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Abstract In this article, we discuss several compact objects
(GW 190814, PSR J0952-0607, PSR J0030+0451, PSR
J0740+6620, GW 170817, PSR J1614-2230, PSR J2215+
5135, and 4U 1608-52) to predict their masses and radii. A
generalized polytropic stellar model within the framework
of general relativity is derived by employing the Buchdahl-I
metric. All the physical quantities such as energy density,
radial, and tangential pressure are well behaved, continuous
and no singularity is observed. The obtained results are com-
patible with observational data for compact objects under
consideration. The physical stability of this model is deter-
mined by using generalized hydrostatic equilibrium condi-
tion, energy conditions, causality conditions and Herrera’s
cracking technique. We observe that our model fulfills all of
the requirements for being a physically realistic model.

1 Introduction

Polytropes play a crucial role in astrophysics, particularly
in modeling stellar structures. Many researchers used poly-
tropic models to study internal stellar structures, astronomi-
cal phenomena, and compact objects (CO), highlighting the
versatility and significance of polytropes in astrophysical
research. The term polytrop refers to the solution of Lane–
Emden equation, where density and pressure leads to poly-
tropic EoS (EoS). Polytropes contribute significantly to the
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understanding and demonstration of the structure of CO and
relativistic stars. Chandrasekhar [1] investigated the theory
of polytropes within the Newtonian framework by apply-
ing the principles of thermodynamics. The solutions to the
general relativity (GR) hydrostatic equations for a compress-
ible fluid with spherical symmetry are discussed by Tooper
[2]. He also obtain equilibrium equations that are related to
the Lane–Emden equation in the Newtonian theory of poly-
tropes. Komatsu et al. [3] investigated the numerical tech-
niques for rapidly rotating general relativistic stars with uni-
formly rotating polytropes. Lane [4] proposed the polytropic
EoS, can be used to defines pressure as a function of density,
which simulate star structures in relativistic objects. Herrera
et al. [5] used the polytropic EoS to analyze conformally
flat and spherically symmetric fluid distributions. Kovetz [6]
discussed the theory of slowly rotating polytropes and com-
prehended with the use of numerical results. Abramowicz
[7] developed and explain the generic form of the Lane–
Emden equation for the nth degree, which applies to spher-
ical, cylindrical, and planar polytropes. Herrera and Barreto
[8,9] presented a framework for anisotropic pressure model-
ing of polytropic Newtonian stars, derives the Lane–Emden
equation, and uses a heuristic model to show the impacts of
star structure.

Chavanis [10] explored cosmological models based on
a generalized polytropic EoS and concluded that the uni-
verse can exist indefinitely into the future without encoun-
tering a singularity. Freitas and Gonçalves [11] studied the
primordial Universe in a cosmological model where infla-
tion is driven by a fluid with a polytropic EoS. The effect of
generalized polytropic EoS on anisotropic polytropes with
spherical and cylindrical symmetries was examined by Azam
et al. [12]. Santana [13] developed a technique for solv-
ing the Lane–Emden equations in the context of relativistic
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anisotropic polytropes with gravitational decoupling. Start-
ing with a known Einstein field equations, the method sim-
plifies computations and expands on known isotropic and
anisotropic solutions. It significantly simplifies Tolman mass,
especially with minimal geometric deformation, because
one metric component remains constant. The method is
demonstrated with Tolman IV, Durgapal IV, and Wymann
IIa solutions. Urango [14] studied the generalized poly-
tropes with relativistic anisotropic matter distribution. They
determined the configurations’ physical stability by integrat-
ing the relevant polytropic equation for different models.
Godani, and Samanta [15] examined the neutron star model
using GR and the polytropic EoS. The homotopy pertur-
bation method is used to solve the Tolman–Oppenheimer–
Volkoff (TOV) equation, which describes the mass distri-
bution within a star’s configuration. The model’s stability,
causality, and physical viability are examined, using obser-
vational results on known stars 4U 1608-52, SAX J1748.9-
2021, RX J185635-3754, and 4U 1728-34.

