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In this study, the structures of stars are examined using the Karmarkar condition (KC)
to assess the metric components. The study also takes into account the anisotropic
source of the matter distribution in the context of Modified Teleparallel Rastall Gravity
(MTRG). Various values of the model parameter 7 are tested by assuming different met-
ric coefficients for the embedding spacetime. To calculate the involved model parameters,
the Schwarzschild black hole solution is employed as an exterior solution. The stability
and admissibility of the solutions obtained are demonstrated by analyzing some core
properties of stellar objects, using observed data from established stellar models such as
“PSRJ1416-2230”. It is worth noting that the results obtained in this study are physi-

cally feasible and acceptable.
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1. Introduction

After Einstein proposed the original version of General Relativity (GR) [, the
Teleparallel Theory (TT) was introduced years later as a modified theory of grav-
ity. However, the relationship between GR and TT was re-examined based on the
hypotheses presented by [2H7]. According to GR, the gravitational effect of a gravi-
tating source is best explained by curvature. It is generally believed that spacetime
can have both torsion and curvature, similar to a Cartan space. Terms such as the
Riemann tensor can be derived from the torsion of spacetime. Therefore, a the-
ory that describes gravity based on the curvature of spacetime can be considered a
theory that only involves torsion without the involvement of the Riemann tensor [§].
Several modifications to GR have been proposed in the light of the current
expansion model and the existence of dark energy as an exotic form of energy. Merg-
ing theories of gravity that include the terms R?, R®* R, 3, and R*’* R, 3,,,, in their
Lagrangian action is applicable at low energy scales. Among these theories, the f(R)
gravity received widespread attention [9HI6] and is in great accord with cosmolog-
ical and astrophysical observational data [I7]. However, the field equations (FEs)
in f(R) gravity are fourth-order differential equations, making them more compli-
cated to solve than the second-order GR field equations [1§]. Torsion-based theory,
often known as f(7T') gravity, is a generalization of TT that eliminates curvature
and the Riemann tensor caused by the torsion-free factor. Several other successful
modified theories of gravity have been proposed in the literature, including f(G)
gravity [19], f(R) gravity [20], f(R,T) gravity [2IH25], f(T, B) gravity [26,27], and
f(T,7) gravity [28432]. Interferometric detection of gravitational waves has been
discussed in [33]. Recent years have seen a comprehensive and valuable body of
research on compact stars [I9H32]. This paper employs the framework of Modified
Teleparallel Rastall Gravity (MTRG) [34] and the well-known Karmarkar condition
(KC) [35]. By embedding spacetime into higher dimensions via the KC technique, we
may identify one of spacetime’s gravitational components while the other is known.
Different modified theories of gravity have been discussed by Capozziello and his
other coauthors [8IB6H43| for different aspects of compact objects and cosmology.
Ruderman [44] has discussed the effects of anisotropy on stars, stating that at
high densities such as 10'® g/cm?, nuclear interactions become relativistic, resulting
in anisotropic features. Following this, Bowers and Liang [45] examined the prop-
erties of static spherically symmetric distributions of relativistic anisotropic mat-
ter, which are generally dense. In recent years, several studies have explored the
physics of anisotropic pressures. Dev and Gleiser [46l47] demonstrated through their
research that pressure variations affect the mass, structure, and pressure regimes of
objects. Additionally, a number of authors [48454] have discussed analytical solu-
tions in their recent works. The consequences of local anisotropy in self-gravitating
systems, where anisotropy results from the relaxation of isotropic conditions, i.e.
pr 7 pi, were initially identified by Herrera and Santos [55]. Crucially, the generic
method described in [5056L57] may be used to derive all feasible solutions for static
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isotropic, anisotropic, and charged anisotropic systems of Einstein’s field equations
based on the spherically symmetric spacetime.

During the last phases of regular star formation, compact stars provide an ideal
platform for studying the arrangement of highly dense matter under maximum
conditions. Pulsars and other revolving stars with strong magnetic fields, which are
thought to be compact objects with great densities, are among the major discoveries
made by astronomy [58]. It is thought that the substance of these objects is made
up of subatomic particles like baryons, leptons, mesons, etc., including weird quark
matter, although a thorough explanation is not yet available. Therefore, the key
challenge in astrophysics is to identify the geometry and configuration of matter
distribution within the internal structure of these compact stars. The literature [59,
[6T] contains a number of excellent studies on the examination of compact stars.

