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A B S T R A C T

This paper develops a charged anisotropic spherically symmetric strange star model by con-
structing an exact solution of the field equations through the gravitational decoupling approach.
We employ minimal geometric deformation through which the initial decoupled system is
divided into Einstein–Maxwell and quasi-Einstein systems. We choose a known solution for
isotropic spherical matter distribution with MIT bag equation of state including electromagnetic
field and generalize it to an anisotropic model by solving quasi-Einstein field equations using
complexity factor. We study the physical viability of the resulting charged anisotropic solution
by plotting metric functions, density, pressure, anisotropy parameter, energy conditions, and
stability criterion for the strange star candidates SAXJ1808.4-658, SMCX-1, 4U1538-52 as well
as HERX-1. It is noticed that all the physical aspects are well-behaved, ensuring the physical
acceptability of the developed models.

1. Introduction

Stars are extensively recognized astronomical bodies and are considered as essential building blocks of the galaxy. The burning
f atomic fuel happens in the interior of a star to keep its equilibrium state against internal gravitational force. At the point, when
he balance state is upset (gravity defeats the pressure), the collapse process happens which is believed to be accountable for the
evelopment of neutron stars, white dwarfs, and black holes (compact stellar objects). These bodies carry smaller radii, larger values
f densities, and possess strong magnetic effects in contrast with the normal stellar objects. In the center of neutron stars, a phase
ransition of neutrons to strange quark matter (containing a similar number of up, down, and strange quarks) happens. The up and
own quarks are changed into strange matter prompting the development of strange stars.

The interior structure of compact bodies is well-portrayed by determining solutions of the Einstein field equations. The first
nalytical solution was presented by Schwarzschild [1] depicting a static spherical stellar body which inspired the researchers to
nspect the interior construction of these bodies through physically appropriate solutions. Tolman [2] solved the field equations
or spherical matter configuration and examined the joining of developed interior models with the exterior solution. Lemaitre [3]
nalyzed the first anisotropic model by examining the static energy density and radial pressure. Tolman [2] and Oppenheimer [4]
emonstrated the compact stellar bodies by considering an ideal Fermi gas equation of state (EoS) and obtained the realistic compact
tellar models in close proximity with the observational information.

The authors in [5] considered anisotropic spherical fluid distribution having uniform energy density and deduced that anisotropy
an significantly describe high redshift objects like quasars. Heintzmann and Hillebrandt [6] examined anisotropic neutron stars at
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higher densities, and showed that there is no constraint on mass for large anisotropy. Herrera and Santos [7] examined anisotropic
effects in self-gravitating systems and determined stable models. In [8], Gokhroo and Mehra proposed that stability is enhanced
for positive anisotropic factor leading to construction of more compact objects. Dev and Gleiser [9] analyzed the stability of the
anisotropic system by considering small radial adiabatic oscillation and explained that compact stellar objects having surface redshift
(𝑍𝑠 > 2) can be explained by taking the anisotropic distribution of matter in the interior [10]. Sharma and Maharaj [11] found
analytical solutions for anisotropic fluid distribution with linear EoS to describe spherical stellar objects. Sharif and Sadiq [12,13]
analyzed the equilibrium configuration of static spherical and cylindrical anisotropic polytropes. Azam and his collaborators [14,15]
extended these configurations to generalized polytropic EoS.

The effect of charge in self-gravitating systems is significant in a sense that the stellar models that fail to meet the admissibility
riteria are called physically viable. Bonnor [16] investigated some isotropic solutions with the electromagnetic field. Xingxiang
17] studied the physical features of the analytical solution for static spherical charged isotropic matter configuration. Ivanov [18]
xplored that the inclusion of charge magnifies the stability of the self-gravitating system, and singularities can be prohibited in the
rocess of collapse. Di Prisco et al. [19] analyzed a connection between the Weyl tensor and inhomogeneity of energy density, and
iscussed the electromagnetic effects on the dynamics of collapsing sphere. Pant and Rajasekhara [20] explored a variety of interior
olutions for Einstein–Maxwell field equations and found that the resulting solutions are worthwhile for modeling the super dense
tars. Kiess [21] derived an exact Maxwell–Einstein spacetime for static spherically symmetric isotropic matter distribution and
ound that a range of radius, mass, and charge values can be produced. Sharif and Bhatti [22] illustrated the structure of physical
uantities as well as energy constraints for anisotropic spherical solutions under electromagnetic field. Takisa and Maharaj [23]
eveloped analytical solutions of the dynamical equations using polytropic EoS, which yields the modeling of charged anisotropic
ompact spheres. Khan and his collaborators [24] discussed the electromagnetic effects on anisotropic collapsing sphere along with
osmological constant. They found that the presence of charge improves the rate of destruction.

The non-linear nature of Einstein field equations produces difficulties in determining the analytical solutions. The minimal
ravitational decoupling approach [25] is most convenient in finding the analytical as well as physically admissible solutions.
valle and Linares [26] used this approach to find the exact solution of the field equations for perfect fluid spherical configuration.
asadio et al. [27] modified temporal and radial metric functions and determined an exterior spherical solution, representing a
aked singularity at the Schwarzschild radius. Ovalle [28] constructed anisotropic models from isotropic solutions by gravitational
ecoupled sources. Ovalle et al. [29] discussed the extension of interior isotropic solution for static stellar models to anisotropic
nes. In [30], the authors employed this approach to isotropize the anisotropic model and used complexity factor to generate new
olutions. Sharif and collaborators [31–34] formulated some anisotropic solutions for charged/uncharged spherical and cylindrical
onfigurations by decoupling gravitational sources.

Maurya [35] developed charged anisotropic class I solution for the stellar body using complete geometric deformation and
emonstrated that this technique is an influential strategy to construct a physically well-behaved solution for the description of
ompact stellar object. Maurya [36] obtained the physical acceptability of completely deformed embedding class I solution for
he compact object possessing charged anisotropic matter distribution. Maurya et al. [37] studied anisotropic compact objects by
eans of gravitational decoupling using extended geometric deformation and analyzed the feasibility of constructed model through
athematical, physical, and graphical analysis. Tello-Ortiz [38] analyzed spherical imperfect fluid distribution with a dark matter

omponent by interpreting the temporal component of additional source as the dark side of the fluid configuration. They discussed
he feasibility of the salient model for some particular strange star candidates. Maurya et al. [39] investigated the stellar interiors for
ltra-dense anisotropic spherical systems within the framework of modified gravity and examined the behavior of density, pressure,
ynamical equilibrium, energy conditions, and stability. Maurya et al. [40] developed gravitational decoupled anisotropic spherical
odel within the framework of Rastall theory of gravity and used observational data to examine the limits of the theory under the

onstructed model.
Maurya et al. [41] presented two classes of solutions for compact objects using complete geometric deformation within the

