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Abstract

Objectives: In the f(R, T) theory of gravity, to examine the Bianchi type-|
model with dark matter and Tsallis holographic dark energy (THDE). Method:
To acquire exact solutions of the field equations, we used THDE density
and two separate volumetric expansions. The model's physical properties
are compared to current observational evidence. Findings/ Novelty: The
universe is in accelerating stage for both volumetric expansion models and it
reaches isotropy at a delayed time, according to the study of the deceleration
parameter. In addition, our model acts as a lambda model.
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1 Introduction

The last few decades of cosmological study have resulted in a paradigm shift in our
understanding of the universe. Some astrophysical findings indicate that the universe
is in the course of a late cosmic acceleration stage. A new kind of energy with negative
pressure, known as dark energy (DE) (1, is believed to be caused for this acceleration.
Many cosmological models have been suggested by cosmologists to examine the
proper existence of DE. Among these models, the holographic dark energy (HDE)
model stands out because it is a worthy theory that incorporates an energy density
dictated by the universe’s geometric structures. Tsallis holographic dark energy (THDE)
has recently been considered as a new kind of HDE model that uses Tsallis generalized
entropy Sg = aAP @ to demonstrate the cosmological phenomena, where 8 denotes
the parameter (non-additive) and « is a constant. Cohen et al. ®) demonstrated an
association of S (entropy), L (cut-off IR) and A (cut-off UV) as LPA3 < S%’, which
when combined with Sg = aAP leads to A* < (a(47r)ﬁ ) L*P=*_The energy density of

THDE can be computed using this inequality as pr = DL*#~* where D is an undefined
variable ™. For B = 1, THDE simply reduces to the HDE model. Using the Hubble
horizon as the system’s IR cut-off, we can calculate the energy density of THDE as
pr = DH*?P _ Many authors have recently discussed THDE in various contexts,
specifically Tavayef et al.®) studied THDE in the flat Friedmann-Robertson-Walker
universe. A sign changeable interaction between THDE and DM has been investigated
by Zadeh et al.®, Sharif and Saba”) expounded THDE model in f(G, T)-gravity.
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Effects of THDE in Brans-Dicke and under brane cosmology have been studied by Ghaffari et al. ®).

Though there are two methods to construct a cosmological model, the gravity-modified model has prompted a vast interest.
The attractive feature of this method is that an accelerated universe can be induced without extracting any energy from the
universe’s dark components. The f(R) model, f(G) model, f(R,G) model are some examples of gravity-modified models. The
f(R, T)-model described by Harko et al.!?) in 2011, is a significant and potential model. It bridges the gap between the f(R) and
f(T) theories. Moreover, according to some astrophysical observations, the universe may have been anisotropic in the early time
and later the universe becomes homogeneous and isotropic. In this case, the Bianchi type metric is appropriate for studying the
evolution of the universe since it completely explains the effect of anisotropy. Even for ordinary matter, however, the Bianchi
type model isotropizes at a late time. This isotropization is caused by implicit assumptions that the DE is generally isotropic. In
literature, we have found that many authors have investigated different aspects of these Bianchi type models in f(R,T) theories
viz. Samanta and Bishi ') investigated the Bianchi-IIT model for wet dark fluid in f(R, T)-gravity, Tiwari et al.1?) studied the
varying deceleration parameter in (R, T)-theory, Brahma and Dewri!®) investigated Bianchi type-V model in f(R,T) gravity.
Recently Dubey et al. 1¥) studied the THDE in the Bianchi-I metric by using the hybrid expansion law. Motivated by the above
discussion, we want to explore the Bianchi-I model with THDE in f(R, T) theory.

The following is a breakdown of the paper’s structure: Gravitational field equations for f(R,T) gravity are given in Section 2.
Parts 3 and 4 address metric and field equations, as well as their solutions. Models for power-law and exponential law expansions
are discussed in Sections 5 and 6. Graphical discussion is given in Section 7. In Section 8, we sum up our findings.