The paper is structured as follows: Section 2] provides an in-depth explanation
of the basic structure of MTRG and its field equations. We introduce the gener-
alized field equations utilizing embedding spacetime in Sec. [3l Section M examines
the determination of unknown parameters using matching conditions. In Sec. [
we finally analyze the outcomes of our solutions and make inferences about what
conduct is necessary and appropriate. We conclude in Sec.

2. MTRG: Basic Formulation

Understanding the structure of stars is necessary for studying them since spherically
symmetric spacetime is used as a common paradigm. This isotropic spacetime can
be represented theoretically by a number of models, including the Schwarzschild
metric. The behavior and evolution of stars can be better understood by researchers
by examining the spherically symmetric spacetimes, which is important for many
areas of astronomy. This spacetime’s expression form is as follows:

ds? = =’ dt? + A dr? 4 r2 sin? 0do? + db°. (1)

It is feasible to depict the metric tensor g,, defined on a manifold using the tetrad
fields eL and the Minkowski metric 7;; = diag(—1,1, 1,1), which is defined as

Guv = UijefﬁL (2)
where 4,5 = 0,1,2,3,... indicate the tangent space indices, and pu,v =0,1,2,3,...
indicate the spacetime indices. The theoretical concept’s Weitzenbock relationship
is described as follows:

I, = e dve;, = —e, 0] (3)

The Teleparallel Theory makes use of a particular kind of link mentioned above,
which has zero curvature but nonzero torsion. The torsion tensor, which is defined
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by the connections, is represented by the following notation:

17, =17, —T7, = (Oue, — Ove),). (4)
The following relation connects the Levi-Civita connection, ffw, to the Weitzenbdck
connection:
Ffw = FZV - KZ’U? (5)
where K, defines the contortion tensor, which is further defined as
g 1 [ed [ed [ed
K, = §(Tu0” + 170, —TW). (6)
The torsion scalar is read as
T = 8"T50; (7)
further, the superpotential S7"” is expressed as
1
SOV — _ QOVH §(K;u/cr o ga'uTa,u;L + gU#TaV). (8)
The action for the current extended framework is defined as
1
S = / eLmd*z + o / ef(T)d*s. (9)
K

The function f(7') is based on the torsion scalar, and the determinant of the tetrad
field e”p is indicated as e. In addition, the matter Lagrangian is represented by
L,,. By varying the action with respect to the tetrad field, we can obtain the
matching FE,

v — v « v 1 v v
S frr0uT + e 0u(eSE) fr — TS5 fr — 16 = K0, (10)

where O} refers to the typical energy—momentum tensor of the ideal fluid and it is
demonstrated that

(%“”fﬂaﬂ 10, (€5 fr — T7uiSE fr — 7t ) -

)

The covariant derivative is expressed as
Vi =09,VF+ (I%, — K )V, (12)

for any vector V* in spacetime. The energy—momentum tensor’s covariant derivative
likewise vanishes, as

0, = 0. (13)

Both Einstein’s theory and our Modified Teleparallel Gravity Theory have the same
energy-momentum conservation equation, which is V, T*” = 0. Rastall [62], on
the other hand, presented a novel equation that contradicts the Einstein theory’s
conservation equation,

TF =AR,. (14)
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This equation leads to the modified FEs and involves an interesting matter—
geometry relationship. We extend Rastall’s idea by including the same presumption
into our revised Teleparallel Gravity Theory. We create a relationship where the
divergence of the energy-momentum tensor ©", is proportionate to the divergence
of the torsion scalar by connecting matter and geometry via the scalar torsion of
geometry,

0¥ = AR(T) 4, (15)
where h(T) is an analytical function of torsion and X is a real constant. Next, the
following is a restatement of the field equation (I):

, 1
S IATOLT + ¢ 0u(SI) fr = T[S fr — JeVf = SjRAR(T) =~k (16)

In this case, the gravitational constant in Rastall theory, &, is written as
4y —1

KR =
6v—1
where v = Ak and kg denotes the Einstein coupling constant ko = 47 G. The
energy-momentum tensor ©, is assumed to describe a nonisotropic fluid given as

kG, (17)

