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Abstract: Our manuscript aims to analyze the viability and stability of anisotropic stellar objects in the modified

symmetric teleparallel gravity. A particular model of this extended theory is considered to formulate explicit field

equations that govern the interaction between matter and geometry. The configuration of static spherical symmetric

structures is examined through the Finch-Skea solution. However, the values of unknown constants in the metric po-

tentials are evaluated by the Darmois junction conditions. For the viability of the proposed stellar objects, physical

parameters including density, pressure, anisotropy, mass, energy constraints, compactness function, and redshift are
analyzed. Furthermore, the stability of the proposed stellar objects is investigated by the causality condition, Herrera
cracking approach, and adiabatic index. Our findings indicate that the proposed stellar objects are viable as well as

stable in the presence of correction terms.
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I. INTRODUCTION

Einstein's gravitational theory (GR) serves as a
cornerstone that provides a comprehensive description of
the gravitational field and matter on cosmic scales. In
GR, spacetime is described using mathematical struc-
tures defined by the Riemann's metric. This metric en-
codes information about distances and angles in space-
time and allows physicists to understand the curvature of
spacetime caused by gravity. However, Weyl [1] intro-
duced the concept of a length connection, which is differ-
ent from the standard metric connection used in Rieman-
nian geometry. Weyl's theory focuses on gauging the
conformal factor adjusting the scale of distances. Weyl
introduced the concept of non-metricity, which assures
that divergence of the metric tensor exists. This depar-
ture from Riemannian geometry is a new perspective on
the geometric nature of spacetime. Non-Riemannian geo-
metries incorporate additional geometric quantities such
as torsion and non-metricity. Torsion refers to the twist-
ing or rotation of spacetime, while non-metricity in-
volves deviations from the standard concept of distance
allowing for a broader understanding of spacetime geo-
metry. Torsion represents a gravitational interaction with
teleparallel gravity instead of GR [2]. The teleparallel
equivalent to GR reformulates gravity not as a result of
spacetime curvature but rather through torsion. In this

framework, the connection used has zero curvature but
non-zero torsion and is still metric-compatible, meaning
that there is no non-metricity. Symmetric teleparallel
gravity provides a different perspective on gravity, focus-
ing on non-metricity as the source of gravitational effects
in a flat spacetime scenario, that is, zero curvature and
zero torsion [3]. Various extended theories of gravity in
different contexts have been discussed in [4—14].

Xu et al. [15] introduced the f(Q,T) theory by includ-
ing the trace of the energy-momentum tensor in the ac-
tion of symmetric teleparalell theory. This proposal com-
prises theoretical implications, compatibility, and relev-
ance in cosmology. In recent research, various studies
have delved into the implications of modified f(Q,T)
gravity. Fajardo [16] emphasized that this modified the-
ory offers alternatives to the standard cosmological mod-
el. Arora et al. [17] conducted a study where they con-
strained several free parameters in two distinct f(Q,7T)
models through various energy conditions. Their analysis
shed light on the viability of this theory, paving a way for
anew approach to understand the dark sector of the uni-
verse. Tayde et al. [18, 19] explored the feasibility of tra-
versable wormholes through strange matter in an f(Q,T)
background. Pradhan et al. [20] discussed various physic-
al characteristics of gravastars such as proper length, en-
ergy, entropy, and surface energy density in this frame-
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work and found a stable gravastar model. Bourakadi et al.
[21] conducted a comprehensive study on the black holes
in this gravity. Loo et al. [22] investigated the f(Q,T)
theory with small anisotropy to study the complete cos-
mic evolution as our universe is not isotropic since the
Planck era. Narawade et al. [23] studied the cosmic accel-
erated expansion in an extended symmetric teleparallel
gravity to understand the evolutionary phase of the uni-
verse in the modified theory. Khurana et al. [24] stated
that this modified theory presents valuable insights into
the late time cosmic acceleration. Shukla et al. [25] in-
vestigated an isotropic and homogeneous universe model
in this framework by examining a deceleration parameter.

