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Abstract In this paper, the modified field equations in the
context of Extended symmetric teleparallel gravity theory are
considered for isotropic and charged compact stellar config-
uration. In order to obtain an exact solution to the modified
field equations, we find an isotropy condition of the charge
matter distribution in extended symmetric teleparallel grav-
ity. After that, a regular and well-behaved electric field and a
metric potential ansatz are used to solve this isotropy condi-
tion. Based on this specific choice, the obtained exact solu-
tion hence represents the characteristics and features of the
stellar system such as charge, density, and pressure which
are shown to be physically valid. The adiabatic stability con-
dition as well as the influence of non-minimal coupling of
non-metricity scalar and trace of energy–momentum tensor
on stellar configuration have been performed. The present
gravitational model investigates some known observed com-
pact stars, viz. PSR J074 +6620, PSR J2215+5135, PSR
J1748-2446ao, and GW190814 successfully by exploring
mass-radius relationship enabling the model parameters. The
present model describing the physical star with isotropic
fluid and density of the order of 1014 g/cm3 is unable to
account for the radii of the star falling in the mass gap region
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with respect to the parameters representing non-metricity
and electric field. An increase in a model parameter repre-
senting the matter part in the non-minimal coupling justifies
the existence of the compact stars in mass gap regions like
GW190814 with predicted radii in the range [10.87, 12.49]
km in the present isotropic charged stellar model in extended
symmetric teleparallel gravity.
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1 Introduction

Recent observational evidence regarding the accelerated
expansion of the Universe enriches our understanding of the
formation of the enigmatic Universe. In particular, different
astrophysical events associated with the origin and evolu-
tion of large-scale structures have drawn significant atten-
tion among scientists in the field of astrophysics and astron-
omy. Subsequently, the study of various astrophysical objects
become a fascinating area of research. In this regard, after
the exhaustion of thermonuclear fuel gravitational collapse
of self-gravitating bodies depending on the initial mass of
the main sequence star produces different types of compact
objects (COs) such as white dwarfs, neutron stars, and black
holes. The stability of these COs is attained when degen-
eracy pressure due to neutrons or electrons balances the
inward gravitational pull and resists further gravitational col-
lapse. The properties of the compact structure of COs can be
explored by obtaining an exact and analytic solution of non-
linear differential equations in the context of a gravitational
theory. Schwarzschild [1] obtained the vacuum solution of
the non-linear field equations for COs in the background of
general relativity (GR).

GR is seen to be competent with the experimental tests that
are based on the probes of weak-field gravity at intermediate
energy scales so far along with the exception of astronomical
observations of binary pulsar. Nevertheless, some rising theo-
retical and experimental issues suggest certain modifications
of GR at small and large energy scales. From a theoretical
perspective, power-counting arguments imply that GR being
a purely classical theory can not be renormalizable by meth-
ods in the standard quantum field theory. With inclusion of
quadratic curvature terms representing high-energy correc-
tions to the Einstein–Hilbert action [2], GR can be renormal-
izable under strong-field modifications. Besides the singular-
ity problem in GR as indicated by Hawking and Penrose [3]
can be resolved by high-curvature corrections. String theory
and loop quantum gravity are such theories that specify the
nature of required modifications of GR at high energies.

From an observational perspective, detections and mea-
surements in cosmology are generally comprehended to sup-
port the possible existence of dark matter (DM) and dark
energy as a form of a nonzero cosmological constant. As
a consequence, some serious theoretical issues such as the
cosmological constant problem and the coincidence prob-
lem concern researchers. Further, a dynamical solution in
connection to the cosmological constant problem can not
be obtained in the context of GR [4] which indicates low
energy corrections to GR are needed. This has been a critical
issue for the scientists to include corrections in GR at low
as well as high energies in such a way that the modifications
are in alignment with GR at intermediate-energy scales. The
modification of GR can be designed in such ways that it is

in concurrence with the recent observations. Experimental
explorations beyond GR theory become a thriving field of
research.

Lovelock’s theorem [5] simply implies that GR can be
considered as the unique gravitational theory subject to def-
inite assumptions. By circumventing any of the assumptions
in Lovelock’s theorem one may find different ways to find
different modified theories of gravity. Including additional
degrees of freedom as a form of extra fields coupled to grav-
ity is the simplest way to evade Lovelock’s theorem and
give rise to various possibilities for the modifications of GR.
For instance, the theory of scalar–tensor gravity [6] incorpo-
rates additional scalar degrees of freedom via non-minimal
coupling to gravity. Horndeski gravity [7] having a second-
order field equation appears to be the most general form of
scalar-tensor gravity. In order to explain the cosmic expla-
nation infrared corrections to GR have been proposed as a
form of f (R) gravity theory [8] where R is scalar curvature.
The Lagrangian in the Einstein–Hilbert action is modified or
extended by incorporating a function of the curvature scalar.
It has been a difficult task to develop f (R) theories [9–11] in
such a manner that it could generate different nature at cos-
mological and remain viable observationally at small scales.
Subsequently, higher-curvature corrections rather than f (R)

models have been proposed to be included in actions. The
construction of such complicated action can be developed
by incorporating the Gauss–Bonnet combination G [12,13]
or arbitrary functions f (G) [14,15] in curvature gravity.