The anionotropy factor is an important topic to explore
while studying star formation. The study of anisotropic fluid
is used to simulate the pressure components of CO. In GR,
anisotropic fluids were extensively studied in spherical sym-
metry. Bower and Liang [17] used the generalized hydrostatic
equilibrium condition (TOV equation) for relativistic objects
to evaluate characteristics of anisotropic fluid distribution.
Cosenza et al. [18] developed the heuristic procedure to
obtain interior solutions to Einstein’s equations by assuming
anisotropic matter. The existence of local anisotropy in both
Newtonian and general relativistic gravitationally bound sys-
tem were examined by Herrera and Santos [19]. Herrera et al.
[20] studied the behavior of self-gravitating spherically sym-
metric dissipative fluids with anisotropic stresses using the
entire system of equations for general relativistic evolution.
Herrera and Barreto [21] developed a framework for mod-
eling Newtonian polytropes to demonstrate stellar structure.
Reddy and his coworkers [22] investigated the development
of a spherically symmetric stellar body under anisotropic
stresses and heat dissipation during gravitational collapse.
They found that the temperature and core instability of the
collapsing bodies increased by pressure anisotropy. Bustos
[23] explored the study of spherically symmetric COs with
anisotropic matter using GR. The EoS of the generalized
polytrope is used to prevent tangential velocity divergence
at the object’s surface. The polytropic equation is derived
and integrated using an anisotropy function, and physical
acceptability conditions are analyzed. A novel class of inte-
rior solutions for anisotropic COs with spherically symmet-
ric matter distribution was introduced by Baskey et al. [24].
The exact solution for the field equation is obtained using a
specific form of anisotropy. The Schwarzschild exterior met-
ric over a compact star’s bounding surface is used to deter-
mine the model parameters; pulsar 4U1608-52 is utilized for

graphical representation. In both Newtonian and relativistic
gravity, Cadogan and Poisson [25] introduced a theory of
self-gravitating anisotropic fluids. They developed the New-
tonian theory, inspired by the liquid crystal, and apply it to
Newtonian stellar models. When they apply the theory to GR,
they find that, for certain EoS and central density, anisotropic
star models are less compact than isotropic. Sajadi et al.
[26] studied the model consists of gravitating 3D spheres
with an anisotropic fluid, corresponding to vacuum energy
and a polytropic EoS. Using the TOV equation, three novel
classes of asymptotically AdS black hole solutions with reg-
ular core are found. The regular behavior of these solutions
is explained by repulsive gravity near the center. Stuchlík et
al. [27] examined spherically symmetric equilibrium config-
urations of a perfect fluid with a polytropic EoS in space-
times with a repulsive cosmological constant. These con-
figurations, determined numerically, are bounded by a static
radius and illustrated through embedding diagrams of spatial
and optical geometries.

The stability analysis of CO plays a major role in mathe-
matical modeling. Bondi [28] developed the hydrostatic equi-
librium (TOV) equations to examine the stability of CO. Sci-
entists have used both Schwarzschild and isotropic coordi-
nates to develop mathematical models. Pandey et al. [29]
used different polytropic index ranges to discuss the stabil-
ity of stellar objects. The core-envelope model for spheri-
cally symmetric anisotropic CO was developed by Mardan
et al. [30]. For the core, the polytropic EoS was taken into
account, whereas the polytropic envelope was linear. Radial
sound speed and the hydrostatic equilibrium conditions are
used to determine the stability of the model.

The analysis of CO can provide theoretical insights into
dense matter systems. Advances in theoretical modeling have
made it easier to translate theoretical perspectives into ana-
lytical solutions. The choice of metric potential plays an
important role in finding the analytical solutions for Ein-
stein field equation (EFE). For evaluating the exact solutions
of EFE, Delgaty and Lake [31] established metric ansatzes
for the spherically symmetric distribution of ideal fluids in
static regime. These solutions are useful for estimating CO’s
possible physical properties. For analyzing the characteris-
tics of CO, the Buchdahl-I metric [32] is extremely helpful.
Tamta and Fuloria [33] employ Buchdahl metric potential to
investigate anisotropic stellar objects. They observed that the
models retained the stability requirements across a range of
parametric values. Maurya et al. [34] investigated anisotropic
CO using the Buchdahl metric ansatz. They approximated
EoS as a linear function of density.

