir about which said Einstein.

Keywords: emptiness, absolute space, masg, ephir light, dark energy, dark matter

Introduction. Fr om Par meni desd6 definition of t

it doesnd6t mean void, i t -beiegadoes nosexishe t h i
that whatever is thinkable is also bei
6 there wildl be emptiness in its place

found appealing when defining his absolute spécean infinite, external
independent, unchanging, and immobile entity. It is the container of all bodies and
is primary [ 3]. Ren® Descartes opposed
body is primary because we directly interact with it, and its extension already con-
stitutes absolute space [4]. Ernst Mach was opposite absolute space, saying that the
mass of body is being observed phenomena for us [5]. Indeed, in a recent article
[6], it is suggested that the fundamental building block of space, matter, and light is

a unit of mass. This unit has both motion energy at 2c2 and size energy at 2c2. The
sum of these energies remains constant at 4c2. Authors speak nothing about abso-
lute space and ephir. We will try to do it.

Methods and materials; results.For usual space, these energies of size and
motion are equal. A massit of usual space is a vacuum. For matter, size energy
decreases while motion energy increases, leading to the emergence oBaabody
unit of mass of matter. In the limiting case of matter, size energy disappears entire-
ly, leaving only motion energy in one point. Of cause, it is a photon of light. Pho-
ton is a massinit of light. From it the big bang was been beginning in past which
demanded space for scenario of bang. The space and matter, theirumitnasse
born in one point of light. Therefore a masst is primary building brike for of all
space, matter, light in the Universe. In fact, the mass is primary as said Rene Des-
cartes.
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In present time as we know the Universe is being expanded. Therefore the size
energy increases while motion energy decreases, leading to the emergence of a
empty. In the limiting case of space, motion energy disappears entirely, leaving
only size energy in the unfinity. The usual space becomes the absolute space.
A unit of mass of absolute space is an ephir.

Let's note the motion energy implies
tive is interesting here. The author o
between bodies, rather than absolute space, are fundamental. Within the interac-
tion, within attracting and repulsion of celestial bodies, one can discern a field
structure of Universe created by massive stars and planets, as described by Ein-
stein's General Theory of Relativity [8].

Thus, light lacks size energy and only possesses motion energy of-aniiass
of matter. One might say that light is dark matter. However, the authors of the arti-
cle do not consider the limiting case of space, where matter disappears and only
size energy remains. Clearly, this refers to absolute space. Ether & paansss
unit of absolute space. In this case, absolute space lacks motion energy and pos-
sesses only the size energy of a unit of mass of space. One might say that absolute
space is dark energy. Aristotle was correct in wanting to separate motion from
space. The usual space contains both motion and size energy. The emergence of a
body within it reduces its size energy. However, if you remove the body, the size
energy of a unit mass of space increases; remove all bodies, and you have empti-
nessd absolute space with maximum size energy.

Thus, we have two limiting cases. For matter, it is the light with maximum
motion energy. For space, it is the absolute space with maximum size energy. Two
giants, each with an immense force, energy of a tmakf each equals to 4c2,
secretly fAstruggledo against each other
as dark matter and absolute space as

thing, 6 said Nicholas of Cusa [9]. Per
by interacting with everything, exists withindt and this, as we understand it, is
l'ight . nAl I exists in all, o he conti nt

the container of everything. Nicholas of Cusa also spoke of the absolute, about its
maximum and minimum. As an infinite entity, absolute space is the absolute max-
imum. But there is also an absolute minimum, something indivisible. If there exists

an indivisible atom, and we extract it and its motion from the void, what remains is

the indivisible atom of emptiness of Leucippus and Democritus [10] that is the ab-

solute minimum. It is within this that the atoms move.

Nicholas of Cusa states that the absolute maximum and minimum are one and
the same. Thus, that absolute space is simultaneously both the absolute maximum
and the absolute mini mum. Alnfinite ¢t
comparing them to things known to us,
only be studied indirectly, in a stepwise manner: from a particular finite thing to its
species, from species to genus, and so on. In this sense, boundless physical space is
a step toward unddaending the infinite universe. Here, the infinite universe serves
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as the species or genus for its material countefpaltoundless physical space.
Similarly, infinite absolute space serves as the species for its material coudterpat
boundless material ephir. As a symbol, like a finite segment on an infinite line, ma-
terial physical space is observable. However, ephtr h e f wi nd turnedr o m
out to be unobservable. Here too, Nicholas of Cusa warned that the indirect ap-
proach has its limitations. A chain of finite things does not reveal the truth but only
symbolizes it. Physical space is a symbol of the infinite universe. Do we conduct
experiments to detect if40. Let's here too the ephir be considered not only as a
material counterpart but as a symbol of absolute space? Perhaps such could become
the key for our understanding many things in Universe. In the abstract, in the abso-
lute space, where its maximum and minimum coexist, in its material counterpatrt,
that is in the ephir we wanted to detect by the Micheldonley experiment phys-

ically feel Awindo from ephir. But we
found to be the same in all directions, leading us to conclude that ether does not
exi st. However, even Einstein [8] was

general theory of relativity, ether exists. But this ether cannot be regarded as a
weighty medium endowed with qualitative characteristics, consisting of parts that
can be tracked over time. The idea of
being a massnit of absolute space has only the energy of size In fact, the ephir
being a massnit of absolute space has only the energy of size.

Conclusion. Thus ephir is material analog of absolute space. But as symbol is
a symbol of the structured field of the Universe.
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The shadow of a dynamic wormhole in Friedmann universe

Ishkaeva Valeria Arturovria ishkaeva.valeria@mail.ru
Sushkov Sergey Vladimirovich sergey_sushkov@mail.ru

KFU, Kazan, Russia

Abstract. The motion of photons in the spatime of a closed isotropic Friedmann uni-
verse containing a dynamic wormhole filled with dust is considered. Geodesic equations for
photons in the spad@me of a dynamic wormhole and in the spdioee of the Friedmann
universe are obtained and solved. A formula for the radius of the wormhole shadow is ob-
tained and analyzed. It is concluded that the size of the shadow depends not only on the
parameters of the wormhole, but also on the observation time. At early times, the wormhole
shadow decreases, while at later times it increases due to the expansion of the Friedmann
universe.

Keywords: wormhole, dynamic wormhole, Friedmann universe



178 tom I T'Y ad T QI OTYafdRAp@m | O

Introduction. A wormhole is a structure of spatime with a nortrivial topology,

which is a tunnel connecting different spatial regions of the same universe or dif-
ferent universes. Usually, the existence of a traversable wormhole in the general
relativity (GR) requires exotic matter that violates the null energy condition (NEC)
[1]. However, some wormhole configurations may exist without it. Our attention
was attracted by the articlesi ] devoted to the study of possible traversable
wormholes in GR filled with dust, in which the authors obtained the models of tra-
versable dynamic wormholes that do not violate the NEC.

In this paper, we consider the motion of photons in the sgimeeof the
Friedmann universe containing a dynamic wormhole [4], obtain the formula for the
radius of the wormhole shadow and investigate its dependence on the observation
time.

Methods and materials; results.As a model, we considered the dynamic
wormhole presented in the article [4]. The metric of this wormhole can be written
as follows:

“ . g oen .
h ., ;

(9] Qr aQy 1 W Q— 1T o—% h (@D)
wherei kK —h'QY ——. The dependende'Yht is specified parametrically:
“O‘Y v on z:ﬁ_'_ “OIY T = E“ﬁ
coy P T gy T T ®

where'OY cop Y ,the constantehQ T, the parameter™ TG* . We
wrote the geodesic equations for photons in the wormhole ipaeg1) using
Christoffel symbols and solved them in the approximation of a small parameter
(the initial period of wormhole evolution). By analyzing the geodesic equations, we
obtained the turning point of the photon trajectory:

T T
v o . o,

where is the angular momentum of the photon,is a constant associated with
the energy of the photdd~  t 7 O

Next, we considered the motion of photons in a closed isotropic Friedmann
universe, the metric of which can be written as follows:

d -0 Q. i&.0— T&8&—% ,

where— & p ~ 14 is the cosmological scale factds, const,...is the
radial angle- is a parameter related to time: & — [ &8 We obtained the
geodesic equations for photons in the Friedmann universe using the Hamilton
Jacobi method.

We then considered the motion of photons in a Friedmann universe containing
a wormhole (1) of sizé&/;, assuming that the radiating matter is located only in the
Friedmann universe. In this case, the boundary of the wormhole shadow is formed
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by photons fAborno in the Friedmann uni
reaching the observer located at the point , at the moment of observation

t = . Since the spaetme under consideration is spherically symmetric, the
boundary of the shadow will be a circle with a radius of

| 0D sp 14

vy noon - o N

i.r p (I - i a6 ¥ =6 mo

whered & the angular momentum of the photons forming the boundary of the
wormhole shadowp is the constant of integration obtained when deriving the
equations of geodesics in the Friedmann universe and is related to the energy of the
photonQ, U »W-0 .

It is clear that the size of the shadow depends on both the observer's coordinates

h- and ond , which depends on the parameters of the wormhole. For a
fixed position of the observer. hthe shadow of a given wormhd¥ehhhdepends
only on the observation time - . Forsmallt — |, the shadow size de-
creases as more and more photons from the Friedmann universe that enter the worm-
hole reach the observergi.9) S decreases with time. Moreover, the decrease in
9 soccurs rapidly and is not compensated by the expansion of the universe. At late
times, whend) Sreaches its minimum value correspondingyto T, the size of
the shadow increases due to the expansion of the Friedmann universe.

Conclusion.In this paper, we considered the motion of photons in the space
time of the Friedmann universe containing a dynamic wormhole, and obtained a
formula for the radius of the wormhole shadow. Based on the results of the work,
we can conclude that the radius of the shadow depends not only on the parameters
of the wormhole, but also on the observation time. Moreover, at early times, the
wormhole shadow decreases due to a decrease in the angular moraengwh
the photons forming the boundary of the wormhole shadow, and at later times, it
increases due to the expansion of the Friedmann universe.

This work was supported by a grant from the Foundation for the Development
of Theoretical Physi cs -1alBe2 ahtbby RSEmat i ¢
(project No. 2522-00163).
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Abstract. Modern physics believes that fAZeno's
lated strictly in the sense of modern mathematics. At the same time, many scientists, histo-
rians and philosophers believe that Zeno's paradoxes are only apparent paradoxes that arise
as a result of poorly posed problems and biased human reasoning. However, it is Galileo's
formulation of the law of inertia, later included in Newton's laws of dynamics as a basic
one, that allows us to consider Zeno's paradox about a moving arrow differently.

Keywords: Paradox, Zeno, Galileo, coordinate system, inertial reference system

Introduction. It is generally believed that it was G. Galileo who, with the words
iMat hematics is the |l anguage of physic:¢
to a quantitative language iegtribing physical processe$42 Cartesian coordinates

were used to describe translational motion. This radical turn was consolidated by
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I. Newton in the form of differential equations for formulating the laws of motion of
celestial and terrestrial bodies, thermal processes [1]. However, it was Galileo's formu-
lation of the law of inertia, later included in Newton's laws of dynamics as a basic one,
that allows us to consider Zeno's paradox about the moving arrow differently.

Methods and materials; results.Visually, the movement of the arrow can be
confirmed by examining its blurred trace in the photograph. Blurring the image in a
photographisawek nown t echnique of photograph:e
tographed objecContrariwise, to make a clear image of a moving object, the pho-
tographer must turn the camera after the rushing object, but blurring the clarity of
the background image. Now one can imagine a moving platform on which the ob-
server is located, along which the object (arrow) moves. The speed of the platform
can be smoothly changed to make it equal to the speed of the arrow. On the plat-
form, along with the observer, there is a system of Cartesian coordinates and a
clock. We will assume that the speed of the platform along the selected direction is
constant and significantly less than the speed of light. We will obtain an inertial
frame of reference of classical mechanics (IRF). Then, according to Galileo's asser-
tion about the inertia of motion, all mechanical processes observed from this IRF
will be registered as occurring in a stationary reference frame [6].

Conclusion. In other words, an observer on a platform. which is uniformly
moving relative to a released arrow at a speed significantly less than the speed of
light and equal to the speed of the arrow, will see it as stationary, as in the stated
Zeno paradox [2, 5].

Note that the law of inertia is a qualitative law of physics, it does not use
mathematical terms. The postulate is the assertion that space is homogeneous and
isotropic, and time is homogeneous, then IRFs exist. Now, according to Noether's
theorem, the homogeneity of space relative to shifts will give the law of conserva-
tion of momentum, isotropy will lead to conservation of angular momentum, and
homogeneity of timé to conservation of the energy of a moving body [6]. Its
formalization in the special theory of relativity allowed A. Einstein to qualitatively
understand the impossibility of motion with a speed greater than the speed of light
and to mathematically establish the equivalence of energy and mass.
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Prototype of a Gravitational Wave Detector to Record Radiation from the Early
Universe in the Kilohertz Range

IzmailovG.N. gizmailov@mail.ru

V.A. Kotelnikov IRE RAS, Moscow, Russia

Abstract. The operating principle of a detector designed to register radiation of the early
Universe within the gravitational energy transfer channel is proposed. The new type of the
detector is considered as a tool for experimental study of the history of space. The rele-
vance of the project is emphasized and the theoretical possibility of the existence of gravita-
tional waves in the kilohertz frequency range (SGWR) is indicated. The schemes of modern
cryogenic detectors are analyzed, which can serve as prototypes for the development of a
new device.

Keywords: relic gravitational radiation, stochastic gravitational wave background, cryo-
genics, magnetocalorimeters extreme conditions, such as the merger of neutron stars or the
collapse of massive objects.

Introduction. Development of a prototype gravitational wave (GW) detector in the
kilohertz (kHz) frequency range is a promising direction in modern physics and
astrophysics. It is known that the registration of relic microwave radiation coming
from space in 1965 confirmed the Big Bang theory of the Universe and made a
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breakthrough in the study of spacedJL Using another energy transmission chan-

nel can become an important tool for exploring the early Universe, as well as for
studying exotic astrophysical objects such as neutron stars, black holes or hypothet-
ical cosmological strings [6, 7].

Methods and materials; results.A. Basic principles of the prototype&sW
are a unique channel for transmitting information about events in the Universe. The
detector prototype involves the use of sensitive elements that respond to micro-
scopic changes in spacetime in the kHz range. GWs with frequencies in the range
from several hundred hertz to several kilohertz can be caused by neutron star mer-
gers, oscillations of young neutron stars or other-Biggrgy processes [7].

The prototype should be optimized to register these frequencies, which distin-
guishes it from existing detectors (e.g. LIGO, VIRGO, KAGRA) operating in a
lower frequency range [8].

Membrane, resonance and magnetostrictive systitashanical resonators or
membranes have been used as sensitive elements of detectors, which are capable of
amplifying gravitational wave signals due to their own oscillations. These systems
can be made of ultrpure materials such as silicon or sapphire to minimize energy
losses. This type of detector uses the generation of a magnetic response of the sen-
sor material when it is deformed by a GW.

To achieve high sensitivity, the detector can use cryogenic systems that reduce
thermal noise and increase the accuracy of measurements. Modern cryogenic de-
tectors, such as KAGRA (Japan), serve as a basis for the development of new tech-
nologies.

B. Possible implementation schemelolometric detectorsBolometers are
sensitive to temperature changes so its can be adapted to register secondary effects
of gravitational waves, such as heating of a matefalalternative is nanoscale
mechanical oscillators cooled to uH@v temperatures, which can be used to de-
tect small disturbances in spacetime.

C. Feasibility of the projectScientific significanceDetection of gravitational
waves in the kHz range will provide new data on processes occurring in extreme
conditions, such as the merger of neutron stars or the collapse of massive objects.

It can also help test theories that go beyond the standard model of physics,
such as string theory or extra dimensions.

Technological baseThe development of the prototype will stimulate the devel-
opment of new technologies such as cryogenic systems, quantum optics and nano-
mechanics, which could find application in other areas of science and technology.

Addition to existing experiment$he detector in the kHz range will comple-
ment existing projects such as LIGO, VIRGO, KAGRA and future space missions
(e.g. LISA). This will allow us to create a more complete scope of the gravitational
wavefiskyo.

Evaluation of temperature fluctuation&/e will determine the statistical tem-
perature during the generation of ener
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N 0.
) p
wheredS= kg InW, kg is the Boltzmann constandy is the adopted energetic levels

number in the system [9]. Assuming that two radiation quanta with ehergse
generated during generation, where 1& Hz,
YYé pit p Tt U8

So, in a cryogenic setup™HKyiemgeratae t e m
fluctuations caused by the absorption of the SGWB can be observed. For this pur-
pose, a setup of two perpendicularly located detectors and the connection by an
anticoincidence circuit for their readings can be proposed. In a review of prototype
setups for recording the SGWB, schemes [10, 11] of existing and planned magne-
tocalorimeters are indicated, at operating temperatures below microkelvins.

Magnon excitation [12] is proposed as a mechanism for transferring graviton
energy to a magnetic field in magnetocalorimeters.
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Conclusion.The prototype of the GW detector in the kHz range is a promising

project, which can significantly expand our knowledge of the Universe. Using
modern cryogenic technologies and quantum methods, it is possible to create a de-
vice capable of registering signals that are inaccessible to current systems. The im-
plementation of such a detector will be an important step in the development of
gravitational wave astronomy and will open new horizons in space exploration.
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Teleparallel gravity and the role of nonminimal boundary couplings

KadamS.A. k.siddheshwar47@gmail.com

Department of Mathematics, School of CS & Al, SR University, Warangal,
Telangana 506371, India

Abstract. In this study, we have described an autonomous dynamical system within a broad
scalartensor gravity context. This context includes the overall configuration of non
minimally coupled scalar field functions for both the torsion scalar (T) and the boundary
term (B). We have investigated three wielinded forms of potential functions and limited

the model parameters through dynamical system analysis. This analysis has been essential
to select cosmologically viable models. We have examined the behavior of dynamical pa-
rameters, including equatiasf-state parameters, as well as the standard density parameters
for radiation, matter, and dark energy (DE) to evaluate their alignment with current obser-
vational data. The phase space diagrams are provided to illustrate the stability conditions of
the respective critical points. The Universe is clearly undergoing dina¢ecosmic accel-
eration phase through the Bi®minated critical points. Furthermore, we test our results
with the most widely accepted sCDM model
cosmological datasets of Supernovae la and the Hubble rate H(z).

Keywords: SorkinSchut z f or mal i s m, f (T, a) gravit
Analysis
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Introduction to the Unimodular Kaluza Klein theory

Kerner Richar8 richard.kerner@sorbonneniversite.fr
Julio C. Fabris julio.fabris@cosmaifes.org

1LPTMC, Sorbonne University and CNRS, Paris, France

2UFES, Vitoria, Brazil

Abstract. Unimodular Gravity was first introduced by Einstein as early as in 1919. The
extra unimodularity condition imposed on the psef®iemannian metric seemed to be a
promising alternative to the cosmological constant, by using the condition det(gps a
Lagrange multiplier in the Einsteié@ Hilbert variational principle. In this talk, we shall
investigate physical and mathematical aspects of extension of the unimodularity condition
to the 5dimensional Kaluz& Klein space. It turns out that when the unimodularity con-
straint applies to the five dimensional equations, it does not necessarily apply to the reduced
equations in four dimensions. The reduction of the five dimensional equations to four di-
mensions leads to a quite unusual structure connecting gravity to a scalar field and ordinary
matter, which stems from the five dimensional framework. Cosmological vacuum solutions
of the effective four dimensional equations have been derived in our recent paper [1]. They
describe a symmetrically bouncing universewever, even if the four dimensional metric

is free of singularities, the original five dimensional one becomes degenerate at the bounce
since the modulus field associated with the fifth dimension vanishes at the transition point
from the contracting to the expanding phase.

Keywords: Unimodular Gravity, Kaluzé Klein model, Cosmology, Bouncing solutions

Introduction. The unimodular gravity was viewed as another approach to the cos-
mological constant problem and to quantization of gravity. In fact, the unimodular
condition implies that the resulting field equations, after solving the constraint on
the determinant of the metric, are traceless. Due to this property, any cosmological
constant term disappears from the field equations. However, it can reappear as an
integration constant. One consequence of this property is that, for example, the
possible connection of the cosmological constant, for example, with the vacuum
energy is lost. Notice, moreover, that instead of imposing the determinant of the
metric equal to 1, the unimodular condition can be generalized by imposing that the
determinant of the metric is equal to the determinant of a given fiducial metric. In
any case, the condition on the determinant implies that the theory is invariant by a
restricted class of diffeomorphism, the transverse diffeomorphism. By generalizing
the unimodular gravity to the KaluZa Klein, we follow the lines sketched in our
previous publication.

Our investigation of unimodular gravity in the context of thdirfiensional
Kaluzad Klein theory should be preceded by the following considerations. We
are confronted with an alternative choice of the way we apply the unimodularity
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condition. We can choose to impose it to the variational principle in 5 dimensions,
find the solutions and then proceed to dimensional reduction, or perform dimen-
sional reduction first, expressing everything in terms of&id$ensonal Riemanni-

an metric and electromagnetic and scalar fields, and then proceed to variational
principle in 4 dimensions with unimodular condition imposed on the- $4$
dimensional metric. The situation is illustrated by the following diagram:

KK lagrangian in S D

dimensional reduction unimodular constraint

GR in 4D + fields Unimodular KK in 5D
unimodular |constraint dimensional | reduction
Unimodular Theory A Unimodular Theory B

In order to explore all the degrees of freedom present in the Kalukéein
setting, we choose to apply the unimodular condition directly to -ienBnsional
variational principle, |l eading to fit he
based on this theory does not need cosmological constant, and can lead to bouncing
Universe instead of singularity at the Big Bang.

Methods and materials; results.The methods are the usual ones in theoreti-
cal and mathematical physics: elaborating the model first, solving equations next,
analyzing solutionsdé properties and tr

Conclusion. We have explored cosmological solutions in the absence of elec-
tromagnetic field coming from the Kalufa Klein structure, which is required to
have isotropy in the three spatial dimensions of the external space. For theKaluza
Klein unimodular gravity the reduction to four dimensions preserves the coupling to
the electromagnetic field emerging from the fimmensional metric. This is related
to the traceless character of the electromagnetic field. The coupling of the scalar
(modulus) field Phi associated to the fifth dimension, may possible bring new struc-
tures, e.g. static, spherically symmetric configurations, including Black Holes.