icinity of Einstein–Gauss–Bonnet theory of gravity. They found that the radial deformation function is non-zero at the boundary of
n object for both pressure and density constraints while in the case of minimal geometric deformation, this deformation function
anishes at the boundary for pressure constraint only. Maurya et al. [42] employed Karmarkar condition to examine a complete
eformed anisotropic spherically symmetric solution along with electromagnetic effects and found the physical acceptability of
he obtained model. Maurya et al. [43] used gravitational decoupling as well as embedding technique to develop self-gravitating
tructures in modified gravity. They discussed the matching conditions and analyzed the impact of mimic constraint on the mass
unction. Maurya et al. [44] established an exact anisotropic interior solution in Einstein–Gauss–Bonnet gravity and determined
he regularity in interior spacetime. Maurya et al. [45] explored the characteristics of a gravitational decoupled anisotropic model
ith polytropic EoS within the context of Einstein–Gauss–Bonnet gravity. They concluded that the Einstein–Gauss–Bonnet coupling

onstant as well as the decoupling parameter plays an influential role in magnifying and conquering the density and radial pressure
t interior points of the compact object.

The relativistic models are significant if they exhibit stable structure. Herrera [46] suggested the idea of cracking (when total
orces on a system in radial direction shifting from positive to negative) and overturning (when the signs of radial forces reverses
rom negative to positive) to explore the nature of isotropic/anisotropic matter distribution when the equilibrium is being disturbed.
e demonstrated that isotropic fluid configuration stays stable whereas anisotropy leads to the appearance of cracking in a system.
breu et al. [47] widen the notion of cracking using a speed of sound for spherically symmetric anisotropic matter distribution and
educed that the configuration is not stable for 𝑣2𝑠𝑡 > 𝑣2𝑠𝑟 (𝑣2𝑠𝑟 and 𝑣2𝑠𝑡 represent radial and tangential speeds of sound, respectively).
Sharif and Sadiq [48] explored the stability criterion for anisotropic polytropes under electromagnetic field and configured that
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compact object endures stable structure for appropriate values of perturbed polytropic parameter. Mardan and Azam [49] considered
charged anisotropic cylinder with the polytropic EoS and discussed that the established model is not stable for various values of
polytropic parameters.

Our aim is to construct anisotropic strange star models by formulating exact solution of the field equations from a known isotropic
olution including an electromagnetic field via minimal gravitational decoupling (MGD) approach. The paper is arranged as follows.
ection 2 provides the fundamental formalism of MGD and the Einstein field equations are formulated correspondingly. The junction
onditions are utilized to analyze the matching of interior and exterior spacetimes. Section 3 is devoted to obtain an exact anisotropic
harged solution with the MIT bag model and examine the physical properties of the derived solution. The results are concluded in
he last section.

. Matter distribution and MGD approach

For a gravitational decoupled system, the action can be illustrated by addition of the Lagrangian density for an additional source
s

𝑆 = ∫

[ 𝑅
16𝜋

+ 𝐿𝑀 + 𝐿𝐸 + 𝐿𝛶

]

√

−𝑔𝑑4𝑥, (1)

where 𝐿𝑀 , 𝐿𝐸 , 𝐿𝛶 represent the Lagrangian for matter, electromagnetic fields and additional source, respectively, and 𝑅 is the
Ricci scalar. The variation of above action with respect to the metric tensor 𝑔𝜇𝜈 , we find the field equations for charged decoupled
system as

𝐺𝜇𝜈 = −8𝜋
(

𝑇 (tot)
𝜇𝜈 + 𝐸𝜇𝜈

)

, (2)

where

𝑇 (tot)
𝜇𝜈 = 𝑇𝜇𝜈 + 𝜀𝛶𝜇𝜈 .

ere, the additional source 𝛶𝜇𝜈 is coupled to gravitational source via parameter 𝜀. The additional source may generate anisotropies
in self-gravitating bodies and contains some other fields (scalar, vector or tensor). The energy–momentum tensors for ideal fluid
(𝑇𝜇𝜈) and electromagnetic field (𝐸𝜇𝜈) are defined as

𝑇𝜇𝜈 = (𝜌 + 𝑃 )𝑉𝜇𝑉𝜈 − 𝑃𝑔𝜇𝜈 ,

𝐸𝜇𝜈 = 1
4𝜋

(

−𝐹𝜇
𝛼𝐹𝜈𝛼 +

1
4
𝐹 𝛼𝛽𝐹𝛼𝛽𝑔𝜇𝜈

)

.

n the above expression, 𝜌, 𝑃 , 𝑉𝜇 and 𝐹 𝜇𝜈 stand for density, pressure, four-velocity and the Maxwell field tensor, respectively. The
axwell field equations are given as

𝐹 𝜇𝜈
;𝜈 = 𝜇0𝐽

𝜇 , 𝐹[𝜇𝜈;𝛾] = 0,

here 𝜇0 denotes the magnetic permeability and 𝐽𝜇 indicates the four current. In comoving coordinates, the four-velocity and
our-current are defined as

𝜙𝜇 = 𝜙𝛿0𝜇 , 𝐽𝜇 = 𝜁𝑉𝜇 ,

ere 𝜁 = 𝜁 (𝑟) and 𝜙 = 𝜙(𝑟) represent the charge density and scalar potential, respectively. As an interior geometry, we take the static
pherically symmetric line element as

𝑑𝑠2 = 𝑒𝑎(𝑟)𝑑𝑡2 − 𝑒𝑏(𝑟)𝑑𝑟2 − 𝑟2
(

𝑑𝜃2 + sin2 𝜃𝑑𝜙2) . (3)

or decoupled system (2), the corresponding field equations are obtained as

𝑇 0(tot)
0 + 𝐸0

0 = 𝑒−𝑏

8𝜋

(

𝑏′

𝑟
− 1

𝑟2
+ 𝑒𝑏

𝑟2

)

, (4)

𝑇 1(tot)
1 + 𝐸1

1 = 1
𝑟2

− 𝑒−𝑏

8𝜋

(

𝑎′

𝑟
+ 1

𝑟2
− 𝑒𝑏

𝑟2

)

, (5)

𝑇 2(tot)
2 + 𝐸2

2 = −𝑒−𝑏
16𝜋

(

𝑎′′ + 𝑎′2

2
+ 𝑎′ − 𝑏′

𝑟
− 𝑎′𝑏′

2

)

, (6)

here 𝑇 0(tot)
0 = 𝑇 0

0 +𝜀𝛶
0
0 , 𝑇

1(tot)
1 = 𝑇 1

1 +𝜀𝛶
1
1 and 𝑇 2(tot)

2 = 𝑇 2
2 +𝜀𝛶

2
2 . The conservation equation (𝑇 𝜇(tot)

𝜈;𝜇 = 0), illustrating the equilibrium
tellar structure is turn out to be

𝑇 1′
1 + 𝐸1′

1 − 𝑎′

2
(

𝑇 0
0 − 𝑇 1

1 + 𝐸0
0 − 𝐸1

1
)