The regime of stellar astrophysics is greatly influenced by
the theory of gravity. More precisely, gravity theory predicts
the existence of COs such as black holes, neutron stars, and
white dwarfs and has a major influence on both the cosmic
and galactic scales. In fact, the study and analysis of CO
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plays an essential role in astrophysics because they serve as
an excellent laboratory for studying dense matter under dif-
ficult circumstances, such as strong gravity. Romani et al.
[35] investigated the mass of the Milky Way’s fastest known
spinning neutron star, pulsar PSR J0952-0607. This pulsar,
whose spin period is P = 1.41 ms, was initially reported in
[36]. It is a “black widow” pulsar, radiating and evaporating
its low-mass companion due to the pulsar’s brightness. PSR
J0952-0607’s mass measurement shows a maximum mass of
2.52 M� [35]. Miller et al. [37] studied the millisecond pul-
sar PSR J0030+0451, which spins at a frequency of 205.53
Hz, has been analyzed using Bayesian inference methods.
This study estimate its mass as 1.44+0.15

−0.14 M� and its radius

is R = 13.02+1.24
−1.06 km. These measurements are essential for

refining astrophysical constraints on the EoS of dense mat-
ter above nuclear saturation density. The millisecond pulsar
MSP J0740+6620 has a mass of 2.14+0.1

−0.09 M�, according to
the most recent accurate estimation of a CO’s maximal mass
using Shapiro delay and recent studies of pulsars [38]. Das
et al. [39] studied the models of anisotropic CO in Heintz-
mann geometry by introducing a pressure anisotropy param-
eter and solving Einstein’s equations. For isotropic stars, the
mass range is 1.87−3.04 M� with radii between 8-13 km,
while for anisotropic stars, the mass range is 1.99−3.23 M�.
The model meets stability criteria and aligns with observed
masses and radii of certain pulsars and gravitational wave
companions. In the Buchdahl-I metric, Bhattacharjee and
Chattopadhyay [40] explored about the maximal mass of
an anisotropic CO that admits the modified Chaplygin EoS.
They found that the maximum achievable mass is 3.72 M�. In
comparison with previously developed models, we can study
more massive COs having maximum mass obtained through
this model 3.86 M�. Modified gravity theories have been
extensively applied to compact stars, such as neutron and
strange stars, to explore their structure and properties under
alternative gravitational frameworks. These modifications,
such as f (R), f (T ), f (R, T ), f (Q), and f (R,G) gravity
theories, help address discrepancies observed in gravitational
dynamics and can influence key aspects like mass, radius, and
stability. Many researchers work on modified gravity theo-
ries to study about the stellar objects [41–45]. We can also
extend this work into modified theories of gravity.

The aim of this work is to develop a stellar model that rep-
resent the physical characteristics of anisotropic COs. These
characteristics include anisotropy, radial and transverse pres-
sures, mass, radius, and energy density (ρ). The mass and
radii of the pulsars can be predicted by the model.

This research article outlined as follows. In Sect. 2, we
consider a static spherically symmetric spacetime to find the
EFEs with the help of the Buchdahl metric for the grr com-
ponent as well as the polytropic EoS. The metric potential ν,
tangential pressure (pt ), radial pressure (pr ), anisotropy fac-

Table 1 The values of mass
function according to the
constant H and K = 10−5 km2

H M(M�) R(km)

0.20 1.77 7.18

0.30 2.21 8.79

0.40 2.56 10.05

0.50 2.78 11.10

0.56 2.98 11.66

0.60 3.05 11.99

0.70 3.26 12.78

0.80 3.48 13.48

0.90 3.72 14.16

1.00 3.86 14.72

tor (� = pt − pr ), and energy density (ρ) were all found in
this section. To find the constants in the ansatz, we matched
the inner solutions to the exterior geometry in Sect. 3. We
illustrate the development of mass function in Sect. 4. We
presented the radii and mass values of several recent pulsars
in Tables 1 and 2. The graphical depiction of the essential ele-
ments of a stellar configuration, causality conditions, energy
conditions are covered in Sect. 5. In Sect. 6, we analyze the
model’s stability using reliable techniques such as the gen-
eralized hydrostatic equilibrium condition (TOV equation)
and Herrera’s cracking technique. The results show that the
model satisfies all relevant stability characteristics. We pro-
vide our final remarks in Sect. 7 to conclude the article.

