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In this work, we consider a spatially homogeneous and anisotropic Bianchi type Il universe in f (R, T) gravity with the functional form
F(R,T) = f1(R) + f2(T) with f1(R) = MR and fo(T) = AT 4 A3T?, where A1, A2 and )3 are free parameters. We obtain exact
solutions of the gravitational field equations by considering a power-law expansion of a directional scale factor. By keeping a check on
the current values of the parameters of cosmological significance such as the Hubble parameter H and the deceleration parameter g,
the dynamics and physical characteristics of the model are investigated. We also determine the functional form f(R,T") of our model
by evaluating the Ricci scalar R and the trace T’ of the stress-energy tensor. We find that our model remains anisotropic throughout its
evolution and the pressure of the cosmic matter remains negative. The equation of state parameter w is found to lie in the quintessence
regime and therefore our model behaves like quintessence model of dark energy.
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1. INTRODUCTION

Recent advancements in observational astrophysics have significantly improved our understanding of the universe’s
large-scale dynamics. One of the key discoveries is the observation of high-redshift Type Ia Supernovae (SN Ia) [1, 2],
which provide clear evidence that the universe is expanding at an accelerating rate. These supernovae are crucial in
cosmological research because their predictable luminosity enables precise distance measurements, shedding light on the
evolution of cosmic expansion over time.

Additionally, the study of Cosmic Microwave Background (CMB) radiation [3-5], the remnant heat from the Big
Bang, has offered valuable insights into conditions of the early universe. Observations from missions such as the
Wilkinson Microwave Anisotropy Probe (WMAP) [6-9] have delivered detailed maps of temperature variations in the
Cosmic Microwave Background, which are instrumental in determining key cosmological parameters and understanding
the overall geometry of the universe.

Furthermore, Large Scale Structures (LSS) [10] represents the distribution of galaxies and matter on vast scales
which has provided critical information about the growth of cosmic structures under the influence of gravity and dark
energy. Complementing this, Baryon Acoustic Oscillations (BAO) [11-13] serve as a standard ruler for measuring cosmic
distances, offering additional confirmation of accelerating expansion of the universe.

These diverse observational data points collectively support that the expansion rate of our universe is increasing that
challenges the traditional framework of Einstein’s General Theory of Relativity (GTR). Since in its original form, GTR
cannot fully explain this late time cosmic acceleration. It encouraged the creation of alternate ideas, such as modifications
to gravity or the introduction of dark energy. The accelerated expansion remains one of the most intriguing mysteries in
modern cosmology, prompting both theoretical and observational efforts to figure out its underlying causes.

Consequently, various efforts have been made to explain the observed acceleration, which can be broadly classified
into two main categories: the dark energy approach and the modified gravity approach.

In the first approach, one considers Einstein’s theory of General Relativity to be the theory of gravity and modifies
the right hand side of the Einstein field equations by supplementing the stress-energy tensor 7;; an exotic component with
large negative pressure. This can be done because of the fact that the same observational data which reveal the late time
cosmic acceleration also exhibit that more than 95% of the total content of the universe is in the form of some yet unknown
components of energy and matter, dubbed dark energy and dark matter comprising respectively about 68.3% and 26.8%
of the total matter-energy allocation of the universe. The existence of such an unusual component with large negative
pressure, called dark energy, is to be considered to counteract the gravitational pressure of the baryonic matter which
contributes positive pressure that decelerates the expansion rate of the universe. Many dark energy candidates are proposed
in the literature, the most favored one being the cosmological constant A introduced by Einstein in his field equations.
However, the cosmological constant A as a candidate of dark energy suffers from some theoretical challenges such as its
constant equation of state parameter w = —1, fine-tuning, cosmic coincidence problems etc. So dynamically evolving
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scalar field models of dark energy such as quintessence [14], k-essence [15], tachyon [16], phantom [17], Holographic
Dark Energy (HDE) [18-20], Chaplygin gas model [21-23] etc. have been proposed in the literature.

