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The LRS Bianchi Type-V cosmological model has been extensively studied within the framework of gen-
eral relativity and other modified gravity theories. In this paper, we investigate the dynamics of the LRS
Bianchi Type-V cosmological model in the presence of a perfect fluid and non-minimally coupled (R, T)
gravity. We  derive the field equations for the general non-minimally coupled

f (R,T) =y R"T" + a,T (1 +a,T? R") gravity and study their implications on the evolution of the universe.

We consider a perfect fluid as the matter source and explore its influence on the dynamics of the cosmological
model. We analyze the behavior of the scale factor, energy density, and pressure in the early and late-time
regimes. Furthermore, we investigate the stability of the solutions and their compatibility with observational
data. Our findings shed light on the role of the non-minimal coupling and perfect fluid in shaping the cos-
mological evolution in the LRS Bianchi Type-V model. This research contributes to our understanding of the

interplay between modified gravity theories, cosmology and the nature of dark energy.
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1. INRODUCTION

The study of cosmology aims to understand the
origin, evolution, and large-scale structure of the uni-
verse. General relativity, Einstein's theory of gravity,
has provided a remarkable framework for describing the
gravitational interaction on cosmic scales. However, in
recent years, the limitations of general relativity in ex-
plaining certain observed phenomena, such as the accel-
erated expansion of the universe, have led to the explo-
ration of modified gravity theories

Cosmological research has undergone significant ad-
vancements in the past three decades, driven by obser-
vational cosmology studies. Observational evidence
strongly suggests that the expansion of the universe is
accelerating [1-10]. The findings from experiments such
as the Planck collaboration [11], Baryon Oscillation
Spectroscopic Survey (BOSS) [12], and Atacama Cos-
mology Telescope Polarimeter (ACTPol) Collaboration
[13] have provided crucial experimental confirmation of
the universe's accelerated expansion. Additionally, high-
redshift supernova experiments (HRSSE) [14-15], cos-
mic microwave background (CMB) fluctuations [6, 8]
and large-scale structure observations [4] have offered
indirect evidence supporting cosmic acceleration.

To explain the observed accelerated expansion, two
primary approaches have been pursued. The first involves
introducing a dark energy component to the universe and
investigating its dynamic behavior. The second strategy
focuses on modifying the theory of general relativity itself.
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Both approaches present novel features along with signif-
icant theoretical challenges. In this paper, we specifically
explore modified gravity theories. General relativity has
undergone various modifications in recent decades to ac-
count for the observed phenomena.

Astrophysical observations indicate that the acceler-
ated expansion is driven by an exotic form of energy with
large negative pressure, commonly referred to as dark
energy. Despite extensive observational evidence, the
nature of dark energy remains a challenging problem in
modern cosmology. Modified theories of gravitation have
been proposed to shed light on this mysterious compo-
nent. Researchers have sought to study late-time accel-
eration and investigate dark energy by modifying gen-
eral relativity, specifically by modifying the geometric
part of the Einstein-Hilbert action [16]. This approach
provides an effective means to explore dark energy, con-
sidering the negative pressure it creates, which leads to
faster-than-usual expansion of the universe. Experi-
mental data, such as those from the Wilkinson Micro-
wave Anisotropy Probe (WMAP) satellite, suggest that
approximately 73 % of the universe is composed of dark
energy, with non-baryonic dark matter accounting for
23 %, and ordinary baryonic matter and radiation con-
stituting the remaining 4 %. Among the modifications to
the Einstein-Hilbert action, the f(R) modified theory of
gravity proposed by Nojiri and Odintsov [17] has gar-
nered significant attention. Recently, Harko et al. [18]
introduced the f(R, T) modified theory of gravity, where
the gravitational Lagrangian is an arbitrary function of
the Ricci scalar R and the trace T of the stress-energy
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tensor. In addition to the equations of motion for test
particles, they derived the gravitational field equations
within the metric formalism, considering the covariant
divergence of the stress-energy tensor.