Viable characteristics of stellar objects endorse signi-
ficant progress in alternative theories. Ilyas and Ahmad
[26] used observational data from various CS candidates
to investigate the behavior of static spherical structures in
the framework of f(R) gravity. Rej and Bhar [27] em-
ployed the Durgapal-IV metric to analyze the physical
characteristics of anisotropic static spherical solutions in
f(R,T) theory. Their examination confirmed that the ob-
tained results remain in the physically acceptable range.
Das [28] delved into stable spherically symmetric stellar
configurations in f(R,G) gravity. Malik et al. [29] ana-
lyzed the charged anisotropic characteristics of CSs us-
ing the Karmarkar condition in the modified Ricci-in-
verse gravity. Ditta and Tiecheng [30] discussed a com-
prehensive analysis of the physical properties of CSs in
Rastall teleparallel gravity. Sharif and Gul [31] verified
the stability of proposed CSs using sound speed method
in squared gravity.

Nashed and Capozziello [32] investigated the viable
model for neutron stars in f(R) gravity, suggesting in-
triguing possibilities to understand the gravitational beha-
vior of dense objects. Dey et al. [33] explored the viable
anisotropic stellar objects employing the Finch-Skea
solutions in the f(R,T) framework. Rej et al. [34] con-
ducted a detailed examination of the charged CSs in the
same theoretical framework, unveiling valuable insights
into the interplay between charge and gravity in compact
stellar systems. Kumar et al. [35] investigated crucial in-
sights into the relationship between f(R,T) gravitational
theory and the internal dynamics of CSs. Maurya et al.
[36] used the Karmarkar condition to probe charged re-
lativistic objects in f(G,T) gravity. Shamir and Malik
[37] provided valuable insights into the dynamical stabil-
ity of compact spherical systems in the modified frame-
work. Lin and Zhai [38] investigated the influence of ef-
fective fluid parameters on the geometry of CSs in the
f(Q,T) theory. The geometry of compact stars with dif-
ferent considerations in f(Q) and f(Q,T) theory has been
studied in [39—45].

The abovementioned literature emphasizes the im-
portance of exploring the viable attributes of CSs in
f(Q,T) theory. This paper is organized as follows. In

Section 11, we present the field equations of f(Q,T) grav-
ity and evaluate the unknown parameters through the
Darmois junction conditions. Section III examines differ-
ent physical quantities to identify the physical character-
istics exhibited by CSs. Section IV analyzes the equilibri-
um state and stability of CSs, providing insights into their
dynamic behavior. The findings and implications of our
results are presented in Section V.

II. STELLAR OBJECTS IN f(Q,T) THEORY

The main objective of this section is to provide an
outline of the process by which the field equations are
formulated using the variational principle in the modified
f(Q,T) theory. This modified theory has gained signific-
ant attention owing to its potential explanations for vari-
ous cosmological phenomena. The gravitational action in
this framework is altered by the addition of extra terms
that are based on non-traditional geometric measures
apart from the metric tensor. The motivation behind con-
sidering this modified theory lies in the quest for a more
comprehensive framework to describe gravity and the
cosmic phenomenon.

The action of this theory is expressed as [15]

1:%/ {f(Q,T)+2Lm} V—gd*x, )

where L,, is the Lagrangian of matter. The non-metricity
and deformation tensor are defined as

_ 7 3
0=-¢ 7(L1‘7L n L/lfiLé;n)’

1
L/lfy = - Egk(vyg‘f; +Vegea = Vegey)- @

However, the super-potential of this model is as follows:

1

1 _
P/z/,, = 1 [(QA - Qﬂ)gyn _6/E'qu)j| - EL/;’H’ )

The relation for Q is

1 _
0= —QquPM" = Z(QMfQ/lqcf - 2QM$Q§47; + 2Qﬁch - Q’gQg),
4)

where

Oy = Vagyy = =080+ g']éfl:fyﬂ +g§7f‘£r}/l'

The calculation of the above relation (4) and its de-
tailed variation is given in [15]. Varying the action (1)
corresponding to g,,, we have
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‘;_z—gvﬂ (fQ ‘/__gpaw) -

— fo (PycQy —20%,Picy) (5)

Ty, =

1
Efgyn + fr (Tyy+©yy)

where fr and f,, are the partial derivatives corresponding
to Tand Q.