In the second approach, modified gravity models are constructed by modifying the gravitational part of the Einstein-
Hilbert action. This can be done as the fundamental concept of General Relativity is the curvature of space-time described
by the Ricci scalar R. There are a number of modified gravity models available in the literature, the simplest and the most
studied one being the f(R) theory of gravity [24] which is constructed by replacing the Ricci scalar R in the standard
Einstein-Hilbert action by some general function f(R) of R. Some other modified theories of gravity employed in the
study of rapid expansion of the universe are f(R,T') gravity [25], f(G) gravity [26], f(T") gravity [27], f(Q) gravity [28]
etc. The f(R,T) theory of gravity, proposed by Harko ez al. [25], has received a lot of attention from researchers as this
theory takes care of the early time rapid expansion, called inflation, as well as the current cosmic acceleration. In this
theory, the gravitational Lagrangian is an arbitrary function of 2 and 7', where R is the Ricci scalar and T is the trace of the
stress-energy tensor 7;; the dependence of which may be induced from exotic imperfect fluids or quantum effects. In their
work, Harko et al. derived gravitational field equations from a variational, Einstein-Hilbert type, principle and presented
field equations for the following three explicit forms of the function f(R,T): f(R,T) = R+2f(T), f(R,T) = f1(R)+
f2(T) and f(R,T) = f1(R) + f2(R) f3(T) where f1(R), f2(R) are arbitrary functions of R and f(T), f2(T), f3(T) are
arbitrary functions of 7.

They have also derived the equations of motion of test particles by considering the stress-energy tensor to be conserved
in f(R,T) theory of gravity and investigated the constraints on the magnitude of extra-acceleration on the precession of
the perihelion of Mercury with the Newtonian limits. Soon after, a number of authors considered the f(R,T') theory of
gravity and studied various aspects of this theory in different contexts. Houndjo [29] developed a cosmological model
using f(R,T) gravity and discussed the transition of the universe from a matter-dominated phase to its current phase
with accelerating expansion. Sahoo er al. [30] studied the anisotropic Bianchi III cosmological model in f(R,T) gravity.
Samanta and Bishi [31] explored astrophysical parameters like look-back time, luminosity distance, and jerk parameter
of the Bianchi type III model in f(R,T) gravity with wet dark fluid. Arora er al. [32] investigated late-time viscous
cosmology in f(R,T') gravity. Many other authors have explored different aspects of cosmology within the framework
of f(R,T) gravity. Mahanta et al. [33,34] have studied cosmological models in f(R,T) theory of gravity. Most of
these studies are conducted in a spatially homogeneous and anisotropic background. This is because, although the current
universe appears homogeneous and isotropic on a large scale, recent data from the Cosmic Microwave Background (CMB)
and observations of large-scale structures support the idea that the universe was once anisotropic before evolving into its
current isotropic state.

In this work, we investigate a spatially homogeneous and anisotropic Bianchi type III cosmological model within the
framework of f(R,T) gravity, using the functional form f(R,T) = fi1(R) + f2(T), where f1(R) = A\iR and f»(T) =
AT + A3T2. Here, A1, Ao, and )3 are free parameters. The paper is organized as follows: In section 2, we present the
gravitational field equations for this functional form using the metric formalism, assuming the matter source as a perfect
fluid. In section 3, we derive the corresponding field equations for the Bianchi type III metric. In section 4, we obtain exact
solutions to these field equations by assuming a power-law expansion in a specific spatial direction. In section 5, we explore
the physical characteristics and dynamics of the constructed model by examining the evolution of several cosmologically
significant physical parameters. In section 6, we discuss about the functional f(R,T') of our model. Finally, we summarize
our results with a brief discussion in section 7.

2. Gravitational field equations for the functional form f(R,T) = f1(R) + f2(T)
The action for f(R,T') theory of gravity proposed by Harko et al. is

S = 16%r/f(R,TNTg d4x+/Lm¢fg d*z (1)

where f(R,T) is an arbitrary function of Ricci scalar R and the trace T' = g/ T}; of stress-energy tensor, each choice of
which would generate a specific set of field equations and L,,, is the matter Lagrangian density. The stress-energy tensor
of matter is defined by

—2 6(v/—gL
T = 7M (2)
V-8  0gY
Assuming L, to depend only on the metric tensor components g;; and not on its derivatives, T7; is obtained as

OL,,
Og'l

Tij = giij -2 3)

