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ARTICLE INFO ABSTRACT

Keywords: This paper develops a charged anisotropic spherically symmetric strange star model by con-
Exact solutions structing an exact solution of the field equations through the gravitational decoupling approach.
Anisotropy We employ minimal geometric deformation through which the initial decoupled system is

Gravitational decoupling 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
of atomic fuel happens in the interior of a star to keep its equilibrium state against internal gravitational force. At the point, when
the balance state is upset (gravity defeats the pressure), the collapse process happens which is believed to be accountable for the
development of neutron stars, white dwarfs, and black holes (compact stellar objects). These bodies carry smaller radii, larger values
of densities, and possess strong magnetic effects in contrast with the normal stellar objects. In the center of neutron stars, a phase
transition of neutrons to strange quark matter (containing a similar number of up, down, and strange quarks) happens. The up and
down 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
analytical solution was presented by Schwarzschild [1] depicting a static spherical stellar body which inspired the researchers to
inspect the interior construction of these bodies through physically appropriate solutions. Tolman [2] solved the field equations
for spherical matter configuration and examined the joining of developed interior models with the exterior solution. Lemaitre [3]
analyzed the first anisotropic model by examining the static energy density and radial pressure. Tolman [2] and Oppenheimer [4]
demonstrated the compact stellar bodies by considering an ideal Fermi gas equation of state (EoS) and obtained the realistic compact
stellar 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
can 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
(Z, > 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
criteria 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]
explored that the inclusion of charge magnifies the stability of the self-gravitating system, and singularities can be prohibited in the
process of collapse. Di Prisco et al. [19] analyzed a connection between the Weyl tensor and inhomogeneity of energy density, and
discussed the electromagnetic effects on the dynamics of collapsing sphere. Pant and Rajasekhara [20] explored a variety of interior
solutions for Einstein-Maxwell field equations and found that the resulting solutions are worthwhile for modeling the super dense
stars. Kiess [21] derived an exact Maxwell-Einstein spacetime for static spherically symmetric isotropic matter distribution and
found that a range of radius, mass, and charge values can be produced. Sharif and Bhatti [22] illustrated the structure of physical
quantities as well as energy constraints for anisotropic spherical solutions under electromagnetic field. Takisa and Maharaj [23]
developed analytical solutions of the dynamical equations using polytropic EoS, which yields the modeling of charged anisotropic
compact spheres. Khan and his collaborators [24] discussed the electromagnetic effects on anisotropic collapsing sphere along with
cosmological 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
gravitational decoupling approach [25] is most convenient in finding the analytical as well as physically admissible solutions.
Ovalle and Linares [26] used this approach to find the exact solution of the field equations for perfect fluid spherical configuration.
Casadio et al. [27] modified temporal and radial metric functions and determined an exterior spherical solution, representing a
naked singularity at the Schwarzschild radius. Ovalle [28] constructed anisotropic models from isotropic solutions by gravitational
decoupled sources. Ovalle et al. [29] discussed the extension of interior isotropic solution for static stellar models to anisotropic
ones. In [30], the authors employed this approach to isotropize the anisotropic model and used complexity factor to generate new
solutions. Sharif and collaborators [31-34] formulated some anisotropic solutions for charged/uncharged spherical and cylindrical
configurations by decoupling gravitational sources.

Maurya [35] developed charged anisotropic class I solution for the stellar body using complete geometric deformation and
demonstrated that this technique is an influential strategy to construct a physically well-behaved solution for the description of
compact stellar object. Maurya [36] obtained the physical acceptability of completely deformed embedding class I solution for
the compact object possessing charged anisotropic matter distribution. Maurya et al. [37] studied anisotropic compact objects by
means of gravitational decoupling using extended geometric deformation and analyzed the feasibility of constructed model through
mathematical, physical, and graphical analysis. Tello-Ortiz [38] analyzed spherical imperfect fluid distribution with a dark matter
component by interpreting the temporal component of additional source as the dark side of the fluid configuration. They discussed
the feasibility of the salient model for some particular strange star candidates. Maurya et al. [39] investigated the stellar interiors for
ultra-dense anisotropic spherical systems within the framework of modified gravity and examined the behavior of density, pressure,
dynamical equilibrium, energy conditions, and stability. Maurya et al. [40] developed gravitational decoupled anisotropic spherical
model within the framework of Rastall theory of gravity and used observational data to examine the limits of the theory under the
constructed model.

