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Abstract In this paper, we present an anisotropic solu-
tion for static and spherically symmetric self-gravitating sys-
tems by demanding the vanishing of the complexity factor
(Herrera in Phys Rev D 97:044010, 2018) along with the
isotropization technique through the gravitational decoupling
(GD) approach (Ovalle in Phys Rev D 95:104019, 2017) in
f(T)-gravity theory. We begin by implementing gravita-
tional decoupling via MGD scheme as the generating mech-
anism to obtain anisotropic solutions describing physically
realizable static, spherical self-gravitating systems. We adopt
the Krori—-Barua ansatz and present two new classes of stellar
solutions: the minimally deformed anisotropic solution with
a vanishing complexity factor and the isotropic solution via
gravitational decoupling. We demonstrate that both classes
of solutions obey conditions of regularity, causality and sta-
bility. An interesting feature is the switch in trends of some
of the thermodynamical quantities such as effective density,
radial and transverse stresses at some finite radius, r = ry,
depending on different values of the decoupling constant 8.
We show that gravitational decoupling via the vanishing com-
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plexity factor enhances the stability of the stellar fluid sur-
rounding the core’s central areas. By analyzing the effect of
the decoupling constant 8 on the M — Y7 plots, (where
Y7 F denotes the complexity factor) derived from both solu-
tions, we find that a small contribution from the complexity
factor leads to the prediction of lower maximum mass of a
self-gravitating compact star via gravitational decoupling in
f(9)-gravity compared to their pure f(.7)-gravity coun-
terparts. Furthermore, we have also determined the impact
of decoupling constant 8 and surface density on predicted
radii via M — R for some known compact objects.

1 Introduction

In 1915, Albert Einstein formulated the general theory of
relativity (GTR) which intrinsically linked matter to the cur-
vature of spacetime via a system of highly nonlinear par-
tial differential equations. This intellectual leap of view-
ing gravity as a consequence of the curvature of spacetime
in the presence of matter rather than an action of a long-
range force between material bodies has been immensely suc-
cessful in accounting for many gravitationally-related phe-
nomena. From Edwin Hubble’s observations of redshifts of
starlight from distant galaxies pointing to a nonstatic uni-
verse through to the photographing of black hole shadows
and detection of gravitational waves, GTR has continued
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to reward us richly. The exponential rise in technology in
the form of satellites, detectors, telescopes and groundbreak-
ing computer codes and simulations, GTR has been pushed
beyond its domain of beautiful mathematical excursions into
the realm of physical observations. Refined models of the
evolution of the Universe together with current observations
point to the existence (almost 95 %) of the dark sector viz.,
(dark matter and dark energy) in our cosmos. The study of
the dark sector in the light of galaxy rotation curves and the
late-time acceleration of the Universe has gathered momen-
tum amongst astrophysicists and cosmologists [1-9]. While
classical GTR has solidified its presence in both theoretical
and observational foundations of gravity, it has become nec-
essary to modify it in order to account for more fine-tuned
observations in relativistic cosmology and astrophysics.

In recent years, a plethora of alternative modified theo-
ries of gravity that might be intended to assess the dynamical
features of the evolving cosmos has been suggested. These
modifications to GTR attempt to make the action a function
of the spacetime curvature scalar Z, f (%) [10-12], or other
curvature invariants [13], by merging the Ricci scalar with a
scalar field [14], by incorporating a vector field contribution
[15] or by employing gravity attributes in higher dimensional
spacetimes [16]. Amongst f(Z) theories, there are theories
that have proven to be successful in accounting for observa-
tional phenomena and improved theoretical considerations
of the evolving Cosmos [17-20].

One can avoid the curvature established by the Levi-Civita
connection and employ the Weitzenbock connection, which
has torsion rather than curvature. This has the characteris-
tic that the torsion is generated mainly through the prod-
ucts of the tetrad’s first derivatives, with no second deriva-
tives occurring in the torsion tensor. In 1928, Albert Ein-
stein [21-23] originally conceived of this approach referred
to as “teleparallelism”. Itis similar to standard GTR, with the
exception of “boundary terms”, which involve entire deriva-
tives in the action. The theory is effectively expressed by
measuring external (spacetime) translation and underpinning
the Weitzenbdck spacetime, which is defined by the curva-
ture tensor vanishing and by the metricity requirement. The
group of universal coordinate transformations that underpins
GTR is strongly related to translations. The theory has many
desirable features which are appealing on both the geomet-
rical and physical fronts [24-33].

The generic f(.7)-theory is an amendment of the telepar-
allel equivalent of general relativity (TEGR), involving a
Lagrangian linear in the torsion scalar .7. The tetrad or vier-
bein field (vielbein in p dimensions) is the major dynamical
variable in this framework. It is an orthonormal basis field
in the tangent space. The torsion scalar .7 is used to repre-
sent curvature in TEGR, and the tetrad field is used to rep-
resent the dynamical field rather than the metric field. The
field equations are generated from a Lagrangian containing
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the torsion scalar 7. It is worth noting that Einstein himself
investigated a gravity theory with torsion, in his endeavor to
construct a unifying theory of gravity and electromagnetism
[34]. GTR and TEGR have the same dynamics, despite the
fact that their geometric structures are different. This indi-
cates that any GTR solution is also a TEGR solution. The
gravitational Lagrangian in the so-called f(.7)-theories is
an analytic function of the torsion scalar .7, hence they gen-
eralize TEGR exactly like the f(Z) theories do for GTR.
These theories of gravity are interesting since they are not
analogous to GTR [35], and hence, they can be considered
possible contenders for resolving the cosmic acceleration
problem [36-41]. Several aspects inrelation to f(.7)-gravity
were studied, including exact solutions and stellar models
[42—46]. The spherically symmetric solutions in the context
of f(Z)-gravity theory are particularly essential since they
may be employed to restrict these theories with observations
of planetary movements in the Solar System by characteriz-
ing the gravitational field of point-like sources.

Recently, the concept of complexity in self-gravitating
objects has received considerable interest from researchers.
The notion of complexity is not new and there have been
many earnest endeavors undertaken to identify a suitable cri-
terion for measuring the degree of complexity in various sci-
entific fields [47-56]. The majority of the definitions pro-
vided so far are associated with the principles of informa-
tion and disequilibrium. However, the investigation of all of
these factors indicates that the definition of complexity is
not limited by the notions of information and entropy, but
also contains some other intrinsic properties of the system
under investigation. In reference [64] the authors introduce
a definition of complexity for self-gravitating configurations
drawing on the findings of Lépez-Ruiz and co-workers [53—
56]. The probability distribution, which shows up in the defi-
nitions of information and entropy, is modified by the energy
density of the fluids. However, there are some major dis-
advantages to this definition, since it only includes the role
of energy density, while other physical components such as
pressure (an)isotropy which are anticipated to play a vital role
in the structural properties of a system are entirely ignored.
The role of pressure anisotropy in self-gravitating stellar con-
figurations was thoroughly investigated by Herrera and co-
workers [57-63].