The teleparallel equivalent of general relativity (TEGR)
is another form of gravitational modification. The formu-
lation of gravity on the basis of torsion (T), namely f (T)

gravity [16–18] is one such modification. The Lagrangian
in f (T) gravity includes a function of the torsion moti-
vated by the curvature-based gravity like f (R) gravity. In
the TEGR approach, the curvature scalar being expressed to
a general connection is articulated as Levi–Civita connection
with added torsion tensor terms. After applying the telepar-
allelism condition Rabcd = 0 we get the curvature scalar as
the sum of a torsion scalar and a total derivative. So, gravity
is related to torsion by the condition of teleparallelism where
the gravitational interaction does not arise from the geomet-
ric description but as a form of force. One of the key benefits
of adopting f (T) gravity theory is that the field equations are
of second order in comparison with the f (R) gravity where
the field equations are of fourth order.

With the same approach of teleparallelism one can acquire
the teleparallel equivalent of theG asTG and combine it with
T to develop possible extensions such as the f (T,TG) modi-
fied gravity [19]. Another possible extension of f (T) gravity
can be obtained as f (T, T ) gravity [20] by a general coupling
between T being geometric part of the action and the trace of
the matter energy–momentum tensor T being non-geometric
part of the action. With similar technique, when the matter
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Lagrangian Lm is combined with functions of the R we get
extended the theory as f (R,Lm) gravity [21–23]. Further,
T can be coupled with R to build in f (R, T ) gravity theory
[24–26]. Recently, another modified theory f (R,T) [27–29]
with Lagrangian having Ricci scalar as well as Torsion scalar
attracts significant attention among the theorists.

One of the properties related to vectors known as non-
metricity can be incorporated into the Lagrangian of the mod-
ified theories of gravity. In general, the metric represents the
idea of distance from which we can obtain the definition of the
non-metricity tensor (Qαμη). Physically, Qαμη implies the
change in length of a vector being parallel transported along
a curve under some specific connection �αμη. Further, non-
metricity can determine the variation in angles between two
parallel transported vectors. The description of gravity in a
zero curvature and torsionless spacetime with non-vanishing
non-metricity tensor forms the symmetric teleparallel equiv-
alent of general relativity (STEGR). If we incorporate arbi-
trary function f of non-metricity scalar in Lagrangian we
get f (Q) gravity [30,31]. The application of different f (Q)

gravity models in the field of cosmology can be found in
literature investigating the late-time Universe [32–34], con-
struction of large scale structures [35], study of relativistic
versions of MOND [36,37], questions pertaining to bouncing
cosmologies [38–40], and quantum cosmology [41,42]. In
connection to copact stars, Maurya et al. [43] recently used a
quadratic equation of state alongside a linear formulation for
f (Q) to investigate compact objects inside the MGD frame-
work. The most reliable model, which encompasses a broad
range of stars, particularly compact objects with masses pre-
dicted by GW190814, is the one that includes a superposi-
tion of linear and quadratic contributions from stellar density.
Bhar et al. studied charged compact objects with anisotropic
fluid in the interior to examine the impact of the quadratic fac-
tor in f (Q) = Q+aQ2, which reverts to classical GR when
a = 0 [44]. They showed that the models they developed
were responsive to the equation of state parameter, metricity,
charge, and the bag constant. Furthermore, they observed that
the quadratic contribution from f (Q) leads to a reduction in
density, radial pressure, electric field, and sound velocity. The
originality of their research is in the capacity to enhance the
degree of anisotropy via the quadratic term in f (Q), with-
out resorting to gravitational decoupling or other unconven-
tional scalar fields or matter configurations, including dark
energy. For a recent examination of f (Q) gravity, we direct
the reader to [45] for more information. Moreover, Alwan et
al. [46] have investigated the neutron star models in gener-
alized form f (Q) functions as (i) f (Q) = Q + αQ2, (ii)
f (Q) = Q + αeβQ , and (iii) f (Q) = Q + α ln(1 − βQ).
They solved the TOV equation numerically using a realistic
equation of state to find the solution of neutron star models.