For the cosmological solution found here, we may also expect some peculiar
features at perturbative level. Finally, the effective theory in four dimensions, and
its coupling to matter emerging from unimodular Kakkain theory, must be
developed further since they correspond to a new implementation of the coupling
of the scalar field and gravity after reduction to the usualdauensional space
time.

References
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Geometry of Eigenvectors for Composition of Lorentz Boosts

Kharinov Mikhail Vyacheslavovigh khar@iias.spb.su
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Abstract. For the compositiorLiL, of Lorentz boostd; and L, in the Euclidean 4
dimensional quaternion space, a triple of eigenveagrs,, ¢, is analytically found, each

of which has a unit projection onto the time axis and represents a basis vector of a 3
dimensional subspace orthogonal to the directionf the Wigner rotation axis at an angle

j . The unit vecton, of thedirection of the vector differencesi ¢, does not depend on the
commutation of the summed velocities and is connected with the direatiointhe result-

ing velocity by a rotation of half an anglen,=b @ \?1]_ P where

b=i,cosj/2 +smn /4 andio is the unity in the quaternion algebra. This ensures the
conciseness of coordinateee calculations with a symmetrized representation of the com-
position of boostsL, L, t VL /| I V| .

j - /2 TIn ny i -1R

Keywords: composition of Lorentz boosts, eigenvectors, Wigner half angle, Euclidean
geometry, geometric interpretation, quaternions

Introduction. The composition of Lorentz boosts and the addition of relativistic
velocities in physics is a classical topic that continues to be considered by a galaxy
of contemporaries, including A.Alngar, J.FBarrett, S.JSangwine, M.JVisser,
T.S.Berry, V.I.Ritus, G.B.Malykin, Z.K. Silagadze and others. Following G.
Casanova'$El algebra vectori@l versions of the algebraic description of Lorentz
transformations in spaces with different dimensions and geometries began to mul-
tiply. At the same time, only a minority of papers consider Lorentz boosts in terms
of W. R. Hamilton's original quaternions and their natural generalizations, the oc-
tonions, rather than their modifications. Such are [1, 2], which in different ways
lead to the same formula for the addition of velocities expressed thigugind

estimates for the Wigner angle coinciding up to a sign. It is in this article that a
method of geometric construction of the eigenvectors found fag in [1 et seq.]

is first proposed, so that in the basis of these eigenvectors the compbsitipis
trivially described by the stretching of one of the lijké vectorsc, or ¢, ac-
companied with the shortening of the second by the same factor.

Methods and materials; results.Fig. 1 shows for a givem the remaining
eigenvectors oL, L,, which are constructed by the GeoGebra tool using the varia-
bl e point AAO for any observation ang
complex problem of operati@compositionL,L,.



196 tom I T'Y ad T QI OTYafdRAp@m | O

Fig.1. The basis of vector§,, C;, C, of a threedimensional subspace
orthogonal to the directionNn 2 ¥ 2 A3y SNH& NI Gl dAazyLtf | EAA

The vertical z axis with zero and one values marked is the time axis. The sur-
face of rotation around the time axis is the parabolatd: X +y*. The horizontal

pl ane of wunit time intersects the pare
paraboloid that is above the horizontal plane. The vertical plane contains the time
axis and the point AAO0O. AlO is the poi
the |l ine segment connecting thecoaigin
perpendicular is dropped from point @A
light-like vectorsc, and c, are located on the unit circle and coincide with the

ends of the chord drawn through the po
Conclusion.W.R. Hamilton invented quaternions to interpret real sjiace,
but their potential in this regard has not yet been exhausted. In STR, the apparatus
of quaternions ensures the conciseness and clarity of calculations, the use of which
is partly constrained by the fact that the teaching of quaternions is not provided for
in the system of compulsory disciplines. If the existing problem of choosing the
most suitable mathematics for describing spame with a number of dimensions
greater than 4 is solved in favor of quaternions and octonions, then it will be useful
to correct this shortcoming.
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Axion extension of the Einstein Yangt Mills theory:
Decay of colored aether and formation of axion dark matter

Kiselev @. iselev.gleb.97@gmail.com
Balakin AB. Alexander.Balakin@kpfu.ru

Kazan Federal University, Kazan, Russia

Abstract. The SU(N)}symmetric model of interaction between gravitational, gauge, vector
and pseudoscalar (axion) fields is considered. The cosmic substrate, called the color ether, is
described by an SU(Nymmetric multiplet of vector fields. An ansatz is presented that it is

its decay in the traditional modern world that is the traditional dynamic ether and relict action
dark matter. The SU(Ndymmetric Yandg Mills field associated with the color ether forms

a source transmitting a signal of the servicing color ether to the action field. As an application
of the SU(2) effect, the symmetric theory of interaction of the gauge and action fields as a
nontAbelian U(1}symmetric model of actieimduced analog generation generates fields in
the ether medium with a magnetic field, a definition system is derived that describes certain
interactions. The law has been given a new exact solution, which characterizes the early Uni-
verse stage of dominance of gauge fields of the maghettric type.

Keywords: Anisotropic cosmology, Yangd Mills field, axions, dark matter

Introduction. The term dynamic ether was introduced in the framework of Ein-
stein's ether theory, which was formulated in the early 21st century. This theory
operates with a timelike unit dynamic vector field Ui, which is interpreted as the
four-vector velocity of some cosmic substrate, denoted as ether. The color dynamic
ether, which is considered in the presented work, appears in the SU(N) symmetric
generalization of the dynamic ether model. The motivations for such an extension
include physical and mathematical aspects; we will briefly consider them in the
context of our study [1].

The second question is related to the energy transfer from the gauge field to
the axion configuration. It is obvious that a huge number of axions should have
been born as a result of the interaction of gauge and pseudoscalar fields in the early
Universe, if these particles now form the dark matter, which is associated with 23%
of the energy density of the Universe. In other words, we assume that during its
decay, the energy of the color ether was partially transferred to the canonical dy-
namic ether, and partially to the axion configuration, with the gauge field acting as
an intermediary in this process [2].
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As an application we study anisotropic cosmological models with a spatially
uniform Yangd Mills field; and now we intend to study the SU(2) analogue of the
magnetized Universe by introducing a gauge field of magnetoelectric type. The
theory of such a gauge field deals with an Ské{@nhmetric multiplet of vector po-
tentials A(a)j ((a) = 1, 2, 3), and the two abowentioned electrodynamic prob-
lems can be solved elegantly within this theory [3].

Methods and materials; results.The main method of the study is the solution
of differential equations obtained by varying the action functional with respect to
the corresponding fields. These equations describe the interaction of gauge, vector,
gravitational and axion fields, the solution of which allows us to obtain a physical
interpretation in the study of this model.

As results, we considered the direct influence of the dynamic ether on the axion
dark matter using the potential of the axion field, which depends on the invariants at-
tributed to the dynamic ether. Now we took into account the back reaction of the axion
field on the color ether using a generalization of the Jacobson constitutive tensor.

As a special case for this theory, based on exact solutions of the main equa-
tions for the interaction of magnegbectric fields, we discussed the structure of the
SU(2) symmetric configuration of the Yadg Mills field of magnetoelectric type
in the context of an anisotropically expanding sgi@ioe Bianchil platform with
axial symmetry.

Conclusion. In our work using nonlinear axion electrodynamics, we showed
that the interaction of axion dark matter with the global magnetic field can lead to
anomalous bursts of the axiomduced electric field, but the axion field itself re-
mains in the final evolution zone. In this work, we generalized the-§yfhmetric
axion electrodynamics and formulated the nonlinear Sidf{i)metric generalized
axion chromodynamic®ne of the key generalizations was the study of the SU(2)
analogue of the symmetric Yadg Mills field of magnetoelectric type with a set
of differential equations.

In future works, we hope to supplement this analytical study with a detailed
numerical analysis of the model.
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Abstract. Investigating spacetimes with hidden symmetries is a promising approach to
study fArealistico mathemati cal model s enh
nomena. In this work initiated by the assumption of existence of the canonical Killing ten-
sor forms we explore a new directive regarding the null tetrad transformations in extracting
(algebraically) general Einstein solutions. Capitalizing on the-japthmetric null tetrads
concept a new Petrov type | solution emerges describing a cosmological model with a cur-
vature singularity in vacuum with cosmol og

Keywords: Petrov Type |, Type D, Canonical Killing tensor forms, Cosmological model,
Cosmological Singularity

Introduction. The acquiring of the exact sol u
strongly on mathematical assumptions such as symmetries, potentially leading to
(algebraically) general solutions in the most favorable cases. The Einstein's Field
Equations (EFE) is not a solvable system of equations without mathematical as-
sumptions regarding symmetries. Hence, our investigation focuses on the
spacetimes with hidden symmetries enabled by the Canonical Killing Tensor
Forms (CKTF) for two reasons 1) not only becasuse we scope to investigate the
underlying role of hidden symmetry of geodesics of the most general type 2) but
also to transform the oveletermined system of equations to a solvable one adding

the Integrability Conditions (IC) of Killing tesor.

The work of HauseMa | hi ot [ 1] in electrovacuum
for us. Notably, the CKTF are generalizations of the HalMighiot's form. In our
previous work we generalized the study of spacetimes admitting an irreducible Kill-
ing tensor by acquiring the CKTF [2] in line with the work of Churchill [3]. Among
the solutions obtained, initiating by
formation we were able to find and characterize algebraically a new type D solution
characterized by a nageodesic, shedree and diverging null congruence.

00000

1 The use of this parenthesis indicates our intention to investigate the characteristics of a solution
not only in terms of the possible reductions that may lead to special cases but also in terms of its alge-
braic characterization (Petrov types).
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The idea to obtain (Algebraically) general solutions, implying a other trans-
formations, motivated us to entangle with this work where thankfully we extracted
an (Algebraically) general solution and proposing a new directive to extract

spacetimes admitting a known Killing tensor form.
Methods and materials; results.The anal ysis of t he
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where x,)¥ 0then(.Y D presenting a curvature singularity.

Conclusion. This work presents the outcomes of our investigation of
spacetimes admitting the Canonical forms of Killing tensor. Applying two different
kinds of null tetrad transformations we were able to derive two algebraically differ-
ent solutions (Types D, I) and propose new directive. This directive suggests that
there is a preferability in null tetrads transformations based on thegamimetric
null tetrads concept correlating the spin coefficients between themselves instead of
boosts and spatial rotations. By using this directive we were able to extract a new
Petrov type | s o IF @t £ t2where préséntingla €urvatire4 | 9
singularity.
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Abstract. We study the Dirac equation in the background of axially symmetric generalized
Newmand Unti 8 Tamburino (NUT) spacetime. For massless particle, the problem is
reduced to the one differential equation of second order and is solved in terms d@f/pteun
equation at special choice of arbitrary radial function.

Keywords: Dirac equation, generalized NewmanUntio Tambur i no space,
ticle, variable separation, massless case

Introduction. The axially symmetric metrics of the TadNUJT type (secalled
Euclidean TaublNUT metric) were actively studied within grand unified theo-
ries as a monopolkke solutions [1]. In recent years, the original NUT metric
acquires a fresh interest because it has been shown that the black holes with
NUT charge can be considered as physically meaningful systems. In [2] the
NUT charge effects has been assessed to be tested in the spectra of quasars, su-
pernovae, or active galactic nuclei. The quantuechanical problem of parti-
cle in the background of black hole metrics is one of the interesting problem for
cosmology and quantumgravity. The Dirac equation has been studied on the
Kerrand Kerrd Newman s pacet i]mefeundti® salujion ofthea [ 5
Dirac equation for the massless particle in NUT background. The generalization
of the Euclidean TaublUT metric has been proposed by Iwai and Katayama in
[6]. They demonstrated that the proposed generalization accomplishégviedn
properties. In this study we generalize the Niw&tric and study the Dirac equa-
tion in such axially symmetric background.

Methods and materials; results.We generalize Newma& Unti 8 Tam-
burino metric by introdurinRUrlireelementbi t r

P T . 5
o dF W(d sifq+d 7

r2 =2 #¥, D%*=2Mr a?-

ds? =r22(dt dasin® @d )]

By employing the tetrad formalism, we derive the covariant Dirac equation for
the massive particle as
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We separate the variables. The angular differential equations system for gener-
alized metric is the same as for ordinary NUT metric. The four differential equa-
tions for radial function&;, R, Rz, Rs read

%D.-%%ﬂ(ml&)& JQW§T gu(ma)ﬁa VR
i+ 8 imiar R Wti‘i‘ei REi(r AR + R
S 7o "

with notation D. For massDdhes ca

d J/Daa(l + Wi
- o bDaalt * Wiw
dar 2 ¢ T w
last system gives two independent systems of two equations.
Conclusion. The Dirac equation for massive particle is leaded to the differen-

tial equation of fourth order. The pro
the one differential equation of second order, which is the g equation at
special choice of radial function q.
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Abstract. | n t he registration scheme of extremel
acoustic antenna OGRAN, an additional noise component has entered introduced into con-
sideration, contributed by specialized optoelectronic unit, performing function of decoding
signal contained in frequengyanipulated laser radiation. Effect of adding to signal sto-
chastic process caused by phenomenological fluctuations in laser radiation power has re-
vealed and presented analytically.

Keywords: acoustic resonator, extremely small oscillations registration, threshold signal,
frequency modulation, stochastic process, laser radiation power fluctuations

Introduction. Test body is an aluminum cylinder with lengthlef= 2 meters as

an acoustic resonator. Variations in GW field metric with amplitaglend fre-
guency close to resonamt, create an equivalent force [ID Q0 0] 7Tc,
whereM is a mass of the resonator. The force excites oscillatory variations in
length (base) of the cylinder. To register them, in OGRAN project optical resonator
(interferometer) FabApPerot has used; its mirrors have fixed at body ends [2]. Base
variations UL(t) cause variationsti gt) of r esonat or 6 s 3asi genf
dnedngs = UL/Lo. Laser radiation affects this interferometer. The first, sensor part of
the optoelectronic registration system keeps tracking of laser frequetzyeso-
nance frequencygrs For this purpose, the Pouitiver-Hall (PDH) technique [3,

4] has applies; it use phase modulation of radiation with high frequen0
MHz), which creates two side components with poReeach. Photodiode regis-
ters beam reflected from the interferometer. Mismapay [ 3rsi 3. significantly
determines reflection of incident carrier pow®y. Thus, because of beating on a
photodiode, an alternating current compongnis:

Q 00

O T

s OHD 'OOED OAindh
where @ &so is standard bandwidth of the interferomedensor (at the level of
13 dB),lsandlc are quadrature components of shot current as a ndiaod sto-
chastic process.

Synchronous detection (using analog multiplication by 8ifiorms discrimi-
nator characteristic of a lasAFC systemUsp = Dgp &si, WhereD is a decrement.
When voltage &b applies through servo amplifier to the composite frequency re
tune actuator, feedback locks, and radiation frequency follows resonator eigenfre-
guency; frequency modulation of radiation forms. The special feature of the
OGRAN project is significant quastatic drift of both frequencies caused by
thermal expansion of aluminum.
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Methods and materials; results As in the AURIGA project [3], an additional
unit performing function of a frequency demodulator (discriminator) has used to
convert radiation frequency deviations, containing coded signal and noise [5],
into variations of output voltage. The unit also implemented in PDH technique; an
auxiliary interferometer with a 0.45 m base is used, a simple piezoceramic actuator
[2] re-tunes eigenfrequency of it. Laser beam with deviatimsaffects the dis-
criminator interferometer through a radiation divider. In the second feedback loop,
the resonant frequency of the interferometer (and zero value of its discriminator
characteristic) follows quasitatic changes in laser frequergpyr. The conceptual
di fference of the |l oop is absence of
has achieved by significant decrease in gain of the servo amplifier at signal fre-
quency of 1.3 kHz. Thus, on a steep slope of discrimination frequency dependence,
there realizes standard transformation of frequency deviatiwnsto variations of
output voltage of the second synchronous detector.

Laser radiation power has known to possess technical phenomenological fluc-
tuations. There is an analytical representation P = Po(1 + 3), where3s(t) is a
stochastic modulating process. Taking this conception into account, at output of the
second synchronous detector we get

Y 0

p , 34 77,

whereaoir = P&or 1 P3r is difference between two drifting frequencies; shot
noise is omitted.

Two relevant terms are presedi. + 3- ggsLr. The first term represents signal,
the second one defines an additional stochastic process, i.e., phenomenological
noise. Comparison of noise with signal determines demodulator's addition to
threshold signal of whole registration system. Relation in spectral densities of sto-
chastic processes i8x(f) = G«(f)Y

To determine the defining frequency differemp&oLr =g &or1 0 81, We write
out f e edb ac kUssr e Dua(tpaooingseh iamm dncor =dooAoA Uspr,
whereDpi s a decrement of the ubpisdt@smigi scr
sion parameter of the frequencytume actuatorKp is gain of the servo amplifier in
guasistatics. The solution isp &or=  81/Kop, whereKop = bpDpKbp.

Conclusion. The obtained relationships allow us to obtain clear numerical esti-
mates of new noise contribution in threshold signal and to determine measures to
reduce it. For spectral density of modulating procgdbere is the previously ob-
tained estimate as parameter of the laGeff) = 10? Hz'! [6]. If we presuppose

paoLT = 3 kHz, frequency noisebtainsthe value'0” - 3 L ¢ Wiz/HZ*2, which is
achievement of the article [2] and corresponds to reduced displacement noise of
2 L " om/HZ2 (7).

Temperature change of 0.01 K determines the vagdger = g 3t @70 MHz.
To obtain the presented mismatch of 3 kHz, calculation determines required feed-
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back depth at zero frequency Kdp @2 L °1 @ertain correction in calculations as-
sumes when implementing the design value of threshold signal of the OGRAN an-
tenna registration circuit, which 310® cm/HZ/2[8].
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Abstract. The model of gammaay burst (GRB) formation during a relativistic outflow
from a Compton plasma cloud surrounding a magnetorotational supernova. The shift of
photon energies into the higimergy range is interpret to the scattering of photons emitted
by the stellar photosphere on a relativistic flow of hydregeized plasmaA three
dimensional model of radiative relativistic hydrodynamics (RadRHD) is used to describe
the GRB process, which includes a complete radiative transfer equation (RTE) with a scat-
tering integral.To modeling the redistribution of photon energies across the spectrum the
Compton differential scattering cresection is used. To obtain numerical solution of Ra-
dRHD equations the explicit splitting method is usédr the radiative transfer equation
with scattering the short characteristics method is used, and for the relativistic hydrodynam-
ics the Godunotype oneThe evolution of a relativistic jet in the interstellar space and the
spectral redistribution of photon energy as a result of Compton scattering on a relativistic
flow are obtained.

Keywords: gammaray bursts, radiative relativistic hydrodynamics, radiative transfer,
Compton scattering

Introduction. The formation of a gammgy emission is an unexplored process
that combines many physical laws. The long GRBs is proposed to be associated
with supernovae of Ic type (collapsar model) [1, 2], where the progenitor star is
assumed to leave a central remnant surrounded by a cloud of heated matter. Accret-
ing process leads to formation of collimated channel is assumed where astrophysi-
cal jet evolves [3].

The appearance of a hard emission in the spectra observations is assumed con-
nect with the radiation of the Compton cloud and the scattering of photons emitted
by the photosphere by a relativistic stream [1].

This paper aim is to obtain spectra of a gammayaburst. This requires model-
ing the process of radiation transfer in a relativistic flow [4] and consider photon
scattering on ultraelativistic electrons [5].

Methods and materials; results.The mathematical model includes the set of
radiation relativistic hydrodynamics equations (RadRHD) for ideal (inviscid) hy-
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drogen gas including the quadationary radiation transfer equation. The problem
of matter acceleration is solved by the grey matter approximation with a Thomson
indicatrix scattering [5].

To compute spectra, a mufffoup approximation with the Compton scattering
crosssection is used. This approach allows take into account the effect of lower-
ing/increasing the frequency when colliding with electrons.

To obtain the spectra, firstly, acceleration by radiation is modeled in the com-
putational domain which has form of a truncated cone, then the RTE with a mul-
tigroup approximation is solved.

The results of the gadynamic simulation showed that the radiation pressure
transforms the initial subrelativistic flow into a relativistic mode. Two shock waves
form in the channel. Due to the directionality of the Compton scattering indicatrix,
a gammaay burst is observed with a small deviation of the observer's position
from the flow direction.

Conclusion. The original threalimensional radiative relativistic hydrodynam-
ic model of jet acceleration in a stationary channel inside the Compton stioud
roundinga supernova is presented.

Plasma acceleration in a stationary conical chanalihg into account the ef-
fect of radiationduring the gammaay burstis consideredThe spectra for obser-
vator different points of view are calculated. The dependence of the photon energy
on the direction of radiation propagation is shown.
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Abstract. We are analyzing a chiral sejfavitating model (CSGM) of a specific type in
spherically symmetric static spacetime in the context of the Einsteinian framework. The
CSGM under investigation corresponds to modified gra@yhn'Y h 'Y of a specific

type. By considering spherically symmetric solutions in harmonic coordinates, we obtain
examples of solutions related to a zero potential.
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Introduction. In works [1, 2], spherically symmetric solutions are considered in
the theory of gravity with higher derivatives of the foi@Yhn'Y h 'Y . In the
mentioned worksQ ~ —, whered 'Y, doesnot equal to zero. In our work,
we consider the case whéf equal to zero, corresponding to the model
QYhnyY hy "Qvany Qhny .

