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Abstract: In this study, we conduct a comprehensive investigation of the cosmological model described by
f(R,T)=R+2AT (where A represents a free parameter) in light of the most recent observational data. By constrain-
ing the model using the Hubble and Pantheon datasets, we determine its compatibility with the observed behavior
of the Universe. For this purpose, we adopt a parametric form for the effective equation of state (EoS) parameter.
This parametric form allows us to describe the evolution of the EoS parameter with respect to redshift and investig-
ate its behavior during different cosmic epochs. The analysis of the deceleration parameter reveals an accelerating
Universe with a present value of gg = —0.64f8:8§, indicating the current phase of accelerated expansion. The trans-
ition redshift is found to be z; = 0.53f8:8§, marking the epoch of transition from deceleration to acceleration. We
also analyze the evolution of important cosmological parameters, including the density parameter, pressure, effect-
ive EoS, and stability. These findings collectively demonstrate the viability of the f(R,T) cosmological model as a
robust candidate capable of engendering the requisite negative pressure, thereby efficiently propelling cosmic expan-
sion. Moreover, the undertaken stability analysis underscores the model's stability within the broader cosmic land-
scape. By providing the best-fit values for the coupling parameter 4, this approach motivates and encourages further
exploration into the extensive landscape of this model and its potential applications across diverse realms of cosmo-

logy and astronomy.
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I. INTRODUCTION

Astronomical observations from various sources such
as Type la supernovae (SNela) [1-3], cosmic microwave
background radiation (CMBR) [4, 5], and large-scale
structures (LSS) [6, 7] have provided evidence for the
transition of the Universe from an early deceleration
phase to a recent acceleration phase. This transition has
sparked the search for the underlying cause of the late-
time cosmic accelerated expansion, which remains a sig-
nificant challenge in modern cosmology. The dominant
component driving this expansion is referred to as dark

energy (DE), an elusive form of energy that is poorly un-
derstood [8—10]. Although the inclusion of DE, such as
the cosmological constant, has been successful in ex-
plaining the accelerated expansion of the Universe, it is
plagued by certain theoretical challenges. Two promin-
ent issues are the problems of cosmic coincidence and
fine-tuning. The cosmic coincidence problem questions
the remarkable coincidence that the energy densities of
DE and matter are of the same order of magnitude at the
present epoch, despite evolving differently over cosmic
time. The fine-tuning problem refers to the difficulty in
explaining why the observed value of DE density is so in-
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credibly small compared to theoretical predictions. [11,
12].

An alternative method of addressing the challenges
posed by DE is to explore modifications to the gravita-
tional sector of the Einstein-Hilbert (EH) action. This ap-
proach, known as modified theories of gravity (MTGs),
offers a different perspective on the nature of cosmic ac-
celeration. Geometrically MTGs offer an extended frame-
work beyond general relativity (GR), where the EH ac-
tion can be modified by replacing the Ricci scalar R (or
curvature scalar) with a more general function. These
modifications can involve coupling matter with geometry
through various scalar quantities. Several examples of
such MTGs include f(R) gravity, f(7) gravity, f(Q)
gravity, and f(R,T) gravity. In f(R) gravity, the Ricci
scalar R is replaced with a more general function, allow-
ing for deviations from standard GR predictions [13-16].
Similarly, in f(7°) gravity, the torsion scalar 7~ is in-
volved in the modification of the gravitational action
[17-20]. f(Q) gravity incorporates the non-metricity scal-
ar Q into the gravitational action, introducing additional
geometric terms [21—24]. Among these geometrically
MTGs, the f(R,T) theory of gravity (where R is the Ricci
scalar and T is the trace of the energy-momentum tensor)
[25] has gained significant attention from cosmologists
and astrophysicists owing to its ability to address various
cosmological and astrophysical issues.