2 Solutions to EFEs with generalized polytropic EoS

The following line element characterizes the static spheri-
cally symmetric space-time as

ds2 = −e2ν(r)dt2 + e2λ(r)dr2 + r2(dθ2 + sin2θdφ2). (1)

The EFEs that link geometry and matter can be written as
follows

Rαβ − 1

2
gαβR = 8πTαβ. (2)

The anisotropic representation of Tαβ static matter distribu-
tion is provided as

Tαβ =

⎡
⎢⎢⎣

−ρ 0 0 0
0 pr 0 0
0 0 pt 0
0 0 0 pt

⎤
⎥⎥⎦ . (3)
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Table 2 Estimated radii from our model of several recently discovered pulsars and relativistic objects for K = 10−5

CO Measured mass ( M�) Measured radius (km) H=0.50 H=0.60 H=0.70 H=1.0

GW 190814 [46] 2.5−2.67 10.53−11.39 12.5 12.9 13.1 13.17

PSR J0952-0607 [48] 2.35 ± 0.17 14.087 ± 1.0816 11.85 12.30 12.60 12.75

PSR J0030+0451 [37] 1.44+0.15
−0.14 13.02+1.24

−1.06 9.45 9.60 9.70 10.03

PSR J0740+6620 [47] 2.08 ± 0.07 13-15 11.40 11.64 11.70 11.77

GW 170817 [49] 1.4 9.67-13 9.53 10.20 10.82 11.95

PSR J1614-2230 [50] 1.97 ± 0.04 13 ± 2 11.18 11.25 11.35 11.43

PSR J2215+5135 [51] 2.27+0.17
−0.15 − 11.70 12.13 12.30 12.52

4U 1608-52 [52] 1.74 ± 0.14 9.3 ± 1.0 10.18 10.25 10.70 11.01

The EFEs are obtained by applying Eqs. (1) and (3) to Eq.
(2) as

2e−2λλ′

r
− e−2λ

r2 + 1

r2 = 8πρ, (4)

2e−2λν′

r
+ e−2λ

r2 − 1

r2 = 8πpr , (5)

e−2λ
(
ν′′ − λ′ν′ + ν′2 − λ′

r
+ ν′

r

)
= 8πpt . (6)

The derivative with respect to r is represented by (′). In this
regard, the Buchdahl-I metric [32] is considered in way that
described in [31]

e2λ(r) = 2 + 2χr2

2 − χr2 , (7)

where km−2 is the dimension of the constant χ . The energy
density ρ is expressed by using Eq. (7) in Eq. (4)

ρ = 3χ(3 + χr2)

16π(1 + χr2)

2

. (8)

The form of the generalized polytropic EoS is as follows [16]

pr = Hρ + Kρ(2), (9)

where n is the polytropic index, dimension of K is km2

and H is dimensionless. Equations (7), (8), and (9) in Eq. (5)
can be used to determine the value of the metric potential ν

for n = 1.

ν = − χ

192π

(
6K (11 + 8r2χ)

(1 + r2χ)2

+ (48π(3 + 5H) + 25Kχ)log(r2χ − 2)

χ

−
(25Kχ + 96Hπ

χ

)
log(1 + r2χ)

)
. (10)

Similarly, radial and tangential pressure can be obtained as

pr = 3Hχ(3 + r2χ)

16π(1 + r2χ)2 + 9Kχ2(3 + r2χ)2

256π2(1 + r2χ)4 , (11)

pt = 1

576πχ2(r2χ − 2)(1 + r2χ)3(3 + r2χ)2

×
[

− 65536K 2π4r2(1 + r2χ)8

+1536Kπ2χ(1 + r2χ)4(12 + 3(9H + 16)r2χ

+(18H + 5)r4χ2 + (3H − 1)r6χ3)

−27χ3(3 + r2χ)2(3H2r2χ(3 + r2χ)2

+3r2χ(3 + 4r2χ + r4χ2) + 2H(12 + 8r2χ

+17r4χ2 + 3r6χ3))
]
. (12)

The expression for total gravitational mass of sphere is
given as

m(r) = 4π

∫ R

0
ρr2dr. (13)

3 Exterior spacetime and junction conditions

We will match the exterior Schwarzschild spacetime to the
interior spacetime at the boundary surface to determine the
continuity of metric potentials at boundary surface.