Methods and materials; results.The method of reducingQYhn'y h 'y

gravity to a chiral selfravitating model [2] is employed. As the corresponding
model, a CSGM is constructed, with the chiral metric:

[ TR O U A W4 7250724 (1)

and potential:
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By considering a spherically symmetric metric in harmonic coordinates, we
obtain the gravitational field equations with modified components of the energy
momentum tensor compared to those in [1, 2]:
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and the equations of chiral fields:
2¢ A —nh (6)
-9nn A —. (7)

The case where the potential (2) is equal to zero allows us to define the func-
tion 0 in the following way

0 Q %o (8)
In this case, examples of solutions have been obtained:
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Conclusion. In this work, the equations of the CSGM for a spherically sym-
metric spacetime have been obtained, and examples of solutions corresponding to
zero potential are presented.
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¢ dzdzts Is Oy@fifm dzslstc j dzO L O OtgOBMistedr § Istgfcdss dH | dzlsd
dzd hCOdzr Ctodisdzseduyi MSdr wWOMMisswdad?2 dz0 tsfc
dZzeyjdedvw Mo jterdesor n LojLH IsdfO© SN Il a fts5 HOC
or osH 8 Mkh jMlsetseo Odzdd EMCtstej dedw t©OMh dtej dad w
ftoedyddets?2 kOCEEts 9" asHO BN dzts tsh dBtydetsj o tsfmff
LIsdms HOdzdzr » COC Htoswodzj dzd?2 dzj SBlsstetse s ¢ G s

sdzt yjor j Cipdddedds:j Mmd3j " J ded hCOdzO C s dzse d
ydodedz | Hditsdzd Ctolztf desdzOMmh sOB dets?2 dzj SH detstetsH o

jldzdj998 GetHE BM dZO BB dZOtclzy j d2O0O tOL dafs
w o CttOffdzsets Mdsd M jdedwy o M JjSlstcOr dL
cditslsjLr B c¢ckmMitstejddd tcOMmh dtej dzd
(Local wvoid) Bf"dzs tsyjdgj dets COC tls
O R . sOOyjdzyj o0 (efjydod dzO
C[HJdZISd dydteso OdzO ftsdzj JjSCEdzvtcds n
] B dzd BzdBtsds o L sdzOr dcOdzlsm¢ d
d gsL o jLHdwr JdHter d AjdzsOotcO.
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M {WWjClssd3 GO0 dlsOydtsdedzr = H
Il mjdzj dedzts?2, CBGHO ©® §OLOR ¢cdg
sd¢eé (supervoid Y supercluster) dzO
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f4f0 B. Tully §f8¢0LO0kO [ 4], Yysts o
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, 3] f§odzyddd djL Osdmddtsy f sH
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[ JlssHT d &OIsj tcd Odzd clzOdrxfjLLiAz dzff 5D to ¢ O dzd
2O s Oddd SCtlstster » o Istejn o' BBKE OR
ZOdzd ydd c¢ckmMEtstej dzdv t©OMmh dtej dedw | fyj dzj dzdzt
HdzZw CO)yHB2 orBtsteéd HOddzr » d dr Mty IsC
btowts? d OddL et dats? " COdz Ctfdsdse dy
sects Mdzjh jddy o MfJjSClstcOn dL daEzyjddwy Mo j
fts fescteOdIRBBIse| [RlsPl sf e [6] . wlOlsdmisd
o CdzOMmMMm] WdBesetd3jtedz' » Misjtfjdeder = tWHBO
misd, dzj ftoj tor adesisd d SCSodBftsLdydsdizs?2

)

Odz' IsjtedzOlsdodz’ § GedyslsjLr . 1 md retesd
Ckf dsmils! dzj tBKOLBOT 90dzd. [ Eyhi?2 6 €tk
ftsctcj "N desflsd dzj OHj C o Olsdesied dz¥ls @ totf ¢ BUs Bydz®
L slstetsf dzOW BsH jdz -EB6O0ERScrdfhblsmdztzd?d ™ B stc
=79 SN la [9, 10]. 10detsd hd2 ddasjtej
mMdd 1?2 &BsHjdd, C(tktstrj Mot Odd dag It
kOydtsdede 7 H§tdi?2 Stkhkf dskOmnhlsOs ds? djt
dz" 8d [ 9, 10] ~rOwOSlsjtedMmMlsdec OB Is. da. ¢¢

1 OCdzt yydgd Ltedlsjteds d3dded BzdzO ¢ sctej h dats
Hjdd hCOd Sthdsdseduyj MSds ©OMmMssw dd?2
CdzOMmMmj dBdtsetsdjteder » Misj§f jdedzr = twWHSe BBd
fsdzoy jdedj B Isd, iYyBEI oc teOBas IS[OF, 1DO®B fo

CteOMmdesets Mad3j " jdedwe B" dzd th dBBYdats o tsfiyff t
flso s Odzdd ¢chkMCtStej dzdw tOMh dtej dedw I fj dzj c
ststets?2 Misjfjded B Widzw jIs fteduddz , f tsBEzH
¢cstMBdUui MEd2 Isjdzj MStsy dd3jdzd ¢. mOBB dzO¢
CsMmdssdsedd.
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Gravitational dipoles of inhomogeneities
in the largescale structure of the Universe

Levin Sergey Fedorovich levinaae@yandex.ru

BMSTU, Moscow, Russia

Abstract. The problem of structurgdarametric identification of a model of the cosmologi-

cal distance scale based on the redshift in the emission spectra of SN la type supernovae is
considered based on the data on the basis of which it was concluded that there is an acceler-
ation of the expansion of the Universe. It is shown that the possible reason for this conclu-
sion was the erroneous perception of the disruptions and rank inversions of these data as
phenomena of some kind of ¢cosmic shockeée.

Keywords: supernovae of type SN la, redshift, scale of cosmological distances, gravita-
tional dipoles of largescale inhomogeneity, variations, rank inversion

Introduction. In 1998, a multidirectional dipole redshift anisotropy was discov-
ered in the emission spectra of radio galaxies and quasars [1], and for the hypothe-
sis of cacceleratingendsee ,extplaensi ohl wd
void was estimated as relatively small [2]. In 2005, I. D. Karachentsev's group
(Special Astrophysical Observatory of the Russian Academy of Sciences) identi-
fied the field of peculiar velocities of 2724 galaxies in a volume of 100 Mpc with a
mini-mum in the zones of gnt voids Boots void and Local void and a maximum

in the constellations Hydra and Centaurus. These circumstances turned out to be
related to the effect of gravitational dipoles of the lesgale inhomogeneity of the

Uni verse, when in peilrusstaefr e¢c sonp eorpwoisd
celestial sphere, an unbalanced gravitational effect manifests itself as additional
repulsion from the supervoid. By 2016, the list of dipoles of this kind had in
creased to four [3]. And in 2017, by modeling gravitational velocity field using
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¢ Camicflows3 é dat abase on 17966 gal axi es, |
local flow is dominated by Shaply supercluster attractor and Aquarius supervoid
(Repeller). Thus, the data [1, 3] received independent confirmation. In 2022, the
Hubble dipole was added to the list of lasgmle gravitational dipoles [5].

An effective analysis of the hypothesis of gravitational dipoles of {acgée
heterogeneity as an alternative to the
the Universee turned out to be possib
parametric identification of mathematical meld of measurement objedis the
maximum compactness method §5.

Methods and materials; results. The data was analyzed, on the basis of
which, in three samples from the works [9, 10], it was concluded that there was an
cacceleration of the expansion of the
same time, for each data sample and their combinations, models of isotropic and
anisotropic scales of cosmological states were constructed based on the redshift in
the emission spectra of supernovae of type SN la, respectively, according to
¢ MMKst at & ahsdt agMMKe programs [ 6] . The
continuity, and compositional uniformity of models, as well as alternative hypothe-
ses, were subjected to statistical verification in the class of multidimensional power
series. All samples did not form a compositionally homogeneous set. The aniso-
tropic model of the 2nd order distance scale for a sample of N = 79 SN la turned
out to be the best by the criterion of the minimum of the average error modulus of
i nadequacy and i n ipoiht, 18]bThegreatest imefest was ¢ z €
aroused by the dislocations and rank inversions of this model, which coincided not
only with the coordinates of all five gravitational dipoles of lasgale inhomoge-
neity, but also with the predicted [9, 10] characteristics of the aol | ed ¢ Cc 0O ¢
shocke [12].

Conclusion. According to the criterion of the minimum error of the inadequa-
cy of the model of the scale of cosmological distances based on redshift in the class
of multidimensional power series, it is more plausible to assume that in the works
of 19981999 [ 9, 10] the decogrpiofstid i waas orhi
perceived as evidence of the existence
Universee. This fact explains to the r
of the Hubble Space Telescope project, to declare a deadlock in cosmology.
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0 dzdzts s Qly 2O WA ezj €O MlsOdks syjodHdr o, ubt §tdd
sBfjtco Ostted? o OMnbtsdskdd f§sLotsdYjlk Mtojt!
fMlsOydsdzOteds = d SctslSsydokhdi wodj dd2 ofs
pOdzdz’ ° ®©BMjtoObsted?2, §oMmistesjddey @ o ©OLodlsT
desy sSflkduimMésd dLdazkzyj ddi MHOdDre Cmsade ds ML st
[sCtersdj HijmMwisCso d Milsjd Mo jwhdsor A LojL:t
OC dzOL ' 9 0j dBs2 clsj Razs2 & | dzj tec d d [ ¢ deth i) Bz tizc
@Ow HeMlskf dshls! &GOk & Isjdjhisfss HOjk ot
OB dz¥ Hj dzd2, ko jddyudeOv dn udhds d ©OLdGjhHOW

t simhimfdw, CO¢ MOBOW fteslswy j ddzOW 5 HSdzG &
BB B Mssdz Hdzw f sHtsB dz" n dmMmdzi Hise Odzd 2
sjdzj MSsf [dwuUurt B dz MLHOd & 2002 GBHL

[ dfzdzse Hie. 2007) .

[Odz dzgj 2" jj ©OLoadlsdj MMJlsi20f1¢0u veret. 4 tSdrx
& LOfkhjdr o Msts?2 4 ©BMjs Oststedd, f
COBj OB Mojten hdusSses kY Ljddy. o
flsOdetso dlsw ¢ dztse Odz' degs2, d kxj © 2016 ¢.
fjcoOlsstedd o Syds?2 oWtedSj, 20 sOdOwLOr

B' &z kflsOdsso dzj dz OdzOdzse dude 2 S dzj Sfy o
BOd dets? Mmild [ ouwuv[{ 02O dzOyOdzts 2022 G 1isH

MASTER and Large Physical Facmtles

ma-o6cepsaTtopum Swift, Fermi,

HesoMHERRcepearopun GECAM MAXI, Konus-Wind

IceCube, ANTARES/KM3Net, Baksan,
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oMM dzj MCtse; s jtwOlsdods § dzOBdzs HJ dedW d 1
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Hoshy &zj S se (FRB): §dfMS Mmejtrndser o, d
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O dedzets s OyAR'BISO YsMmowh jdz0 Isjtstejlsdyj MSsdlz dMmidz
Bj dZlsOdz des? fHteso jteCd BN j2 Isjtstedd tldshdlsj d
ydfo {SCodo0Odzj dalsdetsipisd (€1¢) M dMmMfsd Ltse Odad j
&aduj msda Off OOl On. 1 sfistetsj dzO B H j dz! it
LMy jteddzj dels O ) SR jdmMoOoydj?2 dajtej dzvisde dflsf
tcjdvisdodmbmMed] (ftcOosCd oltstetsets  SYHLED § s
¢t fLWHCO s MOtswsMmisd OffOtkOlsO. 1 5C0L Odzts,
sdgddtlzr 7 o MsCsMisOBddz! da &3 Obtsdsde &zd YOMORJ,
fsorh joddw Itsydetsmisd L d3jtejdedw fsimisds ¥ Istsdzsa fi
My fYlsjdydod ftsHisedy » { CMY jted d3j dals tsojdgdesr L
BOjtedd. ltwjHdsyjd sflsddOd d' | s dlksOd! d .

sz yjor j g @OyYydsdzdetsy L Od3j Hozj dedj o tej d3j ded,

lojHjldaddmMe BIsC dzsdz] dzgd?2 s 1 2dghIsj2detsa ME s
d tzigo Odzdzts?2 dz2O dzgj &3 J v dd3j JIs BSctetsdidatsy L
YdqLrdsed, 1OS d Hdzw LOHOYd fHsMmstesj ddwyw ¢ d
mMdMmilsj d3 dztsatscts fsCtsdzy dedw [ 1] . [Hdzdd3 duL
wogdzw jlIs LWWJiGCl ctOoadlOyddzdzsets L Od3 H
fr]dthszq’W uOfr]Istslsr, Cslsster 2 ddisd i ls ft0OSCIsd
hdr d&OoedecOydtsdedz » MdMmlsjd 4] 1 ¢4, GPS,
dzd u d dz CGtcOodlsOydsdzdztsets L Od3j Hdzj dzdv 9o teg d
Jul Weod¥jlfmw dzdLBjixd &3 Mdzj Himsedjd BfS
oLOddBBHj2MIsead?2, afmMdzj HMmlseadj yydet Hj ydtL
wodzw jlsfqw MW jtets?2 OCIsdodzsets + €M j ted dzd dzls O

[fiktH' d (O] ttd Odyls:sdidy 1jkz dgO®Is .o dzv & Is f
A" 3 L dzj B delstsds L dzOydlsj d desc s ydmdzO Ly
sl fuf. 1 Mmewid f dzjHOodedB fesctej Mitsd
Bddz desfylsd o IstBdesfylsdo "Htg ,1 00" {Isj tdsd zO8 &
Isrt) o BddyO2MNjj HimMwWisddilkdy YdHOjIsMwW
Issydesfilsd kx4 drejfmlsd » S¢MYJjtedd3i dzlstse,
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fteso jHjddY dLBJtjded?2 COyjMmlse jdedats datso s
BOLdMO Hdv § zOddttseo Oded d ddzsjteftejsOy
Bj dzZlstse, dMMdjHse Odedj HEBMsEY dr 7 Hdv dL o
Bs? koydshlsd R dqLdjtejddy wodvs sy § !

] ©OBtlk] ©OLLOBBEOWRO Isjtstejlsdyj Msow d
&dj uyOMmlstslsr MdcdOdkse o SsmidujmSdn + Cf
Cudsf j eMOydd dajtej v lsdodmsmSEses L WWjClso

26 IsteWHCO 5 cteOo IOy dsticdzdett Bz f fsts dgl sdo
Of f OcOlsse. o JjJ (odishi ¥ tsBtshmdatse Oc
jtoj dzgdVY tWHO OOl Istcso, rOtOCIsjtedL b
duimsédn d dzgj BilsteduiMédn Isjtsted?2 ool
tcOlss o, sMdzOh j dzdzr 7 t6OL dzd ydz" d&3d Isd f O«
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Abstract. The paper is devoted to a theoretical study of the possibility of experimental veri-
fication of the general theory of relativity (GR) and the Einstein equivalence principle
(EEP) using atomic clocks placed on spacecraft. A model of signal frequency conversion in
experiments with compensation for the nonrelativistic Doppler effect is constructed, taking
into account relativistic corrections of the second order in the gravitational potential and the
fourth order in the velocity of the spacecraft. It is shown that using spacecraft equipped
with highly stable atomic clocks, it is possible to achieve a significant increase in the accu-
racy of measuring po$tewtonian parameters. The potential of such experiments for meas-
uring the spin of the Sun and searching for dark matter is also considered. Optimal orbital
configurations are proposed for a number of scenarios.

Keywords: gravitational time dilation, atomic clocks, dark matter

Introduction. The search for deviations from Einstein's equivalence principle
(EEP) and general relativity (GR) based on it is of great importance both for fun-
damental physics and for the task of constructing a new generation of global navi-
gation satellite systems [1]. One of the consequences of the equivalence principle is
the effect of gravitational time dilation, or gravitational frequency shift, which is of
practical importance for the existing navigation systems GLONASS, GPS, Galileo,
Beidou. The deviation of the magnitude of gravitational time dilation from that
predicted within the framework of GR is an inevitable consequence of most theo-
ries of unified interactions, as a result of which the precision measurement of this
effect is an area of active experimental research [2].

Methods and materials; results.Atomic clocks are an essential element of a
significant number of experiments searching for deviations from GR. Due to recent
progress in the technology of their creation (increased stability and accuracy up to
1071 18} and higher, in terms of relative frequency), an increase in the accuracy of
already known experiments by several orders of magnitude is expected in the next
decade, and the possibility of conducting qualitatively new types of measurements
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will also appear. Laying a theoretical basis for planning and interpreting the results
of such experiments, studying the effects accessible for measurement and assessing
the ultimate accuracy of their measurement are therefore extremely important
tasks. We have constructed a theoretical model describing the conversion of signal
frequencies in space experiments using a compensation scheme for the nonrelativ-
istic Doppler effect and taking into account the effects of the 2nd order in the
gravitational field and the 4th order in the velocity of spacecraft. With its help, the
possibility is substantiated and the accuracy of measuring a number of parameters
characterizing deviations from GR within the framework of metric and nonmetric
theories of gravitation, using spacecraft equipped with various types of atomic
clocks. For example, the parameter epslion, which characterizes the deviation from
EEP, in the gravitational field of the Earth can be measured with an accuracy of
~107i 10}, which is 5 orders of magnitude better than the GREAT result [3], and
the postNewtonian parameter gamrda with an accuracy of ~10"8}, which is 3

orders of magnitude better than the Cassini result [4]. It also becomes possible to
conduct a fundamentally new type of measurement of the Sun's spin [5] and detect
dark matter consisting of light scalar particles [6]. For some of these experiments,
we have found optimal configurations of spacecraft orbits.

Conclusion. The conducted research demonstrates the high significance and
prospects of using modern atomic clocks in space experiments to test the funda-
mental principles of gravitational physics. The model we have constructed allows
us not only to refine the existing estimates of deviations from the general theory of
relativity, but also offers new methods for measuring key physical parameters with
unprecedented accuracy. The results obtained can serve as a basis for designing
future missions aimed at testing metric and-nwgtric theories of gravity, studying
the spin of the Sun and searching for manifestations of dark matter. All this makes
such experiments an important direction in the development of both fundamental
science and applied technologies, includingfggmeration navigation systems.
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On the Meaning of Einstein's Hypothesis Considering
the Schwarzschild Metric and the Synchronous Metric the Example

Meierovich Boris Edwardovith meierovich@mail.ru

P.L. Kapitza IPP RAS, Moscow, Russia

Abstract. Comparing the properties of the Schwarzschild metric and the synchronous met-
ric, the real meaning of Einstein's hypothesis on the choice of a coordinate system is re-
vealed. In a synchronous reference system, matter can be in a static state, but only when
compressed by its own gravitational field to the ultrarelativistic limit. The static state of
extremely compressed matter can exist regardless of its internal structure.

Keywords: metric tensor, determinant, synchronous coordinate system, Einstein equations

Introduction, methods and materials; results.In the gravitational field of a static
spherically symmetric object, according to the Schwarzschild solution [1], the
components of the metric tensgg, and g, fichange signson the hypersurface

r=ry. In the Schwarzschild solution there is a singularity at the center. This cir-

cumstance did not go unnoticed by Einstein. Here is a quote from his artidi [2]
it turns out that in some place of the falimensional continuundetg,, vanishes,
then it means that at this place the |
the finite coordinate volume. We assume that this is nowhere to be found. In this
case detg; cannot change its sign; we will accept, in accordance with the special
theory of relativity, thatdetg,, always hasa finite and negative value. This as-
sumption is a hypothesis about the physical nature of the considered continuum
and, at the same ti me, a rule concern
[ 2], under the equation (180)). The reE€
the absence of singularity it is possible (even desirable) to choose a coordinate sys-
tem in which the determinant and signature of the metric do not change signs. It
does not follow from the invariance property of Einstein's equations that the signs
of the components of the metric tensor can be fixed in advance for any coordinate
system.

For a hundred years, bearing in mind Einstein's hypothesis, the Schwarzschild
metric

df = g akdk =8 & Lo g J dsind)’( & ()
has traditionally been used to analyze the properties of gravitating static spherically
symmetric objects [1]. The signs of the components of the metric tepsare
fixed in advance by the exponengs, = g o ¢ o, = 40 @ By the com-

ponentg,,(r)= +2 Schwarzschild fixes in advance such a frame of reference in
which the ratio of the circumference to the diameter is equgltegardless of the
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distancer from the center. The solution to the Einstein equation (100.6) in [3] in
the form € (V=1- ( ldr)r”jToo(x)xzdx E (2k/ c?t) M( 1) limits the total mass

M =M (r,). The exponen¢ (" cannot be negative. Therefore, the total mass is
M ¢ (c?/2K) r,
Without the exponené (", the same solution ig™ (r)= 4 (Qk /c? r) M (r)

regular for any tot al mass of [ . It (
g"()t he center. Outside the object, th

componeng” (r)= 41 %KM (rh) returns backl to atr - o . Without the ex-
cr

ponenteI ('), the same solutiog™ (r)= 4 (Qk /c? r) M (r) is regular for any to-
tal mass M. Inside the object, with distance from the cegt’é(,r) increases. Out-
side the object, the total mad®¥l remains constant, and the component

g (=1 fth (r,) retuns back tel at r- = . g"(r) has a maximum at

r=r,. If in the maximumg" (r, ) the massM (r,,) <(c*/ 2K)r,,, theng" (r) <0
and does not change sign.M (r. ) > (c®/ 2k)r,,, then g" (r) changes sign twice
9"(r)=0 ¢ tedr=r, «, and at r=r, ¥, In a spherical layer

-
ry<r €, g"(r) ©. Theradiir, andr,, on whichg" (r) =0, are called gravi-
tational. At the boundari (r,,) = (c2 / Zk) I, the radiir, =r, # coincide.

For the solution to Einstein and Klein Gordon equations, the Schwarzschild
metric (1) turns out to be incomplete. The incompleteness had been noticed by
Kruskal [4] back in 1960. In fact, almost the same metric (1), but used without ex-
ponents, just simply

o|sz=gbo(r)(o|>9)2 +g ()(d)? 2§ d)’q(sim )*(d)* )

turned out to be complete for the regular solution to the set of Einstein and Klein
Gordon equations [§p]. However, if the masi >(c2/2k) r,, thendetg, and

g" (r) become positive in a spherical laygr<r <, inside a gravitating object.
Before my articles [5] and [6] appeared, the region of space in wdea), > O,
was considered as nqysical. The gravitational radiug of a black hole surface
was called the event horizon.
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The signs ofdetg,, and g" (r) are not invariant with respect to changes of a
coordinate system. In the class of regular solutions, one can change to a metric in
which detg, d g" (r) are negative. A static regular solution to the Einstein and
Klein 8 Gordon equations [%] is independent of time. Inside the central region
O0¢r ¢, (in which g" (r) <0), the metric componerg,, turned out to be a con-
stant independent of the radiusTherefore, it was natural to move to a synchro-
nous reference system. That is, to g =1, and instead ofy,,(r)= +2 in (2),

simply leaveg,,(r):

o|s2=(o|>?)2 +g ()(d)® B,( 9§ d)’a (sim )*( ap)” . 3)

It is believed that "matter in space cannot, generally speaking, be at rest in a
synchronous frame of ref er en cfidstlided3 ] , /
matter, when particles do not interact with each other. In our case, this is precisely
the case, since in the maximally compressed state, gravity dominates over all other
particle interactions.