A completely new definition of complexity for spherically
symmetric and static self-gravitating sources has been pro-
posed by Herrera [65]. It was shown that the condition for
zero complexity bifurcates into two scenarios: (1) the stel-
lar fluid has homogeneous density and isotropic pressure and
(2) the pressure anisotropy cancels out the contributions from
density inhomogeneity. Hererra demonstrated that the com-
plexity factor is linked to the orthogonal splitting of the Rie-
mann tensor. The notion of complexity was further extended
to static systems experiencing a dissipative gravitational col-
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lapse in the sense of a radial heat flux [66]. It was further
shown that the shear-free condition for radiating fluids is
unstable and evolves into a shear-like regime mimicked by
the presence of pressure anisotropy, density inhomogeneity
and dissipation. The vanishing of the complexity factor in
axially symmetric static fluids was also by Herrera [67].

In the past decade, the study of anisotropic compact
objects has moved to the forefront of theoretical astrophysics,
especially in the view of observational data arising from the
study of pulsars, neutron stars and strange stars. The inclu-
sion of pressure anisotropy accounted for higher surface red-
shifts, more refined mass-to-radius ratios and the fine-tuning
of the state equation of the stellar fluid. A popular frame-
work which helps construct anisotropic solutions is the so-
called gravitational decoupling method [70-75], particularly
through the minimal geometric deformation (MGD) tech-
nique. Casadio and coworkers [76] extended MGD in the
context of the Randall-Sundrum braneworld to acquire an
altered Schwarzschild geometry. The generation of isotropic
solutions from anisotropic seed solutions together with the
requirement of vanishing complexity has proved fruitful in
the study of spherically symmetric, static fluid spheres [77-
85].

Using the MGD technique, Maurya et al. [86], explored
novel classes of solutions characterized by vanishing com-
plexity in static spherically symmetric self-gravitating sys-
tems. This approach was extended by Mauryaetal. [87-89] to
study bounded hyperspheres in 5D Einstein—Gauss—Bonnet
gravity. For more insight into the role played by vanishing
complexity within the MGD framework, the reader is referred
to the work contained in [90-99]. The MGD approach and
its extension were successfully applied to study the energy
exchange between the seed source and the decoupled fluid
source [101-104].

In this paper, we are interested in implementing gravi-
tational decoupling via the MGD scheme as the generating
mechanism of anisotropic solutions. It should be emphasized
that the decoupling via the MGD approach can be adopted
for controlling many physical properties of static spherical
self-gravitating systems. In this context, we are the first to
successfully analyze the change in

complexity and isotropization of self-gravitating compact
stars through gravitational decoupling in f(.7)-gravity with
a diagonal tetrad.

The paper is organized as follows. In Sect. 2, we present
the field equations for f(.7)-gravity with an extra source.
Then in Sects. 3 and 4, we discuss the method of embed-
ding class one along with the system of field equations via
MGD approach and Herrera’s structure scalars with com-
plexity formula under gravitational decoupling in f(.7)-
gravity, respectively. Section 5 introduces new classes of stel-
lar solutions based on the Karori-Barua ansatz, including
minimally deformed anisotropic solutions with vanishing

complexity factors in Sect. 5.1 and isotropic solutions via
gravitational decoupling in Sect. 5.2. The physical proper-
ties of the solutions are carefully analyzed in Sect.6. We
conclude our work by discussing our findings in Sect. 8.

2 Field equations for f(.7)-gravity with extra source

The starting point is a manifold’s line element given by,
ds® = gijdx'dx’ = n6f0%dx'dx/ 1)
with

i _ ipk k _ kg.i g
dx' = ¢,0%, 0" = e;dx" and ny = diag[l, -1, -1, —1].
Here e;;elj = 6ij or e;;elj = 5}(, the indices k, [ correspond
to the tetrad field Oik , and i, j are connected to the space-
time coordinates, while the metric determinant has the root,
e =.—¢g= det[ef.‘]. When the Riemann tensor vanishes

and torsion is non-zero, then the Weitzenbock anti-symmetric
connections are stated as

Ffj = eiajell-‘ = —e;{Bjef{. 2)
While the torsion and con-torsion tensors is given by,
1 l l i k k
T =Tl =Tl = ef (tpek = 5¢f). 3)
j _ 1y Ji ij
K =3 (7" - 7" - 7). @

The aforementioned two tensors, Egs. (3) and (4), are com-
bined to form a new tensor,

st =3 (5§77 + K = 78] ). )
Now, we can express the torsion scalar as,

i
7 =7l ©)

Similar to the modified gravitational action in f(R) theory,
we can obtain action for modified gravity f(.7) by replacing
R with .7 with inclusion of extra Lagrangian (.%) for new
source, as follows,

1
S = fdx4€[ﬁf(y) + DLrmarter + g@]’ @)

where G = ¢ = 1 is the natural (geometrized) units, f is the
function of trace .7 and Zyqs10r represents the Lagrangian
density. The following set of equations of motion are obtained
by varying Eq. (7) with regard to the tetrad field,

y B - ) " 1
eﬁlS;"Bnﬁﬁyy +e! (eei,Sl”) fa +e;Z£Sil f7 — Ze/lf

— —4mel [T/ (®)
Here, [T/ ]eff

momentum tensor for Lagrangian density .%},,4ss.r While 9; is

= Tl.j + 9} The tensor T; denotes an energy-

@ Springer
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for 4. However, the derivatives of the function f are repre-
sented by the following notations: f5 = a%f;, fag7 = :27@
For an anisotropic fluid distribution, the effective energy-
momentum tensor is defined as,

off . . )
[Ti]]e :(peff+ pteff)ul_u] _ p?ffaij_i_(psff _ pfff)l)iv],
©

where, the four-speed and radial four vectors are denoted
by u; = e 89 and v; = els ]1-, respectively, whilst pT is
the effective energy density and pfff, pfff denote effective
pressures in radial and tangential directions.

Now, the equation of motions in f(.7)-gravity can be
rewritten in the following form using the covariant derivative

formalism,
T (f 1

! b e

Gijf7+8;ViT f77 + 5 <§ - fy) 8ii =1 Tij -
(10)

where, the Einstein tensor is represented by G;; . In this sense,
Eq. (8) can be reformulated in the context of GR and f(R)
field equations as,

- 1 eff 7]
i = Yonf, (T"f + 7 ) (i

where 911[7 l'is a tensor that incorporates corrections from
the torsion scalar given by,

71 _ ~1 ! l
7y = (48iVit7 7 +(Rf7 = SiVif77 + 7 ) 7).

12)

It is obvious that Eq. (10) leads to GR equations for a linear
f(9D),ie., f(T)=T.

