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INFLATION IN F(R, T) GRAVITATION WITH f-ESSENCE

Abstract. Modified theories of gravity have become a kind of paradigm in modern physics because they seem to
solve several shortcomings of the standard General Theory of Relativity (GTR) related to cosmology, astrophysics
and quantum field theory. The most famous modified theories of gravity are F(R) and F(T) theories of gravity. A
generalization of these two modified theories and gravitations, which was first proposed by Myrzakulov Ratbay. In
this paper, we study an inhomogeneous isotropic cosmological model with a fermion field f-essence whose action

has the form S, = Id *Xa/— glF(R,T)+ L, ], where R is the scalar of curvature, and 7' is the torsion scalar, and

L, is the Lagrangian f-essence. A particular case F(R,T)=aR + BT is studied in detail when parameters are
obtained that describe the current accelerated expansion of the Universe. The type of Lagrangian f~essence of this
model is determined. The presented results show that gravity with f-essence can describe inflation in the early
evolution of the Universe. A modified F(R, T) gravity with f~essence is considered. Equations of motion were
obtained and the inflationary period of the early Universe was considered. To describe the inflationary period, the
form of the Hubble parameter and the slow-roll parameter were determined.

Key words: Universe, accelerated expansion, inflation, cosmology, f~essence, slow-roll parameter, Friedmann-
Robertson-Walker metric, F(R, T)-gravity.

Introduction. The idea of expanding Einstein's theory of gravity is productive and economical in terms
of several attempts that try to solve problems by adding new and, in most cases, unjustified new
components to give a self-consistent picture of dynamics. The accelerated expansion of the Hubble flow
observed today and the missing material of astrophysical large-scale structures are primarily included in
these considerations. Both problems can be solved by changing the gravity sector, i.e. field equations.
Philosophy is an alternative for adding new cosmic fluids (new components in the field equations), which
should lead to cluster structures (dark matter) or to accelerated dynamics (dark energy) due to exotic
equations of state. In particular, weakening the hypothesis that the gravitational Lagrangian should be a
linear function of the scalar of Ricci curvature R, as in the Hilbert-Einstein formulation, one can take into
account the effective action as a minimum extension when the gravitational Lagrangian is a general
function.

The main and well-known examples of such modified theories of gravity are F(R) theory of gravity

and F(T) theory of gravity. In this direction, the generalization of the theories of gravity F(R) and
F(T) promises to be a promising and interesting version of modified theories of gravity. One of these
generalizations of the F(R) and F(T) theories was first presented in [1] (see also [2-7]). There was

shown that the torsion scalar, as well as the curvature scalar without a source of matter, leads to the
formation of this union, the expansion of the Universe, inflation, and so on. This generalization includes
all the properties of the F(R) and F(T) theory of gravity.
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Astronomical observations suggest the universe can be viewed as homogeneous and isotropic for
cosmological purposes that at very large scales, and so this is well described by the Friedmann-Robertson-
Walker (FRW) metric. In this paper, we investigate the dynamics of the fermionic field of the f -essence
in the framework of F(R,T) gravity described by the FRW metric. The special case of
F(R,T)=aR+ pT, where ¢ and f are real constants, is investigated in detail. The necessary
cosmological parameters have been obtained.

The expansion in the early time of space-time in the evolution of the Universe, namely inflation, is
introduced to solve some cosmological problems. The discovery of a gravitational wave from a heavy
celestial body and the observation of a black hole (BH) is a great success of Einstein's general relativity.
However, from a cosmological point of view, some problems remain, such as flatness, horizon, monopole
problems.

The theory of inflation is one of the elegant and simple solutions for these problems. An alternative
approach is to modify Einstein's gravity.

The standard method for determining observable inflation is to perform detailed disturbance analysis
[8]. However, the approach can be simplified by introducing slow-roll parameters [9], either when
inflation occurs due to modification of standard gravitational actions, or due to scalar fields.