In a static gravitational field in a synchronous frame of reference, the Ricci

tensor component ing =0. Therefore, it is convenient to work with Einstein's
equations in the formR* = I(Tik i 2). As is known([3, formula (94.9)) the

energymomentum tensor i§* =(p +)gu* pg. At rest, 4velocity u = @.
So Tp-T/2 4 e3p /2. At R =0, it follows from the Einstein equation

= K e3p)/2 that in a synchronous frame of reference, matter can be in the

static state only when compressed by its own gravitational field to the ultrarelativ-
istic limit p= - /8. Note that when matter tends to expand, the prespuré.

And if matter tends to contract, then the presspre0. In synchronous coordi-
nates, the gravitational radi d r,, like in the Schwarzschild metric, are distin-

guished by the fact that in solutions of the Einstein and Kiei@ordon equations
with boundary conditions on the radir, d r =r, the theorem of existence and

uniqueness is violated. Unlike the Schwarzschild metric, in synchronous coordi-
nates, forr =ry d r =r,, the metric componerg” (r) does not vanish. By substi-

tution dx=,/ -g, (r)dr, x1) QJ gr (Ndr, (¥ o (), interval (3)

becomes dependent on only one metric compogg(tx) :

¢=(a®) {&f aH(dalsn o @
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The metric functiong,, (r) <0 remains arbitrary. This arbitrariness means that

the static state of matter compressed by its own gravitational field to the ultrarela-
tivistic limit can exist independently of the internal composition of the object. With
a black hole in mind, consisting of a homogeneous medium ofBiostein con-
densate, the solution to the system of Einstein and {3eirdon equations in syn-
chronous coordinates is presented in the article [7].

Conclusion.Understanding the deep meaning of Einstein's hypothesis made it
possible to find out that in a synchronous frame of reference, matter can be in a
static state, but only when compressed by its own gravitational field to the ultrarel-
ativistic limit. Such a state of matter can exist regardless of its internal composi-
tion. Understanding the deep meaning of Einstein's hypothesis allowed us to find
out the state, but only when compressed by its own gravitational field to the ul-
trarelativistic limit. Such a state of matter can exist regardless of its internal com-
position.
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Abstract. TianQin is a spacbased gravitational wave detector expected to launch around
2035. It will detect gravitational waves in the frequency band 0.1 mHz 1 Hz, offering the
chance to detect gravitational waves from a large variety of sources, such as merging mas-
sive black holes, galactic compact binary systems, and so on. The mission was officially
proposed in 2014 and has passed a couple of major milestones.

Keywords: gravitational waves, spadmsed gravitational wave detector, TianQin project
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Introduction . TianQin is a Chinese national project of a spaased gravitational
wave (GW) detector with international collaboration. The project headquarters, the
TianQin Research Center, is located at Sun Yat Sen University (Guangzhou
Zhuhai). The GW detector will be constructed on three identical spacecraft, form-
ing a giant laser interferometer in a high geocentric orbit, and aiming to record GW
radiation in the 0.1 MH® 1Hz frequency band [1].

The project implementation involves the development of novel precision tech-
niques for inteisatellite range measurements (transpoityes laser interferome-
try) and compensatingnanr avi t at i onal -fdrieset usrabtaenlcleist
side the creation of innovative analytical methods for modeling spacecraft orbits,
space constellation control, data processing and analysis. The TianQin mission im-
plementatiorhas passed a couple of major milestones.

Methods and materials; results.Stages of the project implementation; cur-
rent progressExpected to be launched around 2035, the spased GW detector
TianQin aims to detect GW in the frequency rangé DOL Hz. TianQin will be an
equilateral triangle constellation consists of three dirag satellites, orbiting the
Earth with orbital radii of about 2&m. The spacecraft will be equipped with laser
systems forming a laser interferometer with arm lengths of the order® &ini0
The reference points of the interferometer are aligned with the test masses (TM) of
the nongravitational disturbance reduction system, so that the interferometer will
measure the distance between these TMs in free fall. To protect the sensitive in-
struments from direct solar illumination, TianQin will use a scheme of consecutive
threemonth observation windows (continuous observations for three months, then
a switch to safe mode for three months before resuming the next observations).
With this scheme, the total duration of data collection will be 2.5 years during the
5-year mission lifetime. TianQin aims to detect various astrophysical and cosmo-
logical sources of GW, including ultracompact galactic binary stars, mergers of

massive black holes, capture of stellar objects by a massive black hole, and others.

The double star JO806 (a candidate for an ultracompact binary white dwarf system)
is selected as a calibration source. When the planned sensitivity of the main in-
strumentation is reached, the GW emitted by the calibration source will be regis-
tered in the first threenonth observation cycle with a sigriatnoise ratio (SNR)

of about 10 [1].

In order to realize the TianQin project, a technological roadmap, entitled
0123, was drawn up. This roadmap envisages four stages of project realization,
with each stage culminating in a corresponding scientific and practical output.

Phase fAi00: construction of a lunar |
obtain highprecision orbital information of TianQin spacecraft.

Stage fAlo: l aunch of a single spacec

Earth orbit to test the operation of Agravitational disturbance reduction system
(drag free control) and optical readout system.

Stage A20: | aunch of two satellites
tude (analog of GRACEOQ). The technological goal of the mission is to test the
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active type laser system for intgatellite range measurements. The scientific goal
of the mission is to create global and regional models of the Earth's gravity field.

Stage fnA30: | aunch of a constellatio
space GW detector and conduct GW detection in space.

Both Stage A00 and Stage fA10 have be
prepared TianQin to precisely range to the TianQin satellites with laser ranging and
have demonstrated the principle capability of direg control for TianQin. Stage
20 has been officially appgatellitesdreeax-n 20C
pected to be launched around 2026 to demonstrate thesatadlite laser interfer-
ometry technology for TianQin. Various preparation work for Sfageo |, i ncl u
science study, mission study and technology development, has also been carried
out.

Conclusion. Formally, the first half othe TianQin projechas been passed.

Two phases of the mission have been realigeatr the past 10 years, significant
progress has been matheth in developing the mission's science objectives and in
developing the necessary technologie second half of the work to realize the
TianQin mission is forthcoming and may prove to be the most challenging. How-
ever, the work that has already been completed, along with the rate at which it has
been implemented, provides assurance that the TianQin mission will be accom-
plished and that the scientific objectives of the mission will be achieved.
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Abstract. Isotropic cosmology built in the frame of the gauge gravitation theory in Rie-
mannCartan spacéime is investigated. It is shown that all cosmological models of flat,
closed and open types are regular by certain restrictions on indefinite parameters of gravita-
tional Lagrangian due to the conclusion about the possible existence of a limiting energy
density in the nature. Physical processes at the beginning of cosmological expansion in de-
pendence of limiting energy density and corresponding changes in the history of the early
Universe compared to the Big Bang model are discussed. It is shown that gravitational in-
teraction in astrophysics in dependence of sjiace torsion is corrected in comparison

with general relativity theory.

Keywords: cosmic singularity, gravity, modified gravity, spati@e torsion, physics of the
early universe

Introduction. Satisfying the correspondence principle with the general relativity
theory (GR), the gauge gravitation theory in Riem&antan spactime (GTRC)
opens up possibilities for solving some fundamental problems of GR. Having as a
gauge group the direct product of thparametric group of spadine translations

and the gparametric group of tetrad Lorentz transformations, GTRC is a theory of
the gravitational field generated by Noether invariants corresponding to two sub-
groups of the gauge group, namely, by canonical era@yentum tensor and
tetrad spin moment tensor of gravitating matter [1, 2]. Unlike GR, in the frame of
which the gravitational interaction in the case of ordinary gravitating matter with
positive energy density and noegative pressure always has the character of at-
traction, which increases with increasing energy density, the gravitational interac-
tion in the frame of GTRC in certain situations can have the character of repulsion
[1, 2]. This physical result was obtained on the basis of isotropic cosmology, con-
structed within the framework of GTRC using a general expression for the gravita-
tional Lagrangian, which contains, in addition to scalar curvature, various quadratic
in the curvature and the torsion invariants [3, 5]. Gravitational repulsion occurs in
extreme conditions by extremely high energy density [3], as well as on a cosmolog-
ical scale when the energy density is low and the vacuum effect of gravitational
repulsion becomes significant [5].

Within the framework of the Big Bang cosmological model, gravitational singu-
larity, which occurs at the beginning of the cosmological expansion, leads to cosmo-
logical problem related to the time limitation of the Universe's existence in the past.
Solving this problem, in addition to obtaining regular cosmological solutions, means
excluding singular solutions from the physical foundations. The GTRC opens up
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ways to solve the cosmological problem due to the conclusion about the possible ex-
istence of a limiting (the maximum allowed) energy density in the nature.

Methods and materials; results As a result of studies of the equations of iso-
tropic cosmology of the GTRC [4] , the following results have been obtained:
1. Numerical solutions of cosmological equations near the limiting energy density
by transition from gravitational compression to expansion in dependence on energy
density in the case of flat, closed and open models are obtained. 2. The physical
processes at the beginning of cosmological expansion, described on the basis of the
theory of elementary particles, depending on the magnitude of the limiting energy
density (limiting temperature) and corresponding changes in the history of the early
Universe are discussed. 3. The constraints for indefinite parameters of the theory
under which solutions of isotropic cosmology describe a nonsingular accelerating
Universe are given. Accelerating cosmological expansion as vacuum repulsion ef-
fect without using the dark energy notion is discussed.

According to the variational formalism for media with internal degrees of
freedom in RiemamCartan spacéime [6], the interaction of spadi&me torsion
with the rotational moments of astrophysical objects (star systems, galaxies, clus-
ters of galaxies) leads to the appearance of an additional force of gravitational in-
teraction in addition to the Newtonian force of attraction (see e.g. [7]). A possible
manifestation of spaeime torsion in astrophysics is being considered.

Conclusion. The solution of cosmological problem and dark energy problem
in the frame of GTRC testifies that this theory which is a direct development of GR
by using methods of classical field theory opens up ways to solve fundamental
problems of the gravitation theory.
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Abstract. To address the late time cosmic acceleration issue of the universe, we have at-
tempted to study the GauB®nnet gravity with curvature and torsion as an alternative ap-
proach. The modified gravity theories are examined with the cosmological datasets to con-
strain the free parameters to find the appropriate theoretical models that supports the
observational results. Also the profiles of cosmographic parameters using the model param-
eter values from the standard range to verify the intermediate epochs. Our analysis shows
that the highly promising cosmological models are feasible candidate for explaining the
current epochs. We presented a dynamical system analysis framework to examine the sta-
bility of the model. Our study identified critical points depicting various phases of the Uni-
verse and explained the evolutionary epochs.

Introduction. The quest to understand the gravitational force led to the develop-
ment of general relativity (GR) by Einstein. This theory revolutionized our under-
standing of gravity by describing it as the curvature of spbwe caused by the
presence of mass and energy. Although GR has successfully passed numerous ex-
perimental tests and remains the cornerstone of modern gravitational physics, it
struggles to fully explain phenomena such as the accelerated expansion of the Uni-
verse In response to these challenges, several modified theories of gravity have
been proposed.

The interest in Gaud3onet gravity lies in its potential to explain the observed
latetime cosmic acceleration in the Universe. This acceleration could be caused by
a gravity modification rather than an unusual source of matter with negative pres-
sure. In recent years, significant research has been conducted into modified gravity
to understand the nature of dark energy. Modified gravity models are particularly
attractive because they align more closely with cosmological observations and lo-
cal gravity experiments than models that rely on exotic matter sources. It is sug-
gested that this theory can pass Solar system tests and may describe the most excit-
ing features of latéime cosmology, such as the transition from deceleration to
acceleration and the current acceleration of the Universe.

Methods and materials; results.We have intended to frame cosmological
models of the universe iR G), f(T,TG) andf(G) gravity models to address the
late time cosmic phenomena. At the first stage we have derived the filed equations
of the gravitational theories and solved in numerically using the cosmological da-
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tasets such ad(z), Pantheon+ and BAO. We use the MCMC method to establish
correlation between the gravity model and observational data to determine the best
fits for the model parameters. Additionallye present plots of various cosmologi-

cal parameters such as deceleration parameter, effective equation of state, Om di-
agnostic and state finder diagnostic.

Subsequently, we construct a dynamical system framework to analyze the crit-
ical points of the gravity model. This analysis is crucial for assessing the stability
and viability of the model and its alignment with current cosmological observa-
tions. The critical points and existing conditions for the model are obtained and the
present value for the deceleration, EoS, and density parameters. Among five criti-
cal points two are showing stable behavior whereas three are showing unstable be-
havior. During the dé&itter phase of the Universe, stable critical points appeared,
whereas unstable behavior was observed during the radibtiomated phase.

A signature of eigenvalues and a phapace portrait support the behavior of criti-

cal points. The trajectory behavior indicates that the unstable critical points act as
release points while the stable ones act as attractor points. The accelerating behav-
ior of the model has been confirmed from the value of BBS ( T 1) and de
tionparameterq= 1T 1) . The density pWAWsP&BBWer s ¢
© 0.679, and\M © 0.047. The evolutionary history shows the radiation dominance,
followed by matter dominance, and finally -8&ter dominance.

Conclusion.In this study, we explored the cosmological properties of a specif-
ic modified Gaus®onnet gravity models. Initially, we discussed the main features
of a gravitational action, which includes a general combination of the Ricci scalar
and the GausBonnet invariant. Then, assuming a flat FLRW cosmological back-
ground, we derived the poitike Lagrangian of the theory and the corresponding
equations of motion. However, our study does not explicitly converge to the cos-
mological constant case, making it particularly interesting as a potential alternative
to the standard CDM model. This model shows the ability to replicate dark ener-
gy behaviour while avoiding the conceptual issues associateg withportantly,
we showed that the rigitand sides of the modified Friedmann equations can be
understood as effective energy density and pressure resulting from curvature.

By numerically solving the first Friedmann equation, we determined the red-
shift behaviour of the Hubble parameter. We usedst@®M model to establish
appropriate initial conditions fdf(z) and its derivatives. Subsequently, we utilized
the most recent lowedshift observations to compare our theory directly with the
modelindependent predictions of the cosmic expansion. Specifically, we used a
Bayesian analysis with the MCMC method, analysing using the Pantla@onCC
data sets separately. By assumingfarm prior distributions, we obtained con-
straints on the free parameters of the model at ¢hantl Zi confidence levels.

This enabled us to reconstruct the cosmological evolution of the Hubble expansion
rate and the total effective EoS parameter. Our analysis identifies a notable dis-
crepancy between thd0 values obtained from the CC sample and the Pantheon
data sets highlighting the ongoihtf) tension in cosmology. This result emphasizes
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the necessity for further research into possible systematic errors or new physics to
resolve this issue. Addressing these discrepancies is essential for enhancing our
understanding of the expansion rate of the Universe.

In the second phase of our study, we conducted a dynamical system analysis,
which has enabled us to assess the global behaviour and stability of the cosmologi-
cal model. It provided insights into the critical points associated with the model and
their characteristics, which could be relevant to observable cosmology and the evo-
lution of the Universe. Our findings revealed stable critical points describing the
late-time cosmic accelerated phase. This indicatesst@mdard matter and radia-
tion-dominated eras of the Universe. Interestingly, our results align with the stand-
ard quintessence model ar» 0. We made notable preliminary discoveries regard-
ing the finite phase space of a povaw class of the Gauss Bonnet gravity
model. Finally, the proficiency of the model in depicting the evolution of dark mat-
ter, radiation, and dark energy densities, effectively capturing the transitions
through various cosmic epochs and reir
ing latetime cosmic phenomena.
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Cosmonautics and Issues of Efficiency Cosmological Perturbations in Teleparallel
GaussBonnet Gravity
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Abstract. Tensor perturbations in f(Tg) gravity are discussed and propagation equations

for gravitational waves in an expanding FLRW background space are obtained.
Though modifications of Gaud®onnet gravity in curvature paradigm generally produces
fourth order equations of motions, in its teleparallel analogue &Twhich is different

from both f(T) and f(R,G) gravities, we find second order evolution equation for tensor
perturbations and find that there is no tensor excess speed to gravitation waves i.e. gravita-
tional waves propagate at speed of light. This is an important result as most of the modified
gravity theories have GW speed different from speed of light.
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Interferometric Gravitational Wave Detectors: Current State
and Development Prospects
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Abstract. Ten years ago, in September 2015, the Laser Interferometer Gravitatfaneal
Observatory (LIGO) detectors first detected gravitational waves from the collision and
merger of two black holes. The LIGO detectors, joined by the European Virgo detector and
the Japanese KAGRA detector, are currently in their fourth observing run. In the first three
runs, gravitational waves generated by the merger of compact space objects far from Earth
were registered 90 times. In the fourth observing run, more than 200 events have already
been identified, which after additional careful studies will be recognized with a high degree
of probability as registered gravitational waves from cosmic sources. The lecture examines
the design of modern gravitationahve interferometers, analyzes the factors that deter-
mine their sensitivity, and examines ways and methods of increasing the sensitivity of both
currently operating and new generation more sensitive gravitatiemad detectors that are

being designed.
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Abstract. In this talk, | will discuss the properties of charged gravastars in tebsised

f(T) gravity in the presence of noncommutative geometry. We have taken the interior from
noncommutative motivated spatime, noting that why, from a physical point of view,
such a choice is justified, then we have taktenthin shell as stiff matter and taken three
different exterior metrics (ReissaBlordstrom (RN), Bardeen and AyoBeatoGarcia

(ABG) metric) to construct the gravastar model. Also studied the physical properties like
proper length, entropy, energy, and EoS for these models, and we have also used Israel
junction conditions to study the effective pressure, energy density, and potential of the thin
shell. Finally, we comment on the stability of such a thin shell and the deflection angle-
caused by such a thin shell, which could, in principle, be tested by future radio telescopes
like the Event Horizon Telescope (EHT).
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Abstract. This paper discusses the possibility of traversable wormholes in the galactic re-
gion supported by dark matter (DM) models and global monopole charge in the context of
"Q0 gravity. To understand the features of the wormholes, we comprehensively studied
wormhole solutions with various redshift functions under diffef&it models. We ob-
tained wormhole shape functions for Pseudo Isothermal and Nawam&White DM
profiles under linealQ0 gravity. In contrast, we employed an embedding elagsproach

for the nonlinear Q0 models to investigate wormholes. We noticed that our obtained
shape functions satisfy the flao@it conditions under an asymptotic background for each
DM profile. Moreover, we checked the energy conditions at the wormhole throat with a
radiusi and noticed the influences of the global monopole's paramétehe violation of
energy conditions, especially null energy conditions. Further, for thdimesr case, we

observed that wormhole solutions could not exist@ar 0 &0 and Q0 0 -

under embedding class | approach. Finally, we study the amount of exotic matter via the
volume integral quantifier technique for the liné@b model, and we confirm that a small
amount of exotic matter is required to sustain the traversable wormholes.
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Abstract. We explore the screening of the scalar modes of polarisafigravitational

waves travelling across the evolving galaxies. This is done in the modiRedjravity
background. The observation of such modes is found to be dominantly suppressed by a
chameleon mechanism in the gas rich environment of the galaxies. We constrain the dark
matter equivalence of the scalar mode contributions. The degree of suppression is also
found to constrain the future observations which are dominated by tensor modes. It is pro-
posed that the influence on the polarisation by the varying density galactic backgrounds
serves as a new and strong approach to di
gravity theories. We compare our results with the current galactic observations.

Keywords: gravitational waves, scalar modes, polarisation, modified grayRy,gravity,
chameleon mechanism

Introduction. The direct observation of gravitational waves (GWSs) has greatly
enhanced our capability to test fundamental features of gravity beyond general
relativity predictions. Modified theories of gravity predict extra polarization
modes. Especially, if(R) gravity models we find the presence of additional scalar
modes. Their observation would be a very strong evidence for physics beyond Ein-
stein's framework. However, the propagation of these scalar modes through relativ-
istic astrophysical environments is highly complex due to nonlinear screening
mechanisms [1, 2]. One such mechanism is the chameleon effect where scalar field
interactions are dynamically suppressed in fdghsity environments such as gal-
axies, thus showing results of general relativity at solar system scales.

We demonstrate that the scalar modes are heavily suppressed in gas rich galax-
ies such that their direct detection would be hard. Through the study of the extent
of the suppression, we limit the scalar mode's effective contribution to the gravita-
tional field and establish analogies with dark matter like behavior [3]. The results
indicate that the suppression of scalar modes as a function of environment may
provide a novel observation path for c
theories through several gravitational wave observations [4].

Methods and materials; results.Our approach involves generalizing the Ein-
steintHilbert action by introducing a function f(R) in place of only Ricci scalar
R. Further, by applying the principle of least action we derive the set of field equa-
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tions forf(R) gravity. We observe the additional degree of freedom in f(R) gravity
appearing from scalar field. This scalar field changes the background for GW
propagation. We study the polarization of GWs in weak field limi(R) gravity
background in which we obtain an additional massive polarization @oddon-
gitudinal mode that exists due to scalar field in the form of scalar perturbations.
The mass of scalar field quanta (scalaron mé&-3becomes too large in galactic

regions and its Compton wavelength becomes reduced to extreme limit, where this
leads to the collapse of scalar fidlsl. Thus, longitudinal polarization mode of
GWs is significantly suppresséd|.

Conclusion. Our results demonstrate that scalar modd§_ngravity are sig-
nificantly suppressed in dense galactic environments due to chameleon screening.
This suppression limits their detectability but provides a novel way to effectively
distinguish modified gravity frong CDM using gravitational wave polarization
signatures across astrophysical structures.
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On the Virtual Decay of Some Elementary Particles,
on the lllusion of Decay, and the Mass of Information
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BMSTU, Moscow, Russia

Abstract. The existence of virtual and real elementary particles and processes explains the
nonstandard and unexpected mechanisms of decay of the neutral piemdv¥bosons.

These are virtual processes. Virtual decay products annihilate. The annihilation products
pass from the virtual state to the real one. The illusion of decay is created due to electro-
magnetic interaction. Since the properties of a particle can exist separately from the particle
itself, the mass of information can exist separately from the information. An example is
cosmological singularity.

Keywords: decay, ®° meson, W and Z bosons, virtual processes, information mass, maxi-
mon, cosmological singularity

Introduction. Two seemingly independent but closely related problems of field
theory are considered: the mechanisms of decay of some elementary particles and
the presence of mass in information that exists separately from the information it-
self. The ether field is a special form of existence of matter [1]. It helps to explain a
number of physical facts related to the birth, disappearance and illusion of decay of
W and Z bosons, and the decay of the

Methods and materials; results.The methods are based on the analysis of
known properties of elementary particles [2].