0, = (p + pe)uuu’ — piby, + (pr — pi)vv”, (18)

where the vector u,, represents the four-velocities in the time-like direction, whereas
v, is a unit space-like vector in the radial direction. The relationship between these
vectors is established by ugu’ = —vi1v" = 1. ¢, represents the tetrad fields, which
are a crucial component of the Teleparallel method in General Relativity. Using the
off-diagonal tetrad matrix provided in [63H65], one can calculate the FEs; further,
it is expressed as

ev/? 0 0 0
0 eM?sinfcosd rcosfcos¢ —rsinfsing
¢ = 0 e2?sinfsing rcosfsing rsinfcosd , (19)
0 eM? cos —rsind 0

where gy = e’(") and Jrr = M) The determinant of the tetrad field can be defined
as: e = det(e?,) = r? sin @+t /2. The torsion scalar from Eqs. @), (@), and () is
realized as
2e— N
T(r) = . (e2
Now, by replacing Eqs. (I8)—(20) into the field equation (), one can get the fol-
lowing expressions:

—1D)(e? —1—1r). (20)

—)\/2 —A
() = (1= A~ (§ - gz ) fr+ X - D
+£ + vh(T), (21)
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€7>\
e (RE) R SRy} (22)

eV 1 eM?
kpe(r) = —- (54‘;— T) fr— £ —yh(T)

c{3+ |G+ Y ) w -0+ 2} (23)

The Rastall term yh(T') and the coefficient x have a significant impact on com-
ponent behavior and magnitude, which may lead to modifications in the energy
conditions. For compact objects, different assumptions about the accessible f(T")
functions must be considered in order to obtain the solutions.

3. Embedding Spacetime

To complete the system, we choose two unknowns e”(” and e*") using the well-
known Karmarkar condition, with an embedding approach stated as

Ri414R2323 = R1212R3434 + Ri224R1334, (24)

where Rago3 # 0. The spacetime that satisfies this condition is known as the embed-
ding spacetime, and it can be represented by the differential equation (23] derived
by substituting the Ricci scalars into Eq. (24)),
)\/ /
MW — a0+ 020) +/2(0) + X W), (25)
—e T

where e*(") % 1. On solving the above equation for e*("), we get

2
e = <A+B / Verr) — 1dr) : (26)

where A and B are constants of integration. By utilizing Eq. (28]), we can determine
e’(") | which represents the g, component of the spacetime, when we have the g,
component. For simplicity, we assume that e*") is already known as

6)\(7") =14+ arQaninfl(brquc)’ (27)

where a, b, and ¢ are real constants and n > 0. By using Eq. ([271) to solve Eq. (26)),
we get €’(") in the simplified form as

— 2
o) _ [ 44 BOWT= 2+ + 202 4 2)Var2ensin 10 ) - o8)
b(n? +4)r

Here, we make a compatible choice of the functions f(T") and h(T) as given below:
(T) = pT™, (29)
W(T) = log(6T>). (30)
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By replacing Eqgs. 20)-B0) into Eqgs. 2I)—(23]), we get the expressions for p, p,
and p; as
. (6v—1) [ B2"*n(1l—ga(r))(gs(r)" "
Ar(dy — 1)r2

gi(r
» 0l t{?if,;) “ D" g2 gy )
g2 = (1= s ) (gs(r)™ 2
- e 2 log(2¥é(gs(n)X) |, (31)

r2(gi(r))

Gy—1) (_ B2" (g (r) + ga(r) — 1)(gs(r))" " _ 52"_2(93(7))71)
— 1 log(2X¢(gs (1))

b= An(dy — 1) - (32)
py = 1 =1) [6972"2?1?"(95(7"))”1

4dr(4y — 1) r2(g7(r))

aon—2 [ (g1(r) = 1)(g1(r) —g2(r) = 1)\,

e ( 2 (g30) )
- L ) 2GR g0t
(33)
where

g1(r) = VarZensin ™ or+e) 4 1,

2abB(n* + 4)r3e" sin ™" (br?+c)

92(T> = — 1/ in—1(ppr2 ’
Ab(n? 4+ 4)Var2ensin= ' (0r*+e) 4 o Br(2br2 4 2¢ + nge(r))ensin* (bri+e)
2abB (12 + 4)r3 nsin ! (br?4c)
(@) -1) | - B+ () -1
Ab(n? + 4)Var2ensin~ ' (br>+c)
45(r) = +aBr(2br2 + 2¢ + nge(r))ensm (¥ +e)
3(r) =
r2(g3(r))
nsin~H(br?+c) 2abnr36"5i“71(brz+c)
ol 2are + NaSrEEwE
4(r) = ,
gi(r)
r)—1 r)—ga2(r) —1
g5(r) = (g1(r) )(291(2) 92(r) )7
r2(g7(r))

ge(r) = \/fb27’4 — 2ber? — 2 + 1,
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1 -
g7(7’) = ZT ( )[4bB(772 + 4)(&7‘2677:’”1 l(br2+6))3/2[B(b2,r’,r4 B 2bgg(?”)7’2
gs(r