F(R,T) gravity
The action has the following form [1] (see also [2-17]):

Sy = [/ gtr )+ ), (1)

where L is the matter Lagrangian, R is the curvature scalar, T is the torsion scalar
R=g"R,, ., T=S""T"4u. 2)
This generalization was first proposed in [1], and these properties were investigated in [2-17].
In general, G*,. has the form

uv?

A i Ao

Giyv = ei 6#e[v + ej elva)‘/ilu = Fl‘uv +K/1,uv, (3)
where I'*,, - Levi-Civita connection, and K”,, - contorsion tensor. We write the metric in the standard
form as

ds® = g dx'dx’. 4
Orthonormal tetrad components e,(x*) are related to the metric tensor as follows
g =18, )
The orthonormalized condition is given as
n; = gﬂve[“e;. (6)
Here's 1, = diag(-1,1,1,1) where we used the relation
e el =0, 7

Basics of / -essence
Briefly describe some of the basics fermion model f -essences indicated in [7]. The action of the

model has the form [7]
5, = [d'sy=elR+ 2K (Vw7 ®)

where v and ¥ =w 'y’ denote the fermionic field and its conjugation, respectively, the cross means

complex conjugation and R is the Ricci scalar. K is the density of the Lagrangian of the fermionic field,
the canonical kinetic term of which has the form
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1. _
Y = SAPT"D,y - (D)) ©)
Here I'* = e”y“ is the generalized Dirac-Pauli matrices satisfying the Clifford algebra

. riy=2¢", (10)
where the brackets denote the anti-commutation relation. e/ denotes a tetrad, while the covariant
derivative is given by

Dy=0y-Quw, Dy =0y+yQ,. (11)
The fermionic coupling Q, is determined by the formula
1 L
Qy :_nga[r/fé_e;aueg]r 1—“)’ (12)

where T/ Christoffel symbols.

Fermionic fields are considered here as classically commuting fields. By the classical fermionic field,
we mean a set of four complex space-time functions that transform in accordance with the spinor
representation of the Lorentz group. The existence of such fields have of decisive importance in our work,
because, despite the fact that fermions are described by quantized fermion fields which that do not have a
classical limit, we assume that such classical fields exist and use them as matter fields associated with
gravity.

F(R,T) gravity with f -essence
Now let's consider F(R,T) gravity with f essence. Its action is given as

5= [a s =glr D)+ 2K (L), (13)
where R and T are curvature and torsion scalars, respectively, expressed as
R=g"R,.T=8"T"u (14)

FRW metric case
To simplify, this section will make the next two to simplify the problem, namely, we assume that:
1) F is of the form

F=aR+ T, (15)
where a and £ are some positive constants.
2) consider only the FRW space-time
ds® = —dt* + a(t)*(dx* +dy* + dz*). (16)
Then action (13) takes the form
S=J.dx4\/§[aR+ﬂT+2K(Y,y/,y7)]. (17)

Next important suggestion is that for the FRW metric, R and 7 take the forms

. .2
R=u+6(g+a—2j=u+6(H+2H2)=u+RS,
a a

) (18)
T=v-65=v-6H>=v-T,,
a
d./‘
where u and v are some functions from a, a, dt , R,T and so on. Here
. )
R, —6[ﬁ+“—2J— 6(H +2H7)

a a (19)

Next step for our model can be rewritten as
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S—J‘dx“./—g[aRr+ﬂﬂv+]:n], (20)
where
L =au+pv+L, =ou+pv+2KY,p,w)=2KY,p, 7). (21)
For the FRW metric, the Dirac matrices of the curved space-time I'* have the form
=y, T/ =ay, I’ =—iJ-gl'TT’ T =p", [, =y", T, =ay’(i=123). (22)
Hence we get
1.
Q,=0, Q, =Ea7/"7° (23)
and
1. -
Y =51(W°t//—w°t//) (24)

Finally, note that the gamma matrices that we write in the Dirac basis are of the form