By considering the metric-dependent Lagrangian
density, the relevant field equation for f(R, T) gravity is
derived from the Hilbert-Einstein variation principle,
given by the action:

5«1V 155

Here, f(R, T) represents an arbitrary function of the
Ricci scalar R and the trace T of the energy—momentum

tensor Tij of the matter source, L,,is the matter La-

f(R,T)+ Ly, }l , (@)

grangian density, g is the determinant of the metric
tensor, and G is the gravitational constant. The energy-
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momentum tensor Tij arises from the matter Lagran-

gian and is defined as:

7= 2 2 8(J-g L), @
e se"
with T = gijTij .Here, we have assumed that the matter

Lagrangian L, depends only on the metric tensor com-

ponent g, rather than its derivatives. Hence, we obtain

oLy,

Yy

The f(R, T) gravity field equations are obtained by
varying the action S with respect to metric tensor (gu).

fR(R’T)RL f(R T)g +[g Avid V -V V ]fR(R T)= 87rT fT(R T)T fT(R T) (4)
Where R+2((T),
FR.T) = | £(R) + fy(T), ®)
_SFRT) . _SIRT) o ap®lup £ (R) + £, (R)fo(T)
IR=""p fr=—57 -9=% sl 1 2es

Here V is the covariant derivative and Tij is usual

matter energy-momentum tensor derived from the La-
grangian L, It is mentioned here that these field equa-
tions depend on the physical nature of the matter field.
Many theoretical models corresponding to different mat-
ter contributions for f(R, T) gravity are possible; How-
ever, Harko et al.[18] gave three classes of these models

fR,T) = R(R)+fo(T).

HU0E; =

If Lm = p then Hij = _2Tij - pgij (€©)]

The field equations depend on the specific matter
field properties. So we need to choose a viable f(R, T)
model in order to represent our results in a meaningful
way. Harko et al. [18] proposed three classes of f(R, T)
models, and we focus on one specific model proposed by
Sharif and Zubair [19]

f(RT) = a,R™"T" + a, T(1+ ;T RY) 9)

where o] s are positive real numbers , whereas m, n, p,

q assumes some value greater than or equal to 1. We will
analyze our results considering different cases of above
mentioned model and we will precede our further discus-
sion under following three cases

1. f(RT) = o, R+ a, T+, T* for
m=1,n=0,a,=0q0,,p=1,q=0 (10)

2. fRT)=R+a,T foro; =1, m=1,n=0,0,=0 (11)

h(Rg; + (8,5, -V, I (B) = 8T,

The individual field equation for f(R,T) gravity is
given as

1. f(R.T) = R+2f(T)
R, ~1 Rg, = 82T, ~2( ()T, -2 ()0, +f(T)g, (6)

2. f(RT)=f(R)+£,(T)

I3 (0T = Fy (D)0 + fy (T ()

8. f(RT) =y R+a)T(1 +a,T R?) (12)

Using equations (6), (7) and (8) along with equations
(10), (11) and (12), we have

Model-I:- f(RT) = o, R+ &, T + o, T* for

m=1,n=0, a4:a1a3,p:1,q:0 is

1
Rij—gRgij T +L{ +2a3T}
1

(13)
«[T; +pgl]]+;{ 2 T+a3T2}gij
1
Model-IL:- f(RT) = R+ o, T for
a=1,m=1,n=0,a,=0
1 1
R, - gRgij =[87 +a,]T}; + [poz2 + EaZT} 8 (14)

In this paper, we investigate the dynamics of aniso-
tropic universes within the LRS Bianchi Type-V cosmo-
logical model, incorporating the presence of a perfect
fluid as the matter source. We analyze the specific model
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in the Generic Viable Non-Minimally Coupled f(R, T)
Gravity theory proposed by Sharif and Zubair [19]. To
achieve this, we derive the field equations for the specific
mo del of Generic Viable Non-Minimally Coupled f(R, T)
Gravity theory coupled with a perfect fluid in the LRS
Bianchi Type-V cosmological model. So many researcher
studied on f(R, T) [20-26]. We analyze the resulting
equations to explore the dynamics of the anisotropic uni-
verse, examining the evolution of the scale factor, energy
density, pressure, and other relevant cosmological quan-
tities. We also investigate the stability of the solutions
and discuss their compatibility with observational data.
Researcher also studied on cosmological model and be-
haviors of universe [27-31].

The outcomes of this research will deepen our under-
standing of the interplay between modified gravity the-
ories, such as f(R, T) gravity, and the dynamics of aniso-
tropic universes. Additionally, this study will contribute
valuable insights into the role of non-minimal coupling
and the behavior of perfect fluids in shaping the evolu-
tion and structure of the universe.

