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Abstract: This study explores the f(R,T) gravity theory, which introduces a coupling between matter and
curvature, through the simplest linear functional form f(R,T)=R+2BT. We derive the modified Einstein field

equations and conservation equations for this theory and then apply this framework to study the structural properties

of quark stars (QSs) composed of interacting quark matter, considering perturbative QCD corrections and color su-

perconductivity. By solving the modified Tolman-Oppenheimer-Volkoff equations, we investigate the mass-radius

relation, stability criteria, and energy conditions of QSs. Our results indicate that the f(R,T) gravity significantly in-

fluences the properties of QSs, leading to deviations from General Relativity. The analysis is consistent with recent

observational data, suggesting that the modified gravity framework could provide viable models for the study of

compact stars.
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I. INTRODUCTION

The studies of alternative theories of gravity have re-
cently gained significant attention, motivated by the de-
sire to address various unresolved issues in cosmology
and astrophysics [1-4]. Among these theories, f(R,T)
gravity, proposed by Harko et al. [5], introduced coup-
ling between the matter content and the geometry of
spacetime [6—8]. This theory extends the well-known
f(R) gravity [9] by including a dependence on the trace
of the energy-momentum tensor T [10]. Such modifica-
tions can lead to interesting phenomenological con-
sequences, especially in the context of compact astro-
physical objects like neutron stars and QSs [11-15].

f(R,T) gravity, where the gravitational action de-
pends on the Ricci scalar R and the trace of 7, results in
modified Einstein field equations, impacting the stru-
cture and dynamics of stellar objects significantly [16, 17].
Numerous studies have explored the cosmological and as-
trophysical applications of f(R,T) gravity, highlighting
its potential to explain dark energy, dark matter, and oth-
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er phenomena beyond the standard model of cosmology
[18—21]. In particular, several researchers have investig-
ated the impact of f(R,T) gravity on cosmological mod-
els, providing insights into the accelerated expansion of
the universe without invoking dark energy [22—24]. Ad-
ditionally, f(R,T) gravity has been applied to the study of
gravitational lensing, suggesting that it can account for
the observed anomalies in lensing phenomena [25, 26].
The theory has also been used to address the hierarchy
problem and late-time cosmic acceleration, further em-
phasizing its versatility and potential [27].

QSs, which are hypothetical compact objects com-
posed entirely of deconfined quark matter, provide an ex-
cellent testbed for studying the effects of modified grav-
ity theories [28]. In particular, interacting quark matter
(IQM) [14] equations of state (EoS) incorporating per-
turbative QCD corrections and color superconductivity
have been considered to describe the internal composi-
tion of QSs [29]. Such models can predict the existence
of extremely dense and massive compact stars, poten-
tially observable through gravitational wave events and
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pulsar timing measurements [30—32].

The Tolman-Oppenheimer-Volkoff (TOV) equations
[33, 34], which describe the equilibrium structure of
spherically symmetric stars, are modified in f(R,T) grav-
ity due to the additional matter-geometry coupling terms.
Previous studies have shown that these modifications can
lead to significant deviations from the predictions of Gen-
eral Relativity (GR), particularly in the context of neut-
ron stars, black holes, and wormholes [35—38]. The res-
ulting mass-radius relations, stability criteria, and other
properties of compact stars in f(R,T) gravity have been
the subject of extensive research [39, 40].

The study primarly investigates the structural proper-
ties of QSs within the framework of f(R,T) gravity. We
derive the modified Einstein field equations and the cor-
responding TOV equations for a spherically symmetric,
static spacetime. Using these equations, we explore the
mass-radius relation, stability criteria, and energy condi-
tions for QSs described by an IQM EoS. We compare our
results with recent observational data to assess the viabil-
ity of f(R,T) gravity in describing compact stars.

The remainder of the paper is organized as follows: In
Sec. II, we review the f(R,T) gravity theory and derive
the modified field equations. Sec. III discusses the struc-
tural equations for QSs in this theoretical framework. In
Sec. IV, we introduce the equations of state for quark
matter and boundary conditions. The numerical results
and their implications are presented in Sec. V. Section VI
provides an analysis of the stability criteria, adiabatic in-
dex, energy conditions, sound speed and causality, and
polytropic index. Finally, we summarize our findings and
discuss future research directions in Sec. VII.