Let us now focus on the interior of the spherically sym-
metric static fluids distribution, whose metric is intended to
be defined by the following line element,

ds? = —e"dt* + e*dr? + r?d6* + r*sin® 6 d¢>. (13)

The two unknown metric potentials that rely solely on the
radial coordinate, r, are denoted by the symbols j and
A. Further, we define the energy-momentum tensor for an
anisotropic self-gravitating system in (3+1)-dimensions as,

j1eff .
[Ti]]e :dlag (_peff, p:,ff’ pteff’ ptCﬁ)v (14)
with

j 1eff o .
(11 =0, ifi # ). (15)

The pressure anisotropy is characterized by the formula
AT = peff — pefl and its value is determined by the metric
potentials v and X. For the metric in Eq. (9), the tetrad matrix

is provided by,

(1] = diag[e”, 2, 1. rsin6] (16)

@ Springer

with its determinant given as,
e= det[e?] =" TM/2 2 ging. (17)

In terms of radial coordinate, r, the expression for torsion
scalar along with its derivative is described by,

-y
Ty =2 |:v/ + 1], (18)

r r

—A 1 1 1
9/(r):67|:v’/—r—2—<v’+;> <A’+;)i|. (19)

where, the derivative with regard to the radial coordinates is
denoted by the prime ()'.

Now, by replacing the aforementioned tetrad field (16)
and plugging the torsion scalar along with its derivative in
Eq. (8), the equation of motions for an anisotropic fluid may
be found explicitly in f(.7)-gravity as,

1o
o = fo [ L () - 7] + L (20)
. 1
st = 7| - =+ 70| - g (21)
i 1 , , " y
8npfff:fg[e7)‘((%+5) (v —A)-i—%)-i— ;r)]—g.
(22)

The aforementioned field equations clearly lead to the corre-
sponding field equations in GR for (7)) = 7, as shown by
Egs. (20)—(22). In the case of f(.7)-gravity, an extra non-
diagonal quantity is obtained as follows,

cotf
Wy/fﬂﬁ =0, (23)

which differs from the case of GR. We get the following
scenarios with respect to Eq. (23), (a) 7 = Oand (b) f7 7 =
0, in the second scenario, we derive a linear functional form
of f(7) as follows:

() =aT +y, (24)

where, « and y are integration constants. The above lin-
ear functional has been effectively applied in other f(.7)-
gravity scenarios. Now our aim is to solve the f(.7)-gravity
field equations (20)—(22) under the functional form (24). In
this regard, we intended to apply the famous methodology,
called gravitational decoupling via the minimal geometric
deformation (MGD) approach together with conditions on
the complexity of a self-gravitating system, in order to find
the solution under a different aspect.

3 Method of embedding class one

In 1925, Eisenhart [105] showed that if a symmetric tensor
hy,y satisfies the following Gauss—Codazzi equations
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e Gauss’s equation:

%;waﬂ = —¢€ (huﬁhva - h/wzhvﬁ) s (25)

with € = =1 is taken according to the normal to the

manifold is time-like (—1) or space-like (+1).
e Codazzi’s equation

Vol — Vohye = 0. (26)
Then an embedding Class one manifold can be described
via a (n + 1) dimensional manifold V"*! if (n + 1) dimen-
sional manifold V"t is embedded into a (n+2) dimensional
pseudo-Euclidean manifold E”+2. Here the Riemann curva-
ture tensor is represented by Z v, and the coefficients of
the 2nd order differential form are indicated by A ,,. The
necessary and sufficient condition was initially developed by
Karmarkar [106] in the form of Riemann tensor components
form as,

F1610%rpr = RirirRogop + Kro10 Frpip (27)
where
v )»/U/ 1)/2 r
Rrirr = —e" (7 - 4 + T) s Rrore = _E)\/;
r2sinZ 0

Ropop = —— 53— (" = 1): Zrpp =0,

r
e@(p,@ = —El)/evi)L Sinze; %rggt =0.

This condition is a necessary and sufficient constraint for por-
traying a space-time (13) as being of Class one. At this stage,
by incorporating the Riemann constituents in the condition
(27), we obtain the following formula

21)” Ly Vet
_ V= s
v/ et —1

(28)

with e* % 1. It should be noted that the solution of the
differential equation stated in (28) requires that the spacetime
(13) is of Class one. Actually, the integration of the previous
formula (28) leads to the following relationship between the
metric potentials,

2
e”=|:A—|—B/\/e)”—1dr:| , (29)

where A and B are the integration constants. It should be
noted that the method described herein has been widely
employed in the domain of compact stellar systems depict-
ing realistic stellar objects. The next section is devoted to the
MGD approach and corresponding solution in f (.7)-gravity
in the different scenario:

4 System of field equations via MGD and Herrera’s
structure scalars with complexity formula under
gravitational decoupling in f(.7)-gravity

4.1 System of field equations via MGD

In this section, we will discuss the systems of field equations
in f(7)-gravity under MGD methodology. Let us use the
gravitational decoupling through the transformation over the
metric potentials ¢ and "),

e — () + B f(r), (30)
v(r) — E(r) + Bg(r), 31)

where f(r) and g(r) are known as geometric deformation
functions or decoupling functions corresponding to temporal
and radial spacetime components, respectively. This defor-
mation could be fixed via the constant 8. As usual, the stan-
dard or pure f(.7)-gravity theory can be easily derived when
B = 0. Since we are using here the MGD approach which
allows us to fix A(r) = 0 and f(r) # 0, which implies
that the transformation is applied along the metric function
e~ and the other metric function v(r) is unchanged. This
MGD technique separates the decoupled system (22)—(24)
into two subsystems such as: (i) first system exactly similar
to f(.7) for energy-momentum tensor T;;, (ii) other system
corresponding to the extra source ¢;;. Let us suppose, the
energy-momentum tensor 7;; describes an anisotropic mat-
ter distribution,

Tij = pujuj + pujuj+ pr &j — (pr — pr)vivj,  (32)

where, energy density (p), radial pressure ( p, ), and tangential
pressure (p;) are connected to the seed matter distribution or
seed solution. Let us define the new variable to denote the
theta components,

o’ =poy, pl=-pol, p!=-po3, My=pl—p
(33)

Then, the effective pressures and effective density can be
determined as,

eff eff

Pt =p+pf, p=p, 4+ p?, and p*f = p 4 p’.

(34)
and we define,

et = pfff — pfff =TIl + Iy, where, [Ty = p, — p;.