Now taking variation of the action Eq.(1) with respect to the metric tensor components g/, the field equations of f(R, T)
gravity are obtained as

1
fr(R,T)R;; — if(R’ T)gi; + (8,0 — vivj) fr(R,T) = 8rT;; — fr(R,T)Tij — fr(R,T)Oq “)
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where, fr(R,T) = %%T), fr(R,T) = %}?F’T), O = ;' s being the covariant derivative with respect to the
symmetric connection I" associated to the metric g and

0Ly,
- Ik
©ij = —2Ti; + 8i;Lm — 28 D5 0glF (5)
Considering the functional form
F(R.T) = fi(R) + f2(T) (6)

where f1(R) and f2(T) are arbitrary functions of R and T respectively, the gravitational field equations from Eq.(4) are
obtained as

’

5 (BB = 3 [(R)g., + (8,0 = Vivi) ) () = 82Ty — £ (D) — fy (T)0y + 31Ty, ()

2
where the prime denotes differentiation with respect to the argument. For a perfect fluid described by an energy density p
and pressure p, the stress-energy tensor 7;; is given by

Tij = (p + p)uivj — pg;; ®)

where 1’ is the four velocity satisfying the conditions

u Vi =0, wut =1 ©))

The trace T of T;; is therefore given by
T=p—3p (10)

Taking the matter Lagrangian to be L,, = —p, from Eq. (5), ©;; is obtained as
@ij = _2Tij — P8 (11)
Thus, if the matter source is a perfect fluid then the field equations of f(R,T') gravity for the choice Eq.(6) become

’

f (R)Rz‘j -

%fl (R)g;; = 8nTi; + 5 (T3 + {f;(T)p + ;f2(T)] 8ij (12)

In particular, for fi(R) = AR and fo(T) = AT + A3T?, where A1, A2 and )3 are free parameters, the Eq.(12) reduces
to

1 1 1
Rq;j — §Rgij = )\—1 (87T + /\2 + 2)\3T) Tij + (p(/\g + 2)\3T) + 5()\2T + )\3T2)) gij:| (13)

3. THE METRIC AND FIELD EQUATIONS
We consider the spatially homogeneous and anisotropic Bianchi type III metric in the form

ds? = dt? — A%da? — B2e 2o qy? — C%d2? (14)

where A, B and C are functions of cosmic time ¢ alone and [ is a constant. Using comoving coordinates, the field equations
(13) for the metric (14) take the form

ng g + gg = )\% (87r+ 2)\2)p+ ;Aszr Z/\zp + ;)\3P - 3)\3PP 15)

g+ % - gj = )\% :— (877—1— 2&) p+ %/\gp-l- gAgpQ + %Agpz - 3A3pp (16)

R IEVA ST RS R NOE N R
jg + gg + g% - 2—22 = %1 [(87T+ 2>\2) p— %)\szr g/\:apz - g)\sz - 7>\3PP: (18)

A B
A _b_ 1
1 5" (19
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where an overhead dot denotes differentiation w.r.t. ¢. Integrating Eq.(19), we get
A=mB

where m is a constant of integration.
Hence, the field equations (15)-(18) reduce to
A C ACc 1 3 1 9 1
-4+ =+—-—==—1-1(8 —A A “A3p? + = A3p® — 3\
A+C+AC )\1{ (7T+22)p+22,0+23p+23p 3}00}

. . 2
A A 12 1 3 1 9 1

A A Az )\
N\ 2 Lo
A CA 2 o1 3 1 5., 3.

4. EXACT SOLUTION OF THE FIELD EQUATIONS
From equations (21) and (22), we have

A (4\ ¢ ca p
at\a) "eTea m”

(20)

21

(22)

(23)

(24)

Eq.(24) contains two unknowns A and C. Further, we have three field equations in four unknowns A, C, p and p. To
derive an exact solution and develop a physically realistic model, we adopt a power-law expansion of the form:

C = Cotﬁ

(25)

where 8 and Cy are positive constants in accordance with the observational findings of an expanding universe [30,35,36].