II. FIELD EQUATIONS AND SET UP
Here, we review the f(R,T) gravity theory proposed

_ JrRT)
VT = 87— fr(R,T) [

which is significant in discussing the energy properties of
the model. Furthermore, we also assume that the matter
content described by a standard perfect fluid with stress-
energy tensor 7,, can be written as

T, = (p+Puyu,—Pg,, 6)

where p and P are the energy density and pressure for the
isotropic fluid sphere, and »* is the four-velocity of the
fluid with #*u, = 1. Additionally, we assume the matter
Lagrangian £,, = —P, which allows us to rewrite ®,, as

by Harko et al [5], and the action integral is given by
1
S =/d4x\/—_g[—f(R,T)+£m , (1)
167

where the action of the gravitational field depends on a
generic function of curvature scalar R = g"R,, and the
trace T of the energy-momentum tensor. Here, £, stands
for the matter Lagrangian density and is related to the
stress-energy tensor of the matter fields in the usual way
as

2 6(v=8Ln)

Ty = ———
Toyms o o

2
Assuming £,, depends on the metric components g,,and

not on its derivatives, which implies that [5]

0L,
dgm’

Ty = gL =2 (3)

and varying action (1), we obtain the modified Einstein
field equations in f(R,T) gravity as follows:

1
fR(R7 T)R,uv - Ef(Rv T)g,uv + (g,uvD - Vyvv)fR(Ra T)

= SﬂTyv - fT(R,T) Tyv - fT(R,T)Gﬂ\H (4)

where fx(R,T)=0f(R,T)/6R, f+(R,T)=0fR,T)/dT, 0=
0,(\—gg"0,)/ V=g, R, is the Ricci tensor, V, denotes
the covariant derivative with respect to the metric g,
and we have defined ©,, = g*#6T,5/6¢"". Now, taking co-
variant derivatives with respect to the field Eq. (4), and
we have

Ty +0,)V¢In fr (R, T)V*O,, — (1/2)gWV”T] %)

0, =-2T, - Pg,. (7

Herein, we opt for the simplest linear functional form
f(R,T)=R+2BT, which was considered in Ref. [5]. This
choice has been widely employed in numerous cosmolo-
gical solutions of f(R,T) gravity. Based on this assump-
tion, the field Eq. (4) and the conservation equation Eq.
(5) is reduce to

Gy =8rT,, +BTg,, +2B(T,, +Pg,), ®)
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1
B +28)VFT,, = =28 | VF(Pgu) + EgWV"T , ©)

where G,, is the Einstein tensor and £ is an arbitrary con-
stant. One may also verify that when B8 =0, the standard
Einstein field equation is recovered. Moreover, Eq. (9)
clearly demonstrates that f(R,T) gravity leads to non-
conservation of the energy-momentum tensor. Therefore,
f(R,T) theory can be treated as a curvature-matter coup-
ling theory, and an exchange of energy and momentum
between both produces an extra force [41].

III. STRUCTURAL EQUATION OF A STAR

In this theoretical framework, we consider a static and
spherically symmetric spacetime described by the follow-
ing metric

ds* = e®dr’ —e*Vdr? — (d6” +sin’0dg®),  (10)

where the metric functions ®(r) and A(r) depend on the
radial coordinate, r. Then, using Eqs. (10) and (6) togeth-
er with the modified field equation (8), we obtain the fol-
lowing (#t) and (rr) components of field equations in the
f(R,T) theory [42] as follows:

A 1

eiA <7—ﬁ)+ﬁ=(8ﬂ+3ﬁ)p_ﬁp’ (11)
o1 1

M Tal) - s =@ mPopo (12

Under this assumption, the conservation equation (9) can
be rewritten as follows [43, 44]:

, o B
PrrlorP) 5 = g ap

(P'=p"), (13)

where prime represents the derivative of ». To recast Egs.
(11)—(13) into a more familiar form, we introduce a mass

—2A n\r .
parameter, m(r), defined by ™" =1- - Since m(r)
is the mass within a sphere of radius r. After some

straightforward calculations, two autonomous equations
are obtained, which are expressed as [45, 46]

BBp—p)r?