In the ether field, pairs of WW* and 2-Z° bosons are constantly born and
disappear. Their average lifetime is about1® 2. This is less than the time of
strong interaction. Several decay modes of W and Z are known. In 70 % of cases,
they decay into hadrons [2], which is possible due to strong interaction, in which W
and Z bosons do not participate. When a pair of virtual particles disappears, a di-
verging wave is born in the ether field in the vicinity of this point. The energy at
the "point" decreases with time. The rest energy of the Z boson is about 91.2 GeV,
and the b quark 4.7 GeV. A quaaktiquark pair can be born from this energy at a
sufficiently large distance from the point of disappearance of the pair of virtual Z
bosons. If the energy in this region of space is high enough, then the transition of
the produced daughter particles to a real state is possible. An illusion of decay of W

and Z bosons into quarks is created. I
el ectromagnetic intefP¥cPborfth&Fhavmange
8.337t 10'Y" s) [3]. There are modes (their probability is “?1%) that are charac-

teristic of decays due to weak interac

weak interaction into virtual particles, which transform into real ones and annihi-
late due to real electromagnetic interaction.

In quantum physics, the properties of a particle can exist separately from the
particle itself [3]. It is possible to change the mass of an information carrier when it
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is recorded or deleted from the carrier [4, 5]. Information is physical and has mass
[4, 5]. It can be assumed that the mass of information, if it exists, is separate from
information. Mass and energy are equivalent. Recording or deleting information
corresponds to some kind of external or internal energetic impact on the infor-
mation carrier. The origin of this impact is unclear. For most pairs of elementary
particles, the dependence of the ratio of Coulomb and gravitational forces on the
specific charge is linear. Exceptions are thguark, maximon, and WIMP. The
maximon is located above this straight line, and the WIMP aqnhik lie below
this line [6, 7].

Conclusion. The ether field allows us to explain the decays of some particles
( % W, Z2). The maximon (cosmological singularity) carries additional information,
and the fquark and WIMP are exotic particles. The decay of a pair of virtual t
guar ks and WI MPs is just an il lusion,
[6, 7].
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Trajectory Deviation in Relativistic and Nenelativistic Cases
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Abstract. The deviation of trajectories in the noglativistic case for an arbitrary centrally
symmetric potential and the deviation of geodesics in a centrally symmetric static gravita-
tional field are considered.

Keywords: geodesic deviation, Shirokov effect, cosmological constant

Introduction. The study of movement in given gravitational fields is one of the
central problems of celestial mechanics. An important component of such problems
is the calculation of deviations of the movement of test bodies from given reference
trajectories. The calculations in this work are carried out for the case of reference
circular orbits. A general solution of the deviation equations [1, 2] is presented for
the cases under consideration. In the-re@ativistic case, the harmonic oscillator
potentials, the potential of a point mass, and others are analyzed. When considering
the deviation of geodesics within the framework of the general theory of relativity,
differences appear from the noglativistic case of corresponding interaction po-
tentials. The Shirokov effect [3] of the difference in the oscillation frequencies of
test bodies in circular orbits is widely known.

Methods and materials; results.Calculations in the nerelativistic case are
carried out on the basis of the perturbation theory of the standard classical equations.
In the relativistic case, that is, in calculations within the framework of the general
theory of relativity, the equation of deviation of geodesics is used. Exact formulas for
the deviation of trajectories in the noglativistic case and for spherically symmetric
spaces are obtained. In the walnle problem of trajectory deviation in the case of
anti de Sitter space, trajectory deviation in the Kottler metric, the influence of the
cosmological constant on the effects of deviation of test bodies in circular orbits and
the possibilities of experimental observation of the effects are considered
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Conclusion. The obtained estimates show that the influence of the observed
cosmological constant on the deviation of trajectories near the Earth and in the So-
lar System is insignificant.
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Essence of Dark Vatter

Pestov lvanhoe Borisovich Pestov@theor.jinr.ru
SPINcode: 12345678

JI NR, Dubna, Russia

Abstract. Within the framework of the field theory of gravity, a theoretical description of
dark matter is conducted. We associate dark matter with a unique generally covarant non
Abelian gauge field (Kield), which interacts only with the gravitational field and does not
interact with the spinor field. The electromagnetic field is a singlet state of-fleddK The
mechanism for generation the mass of thiekd is inherent in the field itself and does not
require the use of any additional fields. It is shown that the possibilities of observing and
using a new form of energy are mainly related with generally covariant law of energy con-
servation that holds in all cases.

Keywords: dark matter, field theory of gravitation, generally covariantfbalian gauge field

Introduction, methods and materials, results.The idea of constructing a theory

of gravitation on the basis of field concepts was put forward by Einstein. In 1913,
the tensor gravitational field was introduced [1], which enabled explaining the rota-
tion of Mercury's perihelion in 1915. Subsequent research by Einstein has been
actually aimed at finding a field that could be a carrier of gravitational charge in
some way analogous to the elementary electric charge. The search for a field theory
of gravitation ontinued until 1955 [2] and was not fully completed. For compari-
son, we note that the possibility of constructing electrodynamics based on field rep-
resentations was discovered by Schrodinger and Dirac in 1926 and 1928, respec-
tively. They established the Maxwedl Schrodinger and Maxwel® Dirac
equations and introduced the corresponding fields as possible carriers of the elec-
tric charge. In fact, the problem of describing the Hgénd sides of Maxwell's
equations within the framework of field represemasi was solved. Based on these
equations, the observed spectrum of the hydrogen atom was successfully explained.
The development of the field theory of electrodynamics (quantum mechanics)
based on the Maxwelirac equations led to the creation of the Standard Model.
The idea of gauge or internal symmetry, first proposed by Weyl in 1918 on the ba-
sis of the generally covariant concepts of Einstein 's theory, gained the fundamental
importance in the Standard Model, but did not find heuristic applicationnergle
relativity itself. The internal symmetry transformations are unseparable from field
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representations, since they concern field functions and do not affect coordinates.
Thus, internal symmetry is related with phenomena that cannot be described based
on classical concepts. However, the Standard Model is not a fully completed field
theory of electrodynamics, since the nature of cgpkon symmetry, the number

of generations, and confinement are unclear.

The problem of describing the righaaind side of Einstein's equations on the
basis of field representations was solved in [3] on the basis of generally covariant
geometric representations and generally covariant gauge symmetry, closely related
to them. This work is devoted to the physical interpretation of the results obtained
in that work, including in the context of the of-salled dark matter and dark ener-
gy. The existence of dark matter is predicted by observations on cosmological
scales. Detecting dark matter in laboratory experiments is very difficult because of
the existence of a vast number of different models.

Conclusion. Since the Kfield does not interact with fermionic matter, we can
conclude that it is affected by the gravitational field it creates, and this effect is noticea-
bly manifested as geodesic motion. It is then natural to assume that the core of stars is a
concentration of Kield energy, and the shell consists of fermionic matter that fell onto
this core. The star can throw off the shell in an explosive way and stop shining.

If the K-field creates a bundle of gravitational energy whose potential energy
is positive, then this should lead to an expansion of the region of space occupied by
this bundle and a corresponding change in the behavior of the fermionic matter lo-
cated in this region.

It becomes clear that dark energy is simply the energy of the gravity field and
an inclusion of the cosmological constant into the theory will increase its density
by a constant factor.

Evidence of dark matter was discovered nearly a century ago, but until now
only gravitational interaction of this matter was confirmed. ThéeKl has the
same property, and it should be in correspondence with dark matter. Since the K
field does not interact with fermionic matter it is clear where there is no need to
look for dark matter. All that remains is to rely on the energy conservation law. To
start with, we can turn to such a natural physical phenomenon as a solar eclipse,
collecting facts about the unusual behavior of some devices in the shadow region,
where the density of electromagnetic noticeably decreases and, consequently, the
density of gravitational energy noticably increases.
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Optical Fiber Lever and Interferometer with Fabry Perot
Resonators for Detecting Gravitational Waves

Petrov Nikolai Ivanovi€¢h petrovni@mail.ru

Scientific and Technological Centre of Unique Instrumentation of the Russian Academy of Sciences,
Moscow, Russia

Abstract. A long-term nonparaxial evolution of wave beams in multimode optical wave-
guides is considered using a quanttimaoretical approach of coherent states. Collapse and
revival of wave packets at lortgrm nonparaxial evolution due to mode interference is
demonstrated. The possibility of measuring displacements of the ordef*bimlbetween

two buttjointed waveguides is shown, which is sufficient to detect gravitational waves [1].

A smaltsized tabletop laser interferometer with FadryPerot resonators consisting of two
spatially distributed Amirrorso for detect

Keywords: optical methods for detecting gravitational waves, coherent states, optical lever,
Mach d Zehnder interferometer, Fabfy Perot resonator, periodic diffraction structure,
spectral resolution

Introduction. Despite the existence of the nonequivalence of classical and quan-
tum mechanics and optics, very close analogies can be found between classical op-
tics and quantum physics. Such analogies allow us quantum phenomena by means
of light propagation in classical systems to be mimicked. This opens possibilities to
vi suali ze gqguantum phenomena, such as S
lapse and revival, at a macroscopic level [2]. These phenomena are of great interest
in many fields of physics such as quantum optics, quantum computation and preci-
sion measurements.

Methods and materials; results.To detect such a small mechanical dis-
placement in laser gravitationatve experiments the optical lever consisting of
two buttjointed waveguides (fig. 1) can be considered.
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Axis displacement between two waveguides caused by the gravitational wave
will affect output parameters of a propagating beam. As an output parameter the
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phase change of wave packet can be selected. Calculations show that the phase
shifts of the order % p 1 rad take place, which can be easily observed from
measurements. Note that in the LIGO interferometer the measurement&in10
requires a phase shift measurement 6f i [1].

It is highly desirable to have a compact laser interferometer for detecting grav-
itational waves [3]. Here, a smalized tabletop laser interferometer with Fadry
Perot resonators consisting of t wo sp
gravitational waves is proposed (Fig. 2a). A method for detecting gravitational
waves is proposed based on the measurement of the correlation function of the ra-
diation intensities of ncmercorder resonant modes from the two arms of the
Mach & Zehnder interferometer. The influence of light absorption in crystals on
the limiting resolution of such resonators is studied. A higher sensitivity of the in-
terferometer to shortavave laser radiation is shown.

7'/ 1.0 — Dx .

0.8

0.4+

0.2

0.0 T T T T T T T
0.056 0.057 0.058 0.059 0.060 0.061 0.062

a)

b) Dk, cm™ 1

Fig. 2(a) Optical scheme of Maehehnder interferometer with periodical structures as reflecting mirrars.
laser,2t beam splitter,3t mirror, 4t FabryPerot resonator with periodical structurest photodetector; b)
transmittance as function of detuningQ

The line width of the transmittance can reach the values@f p m cm'* at
a distance between the mirrats 1 m for the radiation wavelength 630 nm. This
indicates that the spectral resolutionisequilio. 1 ¥IQ pm
Conclusion.Results may be useful in various fieldsgein gravitational wave
experiments, high precision spectroscopy, and quantum information processing and
metrology.
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Internal Connection between the Field Theory Equations
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Abstract. It has been demonstrated that a correspondence exists between field theory equa-
tions |ike Dirac, Schr°dinger, Maxwel |, ar
of a specific degree. This correspondence unveils an intrinsic connection among the field
theory equations.

Keywords: the field theory equations, skesymmetric differential forms, conservation
laws, functionals, degree of closed external forms

Introduction. As is known, the equations of field theory describing physical fields,
such as the equations of Dirac, Schr ©
properties of invariance and covariance. It turns out that there is a mathematical



274 tom I T'Y ad T QI OTYafdRAp@m | O

formalism that has these properties. This is the theory of closedsskemetric
differential forms [1, 2]. Closed external forms, an example of which is Noether's
theorem, are differentials, and therefore invariants, and correspond to conservation
laws for physical fields (the presence of conserved quantities or structures) that are
described by the equations of field theory. At the same time, dual forms corre-
sponding to closed imprecise (defined only on integrable structures) external forms
have covariant properties. This indicates a correspondence between the equations
of field theory and closed external forms of a certain degree.

Methods and materials; results.The study of field theory equations using
closed external skesymmetric forms was conducted, which showed that there is a
correspondence between the equations of field theory and closed external skew
symmetric forms of a certain degree.

I n this case, t he Dirac and Schr°din
spond to closed external forms of deg
state functional corresponds to closed external forms of degree one. Closed exter-
nal forms of degree two are the basis of Maxwell's equations. The Einstein equa-
tion for the gravitational field [3] consists of covariant tensors, which correspond to
closed external forms of degree two. However, the covariant tensors of the Einstein
equation are obtained from covariant tensors, which correspond to closed external
forms of degree three.

Such a correspondence between the equations of field theory and closed exter-
nal forms of degree one reveals the internal connection between the equations of
field theory and shows that the degree of closed external forms can be a parameter
that unites field theories into a single field theory. Another general property of field
theory equations can be noted. They are relations for functionals such as the wave
function, the action functional, and the Einstein tensor. For the electromagnetic
field, such a functional is the Poynting vector [4].

Conclusion. It has been shown that the equations of field theory are based on
the properties of closed external forms, which are differentials and have invariant and
covariant properties. At the same time, the equations of field theory describing phys-
ical fields of different types are associated with closed external forms of a certain,
corresponding, degree. This reveals the internal connection of the equations of field
theory, unites field theories, and can serve as an approach to unified field theory.
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Estimation of the Instantaneous Frequency Evolution
of ChirpingGravitational Wave from Coalescing Binary Systems
via WignerVille Representation
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Abstract. The instantaneous frequency evolution of gravitational waves emitted by a coa-
lescing binary system can be retrieved using the Widfiler time-frequency representa-

tion [1], via Weinsteinuniform asymptotic expasion yielding a (deltdike) Airy function

[27 4]. The estimation bias can evaluated in closed form, and easily removed. The estimated
instantaneoufrequency line and the related source cimvass estimate are robust against
higherorder postNewtonian corrections, neideal (nonGaussian, nostationary) noise
features and (any) orbital eccentricity [BJumerical implementation and computational
burden are discussed. A correlatidetector [6] based on Moyal formula [1] is analysed,
and its performanedegradation under extreme-lit) data compression is evaluated.

Keywords: coalescing binary systems, Gravitational wave detection, source parameters
estimation, timdrequency representations
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Problems of astrophysics and fundamental gravitation
in space laser interferometers
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Abstract. The description of the main problems in the field of astrophysics and fundamen-
tal gravitation, which are planned to be solved with the help of space laser interferometers
for measuring gravitational waves in the mHz frequency range, which are under develop-
ment, is presented. Specific examples are given for the sensitivity of the TianQin project
(PRC).

Keywords: space laser interferometers, gravitational waves, theory of gravitation, cosmology

Introduction . Space laser interferometers currently under development for the detec-
tion of gravitational waves (GW) in the mHz frequency range include a configuration
of 3 satellites in geostationary (TianQin) or heliocentric (LISA, Taiji, DECIGO) or-

bit. Typical satellite spacing is L=31 . 5% 1 0 km. Target parameters of
TianQin: position measurement noisé4S10“m Hz?, residual acceleration noise
SY2:=10%m €2HZ'¥2 [1]. Main astrophysical problent formation and growth of
supermassive black holes (SMBHS), their relation to galaxies. Fundamental physics:
verification of GR in the strong field regime. Cosmology: history of the expansion of
the Universe, measurement of cosmological parameters. Possible new physics: GW
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from phase transitions of the 1st kind in the early Universe, checking of GR exten-
sions and search for new fundamental fields [1].

Methods and Materials The scientific tasks will be solved by measuring
GWs from Galactic sources (ultrashpdriod binary systems: double white
dwarfs, AM CVntype systems with orbital periods of tens of minutes), from merg-
ing binary BHs of stellar masses up to redshifi3 @ from merging SMHDs with
large mass ratiosl 10-5-10-7 that go through many cycles before merdndyq,
dramatically increasing the sigA@-noise ratio (recording horizon up tolx 3).

There will also be measurements of SMBH mergers and thenmger GW ring-

down phases after the merger (up tO 20). The task of measuring the stochastic
GW background from astrophysical sources and the cosmological GW background
is exciting. Currently, there are very many models available and the probability of
detecting such a background is rather high.

Conclusion Space laser interferometers (LISA, TianQin, Taiji, DECIGO) be-
ing developed today provide a unique opportunity to observe astrophysical GW
sources and cosmological GW backgrounds in the milliHertz frequency range. Ad-
vances in space laser interferometry technologies make it possible to achieve the
required accuracy by the target date2034) [2]. The large signab-noise ratio
for astrophysical sources in the mHz range allows us to test nonlinear GR effects
and GR extensions, new physics, and to place independent constraints on cosmo-
logical parameters [3].

This work is supported by RSF grant2300055.
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Abstract. In this paper, we have investigated the effects of GRosset (GB) extension

on Ei nst ei ndinsenspns.aFour different BoS duch as SLy4, APR4, FPS and
Togashi are considered. These E0S are used to model the massive neutron stars like PSR
J2215+5135, PSR J1959+2048, PSR J1810+1744, PSR J0740+6620 and GW190814,
which are in the neutron statack hole (NSBH) mass gap. We have calculated the mass
and radius through the MI R <aupliggparameterfor di f f
four different EoSs to examine the upper limit of masses that fall within thegaps®©ur
result shows that the positive branch of U
neutron stars in the magsa p . Bondi 6s and static stabilit
ity of these massive neutron stars. In fact, an increase i0d8pling strength improves the
stability of these massive neutron stars. Furthermore, the surface redshift of these massive
neutron stars is below the maximum limitgei. Zs < 2. Finally, we
curves with the observed masses to predict the radii of PSR J2215 + 5135, PSR J1959 +
2048, PSR J1810 + 1754, PSR J0740 + 6620 and GW190814 in GR d0@BQravity.

The predicted radii are in agreement with the constraints from the GW170817 event. Lastly,
the maxi mum observed NS mass is fitted in
should be somewhere around 0 to 5 [km2].

Keywords: stars, neutroistars, massivelack hole physics, analyticaéquation of states

Introduction. Post Einstein general relativity (GR), there were lot of interest to
explore the field of relativistic astrophysics. In 1931, Landau theorized the possi-
bilities of compact objects denser than white dwarfs with supra nuclear densities.
Tolman [1] and Oppenheimer & Volkoff [2] developed the equation of hydrostatic
equilibrium in the context of GR known as the TOV equations, which has been
used to determine the maximum mass of compact objects. Unfortunately, deter
mining the maximum masses of cpatt objects like neutron stars (NSs) are still



280 tom I T'Y ad T QI OTYafdRAp@m | O

a mystery in modern astrophysics. In addition, theB¥Smass gap¥ 2 1 55N

which is between the maximum mass of neutron stars and the least massive black
holes (BH) is still unknown [3]. It has been argued that there are no compact ob-
jects between the mass gap. But recent observations have shown that thapnass

as for compact objects &2 . 5 01 2 .[46 Wé/are in tending to investigate the
massgap which can be done in two ways, such as extending GR or exploring more
stiff equation of state (EoS) viz. Sly4, APR4, FPS and Togashi EoS.

GR has effectively addressed many aspects of the universe, but it has limita-
tions, such as its inability to explain the 88 mass gap and its restriction to four
dimensions. To address these shortcomings, we can modify the gravitational com-
ponent of the EinsteiHlilbert action, leading to the development of modified grav-
ity theories. We consider the gravitational part of the Eindtiivert action with
the generalization of Einsteinbs grav
gravity [5, 6], which also can revert
dimensions the Einstei@aussBonnet (EGB) gravity [7] can be formed by includ-
ing the Gaus8onnet term in the EinsteiHilbert term. Though the GB term is
topological in 4D, but can be redefined by a regularization technique by introduc-
ing quantum corrections to Einsteinds
was bypassed, and as a result, the contribution of the GB term in gravitational dy-
namics becomes naregligible, which enables 4BGB gravity.

Methods and materials; resultslt is necessary to solve the TOV equations to
explore the connections between diff e
curve. To numerically solve these equations, we apply the following initial condi-
tions atr = 0 in the TOV equations g¥0) =1} andm(0) = 0. As the pressure
density relationship originates from the EoS, we can immediately move onto solv-
ing the TOV equations. For numerical integration, we utilized the Riug@ 45
( RK45) met hod available in the O&6scipy.
stardés surface can be determined by e
equation indicates that the pressure decreases as the riaditegses. We define
the starodés surface at the point where
atpf) 40, iwdermtesthe radius of the stBor the mass of the star, we cal-
culate by using mass gradient equation. This equation accumulates the mass of the
stars until it reachas.

Conclusion. In this paper, we analyzed 4BGB gravity with realistic four
EoSs namely SLy4, APR4, FPS and Togashi. By solving the modified- TOV

equation, we have generated the MI R cl
GBcoupling parameter U. Further, awe al
=0) and 4DEGB (@ = 5) for the 4E0Ss. From this, we have found that the posi-

tive branch of U is useful in constrai

neutron stars such as PSR J2215+5135, PSR J1888+PSR J1810+1744, PSR
J0740+6620, and GW19081, ensuring that the curve remains outside the unstable
region. This analyses, implies that the-BEBB gravity allows more massive neu-
tron stars to exist compared to the GR counterpart with the same matter composi-
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tion/EoS. The stability of such massive neutron stars has been proven by the Bon-

di 6s and static stability criteria whi
equilibrium condition. Further, it is also pointed out that the stability of compact
star improves with i ncr eBGBgravtnaloWstw al u
exist more massive compact stars in the rgags We also plotteb T M f or t

four EoSs and satisfy thie M2 limit. It can also be noted that all four EoSs are
stiff enough to hold massive and stable configurations when the central density is
above 1014 g/cm3 where the adiabatic index is above 4/3.