(35)

Using the transformations (30) and (31) in to the system
(22)—(24), we arrive the following set of equations of motions
as:

@ Springer
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i. Standard equation of motion corresponding to (7 )-
gravity (when 8 = 0):

!/

l—p u 4
87p = ( - —) _r 36
w=e\Ta r 2 (36)
1 _ !/
sepy = (— ) L 37)
r r 2
N A A R A A
8 = < o _) ~
A N S R P A
(38)
and respective conservation equation is,
& dp, 2
— 50+ p) = ——+=(p = pr) =0, (39)
2 dr r

Moreover, the solution of the equations of motion (36)—(38)
can be described by spacetime,

2
— EDdr? + r2(d6? + sin®0 d¢?), (40)
wu(r)

ds* =

ii. After turning on {3, the equations of motion for 6-sector
are:

b _o(L L
8mp’ = —a (5 + ). (41)
/
0_ _o(L 5L
8p) = a(rz += ), (42)
1 1 1 rEf
8 0 _ _ S oplel el ~ 2 J ,
TP O‘(4f‘§’:+2§f+4$ f+2r+2r)
43)
and the linear combination of above Eqgs. (41)—(43) gives,
dp! & 4 o, 20 —p))
—L == S 44
- 5 (07 +py) + ———, (44)

Moreover, the respective mass function for both systems can
be obtained by formula,

I 2 L[y 2
mz =3/ p(0)x*dx and mg = 2 r (x) x“dx,
(45)

where m 7 (r) and mg8(r) represents the mass functions for
the sources T, and O, respectively. Then mass of the effec-
tive system can be written as,

) =mz+mg=mz— L5, (46)

In the f(7)-gravity theory with linear functional form, the
most appropriate exterior spacetime can be given by exterior
Schwarzschild de-Sitter solution,

2 A dr?
dszz—(l—%——ﬂ)dtz—}- r
r 3 (1_M_%r2>

r

—r%(d6? + sin? 0d¢?). (47)
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where, M is a total mass of the object at boundary r = ry
such that M = m(ry)/a and A = a/2y. Moreover, the first
and second fundamental forms leads the following result,

(1_%_2,2>=ev:, (48)
r 3
(1 _24 A r2> . (49)
r 3
p(ry) = 0. (50)

which are the most suitable boundary conditions for the join-
ing of both spacetimes at surface r = ry.

As per Herrera’s definition [65], the gravitationally decou-
pled mass function m(r) can be described in the form of
homogeneous energy density and change caused by density
inhomogeneity as,

T3 e AT [T

4
m@r)=—r’p

3 eff/
3 3 ), x> [p] dx. (51)

Then, in view of relations (34) and (51), we have

4 4 4 [T 4,
m(r)=—r>p— — x” p'dx
3 3 Jo

mg
4 5 o 4w [T 4
—|—3rp 3 Ox

me

[0°] dx. (52)

4.2 Herrera’s structure scalars with complexity formula
under gravitational decoupling

In 2018, Herrera [65] proposed a definition for the complex-
ity factor in a self-gravitating system, which has been derived
from the orthogonal splitting of the Riemann tensor, in terms
of structure scalars. However, Herrera and his collaborators
[100] have determined these structure scalars first time in
2009. During this investigation, they obtained a complete
structure of the equations in the forms of five scalar quan-
tities that describe the growth of self-gravitating anisotropic
dissipative fluids in the context of the spherically symmet-
ric spacetime determined by the orthogonal splitting of the
Riemann tensor in the GR context. It is mentioned that these
five scalar quantities are connected to essential properties of
the fluid distribution such as local pressure anisotropy, energy
density, dissipative flux, active gravitational mass, and energy
density inhomogeneity, which are given as,

X7 =87 pf = x5 + X9, (53)
4 (7 3¢ ey s 0
Xrr=—5 | [0 dx = Xy + X0 p, (54)

Yr = 4m (o™ +3pS" —21) = v3 + Y2, (55)

4 r
T s / [ dx = Yip + Yip,  (56)
0
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with,

s 0 0 s dr [T 5

X7 =8np, Xy =8np", Xrp=— x” p'dx, 57
re 0

47 [T )
X?F:T»%/O X [p"dx, Yi=4m(p+3p, —2105), (58)

Y] = 4n[p” +3p! — 20, (59)
s 4n " 3 7
YTF=87TI'IS—F—3 x” p'dx, (60)
0
4 r
Y9, =8nlly — —7; / 3 [p?7dx. (61)
r 0

The above symbols Y7 r, X7, Y7 and X7 denote the com-
plexity factor, density inhomogeneity, strong energy condi-
tion, and homogeneous energy density distribution of spher-
ically symmetric matter distributions, respectively. Further-
more, all desired solutions of field equations of static spher-
ically symmetric matter distribution can be written in terms
of the above structure scalars.

5 Gravitationally decoupled solution in f(.7)-gravity

5.1 Minimally deformed anisotropic solution with
vanishing complexity factor

In this section, we will solve standard equation of motions
(20)—(24) in f(Z)-gravity using the well-known Krori—
Barua [108] spacetime geometry

wr)=e A and £=Br2+C, (62)

where, A and B are constant with dimension [ ength_2
while C is a dimensional less constant. This spacetime
geometry has been successfully used in modeling the self-
gravitating stellar models in GR and modified gravity [109—
112]. Recently Maurya et al. [80,81] also applied the Krori—
Barua ansatz to obtain gravitationally decoupled solutions
using vanishing complexity factor condition in the context
of a pure GR scenario. Utilizing of the Eq. (62) in to system
of equations of motion (36)—(38), we find p,(r), p;(r), and

o(r),

we A 2Ar2 4 e — 1)

= _r

87t,o(r) = r2 5 , (63)
—Ar? 2
2B 1)—1

8rpy(r) = ¢ [e ( ; + ) ] + Z’ (64)

r 2

8npi(r) = —a e—Ar2 [ABr2 +A—-B (Br2 + 2)] + %

(65)

Now we focus on the second system associated with the 6-
sector depending on the deformation function f(r). There
are many ways to discover the solution of the second system,
but here we are interested to use the vanishing of complexity

factor condition (Y7 = 0) for the effective system 7}‘;& by
taking of non-vanishing complexity factor (Y7, # 0) for the
system T;; to determine the solution of the system. In this
situation, we must have,

4 r e
% /0 x3[€eﬁ],dx=Y;F+Y$F=O?

Yrr = 8 I1eff —

(66)

with 8 = 1'. Here, Y. 7 and Y?  denote the complexity fac-
tors associated with the seed system and 6 system, respec-
tively. Now using of the Egs. (33)—(39) with Eq. (66), we find
a ordinary differential equation (ODE) in f (r) of the form,

rf e +2) + 21+ f [a (28" + &7 17 — 26 — 4)
—4]+4r’ Yy =0, (67)
As we noticed from Eq. (60), the complexity factor Y7

totally depends on seed pressures (p, and p;) and seed energy
density (p). We determine the expression for Y3 . as,

Yip=a(A=B)Brie ", (68)

Now plugging of Y3 . along with metric function £(r) and
w(r) in Eq. (67), we find the expression for f(r) as,

(A— B)e%_2<

for) = rze_B’Z[F(Brz +2)+ (A—B)(Br* +2)

XY (r) + Be ENE2 )] (69)

(B—A)(Br?+2)

where, ¥ (r) = ExplIntegral Ei |: 5 ] Then the

expressions for -components can be given as,

—Br?
8rp? = _‘”B " {—Ze’Arz’z[ezB<Bz <Fr4eAr2 _rZeBrz)

+AeP” (B2 —1) —2F e + BeB’2> LY (r)(A — B)?