_C277+2C96(7') +n)\/ar2ensinfl(br2+c) +Ab(7]2 +4)T(b7]7‘2 +96(7'))]]

+ (g2(7) +2)(g2(r) — ga(r))| + (g1(r) = D)(g1(r) — g2(r) — 1),

gs(r) = r/T= (72 + OR(AB(1P + 4)V arzensin (it

+aBr(2br® + 2¢ + ngg(r))e” Sinil(bT2+c))2.

4. Evaluations of Unknowns by Comparison of Interior
and Exterior Spacetimes

To properly characterize the model and physical properties such as mass and radius
of anisotropic fluid spheres, it’s crucial to ensure a seamless alignment between the
interior spacetime M™ and the exterior geometry M*. However, achieving this
in modified theories of gravity can be quite challenging. When studying compact
stars in GR, the exterior geometry can vary depending on the case — it could
be the Schwarzschild vacuum solution, the Reissner—Nordstrom model, the Kerr—
Newman model, or others. For this research, we are examining anisotropic compact
objects without charge. To achieve this alignment, we’ve matched the inner geom-
etry described in Eq. () with the Schwarzschild outer spacetime,

-1
ds? = — (1 — %> dt? + (1 — %) dr® + 12 (d6* + sin? 0d¢?). (34)
T T

Matching (@) with Eq. (34) at the boundary, i.e. r = R, we get the system of
equations as

2
B(ny/1T— (br? + ¢)2 + 2br? + 2¢)Var2ensin~ ' (br*+o) A oM
b(n? + 4)r B R’
(35)
- 1
ar?ensin(brite) 4 {2 (36)
R

2bnr (br? +c) sin—1(br2tc
2 B(4b7’ — ﬁ)\/mﬂen (b + )

b(n? +4)r

1— (br2 +¢)? +2br? +2
(br2 +¢)? + T+C)\/ar2

sin= ! (br2+4-c
b(n2 > 4)72 en (br2+c)
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Table 1. Values of constants by taking the mass and radius of PSRJ1416-
2230 (Mo = 1.97 and R = 9949) by fixingn =1, 8 =5, £ =0.3, v =
1, 6=-2, x=5,v=-2x10"8, b=0.1, and ¢ = 0.1.

n a A B I;LCC (r=0)
1.5 0.00570024 0.0801307 0.0316263 <1
1.6 0.00570024 0.0801307 0.0316263 <1
1.7 0.0055872 0.0705327 0.0316263 <1
1.8 0.00553153 0.0693179 0.0316263 <1
1.9 0.0054764 0.0700784 0.0316263 <1
2.0 0.0725344 0.00542183 0.0316263 <1
2.1 0.0053678 0.0764324 0.0316263 <1
2.2 0.00531431 0.0815453 0.0316263 <1
2.3 0.00526136 0.0876715 0.0316263 <1

1 — (br? 4 ¢)? + 2br? + 2¢)
2b(n? + 4)rVar2ensin” ! (br>+c)

3 nsin~H(br?+c
8 <2are”51“1(brz+c) + 2oy e ( )>

1—(br2+¢)?
B(ny/1— (br?2 + ¢)2 + 2br? + 2¢) P— 2M
nsin=1(br2+-c) Al = 22—
b(i2 + d)r Varze * R
(37)

By solving the above system of equations (B5)—(31), we get the following constants:

IMe " sin~ ! (bR?4-¢)

“TTTRQEM-R) (38)
. om V2B 52 (ny/—(bR? + ¢ — 1)(bR? + ¢ + 1) + 2bR* + 2¢)
VIR b(n? +4)R ’
(39)
(40)

B = M .
e =

We enlist the numerical values of these constants in Table [I1

5. Discussion About the Physical Features

In this paper, we are interested in exploring the essential physical properties of
stellar objects. We present a summary of our concluding remarks and highlights as
follows:

e In order for spacetime of gravitation to function properly, both gravitational
components must exhibit consistent and seamless behavior, such that ™ > (
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=