m'(r) = 4nr’p + 7 ,

(14)

Blp—3P)r
o283

. (15)
(-2 [+ s (-5

m
dnpr+— —
-

P'(r)=-

Naturally, by setting 8 — 0, we restore the usual TOV
equation. Notably, in f(R,T) gravity, the coupling con-
stant f has some constraints from NS mass measure-
ments [47]. In this context, authors in [48] have studied
the radial perturbations and stability of compact stars by
calculating the oscillation mode frequency square. For a
complete description of the stellar configuration, Egs.
(14) and (15) must be supplemented by an EoS. In this
study, we aim to demonstrate the possible existence of
QSs entirely composed of interacting quark matter, in-
cluding perturbative QCD corrections and color super-
conductivity (see [49] and the references therein).

IV. EOS OF INTERACTING QUARK MATTER
AND ABSOLUTELY STABLE CONDITION

QSs hypothetically exist as compact objects made of
strange quark matter (SQM), and they can potentially ex-
ist in different unusual forms of matter, such as
quarkyonic matter [50, 51], color superconductivity [52,
53], A-isobar configurations, and hyperons [54—56],
among others. In Ref. [49], we found an interacting quark
matter (IQM) EoS with a superconducting effect and
quantum chromodynamics (pQCD) corrections. Thus,
this study will explore the possible existence of QSs com-
posed entirely of IQM within the framework of f(R,T)
gravity. According to the definition provided in Refs. [49,
57], the energy density and pressure (i.e., the EoS) are ex-
pressed as

1 4/12 / (p_Beff)
P=3(p—4Beﬂ-)+9ﬂ2(—l+Sgn(/1) 1+37T2T N

(16)

where the effective bag constant is represented by By,
which represents the nonperturbative contribution from
the QCD vacuum, and the constant coefficient 1 is ex-
pressed as

_ E N = Epm?

1 ,
Vésay

(17

where m; is the mass of the strange quark and A is the
gap parameter. The pQCD corrections are represented by
the (1—ay) term up to O(a?). Importantly, the quartic
coefficient a4 can vary from the value a4 =1 [58] when
no strong interactions are considered. Moreover, the
value of A is positive as long as A2/m? >&,,/&,, and we
restrict ourselves to consider only positive 1 values. The
coefficients in A for various color-superconducting phases
are defined as:
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(((5)+(3)) "10). ascpms

(§4’ §2av §2h) =

(3,1,3/4), 2SC+s phase
(3,3,3/4). CFL phase
(18)

Taking a step towards more realistic situation, Zhang and
Mann [49] proposed a dimensional rescaling as follows:

__p 5_ P
= , P= , 19
P= 4By 4By (19)
and
_ 22 A2 — 2y2
iz _& Epmy) ' (20)
4Beff 4Beﬁr§4a4

Now, utilizing these rescalings in (19) and (20), we can
redefine the equation of state (16) in a dimensionless
form as follows:

P

1 _ 4 _ 372 1
3P-D+ 551 <—1+sgn(/l) 1+ (p—4)>. 21)
Note that for 4 — 0, the above expression becomes a non-

interacting quark matter, p= (P~ 1). Moreover, 10
i.e., a sufficiently large value of A gives,

Plie=p—7- (22)

N —

Equivalently, p = p—2B.q after reverting the scaling us-
ing Eq. (19). This study only considers the positive val-
ues of A, as 1 <0 does not yield a finite form. For in-
stance, the above EoS (19) and a significantly broader
range of 1>0 leads to heavier QSs that are consistent
with the 2M, constraint (see, e.g., [49, 57, 59] for a re-
view of recent works). In Figs. 1 and 2, we plot the en-
ergy density and isotropic pressure for the given IQM
EoS (21). The utilized parameter sets are provided in Ta-
ble 1 and 1, respectively. The figures show a monotonic
decrease in both energy density and pressure towards the
surface of the star.