Consider a static spherical spacetime as the interior
region of stellar objects to examine the geometry of CSs,
which is defined as

ds* = die” —dr?e®(r) - r*dQ?, 6)

where dQ? = d¢” +sin® #d¢?. The anisotropic matter distri-
bution is given by

Ty =UyUso+ Vo Vap, = pigya+ Uy Usp = Vo, Vap, (7)
where V, is 4-vector and U, is 4-velocity of the fluid.
The matter-Lagrangian is important in various cosmic
phenomena as it demonstrates the configuration of fluid
in spacetime. The particular value of the matter-Lagrangi-
an can yield significant insights. The well known used
formulatlon of the matter-Lagrangian in the literature is

L, = bt [46 48]. The modified field equations for
the static spherlcal spacetime become

{ZVQfQQ(e - D+ fo((€”-D2+r?)

0= 27 N R2aw e@
+(E7+ Dro’) + frze”} - % frBo+p.+2py), (3
! {2 1 1
pr=5- 32w rQ’ foo(e” - )+fQ((e -1
XQ+rd +ro’)-2rd) +fr26w} + %fT(pt = Dr)s
©)
Pr= grew { 2rQ'" foo + fo (20'(€7 = 2) =19
+w’(2€m+rﬂ’)—2rﬂ”) +2frew} + %fT(pr_pt)
(10)

The field equations are complicated because of mul-
tivariate functions and their derivatives. We take a specif-
ic model as [49]

FO.T)=aQ+pT, (11)

where o and S are model parameters. This model en-
hances our ability to explain gravitational interactions and
their connection with matter and energy. This model
provides more accurate predictions for mysterious com-
ponents of the universe phenomena by refining of math-
ematical framework and introducing new dynamical
mechanisms. Furthermore, this model stands as a pivotal
pursuit in theoretical physics as it aims to unravel the fun-
damental essence of physical phenomena from the smal-
lest to the largest scales. It emerges from the aspiration
for a unified framework capable of elegantly encom-
passing a wide array of phenomena spanning from cos-
mology to particle physics. The resulting field equations
become

w

ae” , ) .
T 2R +p- 1) {ﬁ(ZV (—@ (19’ +2) +2r0
+ 0 (10 +4)) —4e7 + 4)+3Br( (4~ ra’ + 1)
+2”9”)+12(5—1)(r1H’+e’”—1)}’ (12)
ae™® L _
pr= 1222 +B-1) {ZB(rw rd +2)+2(® - 1)
—rQrd” + 0 (1 + 4))) +3(r (B (9 +4)
=2 = (=4 + Bri’ +4))
ae™@ oo i
"’:nmﬁzw—n[mw (9 +2)+2(e7 = 1)

—rQr” + 9 (rd’ + 4))) +3 (r(Z(ﬁ - DHrd”

—((B=r =2)(@ - ) +4Be” - 1)) |. (14)

Here, the metric functions (9, ) must be finite and non-
singular to obtain the singular free spacetime. In this re-
gard, we consider the Finch Skea solutions, which are
considered as a significant tool to find the exact viable
solutions for interior spacetime, defined as [50]

e =1+2z7, (15)

g 1
e’ = (x+ 2 Vzr2)?,

The arbitrary constants are denoted by x, y, and z, re-
spectively. We can evaluate the values of unknown con-
stants by the Darmois junction conditions. Further, we
consider a spherically symmetric vacuum solution as the
exterior spacetime. The exterior spacetime is given by

ds? = dPR —dr*N' - 2dQ?, (16)
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2m o .
where N = (1— 7) The continuity of metric coeffi-

cients at the surface boundary (r = R) gives

1 2
go= v+ pRVRE) =N,
= 1+ R =N,

1 m
8itr =yRVE<x+ EyR VZRZ) = ﬁ

The solution of these equations gives

. 2R—-5m _l m B 2m
Tove—amr DT RVaR T R®R-2m)

These constants are important to comprehend the in-
terior of CSs. The mass and radius values for the con-
sidered stellar objects are presented in Table 1, and the
associated constants can be found in Table 2. In the ana-
lysis of stellar objects, it is essential to examine the beha-
vior of metric elements to ascertain the smoothness and
absence of singularities in the spacetime. The graphical
representation depicted in Fig. 1 serves as a crucial tool in
this evaluation process. It is clear that both metric com-
ponents display consistent patterns and show an increas-
ing trend. This behavior is significant as it indicates the
absence of any abrupt or irregular fluctuations in the
spacetime metrics associated with the stellar objects un-
der consideration. Thus, based on the graphical analysis
presented in Fig. 1, we can assert that the spacetime ap-
pears to be smooth and devoid of singularities, meeting
the required criteria for our investigation.