The versatility of f(R,T) gravity has made it a sub-
ject of extensive investigation, with researchers explor-
ing its implications for different phenomena in cosmo-
logy and astrophysics. This modified theory offers a
promising way of tackling some of the challenges and un-
answered questions in these fields. As a result, f(R,T)
gravity has garnered considerable interest and has been
the focus of numerous studies in recent years [26—31].
Recently, da Silva et al. [32] explored the behavior of
rapidly rotating neutron stars within the framework of
f(R,T)gravity. Thestudyinvestigatedtheeffectsof f(R,T) =
R+2AT gravity on the structure and properties of neut-
ron stars, which are extremely dense and compact astro-
physical objects. Vinutha et al. [33] conducted a study in
which they analyzed field equations and derived dynam-
ical equations for anisotropic perfect fluid cosmological
models in f(R,T) gravity. They investigated the solu-
tions and explored the implications of anisotropy on the
evolution of the scale factor, energy density, and other
cosmological parameters. Bishi et al. [34] investigated
the existence of the Godel Universe within different func-
tional forms of f(R,T) gravity. Their study focused on
exploring the possibility of constructing cosmological
solutions that resemble the Go6del Universe, which is
characterized by the presence of rotation and closed time-
like curves.

Despite numerous observations confirming the exist-
ence of DE, its underlying nature still eludes us. The cri-

terion for the accelerated expansion of the Universe is de-
termined by the equation of state (EoS) parameter, where
w < —1/3. Understanding the gravitational dynamics of
the Universe necessitates an exploration of the physics
governing DE and its corresponding EoS [35-37]. There-
fore, this study aims to combine the parameterized EoS
with modified f(R,T) gravity, bridging the gap between
these two aspects to gain deeper insights into the behavi-
or of the Universe. In the study of DE, various parameter-
izations of the EoS have been proposed to capture its
evolving nature. One widely used parameterization is the
Chevallier-Polarski-Linder (CPL) parameterization, w(z) =

wo + Wi i, which is based on a simple Taylor expan-

sion of th-{éZEOS in terms of the scale factor [38, 39]. Al-
though the CPL parameterization proves to be a reliable
choice for describing the behavior of the Universe at
early (z — o) and present (z = 0) epochs, it exhibits a di-
vergence at future times. Specifically, at a redshift of
z=-1, the CPL parameterization encounters issues.
However, it should be noted that the CPL parameteriza-
tion performs effectively at large redshifts and serves as a
suitable approximation for slow-roll DE scalar field mod-
els. In addition to the CPL parameterization, several oth-
er parameterizations have been proposed, such as the Jas-
sal-Bagla-Padmanabhan (JBP) parameterization, i.e.,

> [40], and Ma-Zhang (MZ) para-

+
meterization, which offers a unique approach by utilizing
a logarithmic and oscillating form to describe the behavi-
In2+2) _ In 2] and
+zZ
- sin(Z)} , respectively [41].

w(2) = wo + w1

or of the EoS, ie., w(z)=w0+w1[

w(2) = wo +wy [M

Motivated by theZ above discussion and the need to
understand the behavior of DE, we delve into a compre-
hensive investigation of the cosmological model charac-
terized by f(R,T)=R+2AT, where 1 represents a free
parameter. Our analysis is guided by the desire to ex-
plore the compatibility of this model with the latest obser-
vational data. By incorporating the Hubble and Pantheon
datasets, we aim to shed light on the observed evolution
of the Universe and assess the viability of the proposed
model. Furthermore, we employ a parametric form for the
effective EoS parameter, which allows us to examine the
dynamics of the model and compare its predictions with
the empirical findings from observational data.

This paper is divided into the following sections. Sec.
I presents a detailed discussion on the formalism of
f(R,T) gravity. In Sec. III, we derive the expression for
the Hubble parameter within the Friedmann-Lemaitre-
Robertson-Walker (FLRW) framework, utilizing a one-
parameter EoS. The process of constraining the model
parameters using different datasets, including the Hubble
data, Pantheon data, and joint Hubble + Pantheon data-
sets, via the Markov chain Monte Carlo (MCMC) tech-
nique is described in Sec. IV. The behavior of various
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cosmological parameters is analyzed in Sec. V. We then
discuss a stability analysis of the model in Sec. VI. Fi-
nally, Sec. VII provides a comprehensive discussion of
the obtained results.