− 2
𝑟
(

𝑇 2
2 − 𝑇 1

1
)

− 2
𝑟
(

𝐸2
2 − 𝐸1

1
)

− 𝑎′𝜀
2

(

𝛶 0
0 − 𝛶 1

1
)

+ 𝜀𝛶 1′
1 − 2𝜀

𝑟
(

𝛶 2
2 − 𝛶 1

1
)

= 0. (7)

We find the non-zero components of Maxwell field tensor as

𝐹 01 =
𝑞
𝑒−

𝑎+𝑏
2 = −𝐹 10,
𝑟2



S. Sadiq and R. Saleem

M

e

m

h
s

T
t

W
o
p

where the electric charge (𝑞(𝑟)), and electric field (𝐸(𝑟)), can be written as

𝑞(𝑟) = 4𝜋 ∫

𝑟

0
𝜁𝑟2𝑒𝑏∕2𝑑𝑟 = 𝑟2

√

−𝐹10𝐹10, 𝐸2(𝑟) = −𝐹10𝐹10 =
𝑞2

𝑟4
.

The non-vanishing components of 𝑇 𝜈
𝜇 and 𝐸𝜈

𝜇 can be expressed as

𝑇 0
0 = 𝜌, 𝑇 1

1 = 𝑇 2
2 = −𝑃 , 𝐸0

0 = 𝐸1
1 = −𝐸2

2 =
𝑞2

8𝜋𝑟4
.

aking use of above components, we obtain the following components of 𝑇 𝜈(𝑡𝑜𝑡)
𝜇

𝑇 0(tot)
0 = 𝜌 + 𝜀𝛶 0

0 = 𝜌(tot),

−𝑇 1(tot)
1 = 𝑃 − 𝜀𝛶 1

1 = 𝑃 (tot)
𝑟 ,

−𝑇 2(tot)
2 = 𝑃 − 𝜀𝛶 2

2 = 𝑃 (tot)
𝑡 .

Also, the hydrostatic equilibrium equation takes the form

𝑃 ′ + 𝑎′

2
(𝜌 + 𝑃 ) − 𝐸𝐸′

4𝜋
+ 𝑎′𝜀

2
(

𝛶 0
0 − 𝛶 1

1
)

− 𝜀𝛶 1′
1 − 2𝜀

𝑟
(

𝛶 2
2 − 𝛶 1

1
)

= 0. (8)

Now, we follow the systematic scheme introduced by Ovalle [25] to obtain solution of the system of Eqs. (4)–(7) containing
ight unknown functions (𝑎, 𝑏, 𝜌, 𝑃 , 𝑞, 𝛶 0

0 , 𝛶
1
1 , 𝛶

2
2 ). We assume an isotropic fluid model (𝜉, 𝜂, 𝜌, 𝑃 , 𝐸) for the spacetime given as

𝑑𝑠2 = 𝑒𝜉(𝑟)𝑑𝑡2 − 𝑑𝑟2

𝜂(𝑟)
− 𝑟2

(

𝑑𝜃2 + sin2 𝜃𝑑𝜙2) ,

with 𝜂 = 1− 2𝑚
𝑟 +𝐸2𝑟2 with 𝑚 being the Misner–Sharp mass of fluid distribution. We employ the minimal geometric deformation in

etric functions (𝜉, 𝜂) to integrate the impact of additional source 𝛶𝜇𝜈 in charged isotropic fluid model as [25]

𝜉 ↦ 𝑎 = 𝜉, 𝜂 ↦ 𝑒−𝑏 = 𝜂 + 𝜀𝑓 , (9)

ere 𝑓 be the deformation function corresponding to radial metric component. The substitution of Eq. (9) in (4)–(6) leads to two
ystems of the field equations. The first set corresponding to charged perfect fluid configuration (𝜀 = 0) is given as

8𝜋𝜌 + 𝐸2 =
1 − 𝜂
𝑟2

−
𝜂′

𝑟
, (10)

8𝜋𝑃 − 𝐸2 =
𝜂 − 1
𝑟2

+
𝜂𝜉′

𝑟
, (11)

8𝜋𝑃 + 𝐸2 =
𝜂𝜉′′

2
+

𝜂𝜉′2

4
+

𝜂𝜉′

2𝑟
+

𝜉′𝜂′

4
+

𝜂′

2𝑟
, (12)

and the conservation equation is

𝑃 ′ + 𝑎′

2
(𝜌 + 𝑃 ) − 𝐸𝐸′

4𝜋
= 0. (13)

he solution of Eqs. (10)–(12) describes the internal structure of stellar body for charged isotropic matter distribution. For this case,
he radial metric function is given as

𝜂 = 1 − 2𝑚
𝑟

+ 𝑟2𝐸2 = 1 − 8𝜋
𝑟 ∫

𝑟

0

(

𝜌 + 𝑟2𝐸2

8𝜋

)

𝑟2𝑑𝑟 + 𝑟2𝐸2.

The second system corresponding to the additional source represents the quasi-Einstein system given as

8𝜋𝛶 0
0 = −

(

𝑓 ′

𝑟
+

𝑓
𝑟2

)

, (14)

8𝜋𝛶 1
1 = −𝑓

(

𝑎′

𝑟
+ 1

𝑟2

)

, (15)

8𝜋𝛶 2
2 = −

𝑓
2

(

𝑎′′ + 𝑎′2

2
+ 𝑎′

𝑟

)

−
𝑓 ′

2

(

𝑎′

2
+ 1

𝑟

)

, (16)

𝛶 1′
1 = −𝑎′

2
(

𝛶 1
1 − 𝛶 0

0
)

+ 2
𝑟
(

𝛶 2
2 − 𝛶 1

1
)

. (17)

e observe that the inclusion of an additional source makes the isotropic matter distribution to be anisotropic. The smooth joining
f interior (𝑟 < 𝑅) and exterior (𝑟 > 𝑅) regions is provided by the matching conditions that play fundamental part in examining the
rogression of relativistic bodies. For the present case, the interior spacetime representing stellar object is given as

𝑑𝑠2− = 𝑒𝑎−𝑑𝑡2 −
(

1 − 2𝑚̃
𝑟

+ 𝑟2𝐸2
)−1

𝑑𝑟2 − 𝑟2
(

𝑑𝜃2 + sin2 𝜃𝑑𝜙2) , (18)

here 𝑚̃ is the internal mass for 𝑇 (tot)
𝜇𝜈 . In the absence of 𝛶𝜇𝜈 , we have vacuum solution for the outer geometry while the inclusion

of additional source may introduce some new fields and hence the exterior is no more vacuum. As an outer geometry, we consider
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𝑑𝑠2+ = 𝑒𝑎+𝑑𝑡2 − 𝑒𝑏+𝑑𝑟2 − 𝑟2
(