From the above analyses, we have used these realistic EoSs to constrain the
radius and the range of Gauss Bonnet coupling strength from the upper mass limit
which are below the unstable region. Constraining of the radii can be done from the
error bars of the observed masses. Here, the radii are larger&iGB0Dhan in the
GR counterpart. The Mamaooupliad strengthiimatl r e a s
EoSs. Il n al l EoSs, the radius range of
One of the most compact objects observed so far has been predicted in GW190814
event, which is expected to be a merger of a very massive neutron star of mass
2. 51 25. &d aMight black hole of mass 2022.3M$ . This massive neutron
star in the NSBH mass gap cannot be accommodated with respect to SLy4, FPS,
APR4 and Togashi in the GR limit, however, in-BEGB it can exist with a radius
of 10.63 km (SLy4), 11. 46 km (APR4) a
thermore, from the more recent gravitational waves observation dSNBerger
in GW170817 event, a stringent constraint on radius of has been found where a NS
of mass 1.6M and 1.4Ms should have a radius larger thardp ¢ § km and
p @t § km respectively. These stringent constraints are clearly satisfied in the
MT R cur v a%6MwvINS haee at least 10.5 km and for 1glMVat least 11
km radius. Finally, we can use these
strengthaby observing the minimum and maxir
served masses. It has been found that the massive NS in GW190814 i.e.
2. 51 25. &7 1 fitted witha = 5. Hence, the range o
mately between 0 and&5 | (according to the maximum NS mass observed yet).
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New Relativistic Cosmology Based on Principle of Scale Invariance
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Abstract. Modern cosmology faces a large number of unsolved questions. These include the
problem of cosmological singularity, the lack of explanations for the nature of dark matter and
the existence of welleveloped galaxies in the first few hundred million years after the Big
Bang, and a number of other questidnsthis regard, a different approach to constructing
cosmology is proposed. It examines a generalization of the general theory of relativity based
on Weyl 6s principle of scale invariance.
standard cosmological solution in which the Big Bang is absent. Its application leads to new
explanations for the redshift in the spectra of distant galaxies and cosmic microwave back-
ground radiation, as well as a new view of the nature of dark matter.

:

Keywords: Wey | 6 s principle of scal e invariance
Weyl 6s potential s, nonsingular cosmol ogi ca

Introduction. In modern cosmology, a large number of difficult questions have
arisen that have no convincing answers within the stanidaf@M model based on
Einstein's gravitational theory. They include the unsolved problem of cosmological
singularity, the mystery of dark matter, whose particles have not yet been found
[1], the discovery by the James Webb Space Telescope ofl@xaloped galaxies

in the first few hundred million years after the Big Bang [2, 3], which contradicts
standard cosmology, and many other cosmological mysteries. To overcome the
emerging crisis, a new cosmology is proposed that generalizes Einstein's gravita-

tional theory based on Weyl 6s princip

principle, the gravitational field is supplemented by a Weyl field with four poten-
tials [4]. Unlike Weyl, his field is considered to be very weak, due to the influence
of the physical vacuum.

Methods and materials; results.In our works [5, 6], we investigated the
cosmological solution of gravitational equations generalizing the equations of gen-
eral relativity, in which the Christoffel symbols of Riemannian geometry are re-

pl aced by the connection of Weyl s geo

study, a new nonstationary and nonsingular cosmological solution was obtained. Its
application led to the following conclusion: At positive cosmological time, meas-
ured from the moment when the Waise was hot and had a maximum tempera-
ture, the particles of matter are subject to a very small decelerating force due to the
influence of the weak Weyl field. This leads to the fact that photons, traveling dis-
tances of billions of light years, gradually lose energy. As a result, a new explana-
tion arises for the redshift in the spectra of distant galakies a consequence of

the action of the weak Weyl field, caused by the influence of the physical vacuum.
In this case, the cosmic microwave backgroumtiatéon is interpreted not as a re-

sult of the Big Bang, but as radiation from the Weyl field. Applying the Stefan
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Boltzmann law, which relates the energy density of the cosmic microwave back-
ground radiation to temperature and using its value of 2.73 K at the present epoch,
we determine the corresponding cosmological time. It turned out to be an order of
magnitude longer than the time of 13.8 billion years consistent with standard cos-
mology. Taking this circumstance into account, we come to the following interpre-
tation of the nature of dark matter, which is five times larger than visible matter: it
is a multitude of extinct stars. It should be noted that such a simple explanation was
impossible within the framework of standard cosmology, since so many extinct
stars could not have formed in 13.8 billion years. The fact that the cosmological
time in the new cosmology is an order of magnitude longer than 13.8 billion years
was confirmed by the calculation within its framework of the mass fraction of heli-
um in our galaxy, which turned out to be approximately equal to 0.28, in agreement
with observational data.

Conclusion. In view of the great difficulties encountered by the standard
L CDM cosmology, a generalization of General Relativity based on the Weyl prin-
ciple of scale invariance was proposed. In it, the Einstein gravitational field was
supplemented by a Weyl field, which was considered as very weak, due to the in-
fluence of the physical vacuum. The study of this generalization led to a new
nonsingular cosmological solution. Its application made it possible to give a new
explanation for the redshift in the spectra of distant galaxies, as due to the influence
of the weak Weyl field, and also to offer a key to understanding the nature of dark
matter.
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Abstract. In this paper, we study quasinormal modes and absorption cross sections for the
(3+1) dimensional Bardeen black hole surrounded by perfect fluid dark matter. Hence, this
paper will focus on the massive scalar field perturbations and massless Dirac field perturba-
tions. To compute the quasinormal modes by using the-aeatytical WKB method and

t he Po° Bellehrhethod. We show our results, in figures, and we confirm that all the
modes are found to be stable against both (massive) scalar and Dirac perturbations. The
absorption cross section is also computed.

Keywords: black holes, perfect fluid dark matter, QNMs, cross section, WKB method,
P° s &8 Aéller method, perturbations

Introduction. Quasinormal modes (QNMs) of a black hole are the characteristic
oscillations that arise when the spacetime is perturbed. These oscillations are de-
scribed by solutions to wave equations in the black hole background, with bounda-
ry conditions enforcing purely ingoing waves at the horizon and outgoing waves at
infinity. Their frequencies are complex, where the real part represents the oscilla-
tion frequency and the imaginary part determines the damping rate due to gravita-
tional wave emission. QNMs form the r
play a key role in the dynamics of mergers and relaxation processes.

Computing quasinormal modes is crucial for several reasons. In gravitational
wave astrophysics, QNMs dominate the ringdown phase following black hole mer-
gers, allowing us to infer their parameters and test general relativity. Additionally,
in quantum gravity and the context of the AdS/CFT correspondence, QNMs are
linked to the relaxation time of thermal quantum states. Methods such as continued
fraction expansions or semiclassical approximations provide highly accurate QNM
spectra, offering powerful tools to probe modified gravity theories.

The cross section is a fundamental quantity in scattering theory and describes the
effective probability that an incoming wave interacts with an object, such as a black
hole. In the context of wave scattering, the cross section determines how much ener-
gy is absorbed, reflected, or refracted by the black hole. In particular, the absorption
cross section and the effective scattering cross section are directly related to phenom-
ena such as gravitational lensing and superradiance, playing a key role in the indirect
detection of black holes and the testing of quantum gravitational effects.
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In this work we have computed the QNMs of black holes in the presence of
perfect fluid dark matter using two complementary methods, the first being the
welkk nown WKB approximati ons @arrdlerfiting s ec
method. Ss for the absorption cross section, we used the 3rd order WKB approach
to compute reflection, transmission coefficients and partial absorption cross sec-
tions.

Methods and materials; results. The WKB method is a semiclassical tech-
nigue widely used to calculate quasinormal modes of black holes when the effec-
tive potential has a wetlefined barrier with a single maximum. In this approach,

t he wave equati on i-lke aquation, arel dts saligionsaareS ¢ h
approximated in terms of oscillatory and exponential exponentials in classically
allowed and forbidden regions, respectively. To determine the QNM frequencies, a
connection condition is imposed between these regions, leading to a quantization
condition based on derivatives of the potential at its peak. Improved methods, such
as the Schut@Vill approach or higheorder WKB expansions, have provided in-
creasingly precise QNM frequencies for different types of black hole perturbations.
Depending on the order, the WKB method provides a good approximation to the
corresponding QNMs of black holes. We then used this method to make progress,
investigating different approximation orders.

Al ternat i v &l Teller potdnteal isPap exactlylsolvable model used
to obtain approximate analytical solutions for black hole quasinormal modes. This
potential takes the form

wo o OAAEGh
wherew and| are adjustable parameters that mimic the behavior of the actual ef-
fective potential near its maximum. The advantage of this model is that its solu-
tions are known, leading to an analytical expression for QNM frequencies, provid-
ing insight into their dependence on system parameters. While it does not exactly
describe the spectrum of a real black hole, it serves as a useful estimate and a con-
sistency check for numerical methods and semiclassical approximations like WKB.

Finally, the absorption cross section is calculated using the 3rd order WKB
approach. An analysis of the reflection and transmission coefficients as well as the
partial absorption cross sections is performed.

Conclusion. Our results show that for this black hole solution, both the mas-
sive scalar perturbation and the Dirac perturbations maintain the stability of the
black hole. In other words, our figures and tables confirm the stability, and then we
conclude that this background is stable against both types of perturbation.
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Quastgravitation rather than pseudetelepathy: Geometric model of quantum
navigation during (anti)search on a plane
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Abstract. A model of joint random walk of two agents on an infinite plane is considered
[1]. The agents possess nho means of mutual classical communication and no common ex-
ternal reference points, but have access to previously shared quantum entanglement re-
source which is used according to a-preanged protocol. Depending on the details of the
protocol, an effective force of attraction or repulsion emerges between the two agents. The
emergence of this force from quantum entanglement is interpreted in terms of effective
spherical or hyperbolic geometries for attraction or repulsion, respectively.

Keywords: nortlocal quantum correlations, entanglement, effective geometry

Introduction. The phenomenon of entangleméntspecific correlations between
fragments of a quantum systémlargely determines the essence and pathos of the
socalled Second Quantum Revolution. Entanglement generates quantum non
locality, is used in protocols of quantum methods of information processing and
protection, in quantum methods of obtaining images, in quantum metrology.

The subject of this paper is a scenario of entanglement participation in the pro-
cess of random walk of two agents on an infinite plane. To the randomness of in-
dependent choice of directiong andng by agents of each next joint step by pre-
liminary agreement are added signsand@is= N1, deter mi ni ng f
in the directiondiana, and for B8 in the directionl; n; (or i, n;). The signs are
determined by the outcomes of two separate measurements carried out by agents on
spatially separated parts of a single entangled quantum system. Depending on the
details of the agreed scenario, either effective attraction or effective repulsion of
agents is observed during their random walk. In the first case, the probability of
their meeting increases, in the second it decreases. These phenomena are generatec
by entanglement and, therefore, have a purely quantum nature. It is shown, howev-
er, that they allow a geometric interpretation.

Methods. Equations are derived and numerically solved, the right part of
which reproduces the details of the quantum protocol of joint action of agents, and
the left part is constructed from a model of the assumed effective geometry of a
two-dimensional space of positive or negative curvature, replacing the geometry of
a conventional plane. The equations are solved numerically. A relationship is ob-
tained between the initial distance between agents and the radius of curvature in an
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effective spherical or hyperbolic geometry. This radius changes with each subse-
guent step of the agents.

Conclusion. It is possible to state the discovery of a new manifestation of the
so-called quantum nofocality, closely related to the geometrization of effective
forces of attraction and repulsion between agents.
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White holes and quantum gravity
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Abstract. Quantum Gravity indicates the possibility of a gesteible 20 microgram parti-
cle, produced from black hole evaporatibaiscuss the detection possibility and its possi-
ble role as dark matter.
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Sandwich Model of Extra Dimensions

Rubin Sergey sergeirubin@list.ru

National Research Nuclear University MEPhI, Moscow, Russia

Abstract. This research investigates the distribution of fields on aktvame model, which

offers solutions to the electroweak hierarchy problem, the restoration of Starobinsky infla-
tion, and the small cosmological constant. The study demonstrates that fields known split
into two independent effective fields localized on adjacent branes during the Universe's
evolution. Conditions for this field bifurcation are explored. Crucially, gauge fields remain
uniformly distributed over the extra dimensions, preserving charge universality. The model
proposes that the observed brane (bthje i st ufnfeidme f or compl ex st
while the adjacent brane (bra@® hosts much heavier particles, precluding complex struc-
tures. Interaction between branes via photons and gravitons offers potential explanations for
dark matter (located on brai2¢ and ultrahigh-energy cosmic rays, with the high mass of
brane2 electrons contributing to the Compton scattering esession, making them dark

matter candidates and a source of titighre ner gy protons. This fASa
di mensionso is a promising framework warra
ing phenomena like the positron anomaly and small neutrino masses.
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Behaviour of universe with FinsleModified Randers Cosmological Model in Lyra
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Abstract. In this manuscript, we have considered the Finsledified Randers Cosmolog-

ical Model (FMRCM) with cosmological constantfor generalized FinsleRanders spaee

time, to investigate the solutions of this model in Lyra theory of cosmology under different

variations of energy conditions. Further, we have analyzed the role of cosmological con-
stant in various framework, exploring its impact on both accelerating and decelerating

phases of cosmic expansion with graphical and geometrical impact.

Keywords: Cosmological constant, FinslerModified Cosmological Model, Generalized
FinslerRanders Cosmological Model (FMRCM), Curvature Parameter of Universe, Lyra
Theory

Introduction. The accelerating expansion of the universe refers to the phe-
nomenon in which galaxies are observed to be receding from us at an increasing
rate over time, indicating that the expansion is not only ongoing but speeding up.

One of the major unresolved challenges in modern cosmology is determining the
precise value of the cosmological constarjiL]. In general, by extending the Rie-
mannian metric structure, one can construct a Finslerian geometric framework on a
manifold, laying the foundation for more generalized theories of gravitation. Fins-
ler geometry has seen rapid progress in its applications to fundamental theories of
relativity, especially in general relativity, astrophysics, and cosmology. Several
authors [17] and [8] have investigated Biandlype cosmological models under
various physical conditions, incorporating a ticheppendent gauge functipnwith-

in the framework of Lyra geometry for perfect fluid distributions. G. Lyra proposed

a modification to Riemannian geometry by introducing a gauge function into an
otherwise structureless manifold. More recently, D.D. Pawar et al. [7] explored
magnetized dark energy cosmological models with a-tieendent cosmological

term in Lyra geometry, specifically focusing on a magnetized dark energy Bianchi
type w "‘Ospacetime. Their work examines scenarios involving both uniform and
time-varying displacement fields within the Lyra manifold.

Methods and materials; results.In this context, Stavrinos et. al. [5] showed
that the field equations derived from Finster Randers geometry yield a Hubble
parameter that includes an additional geometric term. This term could potentially
be interpreted as a source of dark energy.
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In this research paper, we explore a Friedrddan Robertsond Walker
mo d e | and the role of the cosmol ogical
alized Finslero Randers cosmology. Our study focuses on examining both the
accelerating and decelerating phases of cosmic expansion in Lyra geometry with
graphical and geometrical impact.

Conclusion. In this research paper, we have proposed a cosmological model
that explores various energy conditions in terms of the cosmological constant. We
have considered the cosmological constant in two distinct framework accelerating
and decelerating phases of the universe. Within these contexts, we have derived
several theoretical solutions, including de Sitter solutions and gawesolutions,
incorporating the cosmological constant under different scenarios. Both the geo-
metrical and graphical impacts of these solutions are thoroughly analyzed.
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Nonlinear spinor field in LRS Bianchi typpepacetime
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Abstract. In this study, we examine the role of a nonlinear spinor field in the evolution of

the Universe within the framework of a Locally Rotationally Symmetric Bianchi-type
(LRSBI) cosmol ogi cal mod el with Lyrads ge
nonlinear spinor field in various anisotropic and isotropic cosmological models, revealing
that the presence of nontrivial, ndiagonal components of the spinor field's energy
momentum tensor imposes severe restrictions on both the-typ@cgeometry and the

spinor field itself. In our current study, we find that while these restrictions still apply, the
introduction of Lyrads geometry significan
influence arises from the fact that the invariants of the spinor field are dependent on the
Lyra geometry parameter.
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Introduction. The history of science is marked by constant change and refinement.
Even Einstein's theory of gravity evolved over time. One of many modifications in
theory of gravity was the introduction of the cosmological constant. This evolution
reflects the ongoing search for better theories that can deepen our understanding of
the natural order. Shortly after Einstein's groundbreaking work, Weyl sought to
unify gravity and the electromagnetic field by generalizing Riemannian geometry
[1]. However, Weyl's theory was not widely accepted, as it contradicted several
well-established observational results.

In 1951, Lyra proposed a modification of Riemannian geometry that closely
resembles Weyl's theory [2]. Unlike Weyl geometry, however, Lyra's approach
maintains a metripreserving connection, similar to that of Riemannian geometry.
In doing so, he introduced a gauge function into the otherwise structureless mani-
fold. This theory was further developed by many author§][3n recent years,
Lyra's geometry has found extensive applications in cosmoldg].7

In recent years, the spinor field has gained significant attention in cosmology
due to its ability to model a variety of source fields, such as perfect fluids and dark
energy [1116]. Several studies have shown that the spinor field is highly sensitive
to gravitational effects, with the nontrivial, ndimgonal components of its energy
momentum tensor (EMT) imposing severe constraints on both the-tipecge-
ometry and the nonlinearity of the spinor field itself [17]. The spinor field within
Lyra's geometry has also been explored in [18]. The primary aim of this study is to
investigate whether the introduction of Lyra's geometry into the system can allevi-
ate the restrictions typically found in the standard treatment of spinor fields.

Methods and materials; results.The main methods used in this work are
methods of differential geometry, tensor analysis, analytical and numerical solu-
tions of nonlinear differential equations, as well as data analysis for comparing
theoretical results and observational data. In this case, Maple is used for numerical

analysis.

The introduction of Lyrads geometry
Based on this framework, the corresponding spinor affine connections are derived.
It is found that while the -ntomenumoternt s

sor remain externally unchanged, the spinor field invariants undergo significant
modifications. The corresponding Einstein equations are solved, and the metric
functions are expressed in terms of the volume scale. The results are presented in
graphical form.

Conclusion. Within the framework of a LRS Bianchi typecosmological
model, we investigate the role of Lyra's geometry in the evolution of the Universe
when it is filled with dark energy modeled by a spinor field. Our analysis reveals
that the corresponding Einstein equations retain the same form as in the absence of
Lyrads geometry. However, the depender
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geometry parameter influences the final results. The relevant equations are solved
numerically, with the solutions presented graphically.
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f(Q, lw) gravity: A new modified gravity
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India

Abstract. In this talk, | will discuss th&Q0 symmetric teleparallel gravity by introducing

an arbitrary coupling between the nmetricity Q and matter Lagrangiah in the La-
grangian density f of the theory, which thus leads to@el)  theory. This generalisa-

tion encompasses Coincident General Relativity (CGR), and the Symmetric Teleparallel
Equivalent to GR (STEGR). Using the metric formalism, we derive the field equation of the
theory, which generalizes the field equation&n§ gravity. From the study of the covari-

ant divergence of the field equations, it follows that the presence of the geonattey
coupling leads to the neconservation of the matter enermomentum tensor. The cosmo-
logical implications of the theory are investigated in the case of a flat, homogeneous, and
isotropic Friedman.emaitreRobertsoAWalker geometry. As a first step in this déec-

tion, we obtain the modified Friedmann equations for" @@  gravity in a general

form. Specific cosmological models are investigated for several choic€db , in-
cluding "Q0 R | 0 ¢0 1, and QO | 0 ¢b , respectively.
Comparative analyses with the standard s C
tional implications of the models are investigated in detail.

Keywords: "QOR)  gravity, cosmology, observational constraints, dark energy
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Artificial intelligence for teleparallel tilted cosmology
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Abstract. Artificial intelligence (Al) helps the researcher to study the hidden layer of the
dark energy. Al observation for distant type la supernovae (SNIa) provides the nature of the
accelerating universe. Al can be used for SNela and cosmic microwave background radia-
tion (CMB) data manipulation. In the tilted cosmology, the fluid velocity is not orthogonal

to the group of orbits. Al in Teleparallel tilted cosmological yield better data analysis for
Wilkinson microwave anisotropy probe (WMAP)

Keywords: artificial intelligence, tilted model, teleparallel gravity, CMB, WMAP

Introduction. Methods based on artificial intelligence (Al) and machine learning
(ML) has a large cosmological applications. Machine learning is starting to see in-
creased adoption across different subfields of and for various applications within
cosmology [1]. Time Domain and Multhessenger Astrophysics in the time do-
main, machine learning techniques have a key role to play in the era cefielide
surveys across the electromagnetic and gravitational wave spectrum. Of these sur-
veys, the Vera C. Rubin Observatoryods
will produceD10 million alerts from timelomain phenomena every ni§hhigher

than can conceivably be inspected visually by the entire astronomicadidimain
community in a lifetime. Very Large Array (ngVLA), CMBS4, the LIGORGO-

Kagra Collaboration and numerous other datansive experiments over the next
decade. Each of these provide us a different, masenger window into the var-
iable sky and the cosmos. The ord&magnitude increase in alerts with LSST

will dramatically increase the stress on available spectroscopic resources. In a cos-
mological context, Type la supernovae are especially important for measurements
of the Hubble constant at a unique rung of the distance ladder. ML techniques are
essential to classify these events in real time analysis [1]. Several authors studied
tilted cosmological models {42].

Methods and materials; results.We derived the Teleparallel gravity field
equations for tilted LRS Bianchi typé cosmological model in section 1. We ob-
tained the consequences of the field equations in section 2. We solved the field
equations for two different cases and obtained explicit exact solutions by using Al
Computation 3. We mentioned Al simulations of the physical and geometrical
properties of the solutions in section 4.

Conclusion. In this paper, we have investigated tilted Bianchi t§pd cos-
mological model in teleparallel gravity. By using Al computation, we find that the
pressure, energy density, tilt angle, heat conduction vector of the fluid distribution,
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the scalar expansion are constants at the initial time and gradually decreases with
respect to time. The Al simulation shows that the spatial volume of the universe are
constants at time t=0 and gradually increase with respect to time.
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Cosmology with Rotation in Hybrid Inflation

Sandakova Olga Vasilievia 0_sandakova@list.ru
Panov Vjacheslav Fedorovich panov@psu.ru
Kuvshinova Elena Vladimirovha kuvlenka@yandex.ru

1Perm State University, Perm, Russia

Abstract. A cosmological scenario with the rotation of dark energy with hybrid inflation
for the Bianchi type Il metric is proposed. At the stage of the first inflation, the decay of the
double scalar field with the transition to the ultrarelativistic stage of the development of the
universe is considered. The evolution of the rotation of dark energy simulated by an aniso-
tropic fluid is investigated.

Keywords: hybrid inflation, dark energy, rotation, cosmological model, scalar fields

Introduction. In our works, we consider a special type of anisotropy-gpate

due to cosmological rotation. Note that in modern cosmology, the study of dark
energy, as well as dark matter, is very relevant. Let's point out that in most works,
dark energy does not rotate. But the study of its possible rotation is an urgent topic.