This paper is organized as follows: In Section 2 we
derive the field equations and analyze the resulting
equations to explore the dynamics of the anisotropic uni-
verse Subsection 2.1 and 2.2 presents a detailed descrip-
tion of the LRS Bianchi Type-V cosmological model and
the inclusion of a perfect fluid and pressure for different
model of Generic Viable Non-Minimally Coupled f(R, T)
gravity. Section 3 Discussed Physical parameters as
Hubble’s parameter H, expansion scalar and shear sca-
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the theoretical point of view anisotropic universe has a

greater generality than isotropic models. The simplicity

of the field equations and relative ease of solutions made

Bianchi space times useful in constructing models of

spatially homogeneous and anisotropic cosmologies.
The LRS Bianchi type-V line element is

ds® =dt? — A%dx? —e *BX(dy* +dz%),  (15)

where A and B are the scale factors and function of cos-
mic time ¢ only.

We have assumed the stress energy tensor of matter
as

7;]' =(p+,0)uiuj —Dp8;;» (16)

where u, =(0,0,0,1)

co-moving coordinate system satisfying wu; =-1.

is the four-velocity vector in

2.1 Model-I: f(RT) = o, R + o, T + o, T for

m=1,n=0,a,=00,,p=1,q=0

From (14) field equation with (11) for the metric (15)
obtained as

2B B* 1

St = Xt Xopt + Xopp+ Xyp+ Xop? (1)

A B AB 1
+ =4

A = Xp+ X0+ Xpp+ Xt Xop?

lar, anisotropy parameters In Subsection 3.1, we calcu- (18)
late Jerk Parameter which is one of the parameter used B> 9AB 3
to describing dynamics of the anisotropic universe. Sub- — - +— =Y p+ Y,p® +Y,pp+Y,p+Y,p” 19)
section 3.2 analyze behavior of state-finder diagnostic B® AB A
{r, s} and observed behavior or r vs s. In Section 4 dis- A B
observed by ; . 2.2 9 (20)
cusses their implications for our understanding of aniso- A B
tropic universes in f(R, T) gravity and analyze the result  yypere dot () indicate the derivative with to ¢ and
and finally Section 5 is summary and conclusion about
all results. 8z Ta, _33ay B _a,
Throughout the paper, we refer to relevant literature X, = 071 * 2a, X, = 9 X3 =-Tay, X, = _T.,l ’
and cite previous studies that have contributed to the 5
understanding of general relativity, modified gravity x. =% @Y, = 2%y Y. = 2lay Y. =11
theories, f(R, T) gravity, LRS Bianchi Type-V cosmolog- °2 20(1 e B 3
ical model, and related topics
y, -8z 3@y y 5oy 22)
2. METRIC, FIELD EQUATIONS AND ! a 20, 2
SOLUTIONS From equation (20) we have
Bianchi type-V cosmological models are important in A=nB (23)
the sense that these are homogeneous and anisotropic,
from which the process of isotropization of the universe From equation (17) to (19) and (22) we have
is studied through the passage of time. Moreover, from
ﬁ-rﬁ—i =2X, +Y )p+(2X, +Y, )p2 +2X,+Y )pp+(@2X, +Y )p+(2X-+Y.)p (24)
B B2 n2 BZ 1 71 2 72 3 73 4 "4 5 75
. . varying deceleration parameter as
The deceleration parameter is
. B
=75 (25) L 0
a

Where a is the average scale factor. We have three equa-
tion (17)-(19) involving four parameters as A, B, p, p

In order to solve these equations, we assume the time

Where £ >0is a constant

The mean Hubble parameter H for LRS Bianchi type-I
is
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2 L s @7)
a 3la B

The directional Hubble parameter H for above cosmolog-
ical model is

Hx:éandH :HZ:E (28)

A 7 B

1
Setting a(t) = ——, 29
ing a(t) T:2) (29)
where z is red shift, leads to relation
q= Lﬁ -1 (30)
() +1

The volume is defined
V=a®=AB? (31).