𝑑𝜃2 + sin2 𝜃𝑑𝜙2) . (19)

he first fundamental form ([𝑑𝑠2]𝛴 = 0, 𝛴 represents the hypersurface) of junction conditions yields

𝑎−(𝑅) = 𝑎+(𝑅), 1 −
2𝑀0
𝑅

+ 𝐸2
0𝑅

2 + 𝜀𝑓 (𝑅) = 𝑒−𝑏+(𝑅), (20)

where 𝑀0 = 𝑚(𝑅) and 𝐸0 = 𝐸(𝑅) shows total mass and electric intensity inside the sphere, respectively while 𝑓 (𝑅) is radial geometric
deformation at surface of a star. The second fundamental form ([𝑇 (tot)

𝜇𝜈 𝑆𝜈 ]𝛴 = 0, 𝑆𝜈 denotes the radial unit four-vector) provides

𝑃 (𝑅) −
𝐸2
0

8𝜋
− 𝜀(𝛶 1

1 (𝑅))− = −𝜀(𝛶 1
1 (𝑅))+. (21)

Making use of Eq. (15) in the above equation, we get

𝑃 (𝑅) −
𝐸2
0

8𝜋
−

𝜀𝑓
8𝜋

(

1
𝑅2

+ 𝑎′

𝑅2

)

= −𝜀(𝛶 1
1 (𝑅))+, (22)

which yields

𝑃 (𝑅) −
𝐸2
0

8𝜋
+

𝜀𝑓
8𝜋

(

1
𝑅2

+ 𝑎′

𝑅2

)

=
𝜀𝑔
8𝜋

⎛

⎜

⎜

⎝

2
𝑅2

(𝑅 − E2𝑅2)

1 − 2
𝑅 + E2𝑅2

+ 1
𝑅2

⎞

⎟

⎟

⎠

, (23)

where 𝑔 represents the deformation function undergone by the exterior Reissner–Nordström metric due to extra source 𝛶𝜇𝜈 as

𝑑𝑠2+ =
(

1 − 2
𝑅

+ E2𝑅2
)

𝑑𝑡2 −
(

1 − 2
𝑅

+ E2𝑅2
)−1

𝑑𝑟2 − 𝑟2
(

𝑑𝜃2 + sin2 𝜃𝑑𝜙2) .

The necessary and sufficient conditions for smooth joining of the interior MGD spacetime with spherically symmetric outer metric
explained by deformed Reissner–Nordström (RN) line-element (consists of the fields generated by source 𝛶𝜇𝜈) are shown by Eqs. (20)
and (23). If the outer metric is assumed to be the standard RN metric, then Eq. (23) becomes

𝑃 (𝑅) ≡ 𝑃 (𝑅) −
𝐸2
0

8𝜋
+

𝜀𝑓
8𝜋

(

1
𝑅2

+ 𝑎′

𝑅2

)

= 0. (24)

t is well-known that a star stays in its equilibrium state when the effective pressure vanishes at surface. If positive geometric
eformation in interior metric exists and weakens the gravitational field, an exterior RN vacuum can only be compatible with a
on-vanishing inner 𝛶𝜇𝜈 if the ideal stellar matter has 𝑃 (𝑅) < 0 at the surface of the star. Nevertheless, the condition 𝑃 (𝑅) = 0 can

e determined by imposing that the right side of Eq. (24) must be proportional to 𝑃 (𝑅) −
𝐸2
0

8𝜋 , i.e., 𝑃 (𝑅) −
𝐸2
0

8𝜋 ∼ 𝜀(𝛶 1
1 )− in Eq. (21)

which provides the disappearance of inner deformation 𝑓 (𝑅).
In the next section, we consider a known isotropic spherical model for strange star with charge to complete our systematic

nalysis.

. Gravitational decoupled anisotropic solution

To consider a known solution for the corresponding field equations is a key point in deriving the anisotropic solutions using MGD
pproach. We observe that two systems of Eqs. (5)–(8) and (14)–(16) consist of six non-linear equations in eight unknowns. The
trange quark matter is well-described by a simple EoS known as MIT Bag model according to which the quarks are massless as well
s non-interacting. This model is very helpful in the study of balance state of an ultra-dense compact objects [50–54] represented
s

𝑃 = 1
3
(𝜌 − 4𝐵) .

Deb et al. [55] found stable static spherically symmetric anisotropic singularity free solution for strange stars by considering this
model. They found that the increase in anisotropy of compact stars occurs with the radius and possesses its maximum value at the
boundary. Maurya and Tello-Ortiz [56] developed charged anisotropic exact solution for compact stars satisfying MIT bag model
and concluded that anisotropic force initially predominates the Coulomb force while the electric force predominates the anisotropic
one with the increase in radius. Jasim et al. [57] investigated static spherically symmetric isotropic strange stars via MIT bag model
and deduced that the proposed model is viable. We consider charged strange star model [57] given as

𝑒𝑎 = 𝑒𝜉 = 𝐾𝑟2𝑛, (25)

𝜂−1 =
{

(

3 + 2𝑛 + 𝑛2
) (

1 + 𝑛 + 𝑛2
)

𝑟
2+2𝑛+2𝑛2

2+𝑛

}{

𝑟
2+2𝑛+2𝑛2

2+𝑛
(

3 − 16𝐵𝑟2𝜋

+ 𝑛2
(

1 − 16𝐵𝜋𝑟2
)

+ 𝑛
(

2 − 16𝐵𝜋𝑟2
))

− 2𝑀
(

1 + 𝑛 + 𝑛2
)

(3 + 2𝑛

+ 𝑛2
)

𝑅 + 𝑛(1 + 𝑛)
(

3 + 2𝑛 + 𝑛2
)

𝑅2 + 16𝐵
(

1 + 𝑛 + 𝑛2
)

𝜋𝑅4 + 𝐸2
0

× 𝑅4 (𝑛2 + 𝑛 + 1
) (

𝑛2 + 2𝑛 + 3
)

𝑅
2𝑛2−2
𝑛+2

}−1
, (26)
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a

𝜌 =
[

𝜚
(

𝑛 + 1
2

)

𝑟
−2𝑛2−2𝑛−2

𝑛+2 + 16(𝑛 + 2)
{

𝐵𝜋𝑟2𝑛4 + 3𝑛3
16

+ 𝑛2
(

6𝐵𝜋𝑟2

+ 3
8

)

+
(

5𝐵𝜋𝑟2 + 9
16

)

𝑛 + 6𝐵𝜋𝑟2
}]

{((

𝑛2 + 2𝑛 + 3
) (

𝑛2 + 𝑛 + 1
)

× 16(𝑛 + 2)𝜋𝑟2
)}−1 , (27)

𝑃 =
[

𝜚
(

𝑛 + 1
2

)