III. VIABLE CHARACTERISTICS OF STELLAR
OBJECTS

In this section, we examine the viable features of CSs
using graphical analysis. For viable and stable CSs with a
specific radius, the following conditions need to be satis-
fied:

e The metric coefficients need to be monotonically
increasing and non-singular at the center, which ensures
that the spacetimes do not contain any type of irregularit-
ies.

e The behavior of matter contents should be mono-
tonically decreasing and p,(r=R) =0 to assure that the

CSs have a stable denser core.

e The matter gradient must vanish at the core and
then demonstrate negative behavior toward the boundary.

e Positive energy bounds ensure the presence of nor-

Table 1. Values corresponding to input parameters.
CSs me R/km
Her X - 1 [51] 0.85 +0.15 8.1 £ 0.41
EXO 1785-248 [52] 1.30 £ 0.2 10.10 + 0.44
SAX J1808.4-3658 [53] 0.9 +0.3 7.951 + 1.0
4U 1820-30 [54] 1.58 + 0.06 9.1+04
Cen X-3 [55] 1.49 + 0.08 9.178 + 0.13
SMC X-4 [51] 1.29 + 0.05 8.831 + 0.09
PSR J1903+327 [56] 1.667 + 0.021 9.48 + 0.03
LMC X-4 [55] 1.04 + 0.09 8.301 + 0.2
Table 2. Values of unknown parameters.
CSs X y z
Her X - 1 —0.924111 0.0343333 0.00682713
EXO 1785-248 —0.908173 0.0304946 0.00599414
SAX J1808.4-3658 —-0.918476 0.0363264 0.00792193
4U 1820-30 —0.881827 0.0393097 0.0126622
Cen X-3 —0.887784 0.0376881 0.0108966
SMC X-4 —0.89724 0.0371547 0.00969829
PSR J1903+327 —0.880727 0.0379742 0.0119768
LMC X-4 -0.910411 0.0366062 0.00849917

mal matter in the stellar objects, which is necessary for a
viable geometry of CSs.

e The EoS parameters must fall in the range of [0, 1]
for stellar structures to be viable.

e The mass function must be continuous at the core
and then show a positively increasing behavior.

e The compactness and redshift functions must be

less than 9 and 5.21, respectively, for a viable geometry
of CSs.

e The forces must satisfy the equilibrium condition to
maintain stability.

e For CSs to be stable, the velocities of sound speed
should remain in the range of [0, 1], whereas the adiabat-
ic index must be greater than 1.33.

These constraints provide a framework to understand
the behavior of CSs and ensure that their properties are
consistent.

A. Graphical analysis of fluid parameters

The investigation of fluid parameters such as density
and pressure is essential to understand the internal fea-
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et )

Fig. 1.

tures of neutron stars. These matter variables are anticip-
ated to be maximum at the core due to their intense dens-
ity, counteracting gravitational forces and maintaining the
stability of CSs against collapse. The corresponding field
equations are as follows:

o=al|- 3yzr3(3 +72r) + 2yr(15 +zr2(13 +zr2))ﬁ

+2x(3+2r) Vzr2s(2B - 3)} {3(1 +2)(yzr

-1
+2x\/z7)(ﬂ—1+2,82)} , (17)
Py =az {2x Ver2(3+ 2228 —-3) + 6pB)
—yr(6Q2+B)+ 27 (9—108+zr* (28— 3)))}
-1
><{3(1+zr2)2(yzr3+2x\/z7)(ﬁ—1+2ﬂ2)} , (18)
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(color online) Metric potentials.

P = az|2x V223 + (6 +4z17)B) + yr(—6(2 + )
+7r(=3 + (4zr* — 2);3))} {3(1 +27) (yzr’

-1
+2x\/z7)(ﬂ—1+2ﬁ2)} . (19)

The plots in Fig. 2 indicate that the matter contents
are maximum at the core before decreasing, highlighting
the dense nature of CSs. Additionally, the radial pressure
in the considered CSs shows a consistent decrease as dis-
tance from the center increases, until it dissipates at the
boundary. Figure 3 shows that CSs have highly dense
structures in this framework as the gradient of density and
pressure components vanish at the core and become neg-
ative thereafter.