)()(v:"*xe‘ho*e"ye”'x;e"Y oe“h(ec"yz.";(m“ ‘etaogch(t'e‘

In this paper, we consider the process of hybrid inflation in more detail than in
[1] within the framework of the cosmological scenario with rotation for the Bianchi
type Il metric. In this case, the evolution of the rotation of dark energy modeled by
an anisotropic liquid is investigated.

It should be noted that the study of various types of cosmological inflation is
relevant to explain the amazing discoveries related to observations made on the
latest James Webb Space Telescope (JWST).

Methods and materials; results.A solution to Einstein's system of differen-
tial equations was found for the Bianchi type Il metric, where an anisotropic fluid
and two scalar fields were chosen as sources of gravity. Together with Einstein's
system of equations, two differential equations of scalar field motion have been
solved.

The scale factor, the components of anisotropic pressure, the energy density of
the anisotropic fluid, and the equation of state were found. Descriptions of hybrid
inflation were carried out and conditions for a slow rolldown were found. Next, the
stage of early inflation of the Universe and the stage of dominance of ultrarelativ-
istic fluid were "glued". Friedmann's stages of the evolution of the Universe were
studied earlier in our work [2].

ConclusionAt the qualitative level, we will assume that before the first infla-
tion in our model with Bianchi metric Il, it contains: a rotating anisotropic fluid
(future dark energy) and several other sources of gravity, and at the same time the
rotation of the anisotropic fluidx p¥Y throughout the evolution of our model of
the Universe. At the same time, we will assume that the anisotropic fluid does not
transfer rotation to other types of matter at the Friedmann stages, i.e. the born par-
ticles of matter. Then, when simulating the entire evolution of the Universe in our
scenario (taking into account the results of [2]), assuming that the scale factor of
the Universe evolves during inflation and subsequent expansion from the Planck
value of'Y p 1T cm to the present size of the observable Univéfsep 1t
cm, and assuming that in the Planck epoch the rotation rate of dark energy

p 1 1/s, we can assume that that in the modern era, the rotation rate of an ani-
sotropic fluid (dark energy) is of the order p 1 1/year, which coincides with
the value of the angular rotation velocity of the Universe adopted in the paper [3].
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Abstract. In recent years, modifications to General Relativity (GR) have been explored to
address cosmological observations, particularly in the context efitagecosmic accelera-

tion. Among these, modifications based on the Teleparallel Equivalent of General Relativi-
ty (TEGR), particularly f(T) gravity, have gained significant attention. In this work, we
investigate the scalar perturbations in f(T) gravity, focusing on how these perturbations
modify the Poisson and lensing equations and how they impact cosmological observables.
By incorporating observational data from cosmic chromatometers, Big Bang nucleosynthe-
sis, the DESI BAO survey, and Type la Supernovae (SNe la), we derive constraints on the
parameters of the f(T) powdsmw model. Our results suggest that f(T) gravity can effective-

ly alleviate some of the tensions observed in the stang@DM model, including the

Hubble constant (b} discrepancy. Furthermore, the evolution of the supernova luminosity
and its dependence on the gravitational constant are considered to refine the measurement
of cosmol ogi cal par amet er s . tendion is oniticdllg éx6 s a k
amined, and we find that f(T) gravity offers a viable alternative to the standard model. The
work concludes by comparing the fits of the f(T) gravity model tost@®M model using

various information criteria, revealing key insights into the viability of modified gravity in
contemporary cosmology.

Keyword: modified gravity, cosmological observables, Hubble tension
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HOo dzd = d M BarkiBrergy Spdctréscopidnstrument(DESI) [ 3], n
CdzOMmdzes Cslstster d3 © BBdzj J t©0Odzdzji 2 1 fJ dzj dzdzts
sdud MEtsets oadH OO W Paktsdasdz) taadccdd. uvOC
AtsHd A J s f sz yoOrls HBYtsdzddlIls] dz@ dzr 2 € ¢t
sBl jCIstso .

dIssHT d d&OIsj ted Odg Qfn MeROdsktedf'o 1OG ds'm.w  d3j Is1
dzse s B dROWEY jddy ftesasHdB -~ s1, thdse C
otsL BEh O h jets tsBi jCISO (Lo jLHO, Bi jCIs ¢
oddz s1 dO HodJjdedw dzOBdzE HOJ dESE 5 BB § €
Is s ddosd i Is s sdzsedyj MmE zs MstckzC izt
ZoOtoyh ddzz HO. 14 MoBcltew dz2O s, Ykt {totsf
B' Is! ftotsa sH d i3 d&3d B ftedded 30 &3 ISOC 5§
oBdzdLd ctedzsoddz o Mddzk Iktsets, vyl dMmat
YWdrdyimMSdr MmMdMmlsjdd BI jSIs 1 dzOr- sH dIsfpyw
d Omddflstsisdui et ftededdyjddj zo90tyhd
]l HOd dgj2h jd&3 § dzOdedtclzjIsimw Eydls BBdzjJ Ist
CsdeStojIsdets?2 Bjlstedd d JjJ OO Istetse  H dzw
dztse d dzts 2 . RiMMdzj Hzs Ishw Hoe | twWOLddydsy §j MdMm

l ¢€Oyjmses] COdBHJHOILBO 9o s1 W©WOMMABOISd
(YrSpgrA* o yjdastej 41 OdzOCIsdSd d t©WWH LOjLH
L dzdzdf sdyd MSdd3 tsteBdlsORB otsCtekze dzgji. 1 tofs
L9J LSA,S21,323,A711,A4,62. | tsdzd B jCISO ¢ {fts
Cstocdzsoddz s1 "' Miskzf O ls BsHjdz' dg" §j Lo JL

t OMMdBZBOIstcd © O Isfigny OOdHJHHIOIsY'T oL 9 J L Hdzm =~
dJ SO 1 o' Miskzy OwI§ L def 2 Is &5 deliFTF2 4300 g ¢
B,o IlssBYy.jGAA. | tosdzd tsBi jCIO ¢ 65 Hika
S10dz0 dzts ¢ doyddtpls M A Is BtsH j dz' dg j] Lo jL dzO

l ttOBtls] Ooelststetse [ 4] dmfMmdzj Hs9 O
tcjdzdj, MBLHOOOj BBy tBI JSCIstsd3 ¢ Hzw GBI |
cOMMdBBOIstedo O &3" = MdMisj d&3: BOMMT ¢ OdzH dH OL
HgOdz! desets EZHOdzj dedVv dzOBdz¥ HOj BSG 5 t8BI J C [k
Yyd dzZstcdyd mMétsets d Oftsyj destedy MEsets tcOmMMm
]l ttOMmMmdOltedo O diids?2 &BsH jdzd MmEh j Mlse j dzde” &3
Md@smis! 1+ WWJjCIO s Ctdltcjlsdzsets o BStcO
COLOdets [4], bt ojdzdyddzO oL BzMOsh jets
sBl jCItsa, o OtthHdst'HYagdif Ylsts d 0B kzHEh jd3 f toc
stsydetsmisd dzOB dz6 Hjdzd?2 L otsdzdls or weadls!
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Bfls! Edzkyh jdts fklsjdd dhfsd L so Odedw W ddz
dZse s ftesWddy. vead] LtelgdHls pd3,c Ot Isd yi iy
otsL d3zh O h jets EMCtte] dzdv o] 5B dZOHOJ Is dzC
LA¥W ]SO (oL BN jddjd tls sStkzy 0 hda L
s sydzts s ¢ sftejHjdzi dedvy EMEtStejddw LojLHT
Misi &3 § sGAA)dzdE yl§ dzj dzdzOwv ¢ OC WEdS ydwy hd
@B steso Hots2dzts?2 MdMlsy di3Fr ( BOMM COyHEB2 Cfs
fjtedsHO), Exj MoftmlsOQod®kBO M ftjHMEOL" o
dmMSsdksets 1 WWJjClO.

g4 yYyJjdzres MmMdMmlsj BOIsdyj MEsets O0dzOdzdL O EG C
Zsc O §f Ote ¢cvYr DojoLjHdaRe . BQPfiyrL H T (sBi jJ¢ClIs
6Ol 5 fteddydfkz sftejrnjdvjd -~ M dOddj d

d EmMmSistejdzdv, O IsO¢yJ daj YtsHO ey dzde = 1
sOdz, Ctlstster j daJj Euydlsr o0 Ismw o ©OMMBOIsts
1 OC dz8 yJldedyy Odzdzts? OB Sls§ ftoctsH sdzy j dz i
ftoswodzj dzgd?2 fHtosatsHddB n s1 Mt MisOB ddz' dzr d
Mz Hse OdzdwY o dzdw dedw otsL Bzh O h jets EMC Stc,
fts Htckeky Mbstotdlkz cttodzsoddy ) dzO dL e jfMls
oCtkze yJ dzZlstc® | OzOSCIsdC d; LoJLHT 9 MmdMml
Stsdg v r LOJLHtsS?2 d&OMmMmr ) . It Mtshistsw dzd ¢
EmMStstejded” Lo jLHT o fjtedyj delstej BB dIsr H
ftoes] CAAIMESE sMisQaddiZO M ftejHMEOLT 90 B2 3
des?2 dMSC sdise ts “HBWNEHEE O] taxfls @ disistej dad d  f
mMdMmilsj &5, Mmlsswh drn dL ftesroBHJ®BS2 s1, GE
yd msej wBiI jCIO 1 20 Mbtstotsdzj dzOB dz¥ HOIs
d fOtcORj steseo teBdls + WW jCls oL BBz O h j@r
oW HC O 14 . 5ylsfipdz/vfij d&zOjIs dMmfmdzj Hizj 3" 2 CcteOo dlIs
Ld&ZOydddr @3 Hndzv fsdme O ftesatsHdAB = s1 o dzO
[ Odz' dgj 2h Ow MlsteOljedwy dmMEO dzjlstcdo
fl dzd sBratsHdB@sMIs! & Hisd dzO o ¢ dzt yOls! MmdzjHE
RiMMdzj Hse Odzdy HJddzZOBdYUd MSdm + WHW JjCIlsso ¢
fMlsj i3OR , O dd3j dzdets: teWH tBiI jClksea o h(d
MmMdd Gaia (2024), MmMHJjty Ohdrn Isj dgdz j
ez smMw Bt OdzdL Oydw dzOB dz¢ HOIsj dz' dzts?2
9 tfbduyujmMisd HdOf OL sdzj, OSC (
d?2. RL ©orHjdzjdeder » tBi jCIlstsa MmdMmlsj d3"
59 C¢{§¢) d Gaia DR3 4373465352415301
g2 o kmatsedwn J1uvd¢ d HtjHMmMlsOodzvels M1
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OBtslsCd tjLEzdz sOIktse .
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Abstract. The paper presents some methods and preliminary results of the observational
search for traversable wormholes (WHSs). The basic model system under consideration is a
traversable WH of the simplest type (a stitching of two Schwarzschild spaces), object A on
the other, unobservable, side of the WH neck and object B on the observable side. A hum-
ber of real objects, currently identified as black holes (BHs), are taken as candidates for
WH. BHs of stellar masses in double systems are considered, as well as a supermassive BH
in the center of the Galaxy. The objects A and B are stars of different classes. The main
theoretical model is based on the search for an additional perturbing acceleration and its
characteristic systematic influence on the observed motions of objects in the vicinity of the
supposed candidates for WH. Data from the GAIA space observatory are used to test the
model. In order to verify the model, a catalog of the most promising double objects is com-
piled. For some real systems, the perturbing additional accelerations and the characteristic
velocity periodicities caused by them are estimated.

Keywords: traversable WH, gravitational disturbances, GAIA space observatory

Introduction. Wormhole (WH) is spacéme structure of nontrivial topology.

WHs were first proposed by EionRdseni n a
bridgeodo. WHs are solutions of <classi ce
the repeated confident detection of BHs by means of both observations of objects
in their neighborhoods and new methods of gravitatiraale astronomy, the
search and identification of WHs becomes an urgent flls. and WHs have
characteristic astrophysical properties that catweoteliably distinguished at the
current level of models and observational accuracies. However, such a property of
BHs as traversability, which is characteristic of a wide theoretical class of such ob-
jects, may allow us to obtain astrophysical properties characteristic only of WHSs.
The traversability of the WHs can be ensured both by means of ordinary matter [2]
and exotic matterTraditionally, the introduction of exotic matter to stabilize the
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throat is confirmed by recent studies of the Dark Energy Spectroscopic Instrument
(DESI) [3], according to which the earlier Universe was dominated by an exotic
form of dark energy, phantom energy. Thus, passable WHs receive the indirect sta-
tus of realistic objects.

Methods and materials; results.We consider methods of possible detection
of traversable WHSs based on the gravitational influence of a perturbing object (star,
object A) on the here side of the stable neck of the WH on the motions of the ob-
served object (star, object B). For simplicity, the WH has a topological structure of
two stitches of Schwarzschild spaces. Despite the fact that the simplest Schwarz-
schild WH cannot be traversable, we adopt such an approximation without taking
into account the metric near the neck due to the fact that, based on the considera-
tion of real astrophysical systems, the object B is at a considerable distance from
the WH and the asymptotic Schwarzschild approximation may be applicable. Two
different systems containing a WH candidate are investigated.

The supermassive BH Sgr A* in the center of the Galaxy and a number of stars
(B objects) orbiting elliptically around it are considered as candidates for a WH.
The following stars act as objects B: S2, S21, S23, S4711, S4AM862l stars in
elliptical orbits act as object A on the other side of the WH neck.

We consider candidates to WHSs in the form of stetlass BHs. The role of
object B is played by neutron starsclass (VFTS243) or Bclass stars, including
GAIA objects. Model stars in elliptical orbits also play the role of object A on the
other side of the WH neck.

The authors [4] studied the additional perturbative acceleration created by ob-
ject A for object B, which depends on the parameters of the systems under consid-
eration: the mass of the WH candidate, the radius of its neck, the radial distance of
the observed object from the neck, and the pericentric and apocentric distances of
the perturbing object A. In the model under consideration, a significant advantage
is the independence of the effect from the specific choice of the metric of the tra-
versable WHIt has been shown [4] that the magnitude of the perturbing accelera-
tion estimated for real objects varies from*t0 102 cm/<, which in the future, if
the accuracy of observations is increased, will allow us to detect the desired effect.

In this paper we present new results concerning possible ways of revealing
characteristic periodic motions of objects B under the influence of objects A. The
systems S2, GAIA BH1, GAIA BH3 are considered. It is shown that the identifica-
tion of the effect of perturbing acceleration on the basis of observations of the radi-
al velocity of object B and its comparison with the expected Keplerian velocity
requires long observations (from 10 years), but can be improved by using filters
from the sought signal of kmm profile. We also note that for stars in the galactic
center, the effect of perturbing acceleration dominates over the main competing
effects (perturbation from surrounding stars and from the dark matter halo), and the
accuracy of determining the acceleration of a star in the pericenter of the orbit of a
double system from GAIA data, estimated as a function of the errors in observing
the parameters of the double system (masses of each component, orbital eccentrici-
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ty, and period), is already comparable to the mpdetlicted calculated value of
the desired effect.

In order to systematically analyze these effects, a catalog of stedles s oA B H
staro pairs was constructed. Stars (ol
principle of velocity and acceleration values determined with the smallest errors, as
well as those not subject to significant accretion effects.

Conclusion.In this paper, we continue the search for observational manifesta-
tions of traversable WHSs with stable necks, namely, studies of the effect of the per-
turbing acceleration of object A (located on the other side of the neck) on the
known observable objects B (stars around the center of the Galaxy; stars in systems
containing stellar mass BH as the second component). As of 2024, the accuracy of
determining the acceleration of a star in the pericenter of the orbit of a double sys-
tem in the GAIA astrometric project is comparable to the mpdadicted calculat-
ed magnitude of the desired effect, from*10 102 cm/<. When considering syn-
thetic systems consisting of a traversable WH, object A and a neutron star as object
B on the observer's side with a special selection of masses and orbital parameters,
the effect of perturbative acceleration reaches values of the order of 1% cm/s
which makes the studied gravitational effect critically important for the search for
traversable WHSs in our Galaxy.

The further strategy of search for nontrivial structures in the Universe should
include the following stages.

1. Study of dynamical effects in selected astrophysical systems, namely:

a number of objects in broad double systems from Gaia mission (2024) data con-
taining dark objects. As part of this task, it is planned to organize an observational
program at the BTA telescope of SAO RAS, both in the optical range and in the
spectroscopic measurement mode. Of the selected objects, the GAIA DR3
4318465066420528000 (0.59 kpc) and GAIA DR3 4373465352415301632 (0.48
kpc) systems are available for observations at the BTA and represent promising
candidates for compiling an application, organizing, conducting an observational
program, and processing the results.

2. Calculation and modeling of stochastic gravitational fields in order to take
into account their influence on the gravitational perturbations that object A will
exert on object B.
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Introduction. In classical black hole theory (BH), there are a number of problems,
for example: the presence of singularities and the geodesic incompleteness of some
solutions. This situation causes numerous attempts to overcome these and other
problems of the classical theory of BH. In particular, there is a direction where
simplified quantum objects are built, which serve as BH mode#§. [1

Methods and materials; results.The main results of this publication are the
use of the Cascadio R. recipe to obtain a regularized metric based on the idea of
coherent states of virtual Newtonian gravitons [4, 5]. The scheme of reasoning is as
follows. A quantum approach to gravitational interaction leads to the description of
gravitons based on coherent states, since these states are close enough to classica
states for a large number of quanta. Since the average number of quanta in the co-
herent state must be finite, there is a need for a cut that introduces a new parameter
into the BH metric. In this case, the BH metric is regularized.

Conclusion.We proposed a variant of ultraviolet truncation of the integral for
counting the number of coherent states of gravitons and regularization of the BH
metric, and obtained a regular metric that has a connection with the metric [7]. The
report provides a modification of the Reissheor dst r °m sol uti on
BH, which is an alternative to the Casadio solution [5].
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Abstract. The paper analyzes tidal behaviour to distinguish between a boson star and a
fermion star. The authors assume two different stellar compositions of identical mass and
radius: one composed of a s#lferacting scalar field (boson star) and the other composed

of fermions (quark star). The model parameters of the equation of state (EOS) describing
the material composition of the two configurations are so chosen that the resultant stellar
configurations take identical values of mass and radius. The tidal behaviour of the stellar
compositions is then examined. In particular, the tidal Love Numbers are calculated for the
two different configurations which show distinct behavior. The study highlights the signifi-
cance of tidal Love Number as a distinguishing feature between a boson star and a fermion
star.

Keywords: boson star, quark star, tidal love number

Introduction. A boson star is a selfound system composed of skilferacting
real or complex scalar field whose mass and radius can be made comparable to that
of a neutron star or a quark star. The question then arises: how can we distinguish a
boson star from that of a fermion star of equal compactness? In this paper, we pro-
pose a novel method to distinguish between a boson star and a fermion star by ana-
lyzing the tidal behaviour of two star$.should be stressed that the current era of
multi-messenger astronomy has opened up new windows of opportunity to con-
strain the EOS of a compact star. In particular, the gravitational waves data provide
valuable insight into the structure and matter composition of a compact star. Esti-
mation of the tidal deformability of a star, characterized by the tidal Love Number
(tLN), is one such avenue through which one may gain valuable information about
the composition and structure of a compact star. Note that tLN increases from zero
to higher values depending on the difficulty level in deforming a body subjected to
an external gravitational field.

Methods and materials; results.We consider the Xay pulsar Her Xl as a
test body for our analysis. Her-Xis estimated to be a highly compact star and
consequently, many authors have suggested it to be composed of qildtkdt [1
has also been suggested that Hek Xight be a dguark star, i.e., a boson star de-
scribed by a selinteracting scalar field [5, 6]. Consequently, we consider two dif-
ferentEOS to describe the pulsar Hérl: EOS corresponding to a séatteracting
scalar field (boson stagnd EOS corresponding to a fermionic matter (quark star).
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In our calculation, we use the EOS developed in reference [7] for the bosonic con-
figuration and use the MIT bag model type linear EOS for the quark star configura-
tion. Using the EOS, we numerically integrate the Tok@gpenheimelolkoff

(TOV) equations to calculate the mass and radius of the star. In this method, the
model parameters are fixed so that in the both cases, identical masses and radii are
obtained, which lie well within the estimated mass and radius of the pulsar-Her X
[8]. The data set is then used to calculate the tLN [9]. It is interesting to note that
even though we have two different stellar compositions providing identical mass
and radius, they show distinct tidal behavior. The tLN for the bosonic configuration
is estimated to be 0.057 which is more than its fermionic counterpart which is
0.035.

Conclusion.Our analysis shows that tidal behaviour can be used to distinguish
between a boson star and a fermion star. It is noteworthy that while the tLN is zero
for a black hole, it is expected that a bosonic configuration should experience more
tidal deformation than a fermion star which is confirmed by our numerical analysis.
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The Cosmological Constant and Black Holes
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Abstract. We discuss the derivation of thermodynamic quantities for-ex@emal black
holes with a cosmological constant in any spacetime dimension greater than 2.

Keywords: cosmological constant, AdSchwarzschild metric, entropy, temperature, ex-
tremal black hole, enthalpy

Introduction. The metric of a radially symmetric black hole (a static solution of
Einstein's equations) is given by
2
d€ = -f(nde2 £ % 2, 1)
f(r)
It is well known that the first law of thermodynamics of uncharged static black
holes has the form
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M = g )
2p
where[ is the mass of black hol& is the surface gravity M . The

4p lr=r,
radius of the event horizon is calculated as the largest root of the equation
f(r)=0. Sis the entropy, which is equal to a quarter of the area A of the event

horizon
A
S=— =1. 3
2 o 3)

Methods and materials; results.Let us set the cosmological constdnto be
negative. Then in (3+4dimensional spaetme for the AdSSchwarzschild metric [2]

2M  r?
f(r)=1 - (4)

in the system of unitt=c = k 1.Hereb?? TS

A black hole is called extremal if it satisfies the following relations:
f(ry)="fi(ry) H. From the definition it is clear that the temperature of an ex-
tremal black hole is zero. For the A&Shwarzschild extremal solution relation
holds: M =b =,. If the mass is below this value, then the Hawkitage phase
transition occurs [2], when the black hole is unstable and decays into adeAnti
Sitter space. The metric (4) has a generalization called theBad&en black hole
[3] with a function equal to

2Mr? r?
f(r)=1 —3 ?)3 5)
(1 +g%)?

Hereg is the charge of the magnetic monopole. The metric (5) is obtained if
the action of some nonlinear electrodynamics is added to the Hibestiein ac-
tion with the cosmological constant.