(B —2) eA(%+"2)] (A= B 2(y0)A - B)

(B-A)(Br2+2)

x(Br2+2)+B€f>+BF (Br2+2)] (70)

8up! = ae P (2Br% + 1) [é{(A - B)e%"—Z(w(r) (A—B)

(B-A)(Br2+2)

x(Br2+2)+Be B >}+F(Br2+2)], (71)

0 ae BT e s 2n(p2 (54
8mp, = — 2 E[Ze (2Br +2) {e B(B (Fr
xeAr’ — rzeBrz) + AeBr (Br2 —1)-2F AT BeBrz)

+¥(r)(A — B)* (B*r* —2) A7) }] —4r% (Br? +2)

I We mention here that Yﬁ  vanishes at B = 0 since p? and Ty are
multiple of .
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Fig. 1 Top panels: The trend of energy density (o x 10*) and radial
pressure (p°T x 10%) against the radial parameter r for different values
of B. Bottom panels: The trend of tangential pressure ( pfff x 10%) and
anisotropy (A" x 10%) against radial parameter r are shown in above

x((A — B)eF 2 {w(r)(A ~B) (B> +2)

(B—A)(BBr2+2) })

+Be + BF (Br* +2) ] (72)

Using the boundary conditions (48)—(50), we find the con-
stant F', ./, and C for solution (5.1) as

R 2y a- a2t ()
F== [_ B

eBRZ(Fl (R) — 2aerR’ + ,BRzeARZ)]

- afR? (BR*>+2) (2BR*>+ 1) 73

R
A= S[1- e — B F(R)], (74)
C =In[e*® + B f(R)] — BR™. (75)

where, Fi (R) = 2a (1+2BR?) (1— ABR*+ BBR?), while
f(R) can be obtained from Eq. (69) by replacing r = R.

Moreover, the expression for the complexity factor (Y7 F)
and density inhomogeneity (X7 ) for the effective system
can be given as,

Yri = [aB( = pyr2a— B "], (76)

@ Springer

figures. We use the following numerical values, A = 0.0078 km~2 and
B = 0.0093 km™2, « = 1.2 km~2, and 8 = 1074, to plot above
figures for solution 5.1

ae—Br’—2
eArer
XY (r) — 62(63’2( —A (B,3r4 + r2> + BBt

—1] = Bppriet” (Br2 n 1) + e’2<A+B>)]. 77)

Xrr = (644 — B2 (B2 +1) *(57)

We can note from Eq. (76) that complexity factor Y7 van-
ishesat g = 1.

5.2 TIsotropic solution for Krori—Barua model via
gravitational decoupling

In this section, we will use Casadio etal. [113] novel approach
for obtaining the gravitationally decoupled isotropic solu-
tion for the effective energy-momentum tensor TI-".ff cor-
responding to the anisotropic system (20)—(24). Since the
effective system is a combination of two sub-systems for
energy-momentum tensor 7;; and 6;;. In this regard, Casa-
dio et al. [113] proposed that it is possible to transform an
anisotropic system (36)—(39) given by 7;; with Iy # 0 into
an isotropic system (7)—(11) provided by Tflff with [T = 0
through the source 6;;. It is obvious that this transforma-
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inhomogeneity X7 x 10* against r for different 8 for solution 5.1 with same numerical values as used in Fig. 1

350 j'_ T T T T T 3
[T~ 5=0.0
300F7 7= 3 p=0.5 1
b o > i_\
[ . \\\\\\ -——— =1.0
— 250t ERNNRIN b
T 1R — - p=LS
i SR ]
= 200} N 520
) r Ny - - - =25
100F ]
0 2 4 6 8 10
r

‘_l~~§ ~_ ﬁ=00
N p=05
2501777~ T LY
....... SRR SRR SK
‘v; RN — - p=ls
NN
2 200+ ‘Q\\\\ ..... =20
< "\\- - - =25
150} Tae 1
100 1 1 1 1 1 1
0 2 4 6 8 10
T

Fig. 3 The left panel and right panel show the trend of scalars Y7 x 10* and X7 x 10* versus r for solution 5.1 that describe the strong energy
condition and homogeneous energy density distribution. We use the same data set of values as used in Fig. 1
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Fig. 4 The variation of Mass (M/Mg) versus complexity factor Y7
for solution 5.1

tion can be controlled by fixing of the decoupling parameter
B = 0and B = 1 that describe anisotropic system (36)—(39)
and isotropic system (20)—(24), respectively. In this case, the
isotropization is done by fixing 8 = 1, for which IT¢ff = 0
leads,

My=-T, = M,=—"—p). (78)

Now we get a non-linear ODE by using of Eqgs. (33)-(43)
into Eq. (41) as

a fB(—26"r? —&%r2 +28'r +4) + u (26”1 + &2
—2&r — 4) — FEBrE=2f Br+ W Err +2u'r +4] =0,
(79)

We note that the Eq. (79) depends on &(r), u(r), and f(r).
Using the Krori—Barua solution: £ = Br’+Candp = e—Ar
from Eq. (62) into Eq. (79), we find the deformation function
f(r) of the form,

Fo)=e " + BrRe BT W) 4+ Frie B — 1, (80)

where, W(r) = Explntegral Ei (Br2 + 1) and F is a con-
stant of integration. Then the effective energy density and
effective pressures are,

oA 2B%r?
r2 Brz+1

8ptl(r) = aﬂ(er*A’Z - 4+ 2BFr2e B

—3Fe B 4 BU(re B (2877 - 3) + i2>
;
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Fig. 5 Top panels: The trend of energy density (o x 10%) and radial
pressure (p°T x 10%) against the radial parameter r for different values
of B. Bottom panels: The trend of tangential pressure ( pf“ x 10%) and

anisotropy (A" x 10%) against radial parameter r are shown in above

ae A (2Ar2 + oA 1) B

: 2 2 (81)
2 — 2 *(rZ(A—B))
$pt) = 27| - 20(8 1>(23rr +1)e
2
—2aFpB (23r2 + 1) - ZaBﬁ\I/(r)e(2Br + 1)
Br? 2 _ )
)| (82)

1 -2
S”Pteff(r) = Ee—ArQ—BrZ—l |:e( —4aB(— ﬂer2(A+B) + FBrre?
+(B - 1)63’2) 20 A(B — 1) (Br2+1) 4 B A+
*zaFﬁeArz —2aB*(B — 1)r2€Br2) - 2aB,3eA’2

x (282 + 1) W (). (83)

and corresponding complexity factor (Y7 ) and density inho-
mogeneity (X7 r) are given,

Yre = 5 [(e77 (B (~ar? (B2 +2) + B ~2)

+Br*(A — B)) — B2 pW(r)rte B
B (B*r* +2Br* +2)
(1+ Br?)