Using Eq.(25) in Eq.(24) and then solving, we obtain

A 20%kot =P
1-p Co(1 = 3P)

where k1 and ks are constants of integration. Using Eq.(20), we then obtain

A? + C2kyt?8 +

1 122 22 kot1—h
BY= — (s + C2yt?P + 2
m2<1_52+ ot +co(1—35)

In this work, we choose k3 = 0 and 0 < # < 1. Then from equations (26) and (27), we get

and

Therefore, the line element (14) becomes

as? = a? — (L0 oan?) (a2 + o ay?) - 2Paz?
= 1_52 01 X m2 Y 0 z

5. DYNAMICS AND PHYSICAL CHARACTERISTICS OF THE MODEL

(26)

27)

(28)

(29)

(30)

In this section, we look forward to study the dynamics and physical characteristics of the constructed model. So, we
first obtain the expressions for some important parameters of the model and then investigate their behavior as the universe

evolves.
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5.1. Physical parameters of the model
For our model, the spatial volume is

, Co [12tP+2
_ 3 _ _ >0
V=a fABC'——m 5

The directional Hubble parameters corresponding to our model are

+ C2ky %8

A _ 1+ Cilpet!
1= Z 12t2 +C2k1t2/j
P Ll + C3hn pt29 1
B B CRkit®
¢ _B
H = — = —
T C
The average Hubble parameter is therefore
212 28—1
1 1 > + 205k, Bt
H=_-(H +Hy+H3) =
UL+ He 4 Hy) = 5 [ e + CRhky 28

The deceleration parameter is

—(B+2)1*t* 20°Clk1 (287 —65+1)t%°+2

3[ —[R32)2 + _R2
1+g 1 1 (1-82) -5
dt \ H

1—32

The expansion scalar is

2l t +200k71ﬁt2'8 1

0=3H=H,+Hy+ Hs =

2
(12(ﬁ4r2)1‘/2 + 3C§k1ﬂt2ﬁ)

l2t2 4 C2k1t25

The mean anisotropy parameter is

1 H, - H
Am = *23):1 (

3

|

+C2k1 128

23 2 2,232
z t2+02k1ﬂt25 1 9 T 52+C k187t 8
3 tha Okt l,zt;z +C2k1t28
2864203k, 1201 g 22, 4203k, 251
1242 + T ,2,2

1-52 T +C2kqt28

And, the shear scalar is

ot = -

3

B+ C2hat®

2 2
, 1[11_;;2+03k1/3t25—1 @]

5.2. Evolution of the physical parameters

€29

(32)

(33)

(34)

(35)

(36)

(37

(38)

(39)

From figure 1, we see that as cosmic time ¢ increases, the volume V' grows for different values of the parameter /5.
This indicates an expanding universe, consistent with observations of cosmic expansion. The increase in volume with time
supports the idea of a universe evolving from a smaller, denser state (e.g., near a Big Bang-type singularity) towards a
more expansive state. The parameter 3 likely controls the rate of expansion, possibly linked to anisotropic stresses, matter
content, or modified gravity effects in the f(R,T) framework. For larger values of (3, the rate of expansion might differ,

reflecting the influence of 3 on the model’s dynamics.
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Figure 3. Variation of the average Hubble parameter H v/s cosmic time ¢ for different values of .

Anisotropy describes the directional variation in the properties of the universe, where the expansion rate differs
along various directions. It is quantified by parameters that indicate deviations from isotropy in the metric or the energy-
momentum tensor. From figure 2, it is evident that the model retains its anisotropic nature throughout its evolution,
implying that the universe does not become perfectly isotropic even at late times. This points to the influence of factors
that sustain the directional dependence of the expansion.

In figure 3, we analyze the behavior of the average Hubble parameter (/) as a function of cosmic time ¢ for different
values of 8 viz. 8 = 0.15, 8 = 0.35, 8 = 0.75 and 8 = 0.95. The plot reveals that H consistently decreases with
increasing cosmic time ¢, indicating a slowing rate of expansion as the universe evolves. At late times, H asymptotically
approaches a constant value, suggesting that the expansion rate stabilizes in the distant future. The variation in  influences
the rate at which H decreases, but the overall trend of convergence to a constant value remains the same for all considered
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Figure 4. Variation of deceleration parameter ¢ v/s cosmic time ¢ for different values of 3

cases. This behavior aligns with the expectation of a universe transitioning toward a steady-state expansion phase.