I 0 0 o 0 7
0 _ , ko , 5 _ , 25

where I = diag(1,1) and ¢ are Pauli matrices having the following forms

1 (0 1} , (0 —iJ \ (1 o}
o = , o =| , O = . (26)
1 0 i 0 0 -1

We rewrite action (20) in the following form

S= Idt — gL, (27)

where L is the point-like Lagrangian. To find the equations of motion of the model, we use the Euler-
Lagrange equations. In our case, the Euler-Lagrange equations are defined as follows

OL d oL _ oL d oL OL d oL _ oL d oL OL d oL

L _ 4y, L4y L0, L4k _, 4% g8

0T dtoT oy dtoy Oy dt Oy
Accordingly, the condition is given as

ELza—L.a+a—L.R+a—L.T'+a—L.t/)+a—L;l/7—L:0- (29)
oa OR oT oy oy

Finally, the equations of motion for our model take the form
3H* - p =0,
2H +3H*+p=0,

_ - — (30)
K,y +0.5QHK, + K, )y —iy°K, =0,
K, +0.53HK, +1;<Y)1/7+i1?l/,7/° =0,
where
p=YK,-K, p=K. (31)

where H =d/a i the Hubble parameter, a(t) is the scale factor, and a(¢) is cosmic time derivative .

From the second equation of system (30) can be seen that, according to the rules of differentiation, if
expressions from the spirit of the sides of equality depend on different arguments, then this equality will
be constant

2H(a)+3H(a)* =-K(Y,y, ) = const.
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To study inflation is enough to determine the form of the Hubble parameter, which has the form:

3 2t %
((12\5 A€ +27¢°C, +1084ch}
_1 % _ 2¢, (32)
6 o 3 2t 5
[[12\6 /% +108e’]C§J
2

Inflation. Let us consider an inflationary model with a minimum kinetic term, where the behavior of
the system is described by the FRW and Dirac equations (30). To describe the evolution of the background

is convenient to introduce the functions of the Hubble flow ¢, which are defined by the formula

dInle,
€l E—W, nZO, (33)

/a) are the amount of e-folding. By definition, inflation is a phase

H

where ¢, =H,,/H and N =In(a

of accelerated expansion d/a >0 or, equivalently & <1. As a consequence, the end of inflation is

ini

determined by the condition & =1. On the other hand, the conditions of slow-rolling down (or the slow-
rolling approximation) refer to the situation when all ¢, satisfy ¢ <<1. For our case, the inflation

solution evolves with the (positive) Hubble flow functions

g=-1L, (34)
H2
2H H
T 33

where C, and C, are integration constants. Figure 1 shows the typical behavior of the slow-roll parameter

for different C, and C, values.
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Figure 1 - Graphical analysis of ¢ (black lines) and &, (red lines). Dotted line: C1> 0 and C2> 0; dotted line:
Ci1<0and C2> 0 ; long dotted line: C1 < 0 and C2 < 0; dot-dotted line: C1> 0 and C2< 0

Conclusion. In this work we have considered a modified F'(R,T) gravity with f~essence. Equations of
motion were obtained and the inflationary period of the early Universe was considered. To describe the
inflationary period, we determined the form of the Hubble parameter and the slow-roll parameter. As can
be seen from the graph for our model, the slow-roll parameter does not satisfy the inflation conditions
given in [9]. Thus, the given F(R,T) gravity model with f~essence cannot describe viable inflation.

Acknowledgement. This work was supported by the Ministry of Education and Science of RK Grant
No. AP08052197.
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f-DCCEHUIUSICBI BAP F(R,T) TPABUTAIMSICBIHAAFbI UHOJIALUS

AnHoTanus. JKaHapTBUIFaH TPAaBUTAIFSUIBIK TEOPHIAPHI Kasipri (u3WKaga esremie HapaJuTMaHBIH TYpiHE
alfHaNAbI, OUTKEHI OoJlap KOCMOJIOTHS, acTPO(HU3UKA KOHE KBAHTTHIK OPIC TECOPHUSCHIMEH OalIaHBICTHI CTaHIAPTTHI
JKaJIITBI CANTBICTRIPMAIBIIBIK TEOPHUSCHIHBIH OipHeIIe KeMIIUTIKTePiH MIeIIKeH 00ybl MyMKiH. [ paBUTAIMAIIBIKTEIH €H
TaHBIMaJI MOTU(HKaNHsIanrad Teoprsuiapbl — F(R) sxoHe F(T). Ochbl €Ki TCOPHSHBIH JKaJIIbIIAHFaH TYPIH ajIFalll peT
Mpeip3akysioB ParGaii yceinran. Byn skymbicta 613 f~3cceHuusi hepMHOHIBIK epici O0ap OIpTeKTi eMec HU30TPOINThI