𝑟
−2𝑛2−2𝑛−2

𝑛+2 − 48(𝑛 + 2)
{

𝐵𝜋𝑟2𝑛4 +
(

4𝐵𝜋𝑟2 − 1
16

)

𝑛3

+ 𝑛2
(

6𝐵𝜋𝑟2 − 1
8

)

+
(

5𝐵𝜋𝑟2 − 3
16

)

𝑛 + 2𝐵𝜋𝑟2
}

]

{(

𝑛2 + 2𝑛 + 3
)

× 482𝜋𝑟2
(

𝑛2 + 𝑛 + 1
)

(𝑛 + 2)
}−1 , (28)

𝑞2 = 𝑟4
[

−𝜚(𝑛 + 3)𝑟
−2𝑛2−2𝑛−2

𝑛+2 − 48𝑛(𝑛 + 1)(𝑛 + 2)
{

(

𝐵𝜋𝑟2 − 1
8

)

𝑛3 − 3

× 𝑛2

16
− 𝑛

4
− 𝐵𝜋𝑟2 + 3

16

}]

{(

6(𝑛 + 2)
(

𝑛2 + 𝑛 + 1
) (

𝑛2 + 2𝑛 + 3
)

× (𝑛 + 1)𝑟2
)}−1 , (29)

where

𝜚 = 96
(

𝑛 + 1
2

)

(𝑛 + 1)
[

𝑛
16

(

𝑛2 + 2𝑛 + 3
)

(𝑛 + 1)𝑅
2(𝑛2+𝑛+1)

𝑛+2 +
{

𝑅
2𝑛2+4𝑛+6

𝑛+2

× 𝐵𝜋 + 1
8

⎛

⎜

⎜

⎜

⎝

𝑅
2(𝑛2−1)
𝑛+2 𝐸2

0𝑅
4

2
− 𝑅

2𝑛2+𝑛
𝑛+2 𝑀

⎞

⎟

⎟

⎟

⎠

(

𝑛2 + 2𝑛 + 3
)

⎫

⎪

⎬

⎪

⎭

(

𝑛2 + 𝑛 + 1
)

⎤

⎥

⎥

⎥

⎦

. (30)

ere, 𝐾 and 𝑛 are arbitrary constants while 𝐵 is the bag constant. For the standard RN spacetime as an outer geometry, the first
nd second fundamental forms of junction conditions yield

𝐸2
0 = 16𝐵𝜋𝑅3𝑛 + 16𝐵𝜋𝑅3 + 4𝑀𝑛2 − 2𝑅𝑛2 + 6𝑀𝑛 − 3𝑅𝑛 + 2𝑀

(2𝑛2 + 3𝑛 + 1)𝑅3
, (31)

𝐾 =
{

1 − 2𝑀
𝑅

+ 𝐸2
0𝑅

2
}( 1

𝑅

)2𝑛
, (32)

𝑛 = 1
8(4𝐵𝜋𝑅3 − 3)

[

112𝐵𝜋𝑅3 + 6𝑀 − 9𝑅 +
(

18688𝐵2𝜋2𝑅6 − 3264𝐵𝑀𝜋

× 𝑅3 − 2016𝐵𝜋𝑅4 + 36𝑀2 − 108𝑀𝑅 + 81𝑅2)
1
2

]

. (33)

In order to find the anisotropic model, we incorporate the effects of 𝜀 in the inner region. Eqs. (25) and (9) represent the
temporal and radial metric coefficients, respectively, while 𝑓 and 𝛶𝜇𝜈 are related to Eqs. (14)–(16) whose solution will be obtained by
considering an extra constraint, which is a complexity factor [58–61]. Herrera [62] added a quite different definition of complexity
for a self-gravitating body. This definition is associated with the perception of spherical structure but is not associated with
disequilibrium/information. He used the concept of Tolman mass, which is dependent on the energy density inhomogeneity as
well as the anisotropic pressure that represents a single scalar function dubbed as complexity factor. It vanishes when these two
terms cancel each other or in the presence of isotropic pressure as well as energy density homogeneity. The orthogonal splitting of
Riemann tensor yields a scalar that represents a complexity factor. The complexity factor for charged static spherically symmetric
gravitational decoupled system is a scalar function 𝑌 (tot)

𝑇𝐹 , defined as

𝑌 (tot)
𝑇𝐹 =

( 5
2
− 8𝜋

) 𝑞2

𝑟4
− 4𝜋

𝑟3 ∫

𝑟

0
𝑟𝜌

′(tot)𝑑𝑟 + 8𝜋𝛱 (tot),

=
( 5
2
− 8𝜋

) 𝑞2

𝑟4
− 4𝜋

𝑟3 ∫

𝑟

0
𝑟𝜌′𝑑𝑟 + 8𝜋𝛱 − 4𝜋𝜀

𝑟3 ∫

𝑟

0
𝑟𝛶 0′

0 𝑑𝑟 + 8𝜋𝛱𝛶 ,

= 𝑌𝑇𝐹 + 𝑌 𝛶
𝑇𝐹 , (34)

where 𝑌𝑇𝐹 is the complexity factor for charged perfect fluid system while the complexity factor 𝑌 𝛶
𝑇𝐹 appears due to the presence of

additional source. Andrade and Contreras [63] used generalization of the complexity factor obtained from the Tolman IV solution to
extend the Wyman IIa, Tolman IV, Heintzmann IIa and Durgapal IV solutions to the anisotropic ones. Arias et al. [64] constructed
anisotropic models for self-gravitating objects fulfilling the vanishing complexity condition and obtained the feasible as well as stable
solution for particular choice of parameters. Maurya et al. [65] employed this condition as well as the gravitational decoupling
approach to construct anisotropic solution for embedding class I spacetime and examined the physical viability of the resulting
solution. Maurya et al. [66] investigated the role of gravitational decoupling on isotropization of the anisotropic spherical solution
using complete geometric deformation as well as the complexity factor. They discussed the impact of decoupling constant as well
as the compactness parameter on the complexity factor.
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We consider that charged isotropic fluid configuration as well as an additional source has the same complexity factor, i.e., 𝑌𝑇𝐹
associated with 𝑇𝜇𝜈 + 𝐸𝜇𝜈 remains the same after inclusion of 𝛶𝜇𝜈 , implying 𝑌 𝛶

𝑇𝐹 = 0. This condition can be written as

𝛱𝛶 = 𝜀
(

𝛶 1
1 − 𝛶 2

2
)

= 4𝜋𝜀
𝑟3 ∫

𝑟

0
𝑟𝛶 0′

0 𝑑𝑟. (35)

Using Eqs. (14)–(17) in the above equation, we find a first order ordinary differential equation as

𝑓 ′
(

𝜉′ + 4
𝑟

)

+ 𝑓
(

2𝜉′′ + 𝜉2 −
2𝜉′

𝑟
− 8

𝑟2

)

= 0.