Maurya et al. [41] presented two classes of solutions for compact objects using complete geometric deformation within the
vicinity of Einstein-Gauss-Bonnet theory of gravity. They found that the radial deformation function is non-zero at the boundary of
an object for both pressure and density constraints while in the case of minimal geometric deformation, this deformation function
vanishes at the boundary for pressure constraint only. Maurya et al. [42] employed Karmarkar condition to examine a complete
deformed anisotropic spherically symmetric solution along with electromagnetic effects and found the physical acceptability of
the obtained model. Maurya et al. [43] used gravitational decoupling as well as embedding technique to develop self-gravitating
structures in modified gravity. They discussed the matching conditions and analyzed the impact of mimic constraint on the mass
function. Maurya et al. [44] established an exact anisotropic interior solution in Einstein—-Gauss—-Bonnet gravity and determined
the regularity in interior spacetime. Maurya et al. [45] explored the characteristics of a gravitational decoupled anisotropic model
with polytropic EoS within the context of Einstein-Gauss—-Bonnet gravity. They concluded that the Einstein-Gauss-Bonnet coupling
constant as well as the decoupling parameter plays an influential role in magnifying and conquering the density and radial pressure
at 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
forces on a system in radial direction shifting from positive to negative) and overturning (when the signs of radial forces reverses
from negative to positive) to explore the nature of isotropic/anisotropic matter distribution when the equilibrium is being disturbed.
He demonstrated that isotropic fluid configuration stays stable whereas anisotropy leads to the appearance of cracking in a system.
Abreu et al. [47] widen the notion of cracking using a speed of sound for spherically symmetric anisotropic matter distribution and
deduced that the configuration is not stable for v, > v, (v?, and v?, 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
solution including an electromagnetic field via minimal gravitational decoupling (MGD) approach. The paper is arranged as follows.
Section 2 provides the fundamental formalism of MGD and the Einstein field equations are formulated correspondingly. The junction
conditions are utilized to analyze the matching of interior and exterior spacetimes. Section 3 is devoted to obtain an exact anisotropic
charged solution with the MIT bag model and examine the physical properties of the derived solution. The results are concluded in
the last section.

2. 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
as

6r
where L,,, Ly, L, 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 g,,, we find the field equations for charged decoupled
system as

S:/[i +LM+LE+LY] V=gd*x, &)

- (toD)
Gy = =87 (TU0 + E,, )., @
where
(ton) _
T,V =T, +¢€Y,.

Here, the additional source Y, is coupled to gravitational source via parameter . 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
(T,,) and electromagnetic field (E ) are defined as

T, = (p+PV,V,-Pg,,

1 1

Ey = 1= (=Fu "Fuat 7F ¥ Fopgyn ).
In the above expression, p, P, V, and F*" stand for density, pressure, four-velocity and the Maxwell field tensor, respectively. The
Maxwell field equations are given as

FM = pgd ", Fiu =0,
where y, denotes the magnetic permeability and J# indicates the four current. In comoving coordinates, the four-velocity and
four-current are defined as

b, =95, J,=CV,
here ¢ = ¢(r) and ¢ = ¢(r) represent the charge density and scalar potential, respectively. As an interior geometry, we take the static
spherically symmetric line element as

ds* = e"Ndr? — b0 dr? — r? (d6* + sin® 0d¢?) . 3)

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

b [ b
0(tot) 0 e b 1 e
T +E =—\|—>-=+—=]), 4
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where Té’(mt) = T§+5Yg, T ll(m) =T!+eY]! and T, 22(“") = T?+£Y}. The conservation equation (rHt

stellar structure is turn out to be

ot)

viu = 0), illustrating the equilibrium
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We find the non-zero components of Maxwell field tensor as

atb
FOl= 4,5 — _Fl0,
2
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where the electric charge (g(r)), and electric field (E(r)), can be written as
2

p
q(r) = 471'/ {rzeb/zdr = rz\/—FloFIO, E2(r) =—FyFp= :1—4
0
The non-vanishing components of T, and E Y, can be expressed as
2

0 _ 1 _ 2 _ 0 _ gl _ 2 _ 4
Ty=p, T/ =T, =-P, EO_EI__Ez_SnH'

Making use of above components, we obtain the following components of TV‘E"”)