2 Gravitational field equations for f(R, T) theory

In f(R, T) theory 19, the field equations are obtained from an action which is expressed as

1
5= 1 | 1gp/RT)+ L] Vet W

where R is the Ricci scalar, T is the trace of the energy momentum tensor and L,, is matter Lagrangian density.
The matter’s stress-energy tensor is

2 6(V—selw)

Tyi=— S 2
=T g @
Now taking variation of (1) with respect to g;;(metric tensor), we acquire the field equations as

af 1 af af

ﬁRij_Efgij‘i‘(gij:]_viVj)ﬁ = 8T — 5 (Tij + 6;) (3)
where

J’L
0;j = =2T;j + gijLm — Zgéyagw'i({;sy 4)

The issue of perfect fluids defined by an energy density (p), pressure (pr), and four velocity (;) is more difficult, because there
is no single description of matter Lagrangian density (L,,). Here, we consider Tj; is of the type

T;j = (p + pr) wiu; — prgij (5)
where
Ly = —pr,ulus =1, and u‘svyug =0 (6)
Using (5) and (6), in (4), we get
6ij = 2T, — pr&ij )
For the distinct option f (R, T) = fi (R) + f2 (T) = iR+ A, T , the Equation (3) becomes
Rij— %gin - (PT + g) %gw = Lt; 2, ®)

where A; and A, are two parameters.
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3 Metric and field equations
The Bianchi type-I metric is expressed as
ds* = dt* — a2 (t)dx* — a5 (1) (dy2 —|—dz2) 9)
For the matter energy density (p,, ), the tensor for matter energy momentum (Tilj) is
T;; = diag [pm,0,0,0] (10)
In addition, tensor for THDE energy momentum is supposed as
T; = diag [pr, —pt. —Pp, — 7]
=diag[l, - 0", —@’,—®%] pr (11)
= diag[l,—or,—or,—or]pr

where pr is the energy density of THDE , pressures and EoS parameters of THDE along x axis p} and @y = @* ; along y axis
pr and o7 = @ ; along z axis p5 and @y = @? respectively and

Tij:T,‘/j“"%ij (12)
Using (9), (10), (11), (12) in (8), we get the following set of equations
. LN 2
ay ar a 167+ 32, A
s L) = =TT - = 13
ay ap + <a2> ( 22,1 ) (P +PT)+ ﬂvl pr ( )
ay  d» ap dx 16w+ 3, A
A2 a2 (222 (22 ) (s 14
.. N
dy as 167+ 31, A
2= 2) = N 15
ay + (Clz) < 27L| )PT (21] (pm+pT) ( )
Also, the conservation law of energy T’JJ = 0 gives
pm+pT+3H(pm+pT+pT):0 (16)

4 Solutions of the field equations

For the metric (1), scale factor, spatial volume, the average Hubble’s parameter are expressed as

@ =V =aar? 17)
v 1 [(ay a
H=-—=- (2422 18
3v. 3 (al + az) (18)
From (14) and (15), we get
al+az+alazzzaz+<az) (19)
a a a)a ap as
and it gives
! d
5 t
a) (t) =1;°V3exp <2d1f V> (20)
: d
Y t
a(t)=1,""V3exp <—d1fv) (21)

where [, d| are constant.
To find parameters ay, az, Pr, P> pr we consider two additional conditions which are given below.
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(i) THDE density as

pr = DH*%F (22)

(ii) Two volumetric expansion laws as
V =ct" (¢,n = constant) (23)
V =cel! (¢,l = constant) (24)

5 Power law expansion model

Using (23) in (20) and (21), we get a; (7) and a5 (¢) scale factors as

- |:2d1 t1—3n :| )
St"exp | — 5
ar (1) = P ¢ (1=3n) (25)
ltn exp |:_d1t13n:| (26)
az(t):lflc3 c(l—3n)
Using (25), (26) in (18), we get
H= ; 27)
We have considered that DE and dark matter are none mixing.
Eq. (16) provides matter’s conservation equation is
pm + 3I'Ipm =0 (28)
From (27) and (28), we get
ci
Pm = an (c1 = constant) (29)
The THDE’s conservation equation is
pr+3H (pr +pr) =0 (30)
The barotropic EoS is
or = pr(pr)”" (31)
Eqgs. (22) and (27) provides, THDE density as
n\4-28
_p(" 32
prn(?) =
Using (31) and (32) in (30), we get @r as
2
or =—1+—(2-p) (33)