KOCMOJIOTHSUIBIK MOJICNBA1 3epTTeiiMi3, ocepiH ObuIail Kepceremis: Sir =J.d4x,/—g[F (R,T)+L,], mynna
R — KUCBIK cKaysipbl >koHe 1 — MMpaTry CKausapbl, L, — f-3CCEHLUS JarpaHkKMaHbl. OJEMHIH YAETUITeH KEHEo

JKarJaiiblH CUNIATTAWThIH MapaMeTpiep aibiHFaH. HakTel sxaraait F(R,T)=aR+ fT KapacTbIPBUIBII, TOJBIKTal
3eprreneni. byn MomenbaiH f-3CceHLUs JarpaHKHAHBIH TYPl aHBIKTaJIFaH. ¥ CHIHBUIFAH HOTHKENIEDP f-3CCEHIHSCHI
6ap F(R,T) rpaBUTAIMSICH QJIEMHIH epTe HHQISIUSIIBIK SBOFOIMSACHIH CUITATTANTHIH/IBIFBIH KOPCETEII.

Kymbicta GepMHOHIBIK 6pici 0ap JKoHE KAHOHIBIK €MeC KHHETHKAIbIK Mylueci (f-3cceHumsi) Oap
KOCMOJIOTHSUIBIK MOJIEIb KapacThIpbUIFaH. Mozesb/aiH Keii0ip HakThl memrimiaepi TaOblIFaH jkoHe 013 OChIHAAN
TpaBUTALMSIIBIK-(EPMUOH/IBIK ©3apa SpPEKETTECYIiH QJIeMHIH OaKbUIaHATBIH YIIEMENl YIIFal0 9cepiH TeKcepeMi3. Opi
Kapad, OChl MOJENBAEPIiH KOCMOJIOTHSUIBIK KOCHIMIIAJaphl TaiKplIaHaael. CoOHIal-ak, f-3CCEHIMs MOJeINiHae
OWHINTEHHHIH CTAaTHUKAJIBIK oJeMi CEKUIOl MIemiM KOK. f-3cceHuusacel Oap Mmomudukanusiaanrad F(R,T)
TPaBUTAIMACH KapacTHIpbUFaH. Ko3Fampic TeHIEyJepi ajblHABI KOHE alFaliKbl OJEMHIH HHQISAIUAIBIK Ke3eHI
KapacThIppUTFaH. MHQIAISUIBIK Ke3eHAl cumatTay ymiH Xab0m mapameTpiHiH Qopmacel jxkoHe 0asy oparry
mapaMeTpi aHBIKTaIFaH.

Tyiiin ce3nmep: onem, ynemeri yiFa, HHISIMS, KOCMOJIOTHSL, f~3cceHIus1, Oasty chIpFy mapametpi, Opuaman-
Pobeprcon-Yokep merpukacsl, F(R,T)-rpaBUTaAIMSICHI.