T%(tot) —p+ EYéJ = o0,

_Tll(tot) —p- EY]] — Pr(tot)’

2(tot) __ 2 _ pltot)

10 = p— ey} = P
Also, the hydrostatic equilibrium equation takes the form
! EE’ de 1 2e
P+Llp+P) - 25 4 LE (YO _yl)_gyV - £
P e (g -Y ) —ey =T

Now, we follow the systematic scheme introduced by Ovalle [25] to obtain solution of the system of Egs. (4)-(7) containing
eight unknown functions (a, b, p, P, q, Y(?, Yll, Y22). We assume an isotropic fluid model (&, #n, p, P, E) for the spacetime given as

(¥YZ-v!)=o. ®)

2
ds? = &0dr? - % —r? (d92 + sin? 9d¢2) ,
n(r

with # = 1 - 2% 4 E%? with m being the Misner—Sharp mass of fluid distribution. We employ the minimal geometric deformation in
metric functions (¢, #) to integrate the impact of additional source Y, in charged isotropic fluid model as [25]

Eoa=¢ n e el=ntef, 9)

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

l-n 7

87p + E2=—2——, (10)
r r
-1 !

8nP—E2:n—2+£, an
r r
" ) / 1! '

grp+ E2 =T g MET N8 G0 12)

2 4 2r 4 2r’
and the conservation equation is

! !
p’+a_(p+p)_£:()_ (13)
2 4z

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

r 252
r/=1—2—m+r2E2=1—8—7r <p+rE>r2dr+r2E2.
r r Jo 87

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

!
8y = —<f7+r£2> 14
!
82Y! = —f (“— + l), as)
roor?
e d? f(d 1
81Y2 = —= i) - (Z42), 16
gt AT A (16)
Y= L (v 4 2 (2 oy an
|- 2 1 0 r 2 1/

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

2m

r

-1
ds? = e-di* - (1 +PE2) dr? =7 (d6% + sin® 0dg?) 18)

here i is the internal mass for Tlﬁtf’t). In the absence of Y,,, 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



S. Sadiq and R. Saleem

the general outer metric as

ds? = e+ dt* — eP+dr? — r? (d6* +sin? 0d¢?) . 19
The first fundamental form ([ds*]s = 0, X represents the hypersurface) of junction conditions yields

a_(R)=a,(R), 1- Z—IZO +EIR* +ef(R) = ™+B), (20)

where M, = m(R) and E, = 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,EtVOt)SV] » =0, SV denotes the radial unit four-vector) provides

2

E
P(R) - == — e(Y}(R))_ = —e(Y]\(R)),. (21)
87
Making use of Eq. (15) in the above equation, we get
E? ’
_o g (L d g
P(R) = o = <R2 + R2> = —(Y!(R),. (22)

which yields

PR—— 24 _e12 k7 1| 23
R +871' 8 R21__2M+E2R2+R2 23)
R

M 2 p2
sf( d) eg| 2 (F-ER)
A
R? R?

where g represents the deformation function undergone by the exterior Reissner-Nordstrém metric due to extra source Y,,, as

-1
as? = (1- % +E2R?) dr - (1- % +ERY) dr? - 72 (d6° + sin® 0dg7)

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

— ef a
P(R PR——+— Liad) oo 24
(R) = P(R) o lmt e @4
It is well-known that a star stays in its equilibrium state when the effective pressure vanishes at surface. If positive geometric
deformation in interior metric exists and weakens the gravitational field, an exterior RN vacuum can only be compatible with a

non-vanishing inner Y. if the ideal stellar matter has P(R) < 0 at the surface of the star. Nevertheless, the condition P(R) =0 can
2

2 2
be determined by imposing that the right side of Eq. (24) must be proportional to P(R) — 5—2, i.e.,, P(R) — :—2 ~ s(Yll)_ 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
analysis.