The external Schwarzschild metric is expressed as

ds2 = − f (r) dt2 + 1

f (r)
dr2 + r2

(
dθ2 + sin2 θ dφ2

)
,

(14)

where the function f (r) is defined as

f (r) = 1 − 2M

R
.
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The continuity of the two metric potentials at the surface
(r = R) of the CO results as

e2ν = e−2λ = 1 − 2u, (15)

where u = M
R is the compactness factor of the star. The radial

pressure is defined as zero at the boundary surface, i.e.,

pr (R) = 0. (16)

The expressions of constants χ and K can be obtained by
using Eqs. (15), (7), (8) and (9)

χ = 4u

R2(3 − 4u)
, (17)

K = 16Hπ(−1 − R2χ)2

3χ(3 + R2χ)
. (18)

At the centre (r = 0), the pressure and energy den-
sity must be finite and positive. The central density can be
expressed as follows using Eq. (8).

ρ0 = 9χ

16π
= 4u

4πR2(3 − 4u)
. (19)

The central pressure expression, derived from Eq. (11), is

pr (0) = 9Hχ

16π
+ 81Kχ2

256π2 . (20)

The central energy density will only be positive if χ > 0,
according to Eq. (19). To ensure a positive central pressure
in this model, the parameters H and K must satisfy specific
constraints given by the condition

H

K
>

9χ

16π
, (21)

indicating that the ratio H
K is influenced by the compactness

u and the radius R of the stellar object. We have selected H
and K values in accordance with Eq. (21).

4 Mass-radius relation for polytropic model

Figure 1a–d displays the masses of COs calculated through
this model for a range of values for H and K . As illustrated
in Fig. 2, we have also solved the TOV equation together
with the polytropic EoS to derive the mass-radius relation
for COs. When K = 10−5 km2, the maximum mass of the
CO changes from 1.77 M� to 3.86 M� due to the varia-
tion of the polytropic parameter H , as shown in Tab. (1).
It is clear that using polytropic EoS may expand the maxi-
mal mass range, allowing COs to have more mass to resist

their gravitational collapse. Thus, based on the most recent
observations, a broad range of CO masses can be described.
According to earlier research [40], 3.72 M� is hardly theo-
retically feasible mass in GR. Table 2 shows that changing
the values of H and K use to predict the radii of pulsars.
Therefore, the presented model can be used to estimate the
radii of a studied COs.

5 Physical implementation of the model

The properties of COs will be illustrated graphically in this
section. For this, we considered GW 190814, PSR J0952-
0607, PSR J0030+0451, GW 170817, PSR J1614-2230, PSR
J2215+5135, 4U 1608-52, and PSR J0740+6620 COs. The
measured radii and masses of COs are given in Table 2, with
compactness factors accordingly.

5.1 Causality conditions for stability analysis

The two velocities taken into account in the causality stabil-
ity analysis are the tangential (v2

t ) and radial (v2
r ) speeds of

sound. Sound speeds are calculated as follows Sound veloc-
ities’ causality conditions implies an absolute upper bound
for both v2

r ≤ 1 and v2
t ≤ 1. However, the thermodynamic

stability guarantees that both v2
r and v2

t > 0. Thus, the crite-
ria 0 ≤ v2

r < 1 and 0 ≤ v2
t < 1 should hold simultaneously

inside the stellar composition. Because of the difficulty of
the sound velocity equations, we have graphically depicted
variations of v2

r and v2
t in Fig. 7a, b, respectively. Figure 7a,

b make it clear that this model complies with the causality
conditions.

5.2 Energy conditions

In order to generate a realistically feasible energy momen-
tum tensor, the energy conditions are applied to matter dis-
tributions in gravitational theory. These conditions provide a
means of obtaining qualitative information about the nature
of matter distribution without requiring precise details about
the internal matter content. Thus, by disregarding the energy
density or pressure, one can explore the physical characteris-
tics of extreme phenomena like gravitational collapse or the
presence of geometric singularities. Within the stellar bound-
ary, a physically realistic fluid distribution must satisfy the
dominant energy condition (DEC), strong energy condition
(SEC), weak energy condition (WEC), and null energy con-
dition (NEC) [53–55].