aking use of Eq. (25), we obtain following solution of the above equation

𝑓 (𝑟) = (2𝑟 + 𝑛𝑟)
4+4𝑛−2𝑛2

2+𝑛 𝐶1, (36)

here 𝐶1 is an integration constant. Substituting the above geometric deformation function in Eqs. (9) and (14)–(17), we find

𝑒−𝑏 = 𝑟
−2

(

1+𝑛+𝑛2
)

2+𝑛
(

3 + 2𝑛 + 𝑛2
) (

1 + 𝑛 + 𝑛2
)

{

𝑟
2
(

1+𝑛+𝑛2
)

2+𝑛
(

3 − 16𝐵𝜋𝑟2 + (1 − 16𝐵𝜋

× 𝑟2
)

𝑛2 + 𝑛
(

2 − 16𝐵𝜋𝑟2
))

− 2𝑀
(

3 + 2𝑛 + 𝑛2
) (

1 + 𝑛 + 𝑛2
)

𝑅 + 𝑛

× (1 + 𝑛)
(

3 + 2𝑛 + 𝑛2
)

𝑅2 + 16𝐵
(

1 + 𝑛 + 𝑛2
)

𝜋𝑅4 +
(

1 + 𝑛 + 𝑛2
)

× 𝑄2𝑅
2
(

𝑛2−1
)

2+𝑛
(

3 + 2𝑛 + 𝑛2
)

}

+ 𝐶1 {(2 + 𝑛)𝑟}
4+4𝑛−2𝑛2

2+𝑛 𝜀, (37)

𝜌(tot) =
[(

3𝑛3 + 96𝐵𝜋𝑟2 + 16𝐵𝑛4𝜋𝑟2 + 𝑛
(

9 + 80𝐵𝜋𝑟2
)

+ 𝑛2
(

6 + 96𝐵𝜋𝑟2
))

× (2 + 𝑛) + 96
( 1
2
+ 𝑛

)2
(1 + 𝑛)𝑟−

2
(

1+𝑛+𝑛2
)

2+𝑛 𝜛1

]

[(

16
(

1 + 𝑛 + 𝑛2
)

𝜋𝑟2

× (2 + 𝑛)
(

3 + 2𝑛 + 𝑛2
))

+
𝐶1

(

2𝑛2 − 5𝑛 − 6
)

((2 + 𝑛)𝑟)
2+3𝑛−2𝑛2

2+𝑛 𝜀
8𝜋𝑟

⎤

⎥

⎥

⎥

⎦

−1

, (38)

𝑃 (tot)
𝑟 = 𝜛1𝜛2

[

(

48(2 + 𝑛)
(

1 + 𝑛 + 𝑛2
) (

3 + 2𝑛 + 𝑛2
)

𝜋𝑟2
)

+
𝐶1(1 + 2𝑛)𝜀

8𝜋𝑟2

× ((2 + 𝑛)𝑟)
4+4𝑛−2𝑛2

2+𝑛

]−1
, (39)

𝑃 (tot)
𝑡 = 𝜛1𝜛2

[

(

48(2 + 𝑛)
(

1 + 𝑛 + 𝑛2
) (

3 + 2𝑛 + 𝑛2
)

𝜋𝑟2
)

−

(

𝑛𝑟 − 2𝑛2 + 𝑟
)

16𝜋𝑟2

× 𝜀((2 + 𝑛)𝑟)
4+4𝑛−2𝑛2

2+𝑛 𝐶1

]−1

, (40)

𝛱 (tot) = −
𝐶1 {(2 + 𝑛)𝑟}

4+4𝑛−2𝑛2
2+𝑛

{

2 − 2𝑛2 + 𝑟 + 𝑛(4 + 𝑟)
}

𝜀

16𝜋𝑟2
, (41)

where

𝜛1 = 𝑛
16

(1 + 𝑛)
(

3 + 2𝑛 + 𝑛2
)

𝑅
2
(

1+𝑛+𝑛2
)

2+𝑛 + 1
16

(

1 + 𝑛 + 𝑛2
)

𝑅
2
(

𝑛2−1
)

2+𝑛
(

𝑄2

×
(

3 + 2𝑛 + 𝑛2
)

+ 2𝑅
(

8𝐵𝜋𝑅3 −𝑀
(

3 + 2𝑛 + 𝑛2
)))

, (42)
𝜛2 = 3𝑛(2 + 𝑛)

((

1 − 64𝐵𝜋𝑟2
)

𝑛5 − 32𝐵𝜋𝑟2 − 16𝐵𝑛4𝜋𝑟2 −
(

80𝐵𝜋𝑟2 − 3
))

+ 96(1 + 𝑛)
( 1
2
+ 𝑛

)2
𝑟−

2
(

1+𝑛+𝑛2
)

2+𝑛 . (43)

his solution (25), (37)–(40) represents the minimally deformed (by the generic anisotropic source 𝛶𝜇𝜈) strange star model. It
s worth mentioning here that 𝜀 → 0 provides the standard perfect fluid charged strange star solution (25)–(29). The second
undamental form of matching conditions described in Eq. (24) provides

𝐶1 =
8𝜋𝑅3((2 + 𝑛)𝑅)

2𝑛2−4−4𝑛
2+𝑛

(2𝑛 + 𝑅)𝜀
({

3𝜛1(2 + 𝑛)
(

𝑛5
(

64𝐵𝜋𝑅2 − 1
)

+ 32𝐵𝜋𝑅2

+ 16𝜋𝑅2𝐵𝑛4 − 𝑛
(

3 − 80𝐵𝜋𝑅2)) −
( 1
2
+ 𝑛

)2
(1 + 𝑛)𝑅−

2
(

1+𝑛+𝑛2
)

2+𝑛

× 96 {
(

48
(

1 + 𝑛 + 𝑛2
)

(2 + 𝑛)
(

3 + 2𝑛 + 𝑛2
)

𝜋𝑅2)}−1 + 3(2 + 𝑛)
} {(
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Table 1
Physical parameters for strange stars with 𝐵 = 90 MeV/fm3.

Strange stars 𝑀 (𝑀⊙) 𝑅 (km) 𝑄 (columb) 𝑀
𝑅

𝑛

SMCX-1 1.04 ± 0.09 7.321 ± 0.029 1.333 × 1020 0.21 0.42
SAXJ1808.4-658 0.9 ± 0.3 7.235 ± 0.280 1.676 × 1020 0.185 0.38
4U1538-52 0.87 ± 0.07 7.207 ± 0.072 1.725 × 1020 0.18 0.37
HERX-1 0.85 ± 0.15 7.185 ± 0.169 1.752 × 1020 0.175 0.36

Fig. 1. Plots of temporal (left) and radial (right) metric functions for SMCX − 1 (cyan), SAXJ1808.4 − 658 (red), 4U1538 − 52 (green), HERX − 1 (blue) versus 𝑟
with 𝜀 = 0.1. (For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.)