3. 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
approach. We observe that two systems of Egs. (5)-(8) and (14)—(16) consist of six non-linear equations in eight unknowns. The
strange quark matter is well-described by a simple EoS known as MIT Bag model according to which the quarks are massless as well
as non-interacting. This model is very helpful in the study of balance state of an ultra-dense compact objects [50-54] represented
as

1
= g(ﬂ—43)~

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

e = ¢f = Kr?", (25)
A Vlz A Ilz

-1 {(3 +2n+ nz) (1 +n+ nz) r2+22:nz } {r2+22++n2 (3 —16BFx

n? (1-16Bar?) +n (2 16Bxr?)) —2M (1 +n+n*) (3+2n

nz)R+n(1+n)(3+2n+n2)R2+16B(1+n+n2)7rR4+E§

=
Il

+ +

X

n27 _]
Rwﬁ+wqﬂﬁ+m+gk%%}, 26)
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p = 0<n+§) T 4+ 16(n+2) Brr’n +—+n (6B7rr
+ ;) (SBzz'r +— n+6Bﬂr2}]{ n +2n+3)(n2+n+l)

1601 +2m2)} 27)

X

~
Il

1\ =22-2-2 2 4 2 1 3
@(n+§)r n+2 —48(n+2){B7rrn +(4B7rr —E)n

+ n* (6Brr* - %) + (5B - %)n+2B7zr2}] {(P+2n+3)

X 48277 (P +n+1)(n+2)} ", (28)
Po=r [_Q(,, A 48n(n + 1) + 2){ (B;rr2 - %) w =3
n n_ 2, 3 2 2
T Bﬂr+16}]{(6(n+2)(n +n+1)(n +2n+3)
x (n+ 1)) (29)

where

1 n ) 2n% +n+1) 212 +4n+6
0= 96(n+ 5)(n+ D[z (P +2n+3) i+ DR 2 + {Rinﬂ

22
1| R oy ESRY ol
X Bzr+g T_RM M|[(n*+2n+3) (R +n+1)|. (30)

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

16B7R3*n + 16BaR3 + 4Mn? — 2Rn* + 6Mn — 3Rn +2M

E? = , 31
0 (2n% +3n+ R? GU
M | o 2} ( 1 )2"

K = {1 - R (), 32
= T Eo z (32)

n=——[112BzR> +6M — 9R + (18688 B>2> RS — 3264BMx

8(4BxR3 - 3)
1

X R®-2016BzR*+36M* — 108M R +81R*)2|. (33)

In order to find the anisotropic model, we incorporate the effects of ¢ in the inner region. Eqs. (25) and (9) represent the
temporal and radial metric coefficients, respectively, while f and Y,,, are related to Eqgs. (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 YT(t‘F’t), defined as

2 r
Yoo = (5 - 87r> £ _dz / 7p O dF + 8711,

2 “ B3
5 @ 4x dre [ o .
=(§_8”>r_4_r_3 A rpdr+87r17—r—3 A rY0 di + 8xlly,
= YTF+YTF, 34)
where Y;p is the complexity factor for charged perfect fluid system while the complexity factor Y,/ appears due to the presence of

additional source. Andrade and Contreras [63] used generalization of the complexity factor obtalned from the Tolman IV solution to
extend the Wyman Ila, Tolman IV, Heintzmann Ila 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., Y;p

associated with 7, + E,, remains the same after inclusion of Y,,,, implying YTY r = 0. This condition can be written as

r
my=¢(Y] -Y?) = 4% /O 7YY . (35)

Using Egs. (14)-(17) in the above equation, we find a first order ordinary differential equation as
2 !
r(E+2) s <2§”+52— X %) =o0.
r roor

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

4+4n—2n2

f(r)=Qr+nr)y 2 Cy, (36)

where C, is an integration constant. Substituting the above geometric deformation function in Egs. (9) and (14)-(17), we find

—2(]+n+n2)

- P 21 ,
T Grmea) (aar) (3-16Bxr* + (1 - 16Bx

rz)n2+n(2—l6Bn'r2))—2M(3+2n+n2) (1+n+n2)R+n
(1+n)(3+2n+n*) R*+16B (1 +n+n*) aR* + (1+n+n?)