Using (26) in (31), the values of metric potential A, B are
obtained as

JJ. NANO-ELECTRON. PHYS. 16, 04030 (2024)

a=[em )7, B[ 1] 33)
Accordingly, metric (15) takes the form
ds® = dt* - [ " - 1]%’ dx® —e [ —1]% (dy® +dz*) (34)
To solve above field equation now we consider relation
p=ap (35)

From (17) to (19) and from we get

3B 5B* 5
B E g e e (36)
Where
T =ga3w2 —25a3a)+7% , and
2 2
T, = 167 | 19a, - 87  Sx 37)
o 20 o 20

[ Py 1J% 32) Now from value of A and B equation (37) we have
a=|e’" -
-2 -1
2 _| =8B 3B Bt 5[ Bt 26t . 5 Bt _ 43,
Tlp +T2p [ 2 + 5 e 1 e 1 e +n2 [e 1] =0 (38)

Equation obtained in (38) is quadratic equation in p then

1
34— Y
~Ty(1+ Z)—Zﬁ + {ng(l + Z)—zﬂ +4T} (?] [(1 + Z)—Zﬁ +2(1+ z)_'g + 1} + % [@+ z)_ﬂ +1]+ % a+ z)l_zﬁ}
pP= i n (39)
2111 +2)
Y
Ty+2) 2P [T22(1 +2) 2P amy (%j{a 12y 2P o4 Py 1} ; % [(+2) P 1)+ % (1+2)1 2P }
p=0 L (40)
271+ z)_'B
Sp— ' ' ; ; A B AB 1 7 1
B* 2AB 3 5 3
————+—=—0,p-[87+-a 43
| ] et = s a8 alp (43)
2 A B
Z_Z-0 44
2 e 1B (44)
Dot represents derivatives with respect to time.
1 ] From equation (41) to (44)
3B 5B 5
0 M i L " A == _ —
1 2 3 4 5 B + B 2R Lip+L,p (45)
z Where
Fig. 1 — Variation of energy density against redshift z L =167+ 9% , Ly =-87— % (46)
2.2 Model-IL: f(RT) = R+ aZT for From equations (45), (46) and (33) we have
=1, m=1Ln=0,a,=0 -2
il 3 (—3ﬁ+3ﬂe—ﬁt_5j(eﬁt_1) 2Bt
From (14) field equation with (11) for the metric (15) 4 2 4 (47)

obtained as

2B B 1 7 1
L —[Br+—aolp-—a 41

_1
+%(eﬂt 1) b = Lip+Lop
n
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1 2 3 4 5
z

Fig. 2 — Variation of Pressure against redshift z

From equation (30) and (47) energy density and pres-
sure are

3B, 3By BB 26,5
[ A + 9 1+2) 4J(1+z) +n2 1+2) .

9a
(167r+22}0+(—87r—ga2j

38 3B -5 5 28,5
[T+?(1+z) ﬁ—z}(1+2) ﬁ+n—2(1+z)

9. 5
2
[167z+ 2 ](0+[—87Z’—§0£2J

1.0!' LI T T T T

p:

(49)

p=w

0.8f
0.6}
Q
0.4f

0.2}

0.0L : - - : -
00 02 04 06 08 10

z

Fig. 8 — Variation of energy density against redshift z
0.0 ————r————————————————

0.0 0.2 0.4 0.6 0.8 1.0

z

Fig. 4 - Variation of pressure against redshift z
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3. PYSICAL PROPERTIES
The spatial volume is given by
V=a’=AB’ (50)

The Hubble’s parameter H, expansion scalar and shear
scalar are

H:%(Hx+Hy+H): (51)

0 =3H =3e” (52)

[e”* -1]
2
o= mamimr - |3 L (53
2 3 )74 .

The anisotropy parameter

2 2
RO

3 x=1 H

3.1 dJerk Parameter

The jerk parameter is considered as one of the im-
portant quantities for describing the dynamics of the
universe. Jerk parameter is dimensionless third deriva-
tive of scale factor a with respect to cosmic time ¢ and is
defined as

. 2 g
j=q+2q I (55)

From equation (55) and (30), we have

7 B S &
A+2)7+1 A+2)7+1 [Q+2) 7 +1P

=j=1 (56)

14F
1.2}
1.0
0.8
0.6 :
0.4f
0.2} :
0.0L

o p—

Fig. 5 - Behavior of jerk parameter j versus z with f=1.5

3.2 Statefinder Diagnostic

The state-finder pair {r, s} is defined as

3H H r—1
r=l+—+— s=
H° H 3(q-%

(67)
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The state-finder pair is a geometrical diagnostic pa-
rameter, which is constructed from a space-time metric
directly and it is more universal compared to physical
variable, which dependents on the properties of physical
fields describing DE, since physical variable are model
dependent.