× 𝑛(1 + 𝑛)
(

3𝑛2 + 4𝑛 − 3 + 16𝐵𝜋𝑅2 − 2𝑛3
(

8𝐵𝜋𝑅2 − 1
))

− (1 + 𝑛)

× 96
(

𝑛 + 1
2

)

(3 + 𝑛)𝑅−
2
(

1+𝑛+𝑛2
)

2+𝑛 𝜛1

)}

{(

48(1 + 𝑛)
(

1 + 𝑛 + 𝑛2
)

× (2 + 𝑛)
(

3 + 2𝑛 + 𝑛2
)

𝜋𝑅2)}−1
)

, (44)

hile the continuity of metric potentials yields

𝐾 = 1
𝑅2𝑛

⎛

⎜

⎜

⎜

⎝

𝑅−
2
(

1+𝑛+𝑛2
)

2+𝑛
(

1 + 𝑛 + 𝑛2
) (

3 + 2𝑛 + 𝑛2
)

(

𝑛(1 + 𝑛)
(

3 + 2𝑛 + 𝑛2
)

𝑅2 − 2𝑀

×
(

1 + 𝑛 + 𝑛2
) (

3 + 2𝑛 + 𝑛2
)

𝑅 + 16𝐵
(

1 + 𝑛 + 𝑛2
)

𝜋𝑅4 +
(

1 + 𝑛 + 𝑛2
)

×
(

3 + 2𝑛 + 𝑛2
)

𝑄2𝑅
2
(

𝑛2−1
)

2+𝑛 + 𝑅
2
(

1+𝑛+𝑛2
)

2+𝑛
(

3 + 𝑛2
(

1 − 16𝐵𝜋𝑅2) − 16𝜋

× 𝐵𝑅2 + 𝑛
(

2 − 16𝐵𝜋𝑅2))) + 𝐶1((2 + 𝑛)𝑅)
4+4𝑛−2𝑛2

2+𝑛 𝜀
)

. (45)

At present, we examine the physical features of created anisotropic strange star solution through the graphical construction of
etric potentials, radial/tangential pressures, energy density, anisotropy parameter, mass function, redshift parameter, compactness,

nergy constraints and stability. For this purpose, we consider the masses as well as radii of some particular strange star candidates
SMCX− 1, SAXJ1808.4 − 658, 4U1538− 52, HERX− 1 whose physical parameters are presented in Table 1) and fix the parameters
1 from Eq. (44) and 𝐾 from Eq. (45) whereas 𝑛 will be taken as obtained for the charged perfect fluid case (Eq. (33)). The metric

unctions ought to be non-singular and regular all through the interior of a star. It is seen that the both metric potentials 𝑒𝑎(𝑟) and 𝑒𝑏(𝑟)
xhibit increasing behavior against radial coordinate 𝑟 as shown in Fig. 1. The plots of energy density, radial/tangential pressures and
nisotropy parameter are plotted in Fig. 2. The stellar bodies demand that these quantities like energy density and radial/tangential
ressure must be finite, positive and maximum within the interior of strange stars. It is observed that the density possesses maximum
alue at the center and decreases monotonically with the increase in 𝑟. Additionally, we find that radial and tangential pressures
re positive in the interior of a star whereas there is a monotonic decrease with the increase in radial coordinate. The graph of
nisotropic factor 𝛱 (tot) shows that it is positive and finite throughout the stellar constitution. For the physical acceptability of
he stellar constitutions, charged anisotropic strange star model should satisfy the energy constraints, i.e., null energy constraint,
eak energy constraint, strong energy constraint and dominant energy constraint at each point in the interior of system. For our
eveloped model, these conditions turn out to be

𝜌(tot) +
𝑞2

8𝜋𝑟4
≥ 0, 𝜌(tot) + 𝑃 (tot)

𝑟 ≥ 0, 𝜌(tot) − 𝑃 (tot)
𝑟 +

𝑞2

4𝜋𝑟4
≥ 0,

𝜌(tot) ± 𝑃 (tot) ≥ 0, 𝜌(tot) + 𝑃 (tot) + 2𝑃 (tot) +
𝑞2 ≥ 0.
𝑡 𝑟 𝑡 4𝜋𝑟4
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Fig. 2. Plots of density (left plot, upper row), radial pressure (right plot, upper row), tangential pressure (left plot, lower row) and anisotropy (right plot, lower
row) for SMCX − 1 (cyan), SAXJ1808.4 − 658 (red), 4U1538 − 52 (green), HERX − 1 (blue) versus 𝑟 with 𝜀 = 0.1. (For interpretation of the references to color in
his figure legend, the reader is referred to the web version of this article.)

e present the energy conditions for considered strange star candidates in Fig. 3, which demonstrates that all the energy conditions
re satisfied by our charged anisotropic solution for the particular choice of parameters. We analyze the stability of created model
y means of sound speed criterion. The radial (𝑣2𝑟 ) as well as tangential (𝑣2𝑡 ) squared speed of sound are determined by the following
ormulae

𝑣2𝑟 =
𝑑𝑃 (tot)

𝑟

𝑑𝜌(tot) , 𝑣2𝑡 =
𝑑𝑃 (tot)

𝑡

𝑑𝜌(tot) . (46)

s indicated by the causality condition, the speed of sound ought to be smaller than the speed of light whenever it moves through
he anisotropic matter configuration in compact stellar objects. According to this condition, the inequalities 0 ≤ 𝑣2𝑟 and 𝑣2𝑡 < 1 must
e fulfilled. The plots of Fig. 4 show that our models fulfill this condition. As indicated by Abreu et al. [47], the region of potentially
table matter configuration is −1 ≤ (𝑣2𝑡 − 𝑣2𝑟 ) ≤ 0 whereas 0 ≤ (𝑣2𝑡 − 𝑣2𝑟 ) ≤ 1 gives potentially unstable region. In the current work,
ur models fulfill the inequality −1 ≤ (𝑣2𝑡 − 𝑣2𝑟 ) ≤ 0 (Fig. 5). Thus, our proposed model is potentially stable.