Figure 4 illustrates the evolution of the deceleration parameter (q) over cosmic time ¢, highlighting key transitions in
the universe’s expansion dynamics. The plot clearly shows that the model transitions from an initial decelerating phase
(g > 0) to the present accelerating phase (¢ < 0), consistent with observational evidence. Furthermore, as cosmic time
t progresses toward infinity, the deceleration parameter asymptotically approaches ¢ — —1. This behavior indicates that
the universe evolves toward a state of exponential expansion, characteristic of a de Sitter phase dominated by dark energy
or a similar cosmological constant-like component.

From the above figures, we find the value 8 = 0.75 to be more suitable for our study. So, we stick to this value of 8
to carry out further studies. Also, we choosel =1, m=1,Cy =1,k = 0.1, \y = —0.1, A2 = 0.2, A3 = 0.3 for all the
plots.

5.3. Jerk parameter

The jerk parameter (j) plays a vital role in cosmology as it provides deeper insights into the dynamics of expansion
of the universe. In essence, it provides insights into whether the acceleration itself is speeding up or slowing down over
time. The jerk parameter j represents the third derivative of the scale factor a(t) with respect to cosmic time ¢, normalized
in a dimensionless form. It quantifies the rate at which the acceleration of the universe’s expansion is changing. The jerk
parameter extends the deceleration parameter (¢) in a more straightforward way.

A positive jerk indicates that the acceleration is increasing, suggesting a scenario of rapid, ever-accelerating expansion.
Conversely, a negative jerk implies that the acceleration is tapering off, hinting at a possible stabilization or deceleration of
the expansion in the future. Cosmologists may verify and enhance dark energy and modified gravity models by examining
the jerk parameter which helps to uncover whether the current accelerated expansion is driven by a cosmological constant
A, dynamic dark energy, or other phenomena. This makes it an essential tool for comprehending the universe’s past as
well as its possible future.

For our model, the jerk parameter j(¢) is obtained as

a® d%a
a3 dt3

(B+2)1*t2
~(a-p?)?

i)
202k112 (282 —6841)t2F
(1-8%)

2
+3C3k1 821

— 3C4k B2

149
((ﬂ+2)l2t
1—p2

2
2%t (40)

9 3
+ 3 [ ¢ ( 2
(L + 33 Be2e1) 88 1-4

3
+ 2cgk1ﬁt2ﬁ1>

3 21° 2 28—2 21°t 2 28-1 1*t? 27, 128
— 3t 1_62 —|—2C0k1ﬁ(25—1)t 1—62 +2C0k1ﬁt 1—62 +Cok1t
1242 2 1242 3
+C3k1B(28 — 1)(28 — 2)t*° (1 =t C§k1t25> +28 (1_@ + Cgkjtw)

Figure 5 demonstrates the evolution of the jerk parameter j with respect to cosmic time ¢. The plot indicates that j
decreases as t increases, suggesting a gradual change in the dynamical properties of the universe’s expansion. Throughout



11
Exploring Bianchi type III Universe with Quadratic Trace of Stress-Energy Tensor... EEJP. 2 (2026)

0.116 - 5|

0.114 =

0.112F <4

jerk parameter(j)

0.110 <

0 2 4 6 8 10 12 14
cosmic time (t)

Figure 5. Graph of jerk parameter v/s cosmic time ¢ for 5 = 0.75

the evolution, the values of j remain consistently less than 1, which is a key characteristic of cosmological models
dominated by quintessence type dark energy.

It is well known that quintessence is a form of dynamic dark energy where the Equation of State parameter w lies in
the range —1 < w < —%, distinguishing it from a cosmological constant (w = —1). The behavior of the jerk parameter in
this model aligns with this description, indicating that the driving force behind the universe’s accelerated expansion is not
a static cosmological constant but a time varying dark energy component. Thus, the evolution of j in our model provides
strong evidence for a quintessence like scenario, where the dynamics of dark energy play a critical role in shaping the

universe’s expansion history.