2
If a black hole ¢ has an electric charge Q, tHidén) =1 @ %
r

The first law of thermodynamics takes the form
_k :
aM =— d +Q
2p

wherg is the potential of a black hole.
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The case where the charge is equal to the @addl describes an extremal
black hole. Such a black hole is a B&8ution inN = 2 supergravity and for large
r the metric describes the manifdddS*3 S. Note that rotating black holes,
which can also be extremal, are also actively studied.

The energy, entropy and potential of a black hole with ch@rgen be found
from the actiorl using the formulas
141 @

_au o j Iap I V- B
5 05 -4 Ls  —b= (6)
STE T b Ey ¢ Zb? TFQ S

For example, for entropy this formula has an advantage over (3) in that it al-
lows one to calculate quantum corrections through the statisticaf sum

g
db

In the classical limiEZ° exp(d). For the Schwarzschild and AdS

Schwarzschild solutions (4) the derivation of the entropy is given in [5]. The clas-
sical quantities (6) were calculated in any dimension in [4].

It was also noted [6], [7] that for complete analogy with the first law of ther-
modynamics in (2) the term with pressure is missing. It has been shown that if the
mass of a black hole is replaced by enthélpyM PV, then the pressure is
proportional to the cosmological constant.

Conclusion. The paper discusses the thermodynamic properties of extreme
and neaextreme black holes with a cosmological constant. There are remarkable
analogies with the theory of phase transitions and the Van der Waals gas. The Bar-
deende Sitter black hole will also be discussed.

»opa_\mo
-I-@oz
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Exploring entropy in de sitter space using the covariant
Euclidean approach
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Abstract. We derive the Euclidean entropy of fedimensional de Sitter spacetime by in-
tegrating the Kodamabserver anomalous entropy density over the compact Euclidean
section, obtained through a covariant Wick rotation discussed in [2]. Starting from the
comoving metrici @ Q qa i ‘On and enforcing the Kodama trajecto-
ryiQ 0[2], we evaluate the anomalous entropy den3ity cO j ¢y O

and show that the corresponding faxlume element reduces, after an exact coordinate
transformation, to that of a round fesphere of radiug0 . The resulting total entropy

Y “j "00 reproduces precisely the Bekens{biawklng entropy 0j 1O
associated with the cosmological horizon. This calculation demonstrates that the anomalous
entropy approach [3], grounded in the Euclidean Quantum Gravity framework, yields cor-
rect and physically consistent results.

Keywords: black hole entropy, wick rotation, dynamical spacetime, kodama observer

Introduction. Euclidean Quantum Gravity offers a nparturbative route to gravi-
tational thermodynamics by relating the semiclassical partition function to Euclide-
an manifolds [4]. Conventional methods rely on static spacetimes with analytic
continuations, however, these methods are inadequate for dynamical, non
stationary geometries. The covariant Wrckation approach developed by

R. Singh, D. Kothawala [1] addresses this gap by defining Euclidean metrics
through a positivelefinite combinatiorQ "Q  gd 6 hwhered is a no-
where vanishing timelike vector field amdis the interpolating function between
two regimes generate Euclidean metricdor ¢ in covariant way. We apply this
technique specifically to the Kodama observer in de Sitter spacetime, enabling a
robust calculation of horizon entropy.

Methods and materials; results.We apply the covariant Wietotation for-
malism to the de Sitter spacetime metric, employing Kodama observers character-
ized by trajectories defined by wé & i oThereésulting Euclideanized met-
ric contains crosterms which are eliminated via the transformation "0iQ ,
revealing explicitly the geometry of a fesphere. The anomalous entropy density,
defined by p ¢ "OY ¢O 6 6 7, evaluates to"Y

cOj Y "0 Integration over the Euclidean manifold yields the total entropy
“j "00 hexactly matching the standard BekensteirHawking formula [5].

Conclusion.In conclusion, anchoring the covariant Wick rotation to a general,

nowherevanishing timelike observer field exemplified here by the Kodama
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congruenceé offers a powerful, sel€onsistent framework for computing horizon
entropy in dynamical spacetimes, as explicitly demonstrated for de Sitter space.
This approach underscores the universality and robustness of gravitational entropy
calculations within the Euclidean formalism, extending its applicability well be-
yond stationary solutions.
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Abstract. The paper comprises a generalized solution telimear PDES, mainly interpre-

tated in the gravitation field equation [1]. The author shows that gamma matrices (Spinors)
are embedded within Christoffel symbols. This approach is usable for calculating geodesic
as: 3 A ¢A A)MW pE, for a weak quantum gravitation field. Hence, it con-
cludes the followings: (a24 mathematical terms of seceadler, as an integral part of
Ricci tensorand (b) unification of all spaeime geometrief3, 4].

Keywords: quantum gravity, general relativity, clifford algebra, ricci tensor, ricci flow,
geodesic

Introduction. Absol ute Uni fied Mathematics of
developed to offer a complete solution to the following existing problems. These
includes: (I) quantum gravity and general relativity; (Il) singularity and dark ener-
gy; and (lll) many more. Its key objective is to incorporate Spin (gamma matrices)
within Christoffel Symbols, as discussed in the next section. This is of uttermost
relevance for analyzing the Splidynamics of the gravitational field. Scientifically,

it discloses 24 secormrder partial derivative terms (Quantum Gravitational
Waves), as an integral part of Ricci tensor.

Methods and materials; results.To derive the embedded quantum fields
within CBrpostbfésehrtéad with @mo,cowfara ah
dament alC d ena®rs hdwn i Theseapuatonsi ae acquaidt) [
ed with first order covarirantanddedi vat i
cording to the Clifford Algebra, these matrices are also referred as the basis vectors
of fundame@Qtbal Tthe s £ o0 brads asn dv, eficatroer sf,u nid a

ly known by equation¢; —2]
—  —afrr¢ g neoroor o nr Cs Cs (D

The first order ncobwvad, aotf deesoaf und
sorG,CnC, 6, are derived | i ke equ-f&rdei on
Christoff el sy mbsd.s DOHi ssewandp kr snde d il

parti al derivati ves—,of,—fa,ndiameaoekhotwh e t &€

BN

equatison-@f—4a — —o0 [ 1]. With further
have discovered equation (2) [3, 4].
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- A
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— - 0 0 0) A; (3)
2 —35 C i —3 5 C i 33 3 3 (4)
Using equations (3), | calculated geodesic for a weak quantum gravity, as
shown by equation (3). -mmesmeantriemurl dl, atiit
in geodesic. Hence, validating equation (2). Additionally, the Christoffel symbols:
3h .3 F i "33 ,and3 3 ; given in equation (4) are also de-

rived using equation (2), respectively [3, 4].
Conclusion. In this framework, | have concluded the root characteristics of
Quantum Gravitation. These are elucidated through quantum fields of skew

symmet++ c—oand—~HA — 0, and symmetori cn,a-ni
ture. These fields are found Z2imbkedsdsed
on equations (2) and (4) [3, 4].
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¢ dzdzts Is Oy MM dZ3OIsted o O Isfpw  tojh jdedw otsL d3gzh j deder ~

Mistc OdzMmlis o § ZoOtoyh ddz HO Hdvw MEyow oMY tcsml
1L dzj CstesdBOcdadlsdes? d ctcOodlsOyddedets? o tsdzdz, Mt
z9o9Oteyh ddz' HO. 1 sCOL Odzts, ybsts MW jtduydi mMSdy < dz
dzr § M dedd3d  tetsH tsdziods djdztsd tc Q o ok Ids@BY dst=lppddes r . 1 e
dzdj thdesoadzr 7 Mots2MmMlse o dlsOydtsdedz = o tsdzdg,

BOG dzd Isdzr d3d o 5 dzdzO 3 .

sdz¢ yjor j cied@oed@&Oydw ¢2dzhIsj 2 dzO, ftesMmisteOdeMmis o
CtcOodlsOydtsdeds’ § otsdzds , { dzj Clstetsd3sOcdedIsdz” § o tsdk

lojHjbgg. dimdzj Hise Odedd GO0 dlsOYyd sdadats?
o dmCtedo dzj dedets e to ff WP UsABdzfiplsipfitsdz! L 28 sfqw o
oL BN jdzd2 [1]. 1 1kt MzeyOj ctcOo dls O
BOdz | oL Bz jddy VW saispdsiEdgddl csihlstcOdzilss O

I fembstsd ftshistcOdmisesj ftod wOMY tetslst
o fkmMbtsd il dzilsdgx dpjHdszodzj odz@Hdtc (X otdz disg
sjdoL 56O otsL BN jdadw W o efwstlgfiey T hi(s 1 tSit
h,l 2] . [ndO¢t ftod TR dadned'd Odddds § U dedtddd d Is
o sdzdz" Btsclzls dd3j bL): hd h,fHgisH t dzyf et jstf (ztc dats dz J
(LT): hy, h,, hy o h,, S tBBYtsdef dels™ [ 3] .

] tOB®GISOR [ 4, &l mdidfdsidEstzlz \jta®e dlsOyd
flow L Odzdzs?2 ) § desMS 52 + dzj ClstotsBOG dzd Isdzts?2 o
Ajdz ¥ HOdzedzs?2 tOBBIST WwWodw jlsmw OdOdzdL ¢
flowL Odzdzs?2 fMts MW jtedyj MEts2 L dzj ClstetsBOG d
zoOtyh ddz' HO 20 tfdzse j tejh jdzdW oL Bzh j d

fdlsHr d &OjtedOqdy twisiisdylged™.  sMisO
BN dzd tej h j dz oL i3z h j dzdz tc©o dzj dad W G
ZoOteyh ddzz HO Hd&zv MdzEyow oM ttsMistcOdsj dad v
StctsBOG dzf Isdzs? otsdzdzr o tOHJOdMz detsds dzOf 6O
fd &3d3j sted ydetsilsd + dzj SlstesBOG dzd Isdzr 7 o tsdzdz
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otej d3j dzd B dzts B dzsy J des, yYlsts HJOGCs5dzOdz! dz
Yimedrn otsL BN jdzd?2 tOQoade dBIiHE MBB2.

10 tshmdztse §j §sdzzyj deder = Istsyde n tej " j dzd 2,
1 dzj CtetsdBOG dzd Is dzOW o sdzdzg® d o3 § Is -aytsdndztise ' ffjtc
Cod3f sdzj dzls™ . CIsd tdgh jdzdvw fHtoj HiNlsOo dzw e Is i
ZoOteyh ddzr HO.

Il sdzzyd deder § MowL Odede' § GteOo dlsOydtsdadz |
MstcOdzmlsea j, O ddij dedes 5 BOMMJ Y tedes?2 HT
O OS] ©® WOLBera ddtsydlsjdzvr. vOE&yJ BT
dzZ' = GCtOodlsOydtsdeder » otsdzdz 9 f tosMmistcOdzmlise |
yd 3 o fshistcOdhisp LOdadrdmiees dfdlz: h

1 OCdzt Yyl e 3 MlsOodzj dz OdzOdzdL Mo w L Odzdz" = G
BOG dzd Is dz" - otsdzdz M Eyjltsdd o tsL dgzt jj ddadded
Zz9oOteyh ddz' HO. 1 sdzzyjdeder §| tejLEzdz sOIsT fts
CtcOo d Is Goysdediasiasts 2 C sy Sdzj dzls™ 20 sy M
BsHj 2Mlsoadw 1 dzj CstcsdzOcdzdlsdz" » o tsdzdz o 5B
sBl jCIsse .
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Abstract. Solutions of perturbed Einstein equations in the Schwarzschild -paeeare
considered for the propagation of spherically symmetric electromagnetic and gravitational
waves corresponding to perturbations of the Schwarzschild metric. It is shown that spheri-
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cal electromagnetic waves have longitudinal gravitational wave components coupled with
them. A description of the basic properties of gravitational waves coupled with spherical
electromagnetic waves is proposed.

Keywords: Einstein gravity, Schwarzschild spatime, coupled gravitational waves, elec-
tromagnetic waves, metric tensor

Introduction. Methods of perturbation theory are often used in the study of a grav-
itational wave propagating in a curved sp#oe [1]. In this case, gravitational
waves are considered as small perturbations of the background-tispace

hmn: gon'
In Minkowski spacetime, when a gravitational wave propagates in empty

space along the directior' = x, the nonzero components of the perturbation ten-
sor are only transversgansverse (TT)h,,, h,, h,, [2]. However, in the pres-

ence of a sourc&,,,, 0, coupled gravitational waves can have both longitudinal

longitudinal (LL): h, h,, h,, and longitudinatransverse (LT)h,, h,, h,, h

components [3].

In [4, 5], the LL components of a gravitational wave coupled with a plane
electromagnetic wave in Minkowski space were obtained. The purpose of this work
is to analyze the components of a gravitational wave coupled with a spherical elec-
tromagnetic wave in Schwarzschild spacetime based on the solution of perturbed
Einstein equations.

Methods and materials; results.To achieve this goal, the perturbed Einstein
equations in Schwarzschild spacetime were solved for the case of propagation of a
spherically symmetric electromagnetic wave in the radial direction. From the con-
dition of spherical symmetry of electromagnetic waves and isotropy of-tipage
it was assumed that the diagonal transverse components of metric perturbations are
equal to each other.

Based on the exact solutions obtained, it was shown that a spherical electro-
magnetic wave has purely longitudinal gravitational wave components. These solu-
tions are even perturbations of the Schwarzschild metric.

The resulting coupled gravitational waves carry information about space,
namely, the mass of the black hole, in amplitude coefficients, as well as in phase
multipliers. It was also shown that the amplitudes of coupled gravitational waves in
the space with the Schwarzschild metric are greater than in the Minkowski space
due to the presence of a gravitational mass.

Conclusion. An analysis of coupled gravitational and electromagnetic waves
is presented, taking into account perturbations of the Schwarzschild-tspace
metric. The results obtained allow us to consider the influence of the gravitational
wave component on the propagation and interaction of electromagnetic waves in
the field of compact gravitating objects.
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Singular bounce in the theory of gravity with nonminimal
derivative coupling

Sushkov Sergey Vladimirovich sergey_sushkov@mail.ru

Kazan Federal University, Kazan, Russia

Abstract. We explore bounce scenarios in the framework of homogeneous and isotropic
cosmological models with arbitrary spatial curvature in the theory of gravity with non
minimal derivative coupling of a scalar field to the curvature given by the ®/nt{)

G* ¥¢ ¢, in the Lagrangianin general, a cosmological model is determined by six dimen-
sionless parameters: the coupling paramgteand density parametecs, (cosmological
constant)( - (spatial curvature termy, s (nonrelativistic matter)q 4 (radiation),q s (scalar

field term). As expected, we find that there are no turning points and/or bounces in cosmo-
logical models with negative or zero spatial curvature. At the same time, both a turning
point and a bounce can exist in the model with positive spatial curvature. In particular, the
bounced when the Universe's contraction is replaced by expargsias happened dil=

U when a(0) = amin=(3s @)"24 whereU= Hct is a dimensionless cosmic time abdis

a moment when the bounce happens. It is important fact that theavaldepend®nly on

¢ andqz and doesiot depend oo, 3 and s We find that near the bouneglj °

° amin(1+d3/185) andh(( © qid9e, whereqd)= U U. Thus, the scale fact@((), the Hub-

ble parameteh(lJ, and all corresponding geometrical invariants have a regular behavior
near the bounce. In particula() ~ &n, ()  Yas@ U. As well the values character-

izing matter energy densities, suchjas- a2 and}. ~ a4 are regular near the bounce.
Nevertheless, though the spacetime geometry and energy densities remain to be regular near
the bounce, the scalar field has a singular behavior there. Nabwely~ 1/qd3 Y D bl s

Y 0. As a result, we conclude that the complete dynamical system describing the cosmo-
logical evolution in theory of gravity with neminimal derivative coupling is singular near

the bounce. On our knowledge, such the scenario, when the spacetime geometry and matter
energy densities remain to be regular at approaching the universe evolution to the moment
of bounce, while the behavior of scalar field becomes singular, was unknown before. For
this reason, we term this scenario angular bounce

Keywords: wormhole, dynamic wormhole, Friedmann universe
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Original linear Lie algebra directly solves Standard Model
and Periodic System
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Abstract. The original geometric Lie algebra is linear, digital and differential, and in an
internal part exactly and exhaustively realizes the Standard Model of the elementary parti-
cles by serial lattice transformations of its orthogonal versus spherical infinitesimal genera-
tors. In an external part by the line congruence extension and expansion of their reciprocal
network through, primeval and astrophysical stages it further leads to an equally exact and
exhaustive realization of the Periodic System of the atoms and molecules and their crystal
structure, compositions and images as well as online interactive computer system bits and
algorithms.

Keywords: Alphabit, Aufbau, Betabit, computer program, crystallization, differential, digi-
tal, elementary particles, geometric, Lie algebra, linear, line congruence, Periodic System,
Standard Model

Introduction. The Standard Model remains the ultimate analog equation system of
the proliferating elementary particles, while the original Lie algebra applies its sole
particle el ement: Aithe straight i ne
transformation lattice of the infinitesimal generators of its geometry. First disclosed
intwo dimensionsa8 ei ne gestr ei fit le hitlwgsestowrahove ¢ h e
this could be folded and connected in further planes and angles into the composi-
tion of a linear O6vectord space (Figur
infinitesimal generators themselves instead of thekofaihe-dog resultants.
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Fig. 1.Gestreifte F|, chenof ordered linear algebra and plane geometryt. Y It F-Eufveis by straight lines of
length equaling zero (distance between adjacent coordinate po{ajsNote equivalent organization as in a
presentday unordered linear vector spade) (

Methods and materials; results.T h ilsmafig-Cun®erdo sy st em [ 3]
beyond the Standard Model by extending its network over the crystallization of the

Periodic Table [4]. Here | ies the game
in relation to his time buttothe presehaey abstracti on into &
space. But to Lie the Iine Wag pH81 an
thus a concrete construction element starting and acting from the infinitesimal level
to build the Cartesian/ Euclidean spac
equation itselfo in the Aform f( x y
formula for which, quoting Lie, o0Desca
has among the unlimited manifolds of possibleoodinate systems chosen a defi-

nite oneo...oone realizes that the str

used as the element of a geometry of the space, which gives a faithful representa-
tion of the algebra of three variables
here x y z are perceived as parameter
with a cone, namely, the collection of tangents to those corgpiaeses that go
through the point in questionoéoto the
correspond the curves C of a definite cieve mpl ex i n R0Oé0t he
mapped into each othero6o6édin such a way
aginary straight I|lines whose | ength eq
point to a straight linedéodoof |l ength e
have no extension but a Lie algebra neighborhood of the dx, dy, and dz enclosing it
as the distance in each direction between adjacent points.

Li ebs di sfctohygekeylinefebraetry can be transformed into a
sphere geometryodo then both founded spl
reciprocal space between them, and thi
unf ol ds separately or together bet we e|
generatriceso and those of the MfACartes
par ameter s -anme sooc oonfpl exch ot her [ 1, 2]
made digitally and differetially, byitself. @i e St in the visienargDarstel-
lung des Imagitren in der Geometri¢3] are such infunitesimal straight lines in
and bealwgelr @i schkutkFl Ponheompl ex space
occompl exe Gl eichung | f83swhiscihc,h fianr rzawegie
pairwise as neéeani preroc HGleodnet X, e2d@ler Lini

Now, we have what we need to start working. We know that we have the dx,
dy, and dz infinitesimal generators (and their tangential spherical geometry coun-
terparts) to apply digitally step by step by themselves as partial derivatives in their
own differential equations. I't is thus
ever but a primary linear infinitesimal generator space, of themelves, which is a
radical, indeed gamehanging difference.
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Focussing on the thredimensiomal spacefilling in the two mutually recipro-
cal spaces both separatelyn d i n -6ocoepl ertegration, i

line congruence clutions.
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The Iines are infinitely thin and in
ternally but still donEt overcross sin
along their whole sides, while the Owa

spondingly more concentrated intensity. May this explain the difference between
gravity and electromagnetism? Among other interesting things to reflect on is
whet her the édquarksd could simply comp
system?

Figure 3 then outlines the further natural history of the line congruences ac-
cording to Figure 2 introduced mainly by halves in early Universe in almost iso-
tropic microwave background form.

Now this was a most rudimentary and also arguable summary of an entire
cosmological History, but in Figure 4 we just continue the bricklaying, judging
validity and success by the objective results.
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The above telegramstyle legend is admittedly a bit cryptic but it is hoped that a

further figure exposition of period 2 and 3 may lead to a gradual comprehension of
the stuff.
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Fig. 3ace) Different line congruence geodetic curves in early universe with examples of rare confrontations there
and their outcomes in a) combined parameter/ma#mgent hybrids, and b, c) separate parameter and d,e)
conecomplex arrays. It is shown how ipsilateral confrontation causes annihilation to straight neutrino and zigzag
photon linear sequences, while contralateral superposition generates congruent parallelepiped outlines of
matching a) wav@ackets, and b) spaceframe, ange)l wavefunction vortices. fjhere are small fluctuations in
this blend leading under billions of years to stellar formations and ultimate cataclysms in the extreme condensa-
tion of which the synthetic processes virtually explode, too, to pile up in the exhaust and in order to avoid jam-
ming from the start must find the best spafiing further layering, which is the BoAufbausystem [46] in a
reciprocal line congruence top and here displayed bottom part. It is shown for apeket crowd but likewise
applies to the space and wave pieces
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Fig. 4a) Frontal and horizontal crosgction views of Module with directly layeratilat-roofed upper half and flat
bottomed lower half, each containing 153 wapacket bricks with 12 lines in each = 1853 = p/e mass ratio. b) How-
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the Hydrogert Helium relations further explained in c) together with Peripheral Neutron/spacelatti¢actually)
Electron/wavenet atom composition.
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Fig. 5.a) Second period. Note simplified spéitkng square Legtype representation with isotopes by Neutron
excess indicated, and m&ymmetric form of Carbon, Nitrogen and Oxygen, b) which together with Hydrogen
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applied by marginal accretion in successive layers.

The modules are crystal seeds and to grow into atoms they first tile into up to
10000 times wider integral surfaces, and then rise via origin shaft to new layers till
billion times larger atom (Figure 6, left) and can start its interactions. Next some
Carbon aggregates are shown followed by basic hydrides.

So now we can continue by figures alone, first of a few organic states (Colors
are those of the noble gas in respective period), where we also see examples of the

present art of their chemical models.
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Fig. 6.See text
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Then we can continue with some inorganic compounds.



