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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(7) 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 inhomogenecous isotropic cosmological model with a fermion field f-essence whose action

has the form S, = Id ‘xiJ-g[F(R,T)+L,]. where R is the scalar of curvature, and 7 is the torsion scalar, and

Ln is the Lagrangian f-essence. A particular case F(R,T)=aR + fT 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 carly
evolution of the Universe. A modified F(R, 7) gravity with f-essence is considered. Equations of motion were
obtained and the inflationary period of the ecarly 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.¢. 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'(7T) 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(I') 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(7') theory of gravity.
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Astronomical observations suggest the universe can be viewed as homogencous 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,TY=aR+ pT', where o and f arc 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]):

S, = jd4xﬁ[F(R,T)+Lm], (1)

where L isthe matter Lagrangian, R is the curvature scalar, 7' is the torsion scalar
R=g"“R, . T=S"T"u. 2)
This generalization was first proposed in [1], and these properties were investigated in [2-17].
In general, G*,, has the form

uv>

. P

Gl,uv = ei a#elv + ej eliji,u = Fﬂ,uv + Kﬂ,uv, (3)
where ", - 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
8w = M,€,8). o)
The orthonormalized condition is given as
n, = g.e'e,. (6)
Here's 1, = diag(-1,1,1,1) where we used the relation
e el =6 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]
S, = [d'sy=elR+ 2K 7)) ®)

where w and ¥ =y '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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I _
Y= EZ[W”D#V/ - (D) vyl )
Here T* = ey“ is the generalized Dirac-Pauli matrices satisfying the Clifford algebra

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

Dw=0wy-Quw, Dyw=0y+yQ), (11)
The fermionic coupling Q2 is determined by the formula
1 -
Q, =—ngg[F55—eb’38#e§]F re, (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 / -essence
Now let's consider F'(R,7) gravity with f essence. Its action is given as

$= [d'sy Bl @RD) + 2K (V) (13)
where R and 7 are curvature and torsion scalars, respectively, expressed as
R=g"“R,, . T=S"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+pT, (15)
where « and S 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=jdx4ﬁ[aR+ﬁT+zK(Y,w,y7)]. (17)

Next important suggestion is that for the FRW metric, R and 7 take the forms
. -2
R=u +6[£+a—2j=u +6(H +2H")=u+R,
a a

(18)
-2
T=v-6Z=v-6H=v-T,,
a
. d’a
where u and v are some functions from «, a, —7 R, T and so on. Here
. -2
R, =6(£+a—2j=6(H+2H21
a a (19)
-2
T,=-62=—6H"

Next step for our model can be rewritten as
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= j dx' [ g[aR, + AT, + L, 1. (20)
where B B
L =ou+pv+L =ou+pv+2KY,wy.w)=2KY.y.y). 21
For the FRW metric, the Dirac matrices of the curved space-time I'* have the form
[P =" [V =a'y’, T°=—iJ-gl'T'T " = y°, T, =#°, T, = ay’(i =1,2,3). 22)
Hence we get
Q,=0, Q, = %d;/jyo (23)
and
Y =%i(v77°v7—v77°w) 24

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

I 0 0 of 0 7
0: k: 5: 25
Y [0 —1]’ Y [—o-k 0]’ Y [1 0]’ (25)

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

. [O 1] , [O —i] , [1 O]
o' = e N : (26)
10 i 0 0 -1

We rewrite action (20) in the following form

S=jdt —glL, (27)

where 1. 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, doL . oL doL . oL doL . oL daoL . oL d oL

GGy L Ao, & 4, L 4, L4948

da dtoa ~ OR dtorR T oT dtol © oy dt oy

Accordingly, the condition is given as
oL . 0L oL oL oL _

B =LasLp Ly by L 1o 29
S T A AT A @9)

Finally, the equations of motion for our model take the form

3H>-p=0,
2H +3H> +p=0,
_ (30)
K,y +0.503HK, +K, =iy’ 7 =0,
K,7 +0.5GHK, + K, )7 +iK L7 =0,
where
7=YK,-K, Dp=K. (31)

where H =a/a s the Hubble parameter, a(t) is the scale factor, and @(f) is cosmic time derivative 7.