Notably, the absolutely stable condition is an import-
ant condition that must be satisfied for strange QSs
[60—63]. This condition states that the energy per baryon
of SQM must be less than 930 MeV, while the energy per
baryon of up-down quark matter (udQM) should exceed
930 MeV. We have carefully examined this stability cri-
terion for the parameter sets used in our model. The en-
ergy per baryon, E/A, is given by E/A = E,.1/ng, Where
E.. represents the total energy [64] and np is the dens-
ity of the baryon number.
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Fig. 1.  (color online) We plot the energy density and iso-

tropic pressure for solving the TOV equations (14) and (15)
with the given EoS (21). For computation, we vary 1€][0.1,
0.5] and set the other parameters as Beg =60 MeV/fm?® and
B=0.1, respectively.

In the case of SQM, the total energy [52, 65] can be
expressed as

g2 AZ

mg+A’

ESQM = 4Beﬁ' + (23)

where g=2, A=0.2MeV, and m, =150 MeV. Mean-
while, g represents the coupling constant of the strong in-
teraction and A refers to the gap parameter in the context
of color superconductivity in quark matter. Using this, we
calculate the energy per baryon for SQM as E/Asqu =
400 MeV, which is well below the 930 MeV threshold,
thus satisfying the absolutely stable condition.
For udQM, with m, = 0, we obtain:

g2A2

Etotal,udQM = 4Beff + T7 (24)

yielding an energy per baryon of E/A,yom =401.33MeV.
This result indicates that the udQM energy per baryon is
slightly higher than that of SQM but still within the ex-
pected range, further supporting the stability of QSs.
Hence, the parameter sets utilized in this research
confirm that the SQM meets the absolutely stable condi-
tion, affirming the reliability of our model in represent-

ing QSs.
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Fig. 2.  (color online) We plot the energy density and iso-

tropic pressure for solving the TOV equations (14) and (15)
with the given EoS (21). For computation, we vary g€ [-0.2,
0.2] and set the other parameters as B.g =60 MeV/fm® and
1=0.2, respectively.

Table 1. We present the structural properties of QSs in
f(R,T) gravity. We set a fixed value for B.g = 60 MeV/fm?® and
B =0.1 and different values of A.

1 M/M, R/km pe/(MeV/fim®) M/R
0.1 2.28 12.08 900 0.280
0.2 241 12.60 844 0.284
0.3 2.51 13.00 788 0.286
0.4 2.60 13.36 731 0.288
0.5 2.67 13.70 675 0.289

V. NUMERICAL RESULTS

In the following, we explore the characteristics of
QSs in the framework of f(R,T) gravity by solving the
modified TOV equations (14) and (15) for the given EoS
(21). The mass and radius of QSs are obtained by numer-
ically integrating the TOV equations with the initial
boundary conditions at the center of the star (r=0) as
m(0)=0 and p(0)=p., where p. is the central energy
density. The total mass of the QS is defined as M = m(R),
where R represents the radius of the star. In this analysis,
we concentrate two variable parameters: the EoS para-
meter A and the coupling constant B. Here, the stellar
mass is measured in solar masses, M,, the radius of the

stars in km, and the bag constant in MeV/fim®, respect-
ively.

A. Profiles for variation of 1

In Fig. 3, we illustrate the mass-radius (M —R) and
mass-compactness (M —M/R) curves from solving the
TOV equations and considering the most probable para-
meters: Bey =60 MeV/fm®, 8=0.1 and varying the para-
meter A €[0.1,0.5]. The resulting M — R curves show that
the maximum mass and their radii increase with increas-
ing values of 1, comfortably exceeding the 2M, limit.
The maximum mass reached 2.67 M, at 1=0.5 in our
study of nonrotating QSs. The colored bands represent
observational data from the pulsars PSR J0952-0607 with
a mass of M =2.35+0.17M, (Magenta) [66] and from the
analyses of the gravitational wave signal from the
GW190814 event with a mass of 2.59*)05 M., (Lightgray)
[67]. The range of allowable parameters is further con-
strained by the contours of HESS J1731-347 [68] and the
GW170817 event [69], described by the shaded regions
in Fig. 3. All the parameters used for the studies are

3.0
25 GW190814
’ J0952-0607
2.0
g
515 __ i
§ , B 3
1.0 f== Ty 7‘/ x=02
- =03
HESS J1731-347 — X=04
0.5 — X=05
8 9 10 11 12 13 14

Radius (km)

M(Mo)