B. Behavior of anisotropy

An anisotropic fluid refers to a fluid that exhibits dif-
ferent physical properties or behavior in different direc-
tions. The term "anisotropic" comes from the Greek
words "aniso" meaning unequal or different and "tropos"

0.003 |

0.002 |-

0.001 |

0.000 £,

0.0030

0.0025

0.0015 -

g x
0.0020 ,\

Fig. 2.

(color online) Fluid variables.
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(color online) Anisotropy.

meaning direction. Anisotropy refers to a difference in
pressure along different directions in the system. The
pressure in a star is isotropic when no additional forces or
anisotropic effects are present. However, in certain situ-
ations such as the presence of strong magnetic fields or
other factors, pressure becomes anisotropic. One ex-
ample of anisotropy is the gravitational field around a ro-
tating object. The gravitational field surrounded by rotat-
ing massive objects such as a spinning black hole is not
uniform in all directions. The gravitational attraction is
stronger in some directions than in others, resulting in an-
isotropic effects. This phenomenon is known as frame-
dragging, where the rotation of the object drags the sur-
rounding spacetime along with it. Figure 4 indicates the
existence of a repulsive force as the behavior of aniso-
tropy is positive, which plays a crucial role in sustaining
large-scale structures and preventing gravitational col-
lapse.

C. Energy constraints

Astrophysical entities are composed of a variety of
materials in their composition and it is important to dif-
ferentiate the types of matter (exotic/ordinary) present in

(color online) Gradient of fluid variables.

the celestial objects. Energy constraints are necessary to
examine the viable fluid configurations in the system.
These limitations play a crucial role in investigating the
presence of specific cosmic formations and understand-
ing how matter and energy interact under the influence of
gravity. These constraints manifest the physical viability
of the matter configuration in the neutron stars. The en-
ergy conditions are characterized into four types:

e Null Energy Condition
0<o+p, 0<o+p,.
e Dominant Energy Condition

0<oxp, 20, 0<Lo=p,.

e Weak Energy Condition

0<o+p+20, 0<p+p, 0<p.
e Strong Energy Condition
0<o+p,, 0<Zo+p, 0<o+p,+2p.

Scientists can gain insights into the nature and behavior
of cosmic structures by analyzing these energy bounds
and their effects on the stress-energy tensor, thus contrib-
uting to our understanding of the dynamics and evolution
of the universe. Figure 5 shows that the considered CSs
are viable as all energy constraints are satisfied in the
presence of modified terms.
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D. Evolution of state parameters

The EoS parameters explain how energy density is re-
lated to anisotropic pressure in different types of systems.

. Pr
The radial component (wr = E> and transverse compon-

ent (w, = &) of EoS parameters must satisfy the range

[0, 1] for viable stellar stars [57]. Using Egs. (17)—(19),
we have

w, = [zx Va2 (34 27(3—2B) + 68) —yr(6(2 + )

+2r7 (9= 108+ 22 (28-3))) | |2x Vz2(3 + 2r*) (28 - 3)

-1
+y(B0rB+ 72 r (28-3) + 21 (268 — 9))} )

W, = | 2x VZ2(3 + (6 + 42r7)B) + yr(—6(2 + )

2xVzrPB+22)(2B-3)

+zr2 (=3 + 4z - 2);3))}
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otp:

Wy

-1

+y(30rB+ 22 (2B -3) + 2 (268 —-9))

Figure 6 shows that the behavior of EoS parameters
satisfy the viability condition corresponding to all the
considered stellar objects.

E. Evolution of different physical properties
The mass of stellar objects is described as

R
M =4r / rodr.
0

Figure 7 demonstrates that the mass function in-
creases monotonically and M — 0 as r — 0, suggesting
that the mass distribution has no irregularities. Various
physical characteristics can be assessed to analyze the
structural configuration of cosmic objects. A fundament-
al factor in assessing the viability of CSs is the compact-

M
ness function, represented by (u = 7) . This function of-
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0.006 [

0.004 |-
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0.002 -

0.000 L

(color online) Energy constrains.

(color online) EoS parameters.
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Fig. 7. (color online) Behavior of mass function.

fers insights into the distribution of mass relative to the
radius of a CS and its concentration. The compactness
factor is a physical parameter that provides a quantitative
measure of how densely packed the mass is within a giv-
en radius. There is a specific limit for the compactness
function proposed by Buchdhal for a physically relevant
model [58]. According to his criterion, the mass-radius
ratio should be less than 4/9 for viable stellar objects.