5.4. Statefinder diagnostic
The statefinder pair {r, s} is defined [37] as

1 da r—1
= —— = — 41
"TamEan ° 3(g—3) @b

The pair {r,s} is a significant geometrical diagnostic tool which can be employed to distinguish different dark
energy models such as ACDM, Quintessence scalar field model, Holographic dark energy model, Chaplygin gas model
etc. ACDM model corresponds to the pair {1,0} while the Holographic dark energy model corresponds to {1, %} The
quintessence corresponds to (r < 1, s > 0) and the Chaplygin gas model corresponds to (r > 1, s < 0).

For our model, the statefinder pair {r, s} is obtained as

B H H
_ B
B

2
( (Bltzgft + 30314:151525’1)

9 21%¢ ’
. 2#( 2+mﬁmmwl>
(G20t 4 sogrpee) s L 1A

=149

(42)

33 2t 202k, B(283 — 1)t28—2 20% 202k, Bt2P-1 i C2k, 128
- 1_62+ Olﬂ(ﬁi) 1_62+ Olﬂ 1_B2+01

1242 2

+Q%ﬁ@ﬁ—ﬂ@ﬁ—%ﬁﬂ(y_@+*ﬁhﬁﬂ

122 b 05\
+25 (1—62 + C2kyt ﬁ)
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Figure 6. Statefinder pair r — s

The model’s trajectory in figure 6 suggests that it will continue to exhibit quintessence like behavior in the future,
maintaining this specific dynamical profile.

5.5. Evolution of energy density and pressure
In terms of directional Hubble parameters, the field equations (15)-(18) reduce to

12 1 3 1 5 3
H? 4+ 2H Hs — — = — |87+ =)\ — =) “A3p? — =A3p? —TA 44
1+ 2H1Hs = 25 )\1K7T+22>P 5A2P + 5 A" = S Asp 3pp (44)
. 9 . 9 1 3 1 9 5 1 9
H2+H2 —|—H3+H3 +H2H3=7 — 87T+§A2 P+ 5)\2,04— 5)\3]7 +§A3p —3)\3pp (45)
1

. . 1 3 1 9 1
Hy+ H + Hy o+ B 4 HyHy = - {— (SW ; 2A2) P ghopt DA+ S hep 3A3pp} (46)
1
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. . 12 1 3 1 9 1
Hy+H} + Hy+ H; + HiHy — — = — | = (87 + SXa | p+ s Aop+ 5 Asp” + S Asp” —3happ|  (47)
A A 2 2 2 2
From equations (44)-(47), we get
4H, + 2Hs 4+ 4H? 4+ 2H?
1 3 1
-+ {_ (87r + 2A2> (30 -+ p) + S a(p+3p) + 15A3p* — Aap? — 2A3pp] (48)
1

The analysis in the previous sections indicate that our model exhibits characteristics consistent with the quintessence
dark energy model. Thus, to investigate the evolution of energy density (p) and pressure (p) in our model, over cosmic
time ¢, we adopt the Equation of State parameter w = % within the quintessence regime —1 < w < —%. By analyzing
the energy density and pressure in this context, we can further explore the physical implications of the model. Now,
considering the equation of state p = wp, from equations (32), (34) and (48), we find
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Figure 7. Variation of the energy density p v/s cosmic time ¢

In Figure 7, we present the evolution of the energy density p as a function of cosmic time ¢ for different values of
the Equation of State parameter viz. w = —0.34, —0.45, —0.66, —0.83, —0.94 within the quintessence regime. The plot
reveals that the energy density starts with significantly large values at the early stages of the universe. As time progresses,
p decreases steadily, signifying the dilution of energy density due to the universe’s expansion.

Figure 8 depicts the evolution of pressure (p) as a function of cosmic time (¢). The graph shows that the pressure
remains negative throughout the entire evolution, a key characteristic of dark energy. Negative pressure is essential for
generating the repulsive gravitational force responsible for the accelerated expansion of the universe. In the early stages
of cosmic evolution, the magnitude of the negative pressure is relatively large, corresponding to the dominance of energy
components with high density and strong negative pressure, such as quintessence or other dynamic dark energy models.
As the universe evolves, the magnitude of p gradually decreases. At late times, the pressure asymptotically approaches
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Figure 8. Variation of pressure p v/s cosmic time ¢ with w = —0.34, —0.45, —0.66, —0.83, —0.94