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,w,y) = const.
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/-DCCEHIUSICHI BAP F(R,T) TPABUTAITASICLIHIAFEI HHOISIAS

Annotamust. JKaHAPTBUFAH TPAaBUTALNMSIBGIK TCOPISUIAPHI KA3ipri (U3HMKaza e3reme MapaaurMaHBIH TYPiHE
afHAIIbI, OUTKCHI 0JIAP KOCMOJIOTHS, aCTPO(H3HKA KOHE KBAHTTHIK OPIC TCOPHICHIMEH OAifJIAHBICTHI CTAHAAPTTHI
KaITIbI CATBICTHIPMAIBIIBIK TEOPHSCHIHBIH OIpHEIEe KEMINTIKTEPiH MEIKEH O0IyBI MYMKIH. [ pABHTAIMIBIKTHIH CH
TaHBIMAJI MOTH(DHUKAIMATIAHFAH TCOPHLIAphl — F(R) sxoHe F(7). OCHI ¢Ki TCOPUAHBIH KANMBIIAHFAH TYPIH aJFanl petT
Msip3akytos ParGait yceraran. Byn sxymbicra 613 f~3cceHums (pepMHOHIBIK opici 0ap OIPTEKTI eMec H30TPOMNTSHI

KOCMOJIOTHSNBIK MOJCNTBI 3EPTTEHMI3, oCepiH Obimad kepceremis: S, = Id“xd— gIF(R,T)+ L], myHma
R — KHUCBIK CKaLIpbl oHe 7 — INHPATy CKAIAPBL, L, — f~3CCEHIMS JArpamKHaHBL OIEMHIH YACTINTCH KCHEFO

JKaFIalbIH CUIATTAUTBIH MapaMeTpicp aiabiHFaH. HakTel sxarmait FR.T)=aR+pT KApaCThIPBLIBIIN, TOJBIKTAN
seprrencai. bya MoaeabaiH f~3CCCHINA TArPAaHKHAHBIH TYPI AHBIKTATFAH. ¥ CHIHBLIFAH HOTIDKCJICP f-3CCCHITHACHI
0ap F(R,T) rpaBUTAIMACH QJICMHIH CPT¢ HHO)IAMMSIIBIK YBOFONIACHH CHITATTANTHIHIBIFBIH KOPCCTC.

XKympicra (QepMuOHABIK 6pici 0ap JKOHE KAHOHIBIK CMEC KHHETHKAJNBIK Mylmeci (f~3cceHums) Oap
KOCMOJIOTHSATIBIK MOJCTb KApacTHIPhIIFaH. MoAenbIiH KeHOIp HAKTHI Imemimacpi TaObLTFaH »XoHe 013 OCHIHIAAH
TPaBHTANMSIIBIK-(DCPMHOHABIK 63apa OPCKSTTECY iH 9JCMHIH OAKBIIAHATHIH YACMCII YIFAK) OCCPiH TCKCepeMis. Opi
Kapaif, OChl MOJCIBACPAIH KOCMOJOTHSIBIK KOCHIMINANAPHI TanKbUtaHAMBL CoHmali-ak, f-3CCCHIUSA MOACTIHIC
OWHINTCHHHIH CTATHKAIBIK 9oJEMi CEKUIOl INemnM JKOK. Jf-3cceHumsicsl Oap wmomdukarmsianran F(R,T)
TPaBHTALMSICH KAPACTHIPBIIFAH. KO3FanbIc TEHACYICPl ANBIHABI JKOHE AJFAINKBl OJCMHIH HH(IOMIBIK KE3CHI
KApacTHIPhUTFaH. MHQIIUAIBIK KE3CHAI CHMATTAy VIIiH Xa00n mapaMmeTpiHiH (GopMacel skoHS Oasy opaiy
MApaMETPi AHBIKTAJFAH.