—B Fﬁr4e_B’2>], (84)
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figures. We use the following numerical values, A = 0.0078 km~2 and
B = 0.0093 km2, o« = 1.2km 2, and 8 = 107, to plot above
figures for isotropic solution 5.2

Xrp = %[(ﬂ +1e 7 (Ar2 1) + B2BW (ryrte B!

B 1]’

2
+BFBrie B —Bpr? — —  _
Brre Br B2 1

(85)

Using the boundary conditions (48)—(50), we find the con-
stant F, ./, and C for solution (5.2) as

Fo B-=1 BExplIntegral Ei (BR2 + 1)
T BR2eR4-B) e
BR? 2 _ 2
¢ (2« (2BBR*+ B — 1)+ BR )’ 36)
2apR? (2BR? + 1)
R
M= S[1 =~ BB, (87)
C =In[e*® + B f(R)] — BR? (88)

where, f(R) can be obtained by using Eq. (80).

6 Physical analysis

We will now carefully analyze the physical appropriateness
of the new classes of stellar solutions based on the Krori—
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Fig. 6 Left panel and Right panel show the behavior of complexity factor (Y7 r x 10*) and density inhomogeneity X7 x 10* versus r, respectively
for different B for isotropic solution 5.2. We set same numerical values as used in Fig.5

Barua model, including minimally deformed anisotropic
solutions with vanishing complexity factors and isotropic
solutions via gravitational decoupling which have been
explored in the preceding Sects. 5.1 and 5.2 respectively. To
test if they’re physically realizable, we’ll look at the trends
in the graphical plots:

6.1 Solution 5.1

The minimally deformed anisotropic solution with vanish-
ing complexity factor for the structural properties, namely
the matter variables, p°ff, pfff, pfff, A and the four scalars
Xrr, Yrr, X7, YT, as well as the mass-complexity fac-
tor relationship M — Yrp of the self-gravitating compact
stars through gravitational decoupling in f(.7)-gravity with
a diagonal tetrad is presented in Figs. 1,2, 3 and 4 by taking
into account all the permitted values of the decoupling con-
stant B, which lies in the range 0.0 < g < 2.5. Within the
star, the energy density (Top, left panel), radial (Top, right
panel)/tangential (Bottom, left panel) pressure components
are positive, having higher values at the core and thereafter
dropping monotonically to reach the lowest value at the sur-
face, as shown in Fig. 1. It’s worth noting that when r ~ 7.5
and r ~ 8, the density and tangential pressure switch their
tendencies, respectively, for all allowable values of the decou-
pling constant 8. Meanwhile, at some finite radius, r = R,
the radial pressure vanishes, defining the astronomical struc-
ture’s bounds for the whole band of S across each inner
point of the astronomical structure. When g goes from 0.0
to 2.5, the anisotropy (bottom, right panel) is non-negative
with a decreasing magnitude on the astronomical structure,
causing a rise in stress at each inner point of the astronomi-
cal configuration, including the vanishing complexity factor.
A non-negative anisotropy, A > 0, indicates that the force
caused by the presence of pressure anisotropy is repulsive,
assisting in the stabilization of the stellar structure in oppo-

sition to the gravitational attraction generated internally. In
this regard, the anisotropy factor increases with increasing
radius, which successfully stabilizes the stellar surface layers
over the core’s central region. The implications from gravita-
tional decoupling via the vanishing of the complexity factor
also appear to reduce the anisotropy factor.

Next, by varying the decoupling constant 8 from 0.0 to
2.5, the profile of the four scalars, namely, the complexity
factor, density inhomogeneity, homogeneous energy density
distribution, and strong energy condition for the minimally
deformed anisotropic solution, is investigated and shown in
Figs.2 and 3. There are some extremely interesting obser-
vations to be made here about these scalars. It is clear that
the complexity factor Y7 F is negative in pure f (.7 )-gravity,
however when gravitational decoupling is included and the
decoupling constant g is varied from 1 to 2.5, the complex-
ity becomes positive. Meanwhile, the complexity vanishes at
B = 1and its tendencies increase with its magnitude towards
the boundary. However, as expected, Fig. 2 (top, right panel)
shows the behavior of density inhomogeneity as a function of
the radial coordinate, . By growing the decoupling constant
B from 0.0 to 2.5, we notice that the scalar X7 is nega-
tive and a monotonically decreasing function with a slight
increasing magnitude. In contrast, to Fig. 3, we present dia-
grams relating to the strong energy condition and homoge-
neous energy density distribution with respect to the radial
coordinate r. As can be seen, both quantities viz., Y7 and
X7 are regular at the center of the stellar structure and drops
off monotonically towards the stellar surface. Moreover, we
observe that when the decoupling constant B increases from
0.0 to 2.5, the strong energy condition and homogeneous
energy density distribution switch their trends at some finite
radius, r = ry i.e., when r ~~ 8.5 and r = 8, respectively.

Next, we study the effect of the decoupling constant 8
in Fig.4, where the M — Y7 relationship is reported for
different values of the constant 8. We can see how both the

@ Springer



348 Page 12 of 17

Eur. Phys. J. C (2023) 83:348

400:.—'~~\\ < S B=0.0 350»— T~ e p=0.0 ]
— - p=02 T p=02
’_‘300: """" \_\‘?\ ;,\.\\\ ---- p=04 300F— — \\ AN ---- =04
T i RN — = B=06] T feeel — s
\& RRREERRIOS RO B L sk SN B=0.6 1
= 2000 RS SO pos | & oA, e p=0.8
>l: i .‘ \\\\\\\ . ﬁzl() g 200F \E:\'\‘x - = Be10]
Xy \ B
100 S 150p Tsee ]
i RS SRTE
1 1 1 n n 1 n 1 1 A\‘A IOOVA 1 1 1 1 A\‘\\A
0 2 4 6 8 10 0 2 4 6 8 10
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Fig. 8 The variation of Mass (M /M) versus complexity factor Y7
for solution 5.2

mass and the complexity factor change as the value of g
increases. So this result strongly implies that the 8 constant
is extremely important in determining the maximum mass of
a self-gravitating compact star via gravitational decoupling
in f(.7)-gravity with a diagonal tetrad. It should be noted
here that the mass grows monotonically with the growth of
small values of the complexity factor, with linear trends for all
permitted values of 8. We also note that the maximum mass
of a self-gravitating compact star via gravitational decoupling
in f(7)-gravity with a diagonal tetrad can be reduced than
that in pure f(.7)-gravity under a small effect of complexity
factor.