II. COMPREHENSIVE OVERVIEW OF f(R,T)
THEORY AND ITS FUNDAMENTAL ASPECTS

In f(R,T) gravity theory, the EH action is augmented
with geometric modifications, resulting in a revised
framework for describing the gravitational dynamics of
the Universe. By introducing additional terms that de-
pend on the Ricci scalar R and the trace of the energy-
momentum tensor 7, the action is given by

5= / FR.T) =g+ / LovTgdi (D)

Furthermore, by varying the metric tensor g,,, we can
derive the gravitational field equation for f(R,T) gravity
from the modified action as

1
fR(R, T)R;w - Ef(R, T)g;tv + (g;lvD - V;tvv)fR(R, T)

:KTﬂV_fT(R’ T)Tyv _fT(Rs T)®/Jv- (2)

Here, we define several important quantities. First, let
us denote the partial derivative of f(R,T) with respect to

Of(R, T
R as fr(R,T) = %

spect to T as fr(R,T)=
ents the d'Alembertian operator o0 = V*V,,, where V,, rep-
resents the covariant derivative. The constant « is defined

and the partial derivative with re-

M. The symbol O repres-

81G . . o
as k= ——, where G is the Newtonian gravitational con-

stant ang c is the speed of light in a vacuum.

For the energy-momentum tensor of a perfect fluid
distribution in the Universe, we have T, =—-pg,+
(o + p)u,u,. Here, p represents the energy density, p rep-
resents the pressure, and u* is the 4-velocity of the fluid,
satisfying the condition u,u” =1 in comoving coordin-
ates.
apOTap

Sghv’
which is derived from the matter Lagrangian £,,,. Follow-
ing Harko et al. [25], we choose the matter Lagrangian as
L, =—p, resulting in O, = —pg,, — 2T, .

Furthermore, it is worth highlighting that the covari-
ant divergence of the matter-energy-momentum tensor
within the framework of f(R,T) theory can be represen-
ted as

In addition, we introduce the tensor ®,, =g

K

V= gy

[TyvvﬂfT + g,uvvﬂ (pr)] . (3)

Therefore, the equation presented above serves as a
clear illustration of a fundamental aspect within the
framework of f(R,T) gravity theory. Specifically, it
points to a noteworthy departure from the conventional
conservation behavior of the matter-energy-momentum
tensor. In more conventional scenarios, such as in GR,
the covariant divergence of the matter-energy-mo-
mentum tensor typically vanishes, implying a strict con-
servation law. However, in the context of f(R,T) gravity
theory, this familiar conservation property is no longer
maintained. The equation V#T,, #0 distinctly signifies
that the matter-energy-momentum tensor does not adhere
to the expected conservation behavior. This lack of con-
servation can be interpreted as the presence of an addi-
tional force acting on massive test particles, leading to
non-geodesic motion. From a physical standpoint, it sig-
nifies the flow of energy into or out of a specified volume
within a physical system. Additionally, the non-zero
right-hand side of the energy-momentum tensor signifies
the occurrence of transfer processes or particle produc-
tion within the system. Notably, in the absence of fr
terms in the equation, the energy-momentum tensor be-
comes conserved [25].

By considering these definitions and relationships, we
can further analyze and understand the properties and be-
havior of f(R,T) gravity theory. The functional f(R,T)
provides flexibility in choosing various viable models
within the f(R,T) gravity framework. In our current
study, we specifically consider the functional f(R,T)=
R+2f(T), where f(T) represents an arbitrary function of
the trace of the energy-momentum tensor. We explore the
implications and consequences of f(R,T) gravity by em-
ploying this particular form. With this choice, the corres-
ponding field equations can be derived as