0.0055

0.0050

0.0045

0.0040

0.0035

Fig. 1. (Left) Metric potential [e"(r)7 g¢+ component, in increasing curves, and e*(") | inverse of g,
component, in decreasing curves] and (right) energy density p (km~2) versus the radial coordinate
r (km). Information about constant parameters is given in Table [I

pr

and €*) > 0. This investigation demonstrates that the metric functions satisfy
the required behavior for the stable configuration and their graphical behaviors
can be checked from Fig. [

For the stable and consistent stellar configuration, the energy profile is a crucial
attribute. It attains its maximum values at the center, i.e. 7 — 0, and then
it declines steadily and smoothly toward the boundary, i.e. 7 — R, and remains
positive throughout the stellar configuration. The second graph of Fig. Il provides
the graphical interpretation of the energy density under the current scenario.
Both the pressure components p, and p; are necessary factors determining the
physical existence of compact stars. Both the profiles have maximum values at
the center of the stars and gradually decrease toward the boundary, eventually
reaching a minimum value. It is noteworthy that p; is greater than p,, at the
boundary. Figure 2] demonstrates that our calculated solutions have good agree-
ment with the necessary requirements for pressure profiles.

00006 f———————T———— T T T T T T T

0.0005 0.0005

0.0004

0.0004

0.0003 o

0.0002 0.0003

0.0001
0.0002

0.0000 )

Fig. 2. (Left) Radial pressure p, (km~2) and (right) tangential pressure p; (km~—2) versus the
radial coordinate r (km). Information about constant parameters is given in Table [l
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0.00020f 000000}
-0.00005 F
0.00015 -0.00010F
2
& -0.00015F
0.00010 1%
S -0.00020F
0.00005 -0.00025F
-0.00030F
0.00000 - ) ) ) . ] -000038F "

Fig. 3. (Left) Anisotropy A (km~2) and (right) gradients versus the radial coordinate = (km).
Information about constant parameters is given in Table [

Anisotropy is one of the most important features that indicate the stability of a
stellar configuration. The positive nature of anisotropy confirms the important
condition like p; > p,. Furthermore, as we move toward the center of the stellar
body where p; and p,- are equal, A approaches zero, resulting in the disappearance
of anisotropy. The first graph in Fig. B confirms the smooth and steady behavior
of anisotropy.

In order to check the maximality of the involved physical quantities like energy
density and pressure components at r = 0, gradients of these described physical
quantities should be negative, i.e. Z-|,—0 = 5=|,—0 = &&|,—0 = 0. It is interesting
to notice that the calculated gradients reveal a negative behavior, which can be
confirmed in Fig. B

The equation of state (EOS), which includes both radial and tangential com-
ponents, is a significant factor in checking the nature of the matter within the
stellar configurations. In the case of anisotropic matter, the EOS lies between
the values of 0 and 1, i.e. 0 < w,, w; < 1. Both the EOS parameters are defined
mathematically as

wT:&, wt:&, (41)
p p

where p, and p; represent the radial and tangential pressures, respectively, and p
is the density of the matter. Figure [ illustrates the graphical behaviors of both
EOS parameters. It is noticed that both EOS parameters are lying within the
described range.
To study compact bodies and their distribution of matter, one of the key prop-
erties is energy conditions that must be satisfied throughout the configuration.
Some important energy conditions, known as strong energy conditions (SEC),
null energy conditions (NEC), weak energy conditions (WEC), and dominant
energy conditions (DEC), are defined as

SEC: p+py >0, p+pr+2p; >0, (42)
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Fig. 4. (Left) EOS radial component and (right) tangential component versus the radial coordinate
r (km). Information about constant parameters is given in Table [l

0.007 1 00050
0.006 1 00045
§ N
£ N
$ < 00040
& 0,005 :
0.0035
0.004 ]
, . . . . \ , , , . . !
0 2 4 6 8 10 0 2 4 6 8 10

Fig. 5. Energy conditions (km™?2) versus the radial coordinate r (km). Information about constant
parameters is given in Table [l

NEC: p+p, >0, (44)
DEC: p > |py]. (45)

Figure [l provides the validity region of energy conditions. The positive behavior
of energy conditions confirms the presence of ordinary matter, which supports
for a stable and consistent stellar configuration.
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In order to check the stability of the described solutions, we use the Tolman—
Oppenheimer—Volkoff (TOV) equation [66,[67]. The TOV equation for MTRG is
expressed as