6.2 Solution 5.2

The isotropic solution via gravitational decoupling for the
structural characteristics of the self-gravitating compact stel-
lar configurations in f (.77)-gravity with a diagonal tetrad can
be seenin Figs. 5, 6, 7 and 8, illustrating matter content with 4
scalars and the mass-complexity factor relationship namely,
o, pett pett A X7 g, Yrp, X7, Yr and M — Yrp,

@ Springer

depending on the radial coordinate r, for different values
of the decoupling constant 8, where € [0.0, 1.0]. Figure 5
interprets that the energy density (Top, left panel), as well as
the radial (Top, right panel)/tangential (Bottom, left panel)
pressure components, are positive and maximum at the cen-
ter and become minimum at the larger values of the radial
coordinate r within the star, while their trends switch around
r >~ 7.5 for the energy density, r >~ 5.5 for the radial pres-
sure and » ~ 5.5 for the tangential pressure by considering
all allowable values of the decoupling constant 8. Whereas
the anisotropy increases with increasing radius throughout
the region for all allowed values of 8 i.e., 8 € [0, 1[, and
enhances as B decreases, confirming that the extra source
generates stronger anisotropy in the system, but when the
decoupling constant 8 equals one i.e., 8 = 1, the anisotropy
vanishes throughout the stellar region, as shown in Fig.5
(bottom, right panel). In this regard, we have started with the
anisotropic solution for the seed system and we use gravi-
tational decoupling to find the isotropic solution in f(.7)-
gravity. We also revealed an interesting physical character-
istic, which is that the gravitational decoupling approach is
not only useful for extending the solution from the isotropic
domain to the anisotropic domain or anisotropic domain to
the anisotropic domain, but it is also useful for finding the
isotropic solution from anisotropic domain. In Figs.6 and 7
the profile of the four scalars, viz., Yrr, X7F, Y7 and X7
for the isotropic solution via gravitational decoupling are
represented, by choosing different values of the decoupling
constant B from 0.0 to 1. We can see that these scalars behave
similarly to the previous solution 5.1, with a slight change
around their magnitude and the location of the switch trends
at some finite radius, r = ry relating to the homogeneous
energy density distribution and strong energy condition.
Our next step will be to describe our findings coming from
M — Y F relationship, which is represented in Fig. 8, for var-
ious values of the decoupling parameter 8. We notice that the
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mass grows monotonically with the growth of small values
of the complexity factor and has a linear trend for different
values of the parameter 8. We can also see how both the mass
and the complexity factor change as 8 goes from 0O to 1. It
is worth noting here that, with a small effect of complexity
factor, the maximum mass of a self-gravitating compact star
via gravitational decoupling in f (.7)-gravity with a diagonal
tetrad can be reduced than that in pure f(7)-gravity.

7 Predicted radii for different compact objects via
M —R curves

In this part, we concentrate on figuring out the radii of seven
stellar object candidates via M —R curves, whose masses
range from 1.04 £ 0.09 Mg to 2.50 — 2.67 M. There-
fore, in light of the seven stellar object candidates that were
chosen for this work, Figs.9 and 10 show the profile of the

maximum mass M /M¢ versus radius R for both solutions
5.1 and 5.2, having p; ~ 6 x 10'*gm/cm3-(left panel) and
ps =~ 8 x 104 gm /cm3-(right panel) for different values of
the parameter §. In this context, the availability of low and
high-mass stellar objects is predicted by both solutions 5.1
and 5.2 for the two cases taken into consideration, as illus-
trated in Figs.9 and 10 along with Tables 1, 2, 3, and 4.
The occurrence of a higher-mass stellar object with a smaller
radius i.e, more compact is predicted by our solutions 5.1
and 5.2 when B increases from 0.10 to 0.30. On the other
hand, we observe from Tables 1, 2, 3 and 4 for solutions 5.1
and 5.2 that when density increases then radii decrease and
obtained more compact objects.

Furthermore, our model successfully predicted the masses
and radii of all neutron stars, as well as the massive stellar
object with a mass in the range of 2.5 to 2.67 My which
is a secondary component of the GW190814 event in both
solutions with the four cases for all selected values of .
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Table 1 Numerical values of the predicted radii of different stars for Solution 5.1 with surface density p; ~ 6 x 10'%gm/cm3, A = 0.0078, B =
0.0093, 0 = 1.2

Stellar objects 1&”@ Predicted radii (km)

belowruleskip B =0.10 B =0.15 B =0.20 B =025 B =0.30
LMC X-4 [114] 1.04£0.009 10367032 10.14%932 10.03%972 9.96703 9.911034
GW170817-2 [115] 1.27 +0.09 10927529 10.6975-29 10.5870-39 10.527928 10.477531
PSRJ 0037-4715 [116] 1.44 +0.07 11.28791° 11.057513 10.947013 10.871013 10.827912

X 1822-371 [117] 1.69 +0.13 11.7240%9 11.49%0) 11.37403) 11.294039 11.25%07
PSR 1614-2230 [118]  1.97 +0.04 12.127004 11.887003 11.76700 11.6970:03 11.6470:03
PSR J 0952-0607 [119]  2.35+0.17 12.4970-19 12267512 12157512 12.087012 12.047012
GW190814 [120] 2.50-2.67 12.58—12.65  12.36—12.44  1226-12.34  12.19-1228  12.15-12.24

Table 2 Numerical values of the predicted radii of different stars for Solution 5.1 with surface density py >~ 8 x 104 gm /cm3, A =0.0078, B =
0.0093,a = 1.2

Stellar objects Aj/}’[@ Predicted radii (km)

belowruleskip B =0.10 B =0.15 B =020 B =025 B =0.30
LMC X-4 [114] 1.04 % 0.0.09 9.32%020 9.147929 9.047939 8.981020 8.9410-29
GW170817-2 [115] 1.27 £0.09 9.82%01¢ 9.61%017 9.52018 9.461013 9.41%019
PSRJ 0037-4715 [116] 1.44 £ 0.07 10.11751 9.9170-13 9.8170 11 9757011 9.7170:13
X 1822-371 [117] 1.69 +0.13 10.47791% 10277513 10167515 10.107915 10077513
PSR J 1614-2230 [118] 1.97 +0.04 10767903 10.5670:03 10.4675:9% 10.417903 10.377903
PSR J 0952-0607 [119] 2.35+0.17 10.96799! 10.7975:92 10.70790¢ 10.65799¢ 10.6279:95
GW190814 [120] 2.50-2.67 10.97-10.90 10.81-10.78 10.74—10.72 10.69—10.67 10.67

Table 3 Numerical values of the predicted radii of different stars for Solution 5.2 with surface density p; ~ 6 x 10 gm/cm>, A = 0.0078, B =
0.0093, ¢ = 1.2

Stellar objects A’y@ Predicted radii (km)

belowruleskip B =0.10 B =0.15 B =0.20 B =025 B = 0.30
LMC X-4 [114] 1.04+0.0.09 1118702 9.911103) 9.421028 9.19792¢ 9.067935
GW170817-2 [115] 1.27 £ 0.09 11724947 10.61702¢ 10.097022 9.831023 9.6970:2
PSRJ 0037-4715 [116] 1.44 +0.07 12.00759% 11.057517 10.5475-18 10.267518 10.107518
X 1822-371 [117] 1.69 +0.13 12.267597 11.607922 1117928 10.827927 10.65792
PSR J 1614-2230 [118] 1.97 +0.04 12,3700 12.0375:93 11.647007 11.377597 11187508
PSR J 0952-0607 [119]  2.35+0.17 12.3150 60 1229591 12.12759% 11.937533 11767538
GW190814 [120] 2.50-2.67 12.23-12.09  1229-1222  12.20—-12.21 12.06-12.13  11.93-12.03

Also, our generated M — R curves match empirical findings 8 Conclusions
for all known compact stars, including LMC X-4 [114],

GW170817-2 [115], PSRJ 0037-4715 [116], X 1822-371 In this paper, we are the first to investigate how gravita-

[117], PSR J 1614-2230 [118], PSR J 0952-0607 [119] and
GW190814 [120].