1
Ry — ERgpv = KTy +2fr Ty + [f(T) +2pr] 8uv- “4)

1. COSMOLOGICAL MODEL

In this study, we assume the specific functional form
f(T)= AT, where A is a constant. This specific functional
expression for f(R,T) has received significant attention
within existing literature [25—27]. Its widespread study
enhances the comparability of our findings with those ob-
tained by other researchers working within this frame-
work. For instance, investigations into cosmic accelera-
tion, as demonstrated in [30], can be readily linked to our
results. Additionally, this choice has the notable advant-
age of avoiding the introduction of higher-order derivat-
ives into the field equations. However, it is important to
acknowledge that our choice is not exhaustive, and there
are various alternative functional forms for f(R,T) that
could be explored [28, 29, 33].
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In addition, we consider the implications of this
choice on the field equations for a flat homogeneous and
isotropic FLRW metric,

ds> =d* - @) [d)c2 +dy? + dzz] ) (5)

where a(t) represents the scale factor of the Universe. By
substituting the FLRW metric (5) into the field equations
of f(R,T) gravity, we can derive the specific form of the
field equations for this choice of f(T) as

3H? =(1+3)p—-Ap, (6)
2H+3H? = p—-(1+3)p. (7)

where H=H(t) = 4 represents the Hubble parameter,

which characterizes the rate of expansion of the Universe.
In our analysis, we adopt a unit system in which we set
k=1.

From Egs. (6) and (7), the energy density and pres-
sure can be determined as

_ (3+6)H?-21H

Ty I ®)

_ —(B+6)H*-2(1+3)H
B (1+30)2-22

©

The effective EoS parameter, which represents the ra-
tio of pressure to energy density for all the cosmological
components, including DE, matter, and radiation, i.e.,

Weff = B, can be expressed as
P

~(3+6)H?-2(1+3)H
Weff = n
B+6)H?-21H

(10)

To facilitate the comparison between theoretical pre-
dictions and cosmological observations, we introduce the
redshift variable z as an independent variable instead of
the conventional time variable ¢z. The redshift is defined
as

1
lz= o (11)

By normalizing the scale factor such that its present-
day value is one (a(0) = 1), we can establish a relation-
ship between the derivatives with respect to time and the
derivatives with respect to the redshift. Thus, the time de-
rivative of the Hubble parameter can be expressed in the
following form:

. dH dH
H="=-(+9HQ (12)

To obtain the solution for the Hubble parameter, an
additional ansatz is required. In this study, we adopt a
specific parameterization for the effective EoS. We con-
sider a parametric form for the effective EoS paramet-
erwer in terms of the redshift z, incorporating a single
parameter, expressed as [42]

1 4

3 1_1+)((1+z)4 ’ (13)

Weft =

where y is a constant. The choice of the specific paramet-
ric form emerges from a synthesis of theoretical consider-
ations and empirical insights. This form aligns with the
standard cosmological model and adeptly captures the
evolution of the EoS parameter across varying cosmic
epochs [43]. The selection of this form allows us to de-
pict the cosmic landscape as it transitions from DE dom-
ination to matter and radiation domination, providing an
inclusive framework for comprehensive analysis. For the
present redshift (i.e., at z = 0), the effective EoS paramet-
er is expected to be less than —1/3, indicating the era
dominated by DE. The exact value of weg is

1 4 )
We(z=0) = 3 {1 - m} , L.e., it depends on the value of

x- In the past, the effective EoS parameter approaches
Zero, i.e., wer(z > 0) = 0, which is consistent with the mat-
ter-dominated phase. For larger redshift values, the EoS
parameter converges to wegs(z — o) =1/3, representing
the era dominated by radiation energy. This parametric
form thus captures the expected behavior of the EoS para-
meter in different cosmic epochs, aligning with the pre-
dictions of the standard cosmological model. Importantly,
this choice is built on related parameterization schemes
explored in literature [44]. These schemes encompass a
diverse array of theoretical and observational perspect-
ives, enhancing our understanding of the dynamics driv-
ing cosmic evolution. Mukherjee's study concentrated on
the acceleration of the universe and offered a reconstruc-
tion of the effective EoS [45]. Moreover, the same form
has been employed across diverse theories of modified
gravity [46, 47].