The values of the state-finder parameter for our
model are from equation (562) and (25) we have

3 +ﬂ%a+zrﬁ+m

T 1 [Are) Paf

(58)

@
I

1 2 8oy s (59)
6ﬂ—9[(1+z)’/’+1]{2'6 Q+2)7+2)-68[Q+2)" +1]}

DT —T T T T i P ot

4F

3t ]
-2. ]
1t L/' ]
¢ L 2 & 4 B 6 ¥

S

Fig. 6 — Behaviorof I vs S

4. DISCUSSION AND ANALYSIS
OF THE RESULT

Figure 1 illustrates that in the case of Model-I, the
energy density of the Universe exhibits a increasing
trend over redshift z and eventually as z — o energy
density in increasing order. When it comes to pressure
(see Fig. 2), it is a decreasing function of z and takes the
negative values throughout cosmic evolution. Energy
density and pressure defined for all value except value
z =-1. The negative pressure is evidence of an acceler-
ating phase of the Universe as shown by recent observa-
tions, and thus the validity of our model.

For Model —II Figure 3 shows that, A increasing
function of z a describes the energy density of the uni-
verse and from figure 4 pressure is negative and de-
creasing function of z and p — -1as z —2 and takes the
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5. CONCLUDING REMARK

In conclusion, this research significantly contributes
to the understanding of anisotropic universes and their
evolution in the context of the LRS Bianchi Type-V cos-
mological model. By exploring the dynamics within the
non-minimally coupled f(R, T) gravity framework, the
study bridges the gap between modified gravity theories
and observed cosmic phenomena. The findings shed
light on the intricate interplay between non-minimal
coupling, perfect fluids, and anisotropic expansion.
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implications for cosmology. The integration of mathe-
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ing principles governing the universe's dynamics.
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Juaamika aHi3oTpOomHUX BCeCBiTiB y kocmostoriuHiit mogeni LRS B'auki Tuny-V 3 ineanpHo10
PiOMHOIO B 3arajibHil JKUTTE3OaTHIN He MminiMansuo mos’a3auin f(R, T) rpasitamii

V.G. Mete, V.M. Ingle

Department of Mathematics, R.D.I.K. & N. K.D. College, Badnera-Amravati(M.S.) 444701, India

Kocmonoriuna mogens LRS B'suki tuiry-V Oysia nmmmpoxo BUBUEHA B paMKaX 3arajibHOI Teopii BIAHOCHOCTI
Ta IHIMUX MOIU(IKOBAHUX TEOPid rpasiTariii. ¥ Iiil CTaTTi MU JIOCIIIPKYEMO JUHAMIKY KOCMOJIOTTYHOI MO el
LRS B'auki tumny-V 3a HasgBHOCTI 11eaIbHOI piauHu Ta HeMiHIMasbHO 1moB’a3anoi f(R, T) rpasirtamii. CraTtsa

OpUCBSYEHA PO3PAXyHKY PIBHSIHHS I[OJIS IS

3araJibHOL

HEeMIHIMAJbHO IIOB’S3aHOI TIpasiTari

f (R,T) =y R™"T" + aZT(l +a,T? Rq) Ta BUBYAEMO IX BILIUB Ha eBoJioliio Beecsity. Posrysimators imeansmy

PIOMHY SK IKepeso MaTepil Ta JOCIiIKyOTh i1 BIIMB HAa TUHAMIKY KOCMOJIOTIuHOI Momesi. [IpoanasisoBana
HOBEIHKA MacIITa0HOTO haKkTopa, IILJILHOCTI €Heprii Ta THCKY B PesKIMAaX PAHHBOTO Ta M3Hboro dacy. Kpim
TOT0, OCJIIIyKeHa CTa0lIbHICTD PIIlIeHb Ta IX CYMICHICTD 13 JaHUMU CIIOCTEPEKeHb. BUCHOBKH BioOpaskamTh
POJIb HEMIHIMAJIBHOIO 3B’SI3KYy Ta 1IealIbHOI piauHKM y GopMyBaHHI KOCMOJIOTIYHOI eBosoIii B Mmomemi LRS
B'auxi tumy-V. Ile mocaimkeHHs 1ae POSyMIHHSA B3aeMOIil Misk MOAN(IKOBAHNME TEOPIiAMU IrpaBiTallii, Koc-

MOJIOTI€I0 Ta IIPUPOJIOI0 TEMHOI eHepril.

Knrwouogsi ciosa: LRS B'auxi tumny-V, Kocmosoriuna mogens, f(R, T) rpasitaris, Ineansaa piguna.
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