Based on the above analysis, we, therefore, come to the
conclusion that the gravitational decoupling constant 8 and
surface density is playing an important role in the description
of higher mass and more compact objects.

@ Springer

tional decoupling in f(.7)-gravity changes the complex-
ity and isotropization of self-gravitating compact stars using
a diagonal tetrad. We start by implementing gravitational
decoupling via MGD strategy as the generating mechanism
of anisotropic solutions, which was inspired by recent appli-
cations of gravitational decoupling via MGD scheme as
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Table 4 Numerical values of the predicted radii of different stars for Solution 5.2 with surface density p; ~ 8 x 10'%gm/cm3, A = 0.0078, B =

0.0093, 0 = 1.2

Stellar objects Mﬂe Predicted radii (km)

belowruleskip B =0.10 p=0.15 B =0.20 p =025 B = 0.30
LMC X-4 [114] 1.04 + 0.09 10.037928 9.02%92 8.5710:2¢ 836028 8.2410:32
GW170817-2 [115] 1.27 £0.09 10.437919 9.631929 9.18%93} 8.94102) 8.80103)
PSRJ 0037-4715 [116] 1.44 +0.07 10.6079% 10.007913 9.577011 9.331014 9.177013

X 1822-371 [117] 1.69 +£0.13 10.7270:92 10.401013 10.0670:29 9.8210-22 9.66702
PSR J 1614-2230 [118] 1.97 +0.04 10.69.0.01 10.63100, 10.441002 10.251002 10.1070:9
PSR J 0952-0607 [119] 2.35+0.17 10437072 10.5630 68 10.57706% 10.511908 10.437500
GW190814 [120] 2.50-2.67 10.26-9.99 10.42-10.17 10.47-10.26 10.46—10.30 10.42—10.30

a ground-breaking instrument. It should be noted that the
decoupling via the MGD approach can be utilized to control
many physical attributes of static spherical self-gravitating
systems. Further, we consider the Krori—-Barua model, which
includes minimally deformed anisotropic solutions with van-
ishing complexity factor and isotropic solutions via gravi-
tational decoupling to explore the physical appropriateness
of the new classes of stellar solutions describing meaning-
ful static and spherically symmetric self-gravitating compact
stars. We presented two new stellar solutions by exploiting
the minimally deformed anisotropic solution with vanishing
complexity factor and the isotropic solution via gravitational
decoupling. These solutions were tested for their regular-
ity, causality and instability by studying the associated ther-
modynamical observables, peff, pfff, pfff, A and the four
scalars X7, YTF, X1, YT, as well as the mass-complexity
factor relationship M — Y7 F of the self-gravitating compact
stars in the context of f(.7)-gravity with a diagonal tetrad
by varying the decoupling constant 8 between 0 and 2.5. We
observe that the thermodynamic observables fall monotoni-
cally to their lowest values at the stellar surface, from higher
values at the center, while the radial pressure vanishes at the
boundary. It’s worth noting that these quantities behave sim-
ilarly within the star for both solutions, with a slight change
around their magnitude and the location of the switch trends
at some finite radius, r = r,, depending on different val-
ues of the decoupling constant S for each case. This clearly
shows that the star’s center is very compact and that our
current stellar model is viable for the area surrounding the
star’s center. Nevertheless, the anisotropy parameter always
remains positive at any interior point of the stellar configura-
tion. On the one hand, we have demonstrated that for the min-
imally deformed anisotropic solution, the magnitude of the
anisotropy parameter is sensitive to the decoupling constant
and its connection to the vanishing of the complexity factor.
In addition, the anisotropy parameter increases with increas-
ing radius, successfully stabilizing the surface layers over the
core’s central areas for all allowed values of 8 € [0, 2.5[. On

the other hand, we have shown that for the isotropic solution
via gravitational decoupling, the anisotropy increases with
increasing radius throughout the region for 8 € [0, 1[, and
improves as 8 decreases, proving that the extra source gen-
erates stronger anisotropy in the system, but when 8 = 1,
the anisotropy vanishes throughout the stellar region. Our
investigation also revealed that the gravitational decoupling
approach is useful not only for extending the solution from
the isotropic to the anisotropic domain or vice versa but also
for generating new isotropic solutions from anisotropic solu-
tions.

Furthermore, we have made a few notable observations
about the four scalars derived from both solutions. We clearly
observed that these scalars exhibit the same behavior with a
slight variation in their magnitude, the range of the decou-
pling constant 8, and the placement of the switch trends at
some finite radius, » = r, corresponding to the homoge-
neous energy density distribution and strong energy condi-
tion. Itis worth noting that the complexity factor is negative in
pure f(.7)-gravity, but becomes positive when gravitational
decoupling is considered.

We then analysed the effect of the decoupling constant
B on the M — Y7 diagram. As the value of § increased,
we observed how both the mass and the complexity factor
changed. Consequently, this result strongly suggests that the
B parameter is crucial in determining the maximum mass of a
self-gravitating compact star via gravitational decoupling in
f(9)-gravity with a diagonal tetrad. It should be noted that
the mass increased monotonically with small increments of
the complexity factor, displaying linear trends for different
values of . We also note that with a small effect of complex-
ity factor, the maximum mass of a self-gravitating compact
star via gravitational decoupling in f(.77) gravity with a diag-
onal tetrad can be lower than its counterpart in pure f(.7)
gravity.

A perfect agreement was revealed for a few compact
stars, including LMC X-4, GW170817-2, PSRJ 0037-4715,
X 1822-371, PSR J 1614-2230, PSR J 0952-0607 and

@ Springer
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GW190614 after we generated the M —R curves using our
solutions. Hence, by varying the gravitational decoupling
constant 3 as a free parameter, we were able to estimate the
corresponding masses and their related radii from the M —R
curves. In addition, we also shown the impact of the surface
density on the mass-radius relation. In this regard, one may
confirm that our solutions predicted the radii in good accor-
dance with the empirical evidence by looking at the M —R
curves.

Finally, it should be noted that by implementing gravita-
tional decoupling via the MGD approach as the generating
mechanism of anisotropic solutions, many physical proper-
ties of static spherical self-gravitating systems can be con-
trolled. Through gravitational decoupling in f(.7)-gravity
with a diagonal tetrad, we successfully analyzed the change
in complexity and isotropization of self-gravitating compact
stars.
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