For the current stellar model, we evaluated the energy con-
ditions [56,57] and found that they are completely satisfied.
Energy conditions must be satisfied both within and on the
surface of a compact star for a model to be considered physi-
cally realistic [56,57]. We verified that the energy conditions
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Fig. 1 Variation of masses against r

Fig. 2 The mass radius plot for K = 10−5 km2

Fig. 3 The plot of energy density function for H = 0.3 and K =
10−5 km2

Fig. 4 The plot of radial pressure for H = 0.3 and K = 10−5 km2

for this model inside its parameter space are consistent with
the below outlined conditions. The energy conditions are

• NEC: ρ + pr ≥ 0, ρ + pt ≥ 0.

• WEC: ρ ≥ 0, ρ + pr ≥ 0, ρ + pt ≥ 0.
• SEC: ρ + pr ≥ 0, ρ + pt ≥ 0, ρ + pr + 2pt ≥ 0.
• DEC: ρ ≥ 0, ρ − pr ≥ 0, ρ − pt ≥ 0.
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Fig. 5 The plot of tangential pressure for H = 0.3 and K = 10−5 km2

Fig. 6 The plot of anisotropy for H = 0.3 and K = 10−5 km2

The graphical representation of these conditions are given
in Fig. 8a–h.

6 Stability analysis

Following techniques will be used to investigate the stability
of model.

(i) Hydrostatic equilibrium condition (TOV equation)
(ii) Cracking technique

6.1 Hydrostatic equilibrium condition (TOV equation)

Analysis of hydrostatic equilibrium is essential for the inves-
tigation of model’s stability under various forces. The sta-
bility for an anisotropic CO depends on the following forces
the hydrostatic force Fh , the gravitational force Fg , and the
anisotropic force Fa . Under the combined effect of these
factors, the model supposed to be in equilibrium. The gen-
eralized hydrostatic equilibrium condition (TOV equation)
[58,59] of the following form has been used to study the
stability

Fig. 7 Verification of causality conditions for H = 0.3 and K =
10−5 km2

−MG(r)eλ−ν

r2 (ρ + pr ) − dpr
dr

+ 2�

r
= 0, (22)

where MG represents the active gravitational mass, which can
be determined from Tolman–Whittaker mass formula given
in [60], described as

MG(r) = r2ν′eν−λ. (23)

Eq. (23) is substituted into Eq. (22), yielding

−ν′(ρ + pr ) − dpr
dr

+ 2�

r
= 0. (24)

These three forces can be represented as

Fg = −ν′(ρ + pr ), (25)

Fh = −dpr
dr

, (26)

Fa = 2�

r
. (27)

The expressions of Eqs. (25)–(27) can be computed using
Eqs. (8), (11), and (12). The graphical representation of the
equilibrium conditions as presented in Fig. 9a–h.
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Fig. 8 Energy conditions against for H = 0.3 and K = 10−5 km2
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Fig. 9 Hydrostatic equilibrium of various objects for H = 0.3 and K = 10−5 km2

123



  140 Page 10 of 12 Eur. Phys. J. C           (2025) 85:140 

Fig. 10 |v2
t − v2

r | is plotted for H = 0.3 and K = 10−5 km2

6.2 Cracking technique

Herrera introduced cracking technique to discuss the stability
of stellar models [61]. A criterion based on Herrera’s tech-
nique was proposed by Abreu et al. [62] to determine the
stability of an anisotropic star model by using radial and tan-
gential sound speed velocities. Thus, if stellar models satisfy
following condition

0 ≤ |v2
t − v2

r | ≤ 1. (28)

it can be considered as stable structure of COs. Accord-
ing to Fig. 10, the Eq. (28) meets the criteria for all
points of GW 190814, PSR J0952-0607, PSR J0030+0451,
PSR J0740+6620, GW 170817, PSR J1614-2230, PSR
J2215+5135, and 4U 1608-52.