The surface redshift is a significant factor as it
provides important information about the brightness and
energy of light emitted from the surfaces, which is caused
by the gravitational redshift due to the strong gravity. It is
a phenomenon that explains the change in frequency
(wavelength) of light or other electromagnetic radiations
as it travels away from a gravitational field. As the light
moves away from the gravitational field, it loses energy
and thus its wavelength is increased, causing it to shift to-
wards the red end of the electromagnetic spectrum. It is
denoted by Z,; and mathematically expressed as

1
Vi-2u

Z,o=—1+ (20)

In the case of an anisotropic configuration, the red-
shift at the surface must satisfy the specific condition of
Z, < 5.211 for the CS to be viable [59]. The graphs in Fig.
8 demonstrate that both the compactness and redshift
functions meet the essential feasibility criteria.

IV. STABILITY ANALYSIS

It is important to comprehend the behavior and phys-
ical characteristics of celestial objects in the field of grav-
itational physics. The stability of cosmic formations is
significant to develop their reliability and coherence. Sci-
entists have investigated the conditions that determine the
stability of these formations against various forms of os-
cillations. To assess the stability of pulsars, researchers
use methods such as the causality constraint, Herrera
cracking approach, and adiabatic index, which provide
important perspectives on the structural integrity of astro-
nomical objects.

A. Causality condition

The stability of CSs can be evaluated by considering
the causality constraint, which states that nothing can
travel faster than the speed of light. To maintain stable
configurations, both the radial and tangential velocities of

dp, dp, .
sound (Vr =——and v = @) must fall in the range of 0

to 1 [60]. These characteristics related to sound speed
play a critical role in ensuring the stability of CSs. These
are given as follows:

4x%2r(3 +2r2(3 = 2B) + 14B) — dxy Vzr2(6 + 88

v, =
+2r7 (=168 + 3+ 2r*(28-3))) = y*r(6(2 + B)

+ zr2(18(2 +5)+ zrz(—22,8 +21+ zr2(2ﬁ - 3))))}

X {4xzzr(5 +2r2)(2B - 3) +4xy Vzr2(208
+22r* (2B =3) + 5cr* (=3 + 4PB)) + y*r(30B + zr*(908

-1
+2r2(—15+508+ 22 (28 - 3))))} ,

v =2|4%2r(3 + 22+ 22)B) + 2xy Vzr (-9 - 23
+2°B+4(1 +z7)B) + ¥ r(=3Q2 +B) + 2 (=92 + )
+7r(=3+2(=2+ zrz)/s)))} {4xzzr(5 +2r7)(2B-3)

+4xy Vzr2(208 + 221 (2B — 3) + 5¢r* (=3 +4B))
1

+32r(308 + zr* (908 + 212 (=15 + 508+ z* (28— 3)))) _ )

Figure 9 shows that the considered CSs satisfy the re-
quired condition. Thus, this modified theory supports the
existence of physically viable and stable CSs.

B. Herrera cracking approach

The analysis of solution's stability is based on a math-
ematical method called the cracking approach (0<
|v,—v,|< 1), which was developed by Herrera [61]. The
satisfaction of this condition indicates stable cosmic
structures capable of long-term existence; otherwise, it
signifies instability and collapse. This method enables re-
searchers to determine the stability of cosmic structures,
which is essential for understanding their behavior in the
universe. Figure 10 depicts the fulfillment of the crack-
ing condition as both the radial and tangential sound
speed components lie in the range [0, 1], which ensures
the stability of the stellar objects under consideration.

C. Adiabatic index
This method is considered significant to determine the
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Fig. 10. (color online) Herrera cracking approach.

stability of cosmic objects, providing insights into their
composition and behavior. It characterizes how pressure

changes according to density variations in stars, which
plays a pivotal role in astrophysics, and is described as

_otp:
= —V
Pr

I

te

It is essential to determine the value of I for the sta-
bility analysis. In a stable object, the values of I" should
be greater than 4/3, and instability leading to collapse oc-
curs when the value falls below this limit. Figure 11
shows that our system remains stable in the presence of
correction terms.