III.P. Meipzakyi'?, E.M. Mbip3akyJos'?, M. Ap3ambeToBa’

'EBpasuiickuii HarmoHanbHkl yausepcuter uM. JI.H.I'ymunesa, r. Hyp-Cynaran, Kasaxcran
Ratbay Myrzakulov Eurasian International Centre for Theoretical Physics, r. Hyp-Cyunran, Kasaxcran
SKazaxcKuii HAIMOHATLHBINA YHUBEPCHUTET UMeHH alb-Dapabu, r.Anvarsl, Kazaxcran

WH®JISIIUS B F(R,T) TPABUTAIIAHN C f-CCEHIMER

AnHoTanusi. MoauduuupoBaHHBIE TEOPUH TPABUTAIIMHA CTAIM CBOErO pPOJa TMapaJurMOil B COBPEMEHHOM
¢du3KKe, TOCKOIBbKY OHM, Ka)KETCS, PEIIAl0T HECKOJIIbKO HENOCTaTKOB cTaHAapTHOW OOmiell TeopuH OTHOCHTEINb-
HocTH (OTO), cBSI3aHHON C KOCMOJIOTHEH, acTpOU3NKONW M KBAaHTOBOM Teopueit moist. Hanbosnee n3BecTHbIE MOAM-
(unmpoBanHble Teopuu rpaButaiuu sBisitores F(R) u F(T) reopun rpaButanun. O000LIIEHUE ITUX JABYX MOIU(H-
uupoBaHHbIX Teopuit F(R) n F(T) rpaBuTauuu BrepBble ObUIO NpemiokeHo Meip3akynoBeiM Patbaem. B nanHoi
paboTe uccienoBaHa HEOJHOPOAHAS M30TPOIHAs KOCMOJIOTHYECKas MOJeNb ¢ (DEMUOHHBIM TIOJIEM f-3CCEHIMEN,

JIECTBUE KOTOPOM UMEET BUI S = J.d fxa/— g[F(R,T)+L,],rne R — ckansip KpuBU3HBL, a T — CKaJIp Kpy4eHus,

Ly, - narpanxkunaH f-3cceHuun. JleTanpHO M3yuyaeTcsi yacTHbI cioyuail npu F(R,T)= aR + T , NoNydeHsl mapa-

METpHI, ONHICHIBAIOIINE TEKyIIee YCKOPEHHOE pacmupeHue Bcemennoit. OnpenenéH Buf JarpaHKuaHa f-3CCEHITUN
nmaHHOM Mopenw. IlpencraBieHHBIE pe3yibTAaTHl IMOKAa3bIBAlOT, 9TO F(R,T) TpaBUTamus C f-3CCEHIOHCH MOXXET
OMHKCHIBATH HH(IAIMIO B PAaHHEH 3BOIIOLKMH BCeneHHOA.

B aroii paboTre paccMOTpeHa KOCMOJOrMYecKass MOeidb ¢ (EPMHUOHHBIM IIOJIEM M C HEKAaHOHHYECKUM
KHHETUYECKUM 4JieHOM (f -3cceHims). HaliieHsl HeKOTOpbIe TOUHbBIE PELICHHS MOIEIH U [IPOBEPSIeM BIUSHUE TAKOTO
IPaBUTAIIMOHHO-(DEPMHOHHOTO B3aWMOJICHCTBUS Ha HaOJ0JaeMOe YCKOpeHHOe paciiupeHue Bceenennoit. [lanee,
00CyXJar0TCsl KOCMOJIOTHYECKUE TPUMEHEHHsI TOYHBIX Mojelieil. Takxke MOJIenb f-3CCEeHIMHM HE UMEET pEIIeHUs
THNa craTuueckoi BeeneHnow DinmreitHa. PaccmoTpeno momudunmpoBanHast F(R,T) TpaBUTaIUs C f~3CCEHITUCH.
Bb110 mosy4yeHs! ypaBHEHUs ABWKEHUSI M PACCMOTPEH MHQUIALMOHHBIN repuoy panHel Beenennoit. s onucanuns
MHQISIIUOHHOTO Neproa, ObIIN ONpeAesIeHsl BU] napamerpa Xad0a 1 napaMeTp MEAJICHHOTO CKaThIBaHUSI.

KiaioueBbie ciaoBa: BcenenHas, yCKOpeHHOE pacIIupeHHe, WHQISAMNS, KOCMOJOTHS, f-3CCEHIHS, ITapaMeTp
MEJICHHOTO CKaThIBaHWs, MeTpuka @punmana-Pobeprcona-Yoxkepa, F(R,T) - TpaBUTAIUS.
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