7 Conclusion

In this article a novel generalized model of anisotropic CO
using polytropic EoS and the Buchdahl-I metric is present.
The constant χ in Eq. (17) and K in Eq. (18) are derived
from the metric functions at stellar boundaries. The positive
limit of the central density is χ > 0. Positive central pressure
causes a correlation between constants H and K , as seen in
Eq. (21).
Mass and radius:The plots of mass functions for COs under
consideration are given in Fig. 1a–d. Table 1 shows how mass
varies with the polytropic parameter H at K = 10−5 km2.
The mass of COs ranges from 1.77−3.86 and for radii from
7.18−14.72 km as H changes from 0.2 to 1.00. To get a mass
plot in this model, the value of H is constrained between 0.2
and 1.00. As H increases, so do both mass and radius. We
may use current measurements to establish the mass range of
lighter objects and pulsars using polytropic EoS. In addition,
we projected the pulsars PSR J0952-0607, GW 190814, PSR
J0030+0451, PSR J0740+6620, PSR J1614-2230, 4U 1608-

52, and PSR J2215+5135, which are included in Table 2, as
well as the companion star of the GW170817 event. Table 2
shows that different values of constants that help us to predict
the radii of COs for corresponding mass ranges. Considering
the significance of EoS in describing the characteristics of
COs, it’s possible that high mass pulsars may have polytopic
EoS within their interiors.
Density, pressures and anisotropy: The solutions to the
EFEs give us the expressions for density, radial pressure,
tangential pressure, and anisotropy, as shown in Eqs. (8),
(11), (12). It is evident from the Figs. 3, 4, and 5 energy
density, radial and tangential pressure, with a maximum value
at the center for H = 0.3 demonstrate feasible behavior.
In Fig. 6, the anisotropy is minimal at the core and reaches
its peak at the surface, highlighting the significant repulsive
force caused by surface anisotropy in stellar objects. There
is no observable singularity.
Causality conditions: Figure 7a, b for the radial and tangen-
tial components of sound speed satisfy the causality condi-
tion, respectively. At H = 0.3, these Fig. 7a, b confirm the
viability of the stellar model.
Energy conditions: The anisotropic fluid distribution ful-
fills all energy conditions, including NEC, WEC, SEC, and
DEC. We investigated these conditions for various pulsars,
including PSR J0952-0607, GW 190814, PSR J0030+0451,
PSR J0740+6620, PSR J1614-2230, 4U 1608-52, and PSR
J2215+5135. Figure 8a–h shows that all energy conditions
maximum in the core and gradually decrease towards the
surface of the stellar objects.
Hydrostatic equilibriumcondition:Equation (22) describes
the hydrostatic equilibrium condition (TOV equation) for
static, anisotropic fluids in a spherically symmetric sphere.
Figure 9a–h show that the model is in equilibrium under grav-
itational, hydrostatic, and anisotropic forces.
Cracking technique: Figure 10 shows that it is well behaved
and continuous, and no singularity is observed in our stel-
lar models. The value reaches its maximum at the center
and decreases gradually toward the surface as the radius
increases.

The current model, based on generalized polytropic EoS,
can accurately explain the mass and internal features of COs.
It also provides a stable representation of anisotropic COs.
Therefore, we can conclude the discussion by stating that our
stellar models with anisotropic fluid distribution and mod-
ified Buchdhal-I metric potential provide a novel path for
researchers to investigate ultra-dense COs. Rafelski et al.
[63] investigated the characteristics and gravitational inter-
actions of ultra-dense objects with masses comparable to
meteors or greater, possessing nuclear-level densities. Their
work examined the possibility of such objects being enclosed
within comets, their stability upon impacting celestial bod-
ies like Earth and the Sun, and the hypothesis of a core
composed of ultra-dense matter. Similarly, Dietl et al. [64]

123



Eur. Phys. J. C           (2025) 85:140 Page 11 of 12   140 

focused on gravitationally bound dark ultra-dense objects,
analyzing their surface gravity, tidal forces, and the observ-
able effects of their collisions with visible matter. Tamta [65]
introduced a novel mass function aimed at addressing the
field equations and constructing spherically symmetric mod-
els of ultra-dense stellar objects. Despite this advancement,
the model lacks stability under the combined effects of hydro-
static, anisotropic, and gravitational forces, although it satis-
fies the causality condition within the fluid spheres. Carballo-
Rubio [66] employed a numerical approach to study the char-
acteristics of ultra-COs composed of an ideal isotropic fluid,
governed by a straightforward yet physically realistic equa-
tion of state. Similarly, Cunha et al. [67] conducted fully
nonlinear numerical simulations of ultra-compact bosonic
stars that are stable against known instabilities. They intro-
duced a new adiabatic effective potential method to investi-
gate light-ring-induced instabilities, identifying two potential
outcomes: either the object transitions to a non-ultra-compact
configuration or it collapses into a black hole.
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