By combining Egs. (10) and (13), we derive the fol-
lowing differential equation:

6(H2+H)/l+3H2+2H+ 4 1
2HA-3H>(1+20)  3+3y(1+2* 3

=0. (14)

Using Eq. (12) and solving Eq. (14) leads to the solu-
tion
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1
12/l+(3+8/l),\((1+z)4+3)

H(z) = H, , 15
@ 0( 8y + 121+ 3y +3 (15

3+64

where [= , and Hy=H(z=0) represents the

+
present value of the Hubble parameter.
The deceleration parameter g, which is defined as

H . . .
g=-1- > can be obtained via the following expres-
sion:
6(1+2)x(1 +2)*
=-1 . 16
1 = T G sy +27 3 (16)

IV. ANALYSIS OF OBSERVATIONAL DATA

In this section, we present an overview of the cosmo-
logical data utilized in our investigation. To constrain the
parameters in the H(z) model, we employ a range of con-
temporary observational data and utilize the MCMC tech-
nique. Our focus is on data that provide insights into the
expansion history of the Universe, particularly those per-
taining to the distance-redshift relationship. Specifically,
we incorporate data from early-type galaxies, which
provide direct measurements of the Hubble parameter
H(z) [48, 49]. In addition, we incorporate data from
SNela using the Pantheon samples, which encompass ob-
servations from the Supernova Legacy Survey (SNLS),
Sloan Digital Sky Survey (SDSS), Hubble Space Tele-
scope (HST) survey, and Panoramic Survey Telescope
and Rapid Response System (Pan-STARRSI1) [50, 51].
By leveraging this diverse range of observational data, we
aim to obtain robust constraints on the parameters of the
H(z) model and gain further insights into the expansion
history of the Universe.

A. Cosmic chronometers: Estimating the Hubble para-
meter from early-type galaxies

To estimate the Hubble parameter for early-type
galaxies with passive evolution, we rely on the predic-
tion of their differential evolution. The compilation of
such data is commonly referred to as cosmic chronomet-
ers (CCs) [48, 49]. In this study, we use a sample of CCs
covering the redshift range 0<z<1.97. To assess the
constraints on the model parameters, we employ the chi-
squared (j?) estimator

31 2
) _ [H(6y,zi) — Hops(2i)]
X Hubble lz:; o (z)? .

(17)

Here, H(8,,z;) represents the theoretical prediction of
the Hubble parameter at redshift z;, and Hoys(z;) repres-

ents the observed values. The term o, (z;) denotes the
standard error associated with the measured values of
Hobs(zi), and 05 = (Ho, A,x) is the parameter space of the
cosmological model.

B. Pantheon compilation: Constraints from SNela

The Pantheon compilation, as presented by Scolnic et
al. [50], is a comprehensive and up-to-date collection of
SNela data. In our analysis, we use a dataset consisting of
1048 SNela spanning the redshift range 0.01 <z <2.26.
To quantify the agreement between the theoretical predic-
tions and the observed SNela data, we employ the i?
statistic

1048

~2 -1
X Pantheon = Z Alui (CPantheon) ij A/'lj (18)
ij=1
Here, Ap;=pum—pops represents the difference

between the theoretical and observed distance modulus,
where p=mg— Mp is the difference between the appar-
ent magnitude mp and the absolute magnitude Mg. The
term Cplmeon COITesponds to the inverse of the covari-
ance matrix of the Pantheon sample. In addition, the the-
oretical value of the distance modulus is computed using

the formula

di(z)
1Mpc

pun(@) = Slog e 425, (19)

where dy(z) denotes the luminosity distance that incor-
porates the attenuation of light owing to the expansion of
the Universe. The luminosity distance is evaluated by in-
tegrating the expression

dy
H(y5 9&‘) ’

di(z,0,) = (1 +z)/ (20)
0

C. Joint constraints and likelihood functions

To obtain combined constraints for the parameters
0s = (Ho, A, ) from the Hubble and Pantheon samples, we
use the total likelihood function. The relevant likelihood
and y? functions are defined as follows:

-Ljoint = Luubvie X Lpantheons (21

~2 _ 2 ~2
onint = X Hubble T X Pantheon (22)

Here, Luuppie and Lpapneon represent the likelihood
functions for the Hubble and Pantheon samples, respect-
ively. The total likelihood function Lj,;, is obtained by
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taking the product of these individual likelihood func-
tions. Similarly, 3, is obtained by summing the indi-
vidual y values for the Hubble and Pantheon samples.