zero, indicating a transition towards a more stable expansion phase. This behavior is consistent with a dark energy model
where the Equation of State parameter (w) lies in the range —1 < w < —%, as in quintessence. The eventual approach of p
to zero suggests that the universe evolves towards a de Sitter like state, characterized by nearly constant energy density and
an exponential expansion phase. This result underscores the dynamic nature of the universe’s evolution, where negative
pressure plays a pivotal role in shaping its expansion history. The gradual reduction in the magnitude of pressure aligns
with the transition from a matter dominated phase to an accelerated expansion phase, dominated by dark energy effects.

6. THE FUNCTIONAL f(R,T) OF THE MODEL
From Eq.(10), the trace T of stress-energy tensor 77, is obtained as
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Again, the Ricci scalar R for the metric (14) is obtained as
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For our model, R is obtained as
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Therefore, the functional f(R,T') of our model is obtained as
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Figure 9. Variation of f(R,T) v/s cosmic time ¢ with w = —0.34, —0.45, —0.66, —0.83, —0.94

From the graph of f(R,T) versus cosmic time ¢ in figure 9, we see that the functional f(R,T) decreases in the
beginning of cosmic evolution but as cosmic time increases, it starts increasing. The graph illustrates the dynamic behavior
of the functional f(R,T') throughout the evolution of the universe, revealing a shift in its trend over time.

7. CONCLUSIONS

In this study, we explore a Bianchi type ITI cosmological model within the framework of f (R, T') gravity, considering
the functional form f(R,T) = fi(R) + f2(T), where f1(R) = MR, fo(T) = A2T + A\3T? and A1, A2, and )3 are free
parameters that determine the specific contributions of the Ricci scalar curvature (12) and the trace of the stress-energy
tensor (1) to the gravitational dynamics of the model. To solve the gravitational field equations, we assume a power-law
expansion, C' = Cyt®, where Cyy and /3 are positive constants. The parameter 3 is constrained to the range 0 < 3 <
1, ensuring a physically realistic cosmological model consistent with observed behaviors such as a decelerating phase
followed by accelerated expansion.

Exact solutions to the field equations are derived under these assumptions, and the resulting model is analyzed by
plotting various parameters of cosmological importance, as functions of cosmic time ¢. The horizontal axis of the plots
is expressed in Gigayears (Gyr), where 1 Gyr corresponds to 109 years, to provide a clear representation of the universe’s
evolution over time.
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By varying the parameter (3, we examine how the model’s qualitative behavior changes with different expansion
rates. The plots offer insights into the dynamical properties of the universe, such as its anisotropy, the transition from
deceleration to acceleration, and the roles of curvature in driving its evolution. This approach allows us to better understand
the implications of f(R,T') gravity and the viability of the chosen functional form in describing the observed universe.

From the variations of cosmologically significant parameters, we observe that volume (V') of the universe increases
with cosmic time ¢ which indicates the expansion of the universe. Our model remains anisotropic throughout its evolution.
The average Hubble parameter (H) starts at a very high value and decreases over time. The deceleration parameter
(g) transits from an early decelerating phase to a late-time accelerating phase, indicating that the universe undergoes
accelerated expansion at later times. The jerk parameter (j) decreases with cosmic time ¢ and remains below 1 throughout
the universe’s evolution, suggesting that our model behaves like a quintessence model of dark energy.

Moreover, the present-day value of the statefinder pair {r, s} for our model is found to be in the range < 1,s > 0.
For example, with values of the constants 5 = 0.75, k; = 0.1,Cy = 1,1 =1, A1 = —=0.1, Ay = 0.2, A3 = 0.3, t = 14,
the present value of the statefinder pair is {0.031, 0.126}, indicating that the model resembles a quintessence model both
in the present and at late times. The statefinder diagnostic provides a deeper insight into the nature of dark energy, with
our model’s parameters indicating a close resemblance to quintessence, a widely studied candidate for dark energy.