!
/ 4 (erpT) 2(pt 7pr) Y / / /
- - —pl - =0 46
Pt —— . oo (r' = —py) =0, (46)
Fy+F,+F,+F.=0, (47)
where
I/(p+pT) / 2(pt7pr) Y / / /

Fy=-2Y"P gy p=2PTP) g —pl—pl).

p 5 Fh=—pl . oo (P =P —p1)
(48)

Another crucial property that demonstrates the stability of compact objects in
a spherically symmetric spacetime is the adiabatic index. The study of adiabatic
index becomes an essential ingredient in understanding the stability of these
objects. According to the literature [45,[68,[69], the adiabatic index must have
a limit of I' > % to achieve stability within the interior of a compact star. The
mathematical expression for adiabatic index I" is given as

Dr+p
DPr

= 2. (49)

In this study, we present a graphical representation of the adiabatic index in the
second graph of Fig. [ll We can easily verify that our stellar system obeys the
stability range of the adiabatic index.

Another criterion for demonstrating the stability of the system is the sound speed
parameters, i.e. v2, and v2,. Both the speed of sound parameters are defined as

dp, d
- (50)
dp dp

=3

0.00005 -

0.00000 -

-0.00005} - -

-0.00010F

Fig. 6. (Left) TOV forces (km~2) and (right) adiabatic index versus the radial coordinate = (km).
Information about constant parameters is given in Table [I]
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i
L 005} w2 ]
AN —— 23
-0.10 V_\wu;
] . . . . .
0 2 4 6 8 10
r

Fig. 7. Sound speeds and Abreu limit versus the radial coordinate r (km). Information about
constant parameters is given in Table [I1

Abreu et al. [70] recommended a condition for the stable region, i.e. v > vZ.

Figure [ in this paper confirms that our results fall within the stable region,
ensuring the stability of our solutions for the study of compact stars.

e The compactification level of the stellar system is illustrated by the ratio #,
where the mass function m(r) is given by
m(r) = 2(1 — ey, (51)

The compactness u defined in Eq. (B2)) is contributed by Eq. (&]), and is used to
elaborate the redshift function z, as

m(R)
_ M) 52
o (52
_a)
zs=e 2z —1. (53)
The maximum limit for compactification was set by the author as u(r) = m}(;) <

3. This limit was further generalized for anisotropic cases by [70]. Buchdahl [7]
suggested a peak value for the redshift parameter, given by z; < 4.77. The mass
function in the first graph of Fig. [§ shows a smooth and regular trend that
perfectly matches the original masses of the stars studied. The second and third
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Compactness (u)

RedShift (z5)

Fig. 8. Mass function, compactification, and redshift versus the radial coordinate r (km). Infor-
mation about constant parameters is given in Table [

graphs in Fig. [§ clearly demonstrate that the plotted values of compactness and
redshift parameters are regular and fully adhere to the criteria defined above.

6. Conclusion

In this study, we used an embedding approach to investigate the physical properties
of spherically symmetric compact stars in MTRG. To summarize our findings, the
stellar system, subject to the effects of MTRG, is physically possible since it adheres
to the correct gravitational constituents of spacetime, namely e*"™) and e as
indicated in the first graph of Fig. [l The second graph of Fig. 0] shows the correct
and smooth energy density and pressure profiles, which prove the physical existence
of stellar bodies. Figure [2 illustrates the physical behavior of pressure profiles.
The system’s anisotropic character, equilibrium, and stability are proved by the
counteracting action of anisotropic repulsive forces and attractive gradient behavior,
as illustrated in Fig. Bl Energy conditions ensure a realistic distribution of matter,
as shown in Fig.[d Our solutions contain actual anisotropic matter, as shown by the
EOS in Fig.Bl The TOV equation, visually depicted in Fig.[6 confirms the system’s
equilibrium state. Furthermore, our stellar system’s stability is corroborated by the
exact behavior of the adiabatic index, as demonstrated in Fig. [l Our system’s
stability is proved by the smooth and correct behavior of sound speeds within
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Abreu and Andreasson’s stated range, as illustrated in Fig. [l Finally, we provide
the accurate and smooth presentation of the mass function, redshift parameter,
and compactification, as shown in Fig. 8 In conclusion, our computed results are
physically sound and fully support the study of stellar models, which may have
implications for future research.
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