To determine the constraints on the model paramet-
ers, we minimize the corresponding jy function using the
MCMC method and emcee library [52]. The MCMC
technique allows us to explore the parameter space and
obtain a statistical distribution of parameter values con-
sistent with the observational data. The results of this
analysis can be found in Table 1. Furthermore, Figs. 1
and 2 illustrate the error bar fits for the considered model,
as well as the ACDM model with the specific parameter
values Q,,, =0.315 and Hy = 67.4 km/s/Mpc [53]. These

figures provide visual comparisons between the model
predictions and the observational data.

Furthermore, Fig. 3 displays the 1-o and 2-o
contour plots for the Hubble, Pantheon, and joint obser-
vational data, demonstrating the range of parameter val-
ues consistent with the observations. An observable dis-
parity in the values of the Hubble constant Hy becomes
evident when contrasting across different datasets. This
discrepancy arises from the distinct nature of the two
datasets and the methodologies employed for their ana-
lysis. While CC directly measure the Hubble parameter at
different redshifts, providing a robust and model-inde-
pendent determination of Hp, SNela data involve the in-

Table 1. Cosmological parameter constraints from MCMC analysis: Hubble and Pantheon datasets.
datasets Hy (km/s/Mpc) 7 X q0 tr wo
075 0.26 0.075 0.04 0.05 0.05
Hubble 68.01*073 0.74926 0.357+9973 ~0.65+004 0.547005 ~0.65003
0.77 0.39 0.080 0.03 0.03 0.04
Pantheon 68.13077 0.61*939 0.368+0:050 -0.6370% 0.51+003 ~0.641004
. 0.69 0.28 0.069 0.03 0.04 0.04
Joint 68.12+02 0731928 0.3633:09 -0.64700 0.53+004 ~0.64*0.94
—— f(R, T) =R+ 2AT model
5504 777 ACDM model
® From 31 CC data points
200 A
2 1501
100
50
0.0 0.5 1.0 15 2.0 25
z
Fig. 1. (color online) Evolution of the Hubble parameter H(z) with redshift z in comparison to the ACDM model.
—— f(R, T) =R +2AT model
461 __- ACDM model
& From 1048 Pantheon datapoints gL 1 ISR | © T oemmmmmmmmmos
aad AR GSEL o - T
424
5 40
3
38 1
36
341
32 1
0.0 05 1.0 15 2.0 25
z
Fig. 2. (color online) Evolution of the distance modulus u(z) with redshift z in comparison to the ACDM model.
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tricate cosmic distance ladder and necessitate modeling
assumptions.

V. ANALYSIS OF COSMOLOGICAL PARAMET-
ERS FROM JOINT OBSERVATIONAL DATA

In this study, our analysis primarily focuses on the
joint dataset consisting of both Hubble and Pantheon
data. This decision is based on the observation that other
datasets exhibit behavior and trends similar to the joint
solution. The evolution of various cosmological paramet-
ers, including the density parameter, pressure, decelera-
tion parameter, and effective EoS parameter, is investig-
ated based on the joint observational data.

As shown in Fig. 4, the density parameter maintains a
positive value throughout the evolution of the Universe
and increases as the redshift z increases. Initially, at high
redshifts, the density parameter has a significant positive
value, gradually approaching zero as z — —1. This beha-
vior aligns with our expectations and confirms the over-
all consistency of our model. However, the pressure in
Fig. 5 exhibits an interesting behavior. It starts from a
large positive value at high redshifts and progressively
transitions to negative values in the present epoch. This
shift toward negative pressure is in line with the presence
of DE, which is responsible for driving the accelerated
expansion of the Universe. The observed negative pres-
sure, consistent with the notion of DE, provides empiric-
al support for accelerated expansion and reinforces the
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validity of our model.