0.10 0.15 0.20 0.25 0.30

MR
Fig. 3. (color online) The mass-radius (M —R) and mass-

compactness (M — M/R) curves of QSs for the IQM EoS (21).
The model parameters used are listed in Table 1. Additionally,
the M—R diagrams are compared with more recent observa-
tional data PSR J0952-0607 (Magenta) [66] and the gravita-
tional wave signal from the GW190814 event (light gray)
[67]. The range of allowable parameters is further constrained
by the contours of HESS J1731-347 [68] and the GW 170817
event [69].
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provided in Table 1 with the maximum gravitational mass
being 2.28M, < M <2.67M,, and the radius of the star
ranging from 12.08 km—13.70 km. We also demonstrate
the effect 1 on the properties of maximum compactness
in the lower panel of Fig. 3. Notice that the maximum
compactness increases with increasing values of A, often
ranging between 0.280 and 0.289, as can be observed in
Table 1. The table also indicates that the Buchdahl limit
remains intact i.e., M/R <4/9.

B. Profiles for variation of f

In Fig. 4, we demonstrate the (M —R) and (M — M/R)
curves by varying the coupling constant B € [-0.2,0.2].
The other model parameters used in the numerical calcu-
lations are: 1=0.2 and B=60 MeV/fim’, respectively.
Fig. 4 shows that the maximum mass value increases with
increasing values of f, and this value reaches 2.42 M, at
B=0.2. Concurrently, we recorded that the maximum
mass is 2.40 My in GR (8=0). Our findings imply that
the M —R profiles around the maximum mass do not sig-
nificantly differ from the standard GR in the f variation.
However, the obtained GR result is consistent with a QS
governed by the IQM EoS (21), as reported in Ref. [49].
Here, we continue our analysis by comparing the M —R
diagrams with more recent observational data PSR J0952-
0607 (Magenta) [66]. As shown in Fig. 4, we find that

J0952-0607

M(M,)

p=04
p=02
----- p=00
p=-02
p=-04

" 10 11 12 13 14
Radius (km)

M(M,)

0.10 0.15 0.20 0.25 0.30
MR
Fig. 4.  (color online) The mass-radius (M —R) and mass-

compactness (M —M/R) curves of QSs for the IQM EoS (21).
The model parameters used are shown in Table 2. Addition-
ally, the M - R diagrams are compared with more recent obser-
vational data PSR J0952-0607 (Magenta) [66].

our model is consistent with the observational data. Fi-
nally, we show how £ affects the maximum compactness
characteristics in the lower panel of Fig. 4. As expected,
increasing or decreasing the values of f does not result in
a significant deviation between GR and f(R,T) gravity
for maximum compactness, and its value is in the range
of 0.277 < M/R < 0.281. The results are listed in Table 2.

VI. THE STATIC STABILITY CRITERION, ADIA-
BATIC INDEX, AND SOUND VELOCITY

Besides the mass-radius relationships, our main con-
cern is the stability of the configuration. Below, we
provide an in-depth discussion of the methods used to de-
termine the stability of these stars.

A. Static stability criterion

The static stability criterion [70, 71] is a widely ap-
plied condition for discussing the stability analysis of an
equilibrium configuration. However, this is a necessary
but insufficient condition for confirming the stability of a
spherical body. Interestingly, this condition is extens-
ively applied, irrespective of any modified gravity theor-
ies (see Refs. [72—74] and therein). This condition is ex-
pressed by the following inequalities:

dm
) <0 — indicating an unstable configuration,  (25)
e
dm N .
1 > (0 — indicating a stable configuration. (26)
Oc

We analyze the inequalities by plotting M —p. curves,
where M is the mass QS and p,. is the central density. In
Fig. 5, we present our results using the same parameter
sets as in Figs. 1 and 2, respectively. In the figures, the
turning points (indicated by the black circle) are represen-
ted by the region separating a stable configuration from
an unstable one, and the stable region is indicated by the
inequality dM/dp. > 0.

B. Adiabatic indices
We also calculate the adiabatic index y to check the
Table 2. We present the structural properties of QSs in

f(R,T) gravity. We set a fixed value for B.g = 60 MeV/fm? and
1=0.2 and different values of /5.