V. CONCLUSIONS

This study investigated the feasibility and stability of
CSs in the extended symmetric teleparallel theory. The
main aim was to investigate whether incorporating non-

(color online) Compactness and redshift functions.

0.15

0.10

0.05

(color online) Causality condition.

metricity into the gravitational field equations resulted in
feasible solutions for CSs. Introducing these terms to the
theory presents new insights into how matter and geo-
metry interact under extreme gravitational circumstances.
Furthermore, we conducted a graphical analysis of vari-
ous physical characteristics to verify the viability of CSs
in the proposed theoretical framework. In addition, we as-
sessed stability through methods that incorporate the
sound speed and adiabatic index.

The metric functions are essential and have a signific-
ant impact in describing the geometry of spacetime. We
found that the metric coefficients are consistent and
nonsingular, which ensures that the spacetime is smooth
and devoid of any singularities (Fig. 1). This smoothness
is a fundamental requirement for any viable cosmologic-
al model. The material contents are higher, regular, and
the most concentrated at the center of the observed CSs
(Fig. 2), which indicates a stable core, and this behavior
of fluid parameters is desirable to maintain the structural
integrity of CSs. Furthermore, the decrease in matter con-
tent towards the boundary suggests a viable distribution
in the CSs. The vanishing radial pressure at the surface
boundary ensures the physical viability of CSs. The mat-
ter contents exhibit a negative gradient, indicating a dense
profile of the suggested stellar objects (Fig. 3).

Anisotropy vanishes at the center of CSs, which is a
desirable feature for maintaining their stability (Fig. 4).
Moreover, anisotropic pressure is directed outward,
which is a crucial feature for compact stellar configura-
tions. All energy constraints are positive (Fig. 5), which
confirms the existence of ordinary matter in the interior
of CSs. Fig. 6 indicates the viability of the considered
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20~

Fig. 11.

model as the EoS parameter lies in the range of 0 and 1.
The mass function (Fig. 7) remains consistent at the cen-
ter of the CSs and demonstrates a steady increase as the
radial coordinate increases. This behavior is indicative of
a viable mass distribution in CSs. The compactness factor
is less than 4/9, and the redshift is less than 5.2 (Fig. 8),
supporting the viability of the compact structures. The
stability limits guarantee the existence of stable CSs in
this framework (Figs. 9—11).

It is worthwhile to mention here that the range of
physical quantities in f(Q,7) increases and provides
more viable as well as stable compact stars as compared
to GR [62—64] and other modified theories [65]. For ex-
ample, in f(R) theory, it is found that physical quantities
such as effective matter variables, energy conditions, EoS
parameters, and speed of sound are satisfied for a very
small range, and the compact star Her X-1 under the ef-
fects of the second gravity model does not remain stable
[66]. In f(G,T) theory, the evolution of compact stars
(SAXJ1808.4-3658 and 4U1820-30) is supported by all
three gravity models, whereas for HerX - 1, some restric-
tions are asserted by the second model to be completely
physically viable [67]. Additionally, in the framework of
f(R,T?*) theory, it is evident that CSs are neither theoret-
ical viable nor stable at the center [68—70]. Based on

I,

160

155

(color online) Adiabatic index.

these findings, we conclude that all the CSs considered in
this study exhibit both physical viability and stability at
their centers in this modified theory. Consequently, our
findings suggest that more viable and stable CSs can ex-
ist in this modified framework.

A new class of interior solutions to the Einstein field
equations for an anisotropic matter distribution using a
linear EoS was presented in [70]. They verified the phys-
ical acceptability of the solutions by the current estim-
ated data of CS 4U-160852. In contrast, our study di-
verges by adopting the f(Q,T) theory, a different theoret-
ical framework that allows for a comprehensive explora-
tion of the effects of modified terms on the viability and
stability of CSs. Using distinct methodologies and tech-
niques, we analyzed several anisotropic CSs, discerning
their viability and stability under the influence of modi-
fied gravitational dynamics. Our findings reveal the feas-
ibility of the proposed CSs even in the presence of modi-
fied terms, underscoring the robustness of our theoretical
framework. By expanding the scope of our investigation
to encompass a broader spectrum of CSs, we contribute
to the ongoing discourse on the behavior of CSs in the al-
ternative gravitational theory, thus enriching our under-
standing of astrophysical phenomena across diverse the-
oretical landscapes.
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