The energy density (p) of our model monotonically decreases from a very high initial value to a constant value at late
times, while the pressure (p) remains negative throughout its evolution. We also evaluate the Ricci scalar R and the trace T’
of the stress-energy tensor to determine the functional form f(R,T") of our model. At the early stages of cosmic evolution,
the functional f(R,T') exhibits a decreasing pattern. This behavior is primarily driven by the dominance of high curvature
(R) and significant contributions from the trace of the stress-energy tensor (17), which characterize the high-energy, dense
state of the early universe. During this phase, the rapid expansion and changes in matter-energy densities lead to a reduction
in f(R,T). As cosmic time progresses, the functional f(R,T) transitions from a decreasing to an increasing trend. This
shift occurs as the influence of matter and radiation diminishes with the universe’s expansion. The curvature (R) also
evolves due to the decelerating expansion in earlier phases and the subsequent transition to accelerated expansion. The
increasing trend of f(R,T") during intermediate times reflects the growing influence of dark energy or the modified gravity
terms associated with f (R, T') in shaping the universe’s dynamics. This turning point in the behavior of f (R, T') signifies
the interplay between the curvature scalar (R) and the trace of the stress-energy tensor (1) as the dominant components of
the universe’s energy content evolve. The rise in f(R,T) suggests that the modified gravity effects encoded in f(R,T)
become increasingly significant as the universe transitions toward its accelerated expansion phase. Overall, the evolution
of f(R,T) highlights the adaptability of the f(R,T") framework in capturing the changing dynamics of the universe, from
a matter-dominated phase to one governed by dark energy or other modified gravity effects.

In addition to the quantitative analysis, we also discuss the physical implications of our findings in the broader
context of cosmological models. The persistent anisotropy in our model suggests that early universe anisotropies can have
long-lasting effects, influencing the current and future dynamics of cosmic expansion. The transition of the deceleration
parameter from positive to negative values supports the hypothesis that the universe has transitioned from a matter-
dominated decelerating phase to a dark energy-dominated accelerating phase.
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JOCIIIAKEHHA BCECBITY BIAHKI III TUITY 3 KBAAPATUYHUM CJIIJIOM TEH30OPA
EHEPI'Ti-HAIIPYKEHHS B f(R,T) TEOPII TPABITAIIIT
Yanapa Pexxa MaxanTta, Kankana IlaTxak
Kagpeopa mamemamuxu, Ynisepcumem Iayxami, I'yeaxami - 781014, Inois

V wiit po6oTi MU PO3IIIAKAEMO MPOCTOPOBO OFHOPIAHMIA Ta aHizoTpomHuii BececiT Bianki Il tumy B rpasitauii f(R,T') 3 dyHKIio-
HampHol opmoo f(R,T) = fi(R) + f2(T) 3 fi(R) = MR 1a fo(T) = AT + A3T?, me A1, A2 Ta A3 — BUIbHI napameTpu.
My OTpUMYEMO TOYHI PO3B’SI3KM PIBHSIHb IPaBiTaLlifiHOro MoJs, PO3MISAAAOYM CTENICHEeBUil po3kia] KoedilieHTa MaciTaOyBaHHS
HanpsMKy. KoHTposmooun noTouni 3Ha4eHHs napamMeTpiB KOCMOJIOTYHOTO 3HAUEHHs, TaKHX SIK napamerp Xa66;1a H Ta napameTp ymno-
BUIbHEHHS ¢, JOCIIJUKYEThCS JUHAMIKA Ta (Di3HIHI XapaKTepUCTUKK MoJei. My Takok Bu3HadaeMo (yHKIioHanbHy dopmy f(R, T
HAIoi MOJIeJi, OIiHIoYM cKaysap Piudi R Ta cnijx T' TeH30pa eHeprii-HanpykeHHs. MU BUSBIISIEMO, IO HAIlla MOJIEJb 3aJIAINIAETHCS
aHI30TPOITHOIO IIPOTSTOM YCi€i CBOET €BOMIOLII, a TUCK KOCMIYHOI MaTepii 3aJMIIaeThCsl HeraTUBHIM. BusiBiieHo, 1110 mapameTp piBHSHHS
CTaHy w JIEXKUTD Y PEXIMi KBIHTECEHIIi1, i TOMY Hallla MOfIEJb IOBOAUTHCS K MOJEJIb KBIHTECEHLIii TEMHOI eHeprii.
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