For a specific density, the adiabatic index demonstrates the stiffness of the EoS. We examine dynamical stability of the celestial
tructures against radial adiabatic perturbation through adiabatic index. For a matter content becoming anisotropic, the spherical
ymmetric system is changed only in radial direction to prevent gravitational collapse showing that the radial direction is significant.
he Newtonian spheres are stable when the adiabatic index is larger than 4∕3 and if this index is equal to 4∕3, it depicts the neutral
quilibrium presented by Bondi [67]. For anisotropic relativistic spherical configuration, this condition turns out to be different and
akes the spheres more unstable due to regenerative pressure represented as [68]

𝛤 < 4
3
+

[

1
3
𝜅
𝜌0𝑃𝑟0

|𝑃 ′
𝑟0|

+ 4
3
𝑃𝑡0 − 𝑃𝑟0

|𝑃 ′
𝑟0|𝑟

]

max

,

here 𝜌0, 𝑃𝑟0, 𝑃𝑡0 indicate the initial density, radial/tangential pressures of the fluid. In the above expression, the second and third
erms on right side represent the relativistic and anisotropic corrections. Heintzmann and Hillebrandt [69] demonstrated that the
ncrease of anisotropy in the system changes the stability criterion as 𝛤 > 4

3 . Generally, the presence of anisotropy in relativistic
pherical configurations have the effect on the stability of stellar bodies. To overcome these instabilities, Moustakidis [70] proposed
critical value of the adiabatic index as

𝛤 < 4 + 19 𝑢,
crit 3 21
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Fig. 3. Plots of energy conditions for SMCX−1 (cyan), SAXJ1808.4−658 (red), 4U1538−52 (green), HERX−1 (blue) versus 𝑟 and with 𝜀 = 0.1. (For interpretation
of the references to color in this figure legend, the reader is referred to the web version of this article.)

with 𝑢 indicating the compactness factor. For the stable matter configuration, it is mandatory that 𝛤 ≥ 𝛤crit. The radial (𝛤𝑟) adiabatic
index is defined as [71]

𝛤 (tot)
𝑟 =

(

𝜌(tot) + 𝑃 (tot)
𝑟

𝑃 (tot)
𝑟

)

𝑑𝑃 (tot)
𝑟

𝑑𝜌(tot) . (47)

We plot the radial adiabatic indices in Fig. 6, showing that 𝛤 (tot)
𝑟 > 4∕3 and monotonically increasing as we move towards the

oundary. To discuss the surface redshift of stellar structure, the mass–radius ratio is a key ingredient. Andreasson [72] and Bohmer
nd Harko [73] proposed this ratio for charged matter distributions as

𝑄2(18𝑅2 +𝑄2)
2𝑅2(12𝑅2 +𝑄2)

≤ 𝑀
𝑅

≤ 2
9
+

3𝑄2 + 2𝑅
√

𝑅2 + 3𝑄2

9𝑅2
.

e evaluate the lower as well as upper bound of mass–radius ratio and find that the above inequality is satisfied. In terms of this
atio, the redshift function is defined as

𝑍 =
(

1 −
2𝑀0 + 𝜀𝑓

)− 1
2
− 1.
𝑅
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Fig. 4. Plots of radial (left) and tangential (right) sound speeds for SMCX − 1 (cyan), SAXJ1808.4 − 658 (red), 4U1538 − 52 (green), HERX − 1 (blue) versus 𝑟
nd with 𝜀 = 0.1. (For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.)

Fig. 5. Plot of 𝑣2𝑡 − 𝑣2𝑟 for SMCX − 1 (cyan), SAXJ1808.4 − 658 (red), 4U1538 − 52 (green), HERX − 1 (blue) versus 𝑟 and with 𝜀 = 0.1. (For interpretation of the
eferences to color in this figure legend, the reader is referred to the web version of this article.)

Fig. 6. Plot of radial adiabatic index for SMCX − 1 (cyan), SAXJ1808.4 − 658 (red), 4U1538 − 52 (green), HERX − 1 (blue) versus 𝑟 and with 𝜀 = 0.1. (For
nterpretation of the references to color in this figure legend, the reader is referred to the web version of this article.)

e plot this function for considered strange star candidates in Fig. 7, which shows that the surface redshift attains maximum values
n the stellar interior and decreases with the increase in radius.

. Final remarks

The configuration of stellar interiors is elegantly described by the analytical as well as numerical solutions of the Einstein field
quations. In this respect, several authors have solved the field equations using various techniques and discussed their physical
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Fig. 7. Plot of surface redshift for SMCX−1 (cyan), SAXJ1808.4− 658 (red), 4U1538−52 (green), HERX−1 (blue) versus 𝑟 and with 𝜀 = 0.1. (For interpretation
f the references to color in this figure legend, the reader is referred to the web version of this article.)

ignificance [74–77]. In the study of stellar interiors, the notion of gravitational decoupling by means of the minimal geometric
eformation as well as the complete geometric deformation is very significant as it works perfectly to convert the isotropic solutions
nto anisotropic domain or can be used to obtain new solutions. In the present study, we have employed the MGD technique to
ormulate a new anisotropic strange star model with charge using a known isotropic solution. According to MGD approach, an
dditional source is adjoined with the charged perfect fluid stress–energy tensor, which provides the effective field equations. A
inimal geometric deformation is introduced in the radial metric function of the spacetime (used for the isotropic case) yielding

wo sets of the Einstein equations: the first set corresponds to the field equations for perfect fluid along with charge whereas the
econd set is associated with the new source as well as the deformed metric function. We have compared our interior spacetime with
he deformed RN metric and evaluated the junction conditions. To solve quasi-Einstein equations, we have taken the known charged
erfect fluid model and then integrated the impact of new source 𝛶𝜇𝜈 . In addition, we have imposed an additional condition to close
he system of differential equations, i.e., the charged isotropic system and the decoupled source have the same complexity factors.
he consideration of complexity factor for a specific scenario can act as an EoS which may lead close approximation to Einstein
ield equations. Also, it can act as an additional constraint to reduce the complications in solving the field equations [78,79]. We
ave considered the masses and radii of four strange star candidates SMCX − 1, SAXJ1808.4 − 658, 4U1538 − 52 and, HERX − 1,
nd used the junction conditions to determine unknown constants appeared in the constructed solutions. For physical suitability of
he derived outcomes, we have investigated the nature of some physical parameters, energy conditions and stability criterion. The
esults can be summarized as follows

• Metric Functions: The metric functions 𝑒𝑎(𝑟) and 𝑒𝑏(𝑟) exhibit the finite as well as positive graphical structure as we travel
towards the boundary of a star and henceforth these are regular as well as appropriate to develop the model for anisotropic
matter distribution.

• Energy Density and Pressures: It is found that the energy density as well as the radial/ tangential pressures are well-behaved
(they are not negative and finite) all through the matter distribution. Likewise the radial/tangential pressures monotonically
decrease and disappear at surface of the stars.

• Anisotropy Parameter: At the center (𝑟 = 0), fluid distribution shows isotropic structure whereas the increment in anisotropic
factor occurs as one travels towards the surface of a star. In addition, 𝛱 (tot) > 0 intending the existence of repulsive nature of
gravitational force which may help in the development of more compact bodies.

• Energy Conditions: The graphical structure of all energy conditions indicate that these are satisfied yielding the physical
acceptability of the generated solution.

• Stability Analysis: The stability criterion is investigated with the aid of adiabatic index criterion and the cracking method. It
is seen that these conditions are fulfilled and henceforth the developed solution is stable.

e summarize that our constructed model is significant as it shows physically viable behavior to depict the anisotropic strange
tars. Also, our results are consistent with that obtained for the charged isotropic case [57].
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