B M/ M, R/km pc/(MeV/fm*) M/R
-0.2 2.37 12.70 844 0.277
-0.1 2.39 12.60 844 0.279

0.0 2.40 12.63 844 0.281
0.1 2.41 12.60 844 0.279
0.2 2.42 12.65 788 0.277
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Fig. 5. (color online) M —p, curve profiles. The same para-
meter set used in Figs. 1 and 2 is considered. The pink points
represent the boundary separating the stable configuration re-
gion indicated by dM/dp. > 0 from the unstable one.

viability of our QS model using the conventional method
established by Chandrasekhar in 1964 [75]. The condi-
tion for y explicitly reads

y=(1+2)(92) 27)
( P) dp/

The Eq. (27) is related to the sound speed (in units of the
speed of light), and the subscript S indicates the deriva-
tion at constant entropy. In the case of an isotropic fluid
sphere, the value of y is associated with the dynamical in-
stability of relativistic objects and has a restricted value.
This value is known as the critical adiabatic index and is
denoted as 7y,,. Ref. [76] demonstrated that a star would
be dynamically stable if (y)>y,,, where (y) stands for
the averaged adiabatic index. However, in the EL}R 109()n—
3t EC ,
where C =2M/R is the compactness parameter [76]. In
such a scenario, the critical value of y,, exceeds 4/3. Gen-
erally, the adiabatic index ranges from 2 to 4 for most of
the NSs EoS (see Ref. [77] for more). The dependence of
the adiabatic index as a function of the radial distance is
shown in Fig. 6 for several representative values of A and
[. Notably, for the QSs composed of IQM, the averaged
adiabatic index is much larger than the critical value.

text, this critical value can be expressed as Yer =

C. Energy conditions

Next, we discuss classical energy conditions (ECs),
which are important phenomenological methods for de-
fining self-consistent and physically motivated theories of
gravity. ECs also help to ensure physically consistent
f(R,T) gravity. The ECs are a combination of the energy-
momentum tensor components, and the four conditions
are the null energy condition (NEC), weak energy condi-
tion (WEC), strong energy condition (SEC), and the dom-
inant energy condition (DEC), given by

NEC:p+P >0, (28)
WEC:p+P2>0, and p>0, (29)
SEC:p+P >0, andp+3P >0, (30)
DEC:p > |P|, (31)

respectively. In Fig. 7, we plot the four ECS for several
representative values of A and 8. When plotting the ECs,
we consider that B.; = 60 MeV/fm®, and other paramet-
ers are in combinations of {2,8} ={0.3,0.1} and {1,8) =

7

— =04
— X=05

Distance (km)

% 2 4 6 8 10 12
Distance (km)
Fig. 6. (color online) The adiabatic index y is plotted as a

function of radial coordinate r for the selected EoS (21). We
consider the same parameter set as in Figs. 1 and 2. We also
indicate the value of y. =4/3 using the brown dotted-dash
line.
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{0.2,0.3}, respectively. The plots demonstrate that all ECs
are met within the specified range of parameters for both
cases, as depicted in Fig. 7.

D. Sound speed and causality

We extended our analysis by studying the squared
speed of sound, defined as v? = dP/dp, which is an im-
portant condition for stable configurations. Notably, the
speed of sound should be less than the speed of light i.e.,
0<v?<1. In Fig. 8, we display the sound speed as a
function of radial distance, and the obtained results again
satisfy the condition 0 <v?<1. Thus, we can say that
QSs composed of IQM could exist in f(R,T) gravity.

E. Polytropic index y

Lo olnP .
The polytropic index ¥ = 57—, where P is the pres-

OlnE’
sure and F is the energy density, is a measure of the stiff-

ness of the equation of state (EoS). According to the find-
ings in [78], a polytropic index y below 1.75 indicates the
presence of quark matter cores in massive neutron stars.
In our study, we calculate y using the following expres-
sion:

; (32)

-
W | =
SN IR S

—

(p - Beff)

1+3n2 =z

1000/
: —
800 o

— p-IPl

600
200,

o 2 4 & 8 10 12

Nictanra /km\

Energy Conditions

Energy Conditions

0 2 4 6 8 10 12
Distance (km)
Fig. 7. (color online) Energy condition profiles with respect
to their values at {1,8}={0.3,0.1} and {1,8} ={0.2,0.3}, when
Beg = 60 MeV/fm’® is fixed.