The deceleration parameter serves as a measure of the
Universe's evolution. It characterizes the transition from
an early decelerating phase (g > 0) to the current acceler-
ating phase (g < 0) in cosmological models. The classific-
ation of models is based on the time dependence of the
deceleration parameter. Observations in recent times have
provided strong evidence that the present Universe is in-
deed experiencing an accelerated phase of expansion. The
present value of the deceleration parameter is go=
-0.64+0:93 [54], which falls within the range —-1<¢ <0,
indicating the transition from deceleration to acceleration.
This finding aligns with the established understanding
that the expansion of the Universe is currently accelerat-
ing, contrary to the earlier decelerating phase (see Fig. 6).
The transition from deceleration to acceleration is charac-
terized by a specific transition redshift z,.. In our study,
we analyze the joint dataset of the Hubble and Pantheon
data and determine the transition redshift to be
2y = 0.537003. The derived value of the transition redshift
in our model aligns well with the observational data
[55-57].

As mentioned earlier, the EoS parameter is a useful
tool for distinguishing between different epochs of accel-
erated and decelerated expansion in the Universe. It
provides insights into the nature of the cosmic constitu-
ents. By examining the value of w, we can identify vari-
ous phases:

e When w = 1, it corresponds to a stiff fluid, charac-
terized by high energy density and pressure. This phase is
associated with rapid expansion.

1 .. .
e For w = —, we have the radiation-dominated phase.

During this period, radiation is the dominant component
in the Universe, with its energy density decreasing more
slowly compared to expansion.

e The matter-dominated phase is characterized by
w = 0. In this epoch, matter (both baryonic and dark mat-
ter) becomes the dominant component, contributing signi-
ficantly to the energy density. The expansion rate is
slower than in the previous phases.

e During the acceleration phase, the EoS parameter
takes on values less than —1/3, indicating the dominance
of'a component with negative pressure, commonly re-
ferred to as DE. In addition, the accelerating phase of the
Universe can be described by three possible states: the
cosmological constant (w = —-1), quintessence (-1 <w <
—1/3), and the phantom era (w < —1).

In addition to the previous discussion, Fig. 7 clearly
shows that the effective EoS parameter weg for the mod-
el parameters constrained by the joint dataset is less than
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Fig. 6. (color online) Evolution of the deceleration paramet-
er ¢ with redshift z.
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Fig. 7.  (color online) Evolution of the effective EoS para-

meter weg With redshift z.

—1/3, indicating a quintessence DE component and im-
plying an accelerating phase of the Universe. Further-
more, it is worth noting that in our model, the effective
EoS parameter does not cross the phantom divide at
w =—1. This finding has important implications because
crossing the phantom divide would have significant con-
sequences for the future evolution of the Universe, poten-
tially leading to instabilities and a "Big Rip" scenario
[58]. The fact that our model remains in the quintessence
region provides some theoretical stability and avoids
these extreme outcomes.

Through the process of fitting our model to the obser-
vational data, we obtain the present value of the effective
EoS parameter as weg = —0.647004 for the joint dataset
[59]. This value represents the best-fit estimation based
on the constrained values of the model parameters and
provides valuable information about the nature of the cos-
mic expansion at the present epoch.

VI. STABILITY ANALYSIS: SPEED OF SOUND

The stability of a DE model can be evaluated through
the analysis of the square of the speed of sound v2. Spe-
cifically, a positive value of v? signifies the stability of
the model, whereas a negative value implies a state of in-
stability. The expression for v2 is given by
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0
R

= (23)

For the model under consideration, the expression for
the square of the speed of sound is

64+ (1+2)x(1+2)*+1
104 +3(1 +22)(1 + 24 +3°

Vi) = (24)

Figure 8 illustrates the evolution of the squared speed
of sound (v?) for the model, as depicted by the joint data-
set. Notably, the plot reveals that v maintains a consist-
ently positive value across all redshift values. This note-
worthy observation indicates the stability of the cosmolo-
gical model under scrutiny [60].
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Fig. 8. (color online) Evolution of the square of the speed of

sound v? with redshift z.