X

X

2
2(n -1 4+dn-2n>

Q*R™ T (3+2n+n2)}+C1 (Q+myr) 2 &, (37)

X
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sran22 17}
X (2+n)y) 24n ] s (39)
[ -2 +
Pt(mt) = w|w, (48(2+n)(1 +n+n2) (3+2n+n2)7tr2) - %
i -1
4tdn=2n2
X e((2+n)y)” 2 cl] , (40)
444n=2n2 )
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16xr?
where
n 2 14ntn? 1 2(n2-1
2\ R 2\ p—55 (O?
W, = E(1+n)(3+2n+n ) R™ 2o +E(1+n+n JR™= (Q
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@y = 3n2+n) ((1 - 64Bxr?) n® — 32Bxr* — 16Bn*zr? — (80Bzr? - 3))
1 2 72(1+n+n2)
+ 96(1 +n)<§ +n) =T (43)

This solution (25), (37)-(40) represents the minimally deformed (by the generic anisotropic source YM) strange star model. It
is worth mentioning here that ¢ — 0 provides the standard perfect fluid charged strange star solution (25)-(29). The second
fundamental form of matching conditions described in Eq. (24) provides
2n2—4—4n
_ 8aR¥(Q2+mR) T

C = Gnt e ({3w,2+n) (n* (64BaR* — 1) + 32BaR*

5 4 ) 1 2 _2(l+n+n2)
+ 167R2Br* —n (3= 80BxR?)) = (3 +n) (1+mR 2

X

96} {(48 (1 +n+n?) 2+n) (3+2n+n*) 2R} + {32 +n)
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Table 1

Physical parameters for strange stars with B = 90 MeV/fm?3.
Strange stars M (My) R (km) Q (columb) 'Z n
SMCX-1 1.04 + 0.09 7.321 + 0.029 1333 x 10% 0.21 0.42
SAXJ1808.4-658 09 + 03 7235 + 0.280 1.676 x 10% 0.185 0.38
4U1538-52 0.87 + 0.07 7.207 £ 0.072 1.725 x 10% 0.18 0.37
HERX-1 0.85 + 0.15 7.185 + 0.169 1.752 x 102 0.175 0.36

3.x107 F

25000 1 s
25%107 |

20000 b ¥
2.x107 |

5, 15000 . b
v 15x107

10000 Lx107F

5000 5.x10%F

0.8 1.0 0.0

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 € = 0.1. (For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.)

x n(1+n) (30> +4n -3+ 16BaR> = 2n* (8BzR* — 1)) — (1 +n)

2(1+n+n2
x 96 (n+ %) 3 +n)R_h];+:w1>} {(48(1+m) (1 +n+n?)
X @+ (3+20+n%) 2R} ), (44)
while the continuity of metric potentials yields
2(14+n4n?)
K= - R (n(1+n) (3+2n+n2) RZ—2M

R2n (1+n+n2) (3+2n+n?)

X (L+n+n?)(3+2n+n*) R+16B (1+n+n*)aR* + (1 +n+n?)
2(n2-1) 2(14mn? )

x (3+2n+n?)Q*R™ % +R™ 2 (3+n*(1-16BaR?) - 167
4+44n—2n2
X BR*+n(2-16BxR%))) +C(Q+mR)™ 2 £>‘ (45)

At present, we examine the physical features of created anisotropic strange star solution through the graphical construction of
metric potentials, radial/tangential pressures, energy density, anisotropy parameter, mass function, redshift parameter, compactness,
energy 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
C, 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
functions ought to be non-singular and regular all through the interior of a star. It is seen that the both metric potentials ¢*" and e*®”
exhibit increasing behavior against radial coordinate r as shown in Fig. 1. The plots of energy density, radial/tangential pressures and
anisotropy parameter are plotted in Fig. 2. The stellar bodies demand that these quantities like energy density and radial/tangential
pressure must be finite, positive and maximum within the interior of strange stars. It is observed that the density possesses maximum
value at the center and decreases monotonically with the increase in r. Additionally, we find that radial and tangential pressures
are positive in the interior of a star whereas there is a monotonic decrease with the increase in radial coordinate. The graph of
anisotropic factor IT(tY shows that it is positive and finite throughout the stellar constitution. For the physical acceptability of
the stellar constitutions, charged anisotropic strange star model should satisfy the energy constraints, i.e., null energy constraint,
weak energy constraint, strong energy constraint and dominant energy constraint at each point in the interior of system. For our
developed model, these conditions turn out to be

(tot) | q_z >0 (tot) | p(ton) 5 (to) _ pf(tot) q_z >0
’ 8ot = O +4m'4_’
p(tot) + Pt(tot) >0, p(tot) + Pr(tot) +2 Pt(tot) + 411_24 > 0.

r
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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 € = 0.1. (For interpretation of the references to color in
this figure legend, the reader is referred to the web version of this article.)