3n
We can deduce from (32) and (33), that for B = 2, pr is constant and @y = —1.
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The q (deceleration parameter) is

H 1
=—1-—==>--1 (34)
9 H? n
We can deduce from (34) that the universe is in decelerating stage (¢ > 0) for 0 < n < 1 and is in accelerating stage for
n<0(n>1).
The A (anisotropy parameter) is calculated as

13 (H—H\*> 242
A== ’ = L2 6n 35
3; ( H > cn? (35)

We can deduce from (35) that A — 0 when t — oo (n > 1).

6 Exponential law expansion model
Using (24) in (20) and (21), we get a; () and a5 (¢) as

! { 241y ]
—exp |t — —e 77 (36)
a; = d%c3 3cl,
1 { d; —31 t:|
—exp |bt+ —e 77 (37)
ay = d;163 3cly
Using (36) and (37) in (19) we get
H=1 (38)

As we have considered DE and dark matter are none mixing, therefore the matter’s conservation equation becomes

Pm+3bLpn=0 (39)
It provides p,, as
Pm = cre 30! (¢a = constant) (40)
The conservation equation for THDE is
pr+3h(1+wr)pr=0 (41)
Equations (22) and (38) gives the THDE density as
pr =DhL* %P (42)
and it denotes that pr is a constant.
From (41) and (42), we get
or =-—1 (43)
The q (deceleration parameter) is
q:—l—%:—l (44)
The A (anisotropy parameter) is found as
2
A= ;i (Hi; H) = 6222'22@6’2’ (45)

From (45) we can deduce that A — O when t — oo,
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7 Graphical discussions
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Fig 2.

Equations (25) and (26) give a; and a (scale factors) for the model of power-law expansion. The graphical representation of a;

and a with time t are given by Figures 1 and 2. These show that a| and a, are increasing functions of time (t).

For the model of a power- law, the matter’s energy density is given by equation (29) and its deviation with time is shown in
Figure 3 . From this figure, we can say that p,, — 0 when t — .
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In equation (27) and Figure 4 , we notice that H (Hubble Parameter) is infinite at the null time and steadily decreases to zero
when time passes. It means that the universe expansion rate is lower.

Fig 4.

The scale factors (a; , az) given by equations (36) and (37) for the model of exponential expansion, are found to be increasing
function of time (t) as shown in Figures 5 and 6.

B0 T
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Equation (40) gives the matter’s energy density for the model of exponential expansion and its variation with time (t) is
represented by Figure 7 . The sketch of p,, shows that it reduces with time and reaches zero as t — oo. This is also supported by
Samanta and Bishi 'V,

06 T

02 1+

Fig 7.

8 Conclusions

In the f(R,T) theory, we expounded Bianchi type-I model. We use THDE density and two volumetric expansion rules, the
power law and exponential law of expansion, to give specific solutions to the field equations. As per the power law expansion,
the universe is decelerating for 0 < n < 1 and accelerating for n > 1 and for exponential expansion, g = —1 is consistent
with similar supernovae Ia findings that the universe is accelerating late in times. The A (anisotropy parameter) is a reducing
function of t (time) in both the models, and it seems to be 0 at late times. As a consequence, even in the anisotropic character of
Bianchi type metric the universe achieves isotropy at late stages. For both models, the THDE’s density is constant for § = 2 and
matter’s density tends to 0 at late times. Even so, we can extrapolate that our two models look similar to a cosmological constant
as wr = —1. The deceleration parameter is negative for both the models, so the universe is in expanding phase at the late times.
Recent observations supports the results presented here, and it is possible to obtain an accelerating universe by considering
THDE in f(R, T) gravity, according to the study. Furthermore, we can claim that in the accelerating model, using THDE as DE
in f(R,T) gravity is at least phenomenological. With the help of Bianchi-I metric in f{R,T) modified gravity, we hope to present
a better understanding of the universe’s growth.
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