VII. CONCLUSION

As the exploration of new gravity theories continues
to expand, it becomes crucial to subject them to rigorous
testing to assess their viability in describing the elusive
dark sector of the Universe. One such promising theory is
f(R,T) gravity, which combines the curvature scalar R
with the trace of the energy-momentum tensor 7. This
novel approach offers a unique perspective on gravity and
has the potential to provide deeper insights into the nature
of DE and its role in shaping the evolution of the cosmos.

To initiate our analysis, we adopt a specific function-
al form for f(R,T), namely, f(R,T)=R+2AT, where 1
represents a free parameter. In contrast to preceding re-
search endeavors, our study distinguishes itself through
several pivotal facets, culminating in unique findings and
insights. While related investigations have delved into the
realm of late-time cosmology within the context of
f(R,T) gravity (as noted in Refs. [61-64]), our study ad-
vances distinctively by adopting specific functional forms
for the EoS parameter. In particular, to solve the field
equations governing the Hubble parameter H, we employ

a carefully chosen parametric form for the effective EoS
parameter as a  function of  redshift =z:
1 1 4

3 1+x(1+z)*
parametric form has advantages for depicting the Uni-
verse's evolution across epochs. It follows the standard
cosmological model, with specific values at different red-
shifts. At present, the EoS parameter is expected to be
less than —1/3, indicating DE domination. In the past,
weft approaches zero, consistent with matter domination.
At larger redshifts, wes converges to 1/3, representing ra-
diation domination. Furthermore, we compare the Hubble
parameter H(z) with the most recent observational data-
sets, specifically the Hubble and Pantheon datasets, to
constrain the model parameters Hy, 4, and y. The results,
including the best-fit ranges of the model parameters
along with the 1-0 and 2-o likelihood contours, are
presented in Fig. 3 and summarized in Table 1. To invest-
igate the evolution of cosmological parameters such as
the density parameter, pressure, deceleration parameter,
and effective EoS parameter, our analysis focuses on the
joint dataset of the Hubble and Pantheon data.

Figures 4 and 5 demonstrate that the density paramet-
er decreases as the Universe expands, whereas the pres-
sure exhibits a negative behavior. Furthermore, our ana-
lysis reveals a smooth transition of the deceleration para-
meter ¢ from a decelerated to an accelerated period of ex-
pansion (see Fig. 6). The effective EoS parameter exhib-
its a negative behavior (see Fig. 7), indicating an acceler-
ating Universe and quintessence of DE. The present val-
ues of the deceleration parameter, gy = —0.64%0:93, and the
effective EoS parameter, weq = —0.6475:9%, obtained in our
analysis are in better agreement with the most recent cos-
mological observations [54—57, 59]. It is worth noting
that the behavior of the deceleration parameter follows a
similar pattern to that of the effective EoS parameter.
This observation suggests a close connection between the
dynamics of cosmic acceleration and the underlying
nature of DE. The consistent behavior of these two para-
meters provides further support for the validity and reli-
ability of our analysis.

Moreover, we conduct a thorough investigation into
the stability of the model. Stability analysis is crucial to
ensure the viability and robustness of the proposed frame-
work. Our findings indicate that the model exhibits stabil-
ity (see Fig. 8), suggesting its suitability for describing
the evolution of the Universe. To conclude, although the
f(R,T)=R+2AT model has drawn inspiration from nu-
merous studies, our present inquiry uniquely revolves
around constraining this model using contemporary data-
sets, culminating in the determination of best-fit values
for the coupling parameter A. This endeavor serves as a
catalyst, sparking and fostering subsequent investigations
into this model and its broader integration across diverse
realms of cosmology and astronomy. Our study decis-

Weff = , where y is a constant. This
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ively substantiates that the proposed methodology reli-
ably predicts the Universe's accelerated expansion,
thereby proffering an alternative avenue to DE. In doing
so, it lays a foundational framework by offering essential

cosmological parameter values for intricate explorations
into the profound implications this model may provide.

Data availability This article does not include any

new associated data.
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