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

(tot) (tot)
4B o dP
T ogplon Tt dpton

(46)

As indicated by the causality condition, the speed of sound ought to be smaller than the speed of light whenever it moves through
the anisotropic matter configuration in compact stellar objects. According to this condition, the inequalities 0 < v? and v? < 1 must
be fulfilled. The plots of Fig. 4 show that our models fulfill this condition. As indicated by Abreu et al. [47], the region of potentially
stable matter configuration is —1 < (vt2 - vf) < 0 whereas 0 < (v,2 — vf) < 1 gives potentially unstable region. In the current work,
our models fulfill the inequality —1 < (v* — v?) < 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
structures against radial adiabatic perturbation through adiabatic index. For a matter content becoming anisotropic, the spherical
symmetric system is changed only in radial direction to prevent gravitational collapse showing that the radial direction is significant.
The 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
equilibrium presented by Bondi [67]. For anisotropic relativistic spherical configuration, this condition turns out to be different and
makes the spheres more unstable due to regenerative pressure represented as [68]

4 1 PUPr0+4_¥Pro—Pr0

I'< -+ |z«
/ /
3 3 [P}l 3 [P lr

max

where p,, P, P, indicate the initial density, radial/tangential pressures of the fluid. In the above expression, the second and third
terms on right side represent the relativistic and anisotropic corrections. Heintzmann and Hillebrandt [69] demonstrated that the
increase of anisotropy in the system changes the stability criterion as I" > %. Generally, the presence of anisotropy in relativistic
spherical configurations have the effect on the stability of stellar bodies. To overcome these instabilities, Moustakidis [70] proposed

a critical value of the adiabatic index as

4 19
I < 5 + ill,
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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 £ = 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 I" > I'. ;.. The radial (1) adiabatic
index is defined as [71]

p(tot) + P,.(mt) dP,.(tOt)
Pr(tot) dp(tod)

Fr(tot) — (47)

We plot the radial adiabatic indices in Fig. 6, showing that F,(mt) > 4/3 and monotonically increasing as we move towards the
boundary. To discuss the surface redshift of stellar structure, the mass-radius ratio is a key ingredient. Andreasson [72] and Bohmer
and Harko [73] proposed this ratio for charged matter distributions as

QU8R +0%) M _2 N 302 +2RV/R? + 302

2R*(12R?+Q0%) ~ R ™ 9 9R?

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

1

z=(1-Mo )7 -y
={1-=3 ef - 1.
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interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.)

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

4. Final remarks

The configuration of stellar interiors is elegantly described by the analytical as well as numerical solutions of the Einstein field
equations. In this respect, several authors have solved the field equations using various techniques and discussed their physical
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significance [74-77]. In the study of stellar interiors, the notion of gravitational decoupling by means of the minimal geometric
deformation as well as the complete geometric deformation is very significant as it works perfectly to convert the isotropic solutions
into anisotropic domain or can be used to obtain new solutions. In the present study, we have employed the MGD technique to
formulate a new anisotropic strange star model with charge using a known isotropic solution. According to MGD approach, an
additional source is adjoined with the charged perfect fluid stress—energy tensor, which provides the effective field equations. A
minimal geometric deformation is introduced in the radial metric function of the spacetime (used for the isotropic case) yielding
two sets of the Einstein equations: the first set corresponds to the field equations for perfect fluid along with charge whereas the
second set is associated with the new source as well as the deformed metric function. We have compared our interior spacetime with
the deformed RN metric and evaluated the junction conditions. To solve quasi-Einstein equations, we have taken the known charged
perfect fluid model and then integrated the impact of new source Y,,,. In addition, we have imposed an additional condition to close
the system of differential equations, i.e., the charged isotropic system and the decoupled source have the same complexity factors.
The consideration of complexity factor for a specific scenario can act as an EoS which may lead close approximation to Einstein
field equations. Also, it can act as an additional constraint to reduce the complications in solving the field equations [78,79]. We
have considered the masses and radii of four strange star candidates SMCX — 1, SAXJ1808.4 — 658, 4U1538 — 52 and, HERX — 1,
and used the junction conditions to determine unknown constants appeared in the constructed solutions. For physical suitability of
the derived outcomes, we have investigated the nature of some physical parameters, energy conditions and stability criterion. The
results can be summarized as follows

+ Metric Functions: The metric functions ") and ¢*" 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, I7(*°Y > 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.

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