For typical QS parameters By =60MeV/fm® and
A=0.2MeV, we evaluate y across energy densities ran-
ging from 200 to 1000 MeV/fm®. Our numerical results
show that the polytropic index y varies between 1.5 and
1.7, which is below the critical limit of 1.75. This behavi-
or is consistent with the presence of quark matter cores,
as suggested by Ref. [78, 79].

Thus, the polytropic index calculations confirm that
the QS model in f(R,T) gravity adheres to the theoretical
expectations for quark matter and satisfies the stability
criteria.

VII. CONCLUDING REMARKS

In this study, we examined the implications of f(R,T)
gravity for the structure and stability of QSs composed of
IQM. By adopting a linear functional form for f(R,T), we
derived the modified Einstein field equations and the cor-
responding TOV equations for a spherically symmetric,
static spacetime. Our numerical analysis explored the
mass-radius relation, stability criteria, adiabatic index,
and energy conditions for QSs within this theoretical
framework.

The results indicate that f(R,T) gravity significantly
alters the properties of QSs compared to GR. Specific-
ally, the modified gravity framework leads to the non-
conservation of the energy-momentum tensor, introdu-

0.46
044
0.42

% 0.40

0.38"

0.36—//

0.34

0 2 4 6 8 10 12

Distance (km)

0.42
0.41"
0.40"
0.39"
0.38}
0.37°

vs2

p=04
B=02
036 e =00
B=-02
p=-04

0.35
0-34 2 4 6 8 10 12

Distance (km)

Fig. 8. (color online) Plot of sound speed along the trans-
verse direction within the stellar interior. The same parameter
set used in Figs. 1 and 2 is considered.
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cing an extra force that affects the equilibrium configura-
tion of QSs. Our findings show that the maximum mass
and radius of QSs increase with the parameter A, and the
deviations from GR become more pronounced for higher
values of the coupling constant 5. The analysis also con-
firms that the f(R,T) gravity models can satisfy the sta-
bility criteria and energy conditions, making them viable
candidates for describing compact stars.

We derived the modified Einstein field equations and
conservation equations for f(R,T) gravity, focusing on a
linear form f(R,T)=R+2BT. In this framework, the ac-
tion integral depends on both the curvature scalar R and
the trace of the energy-momentum tensor 7, leading to
modifications in the standard Einstein equations. These
modifications introduce additional terms that account for
the matter-geometry coupling, which significantly influ-
ence the structure of compact objects like QSs.

Using the modified TOV equations, we investigated
the structural properties of QSs. We considered an IQM
equation of state (EoS) that incorporates perturbative
QCD corrections and color superconductivity. By solv-
ing these equations numerically, we obtained mass-radi-
us relations for various values of the parameter A and the
coupling constant . Our results show that as A4 increases,
the maximum mass and radius of QSs also increase, sug-
gesting that the f(R,T) gravity allows for the existence of
more massive and larger compact stars compared to GR.

The stability analysis involved examining the static
stability criterion, adiabatic index, and sound speed. We
found that the QSs in f(R,T) gravity satisfy the stability
criterion dM/dp. >0 and possess adiabatic indices well
above the critical value of 4/3, indicating stable configur-
ations. Additionally, the sound speed remained below the
speed of light within the stellar interior, satisfying the

causality condition. We also explored the energy condi-
tions (NEC, WEC, SEC, and DEC) to ensure that the
solutions are physically viable. Our analysis confirmed
that all energy conditions within the considered paramet-
er ranges were met, further supporting the consistency of
f(R,T) gravity in describing QSs.

Future work will focus on extending this study to ro-
tating QSs and exploring the gravitational wave signa-
tures of such objects in f(R,T) gravity. Additionally, fur-
ther investigations into the parameter space of the IQM
EoS and its implications for observational constraints will
be pursued. These efforts aim to provide a deeper under-
standing of the role of modified gravity theories in astro-
physics and their potential to explain the properties of
dense, compact objects. We also plan to study the poten-
tial observational signatures of f(R,T) gravity in the con-
text of upcoming astrophysical surveys and gravitational
wave detections, which could offer new insights into the
nature of gravity and matter under extreme conditions.
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