Tyiiin ce3aep: omeM, YACMEIT YIFarw0, HHQIIIHI, KOCMOIOTHA, f~3CCCHIMS, 0asy CHIPFY mapamerpi, OpuaMan-
PoOeprcon-Yokep merpukacsl, F(R,T)-rpaBuUTanusIChL.
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WH®JIANUS B F(R,T) TPABUTAIIAN C f-3CCEHINENR

AnHoTamusi. MoauuuupoBaHHbIC TCOPHHM TPABUTALMH CTAXH CBOCTO pPOJA MAPAAUTMOH B COBPEMCHHOM
(pU3HKe, TOCKOJNBKY OHH, KAKCTCH, PCIIAFOT HOCKOJIBKO HEIOCTATKOB CTaHmapTHOW OOmeH TCOPHH OTHOCHTCIIB-
HoctH (OTO), cBa3anHOM C KOCMOJIOTHEH, acTpo(hU3HKOH 1 KBAaHTOBOH TeopueH mosa. Hambomee H3BCCTHRIC MOTH-
(pUIMpPOBAHHBIC TCOPHH TpaBHTAIMH ABIAIOTCA F(R) u F(7) Tecopuu rpasuranun. O000IMCHNIE STHX ABYX MOIH(DH-
nupoBaHHbIX Teopuil F(R) m F(T) rpaBuTanum BHEpBHIC OBIIO mpeanoskeHo Meip3akynoeeiM Parbaem. B mamnOH
paboTe HMCCIEeA0BAHA HEOJHOPOMHAS H30TPOIHAS KOCMOJIOTHHYECKAS MOJCHb C (DeMHOHHBIM IIOJIEM f-3CCEHIMCH,

JIEHCTBUE KOTOPOIl MMEET B Sar = J‘d 4y, /_ g[F(R,TY+L,],rae R — cxamsp kpuBH3HBL a T — CKALIP KPYUCHHUSL,
Ly, - narpawkuaH fcceHuuH. JleTanbHO M3y4aeTcs 4YacTHbIM ciay4ad npu F'(R,T)= aR + T , noayueHsl mapa-

METPBI, OIHCHIBAIOINNE TEKYIICE YCKOpeHHOE pactmpenne Beenennod. OmnpenenéH BuA IarpaH;KHAHA f-3CCCHIMA
JaHHOW Monemu. IlpeacTaBieHHBIC PE3yJbTAThl IMOKA3BIBAIOT, 4TO F(R,T) TpaBHTAmUs C f-3CCCHUMECH MOMKET
OTHCHIBATH HH(JLINHUIO B PAHHEH 3BOIFONHH BeeteHHOM.

B aroif pabore paccMOTpeHa KOCMOJOTHYECKAT MOJCHb C ()EPMHOHHBIM IOJEM W C HEKAHOHHYCCKUM
KHHCTHYCCKUM ICHOM (f -3cceHms). HalaeHbI HEKOTOPBIC TOYHBIC PCIICHHU MOICTH H MPOBEPICM BIIHSIHHC TAKOTO
TPaBHTAIHOHHO-(DCPMHOHHOTO B3aMMOACHCTBHA HAa HAOMOZACMOC YCKOpCHHOE pacmmpceHue Bceemennoii. Jlanee,
00CY KJAF0TCSI KOCMOJIOTHUYCCKHE TMPHMCHEHHUS TOYHBIX MoOJesieH. Tarkke MOJEHb f-3CCCHIMM HE MMECT PCIICHHS
THIIA CTaTHUCCKOH BeeneHHoM DiHmTelHa. PaccMoTpeHo MomupuumposanHas F(R,T) TpaBuTanis C f~3CCCHIUCH.
Br1mo mosyueHsl YpaBHEHHS JBIKCHUS M PACCMOTPEH MH(IIIHNOHHBIA IIeprno/ panHed Beenennoi. [ ommcanms
HH(IAMHOHHOTO MEPHOAA, OBLIH OMPEICICHBI BUA mapamMerpa Xab01a v mapaMeTp MCAJICHHOTO CKATHIBAHHUS.

Kmouennie coBa: BcemcHHAA, YCKOPCHHOC PaCIIHPCHHC, WH(IAIMA, KOCMOJOTHA, f-3CCCHITHA, TMAPAMETP
MCAJICHHOTO CKaThIBaHMS, MeTpuka Opuamana-Podeprcona-Yokepa, F(R,T) - TpaBUTALUAL.
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