Studies on the successful applications of f (R, T ) gravity
in the field of astrophysics and cosmology can be found in

literature [47–71]. So, we are motivated to employ an exten-
sion of f (Q) gravity known as f (Q, T ) gravity which is
obtained via non-minimal coupling between Q and T in the
present study,. In this case, an arbitrary function of both Q
andT is incorporated in the Lagrangian to build the geometric
action which can be varied with respect to the metric tensor
in order to derive the gravitational field equations describing
geometry-matter coupling. The covariant derivative of the
gravitational field equations in f (Q, T ) gravity leads to non
zero divergence of the energy–momentum tensor which is a
key feature of the present non-minimal gravitational inter-
action. The non conservation of energy–momentum tensor
physically infers necessary variations in the thermodynam-
ical properties of the Universe as indicated in the f (R, T )

theory [72]. Further, an additional force due to deviation of
test particles from geodesic path to non-geodesic path exists
in the current approach of gravitational theory. A recent study
[73] establishes the theoretical consistency of f (Q, T ) grav-
ity theory in connection to different cosmological aspects
such as cosmic expansion and dark energy.

A general perspective [74,75] of physical unattainability
of the charged configuration of astrophysical compact objects
with strong electric field had been confronted by several stud-
ies [75–78]. The possibility of attaining huge amounts of
charge by compact objects in the accreting gravitational sys-
tems or in the process of gravitational collapse becomes the
indispensable area of research [79,80]. The bulk character-
istics of compact star can be influenced by the presence of
strong electric field in the gravitational configuration [81–
84]. Some studies [85,86] analyzed the influence of electro-
magnetic fields on the physical characteristics of compact
objects such as maximum mass, luminosities and redshift.
Further, the effect of the presence of electromagnetic field
on the configuration of quark stars had been examined in
research works [87,88]. Considering isotropic pressures and
a well-behaved functional form of the electric field a study
[89] obtained physical solutions to the Einstein-Maxwell sys-
tem that seems to follow a barotropic equation of state and
corresponds to the Finch and Skea model [90].

We want to develop a new analytical solution describing
well-behaved physical properties of relativistic isotropic and
charged stellar configurations. In this regard, we assume the
linear form of the f function of Q and T in addition to a met-
ric potential ansatz [97] and a well-behaved electric field in
the framework of f (Q, T ) gravity. The investigations in the
paper are organized as follows: A brief review of f (Q, T )

gravitational theory is given in Sect. 2. Then an exact solution
to the modified field equations considering metric potential
ansatz and electric field is provided in Sect. 3. We determine
unknown constants using the boundary condition in Sect. 4.
The physical features of the stellar system such as charge,
density, and pressure are explored in Sect. 5. Further analy-
sis of the equation of state is given on the basis of sound speed
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in Sect. 6. The stability of the stellar system is examined by
adiabatic condition in Sect. 7. Importantly, the investigation
of mass-radius relation in connection to observational con-
straints is presented in Sect. 8. In Sect. 9 we make some final
comments.

2 A summary of extended symmetric teleparallel
gravity

We will express action in context of extended symmetric
teleparallel gravity i.e. f (Q, T ), in general and integral form
as [91],

S =
∫ √−g

[1

2
f (Q, T ) + LM + Le

]
d4x . (1)

where the Lagrangian density is presented by LM and Le in
connection to the energy–momentum tensor expressed as Tμη

and electromagnetic field tensor Eμη, respectively. Addition-
ally, g is the determinant of the metric tensor and relativistic
units have been taken as: 8πG = c = 1)

With regard to the affine connection �δ
κμ the non-

metricity tensor can be expressed as,

Qκμη ≡ ∇κgμη = ∂κ gμη − �δ
κμ gδη − �δ

κη gμδ, (2)

where we have

�δ
κμ =

{
δ

κμ

}
+ K δ

κμ + Lδ
κμ. (3)

Here

{
δ

κμ

}
is Levi–Civita connection. Again Lδ

κμ is con-

torsion tensor and K δ
κμ is termed as disformation tensor.

These quantities are expressed mathematically as,
{

δ

κμ

}
= 1

2
gδϕ

(
∂κgϕμ + ∂μgδη − ∂δgκμ

)
, (4)

K δ
κμ = 1

2
T δ

κμ + T(κ
δ

μ), (5)

Lδ
κμ = 1

2
Qδ

κ μ − Q(κ
δ

μ), (6)

where torsion tensor is written as T δ
κμ.

The superpotential Pϕ
μη regarded to be one of the impor-

tant quantities in the framework of STEGR is presented as,

Pϕ
μη = −1

2
Lϕ

μη + 1

4

(
Qϕ − Q̃ϕ

)
gμη − 1

4
δ
ϕ

(μ Qη), (7)

where

Qϕ = Q μ
ϕ μ, Q̃ϕ = Qμ

ϕμ,

are the trace of the non-metricity tensor.
Eventually, we can define the non-metricity scalar as,

Q = −QϕμηP
ϕμη. (8)

The variation of the action (1) with regard to the inverse of
metric tensor gμη provides the gravitational field equations
associated to the f (Q, T ) as

2√−g
∇ϕ

(
fQ

√−g Pϕ
μη

)

+ fQ
(
PμϕκQ

ϕκ
η − 2Qϕκ

μ Pϕκη

)

+1

2
f gμη = −(Tμη + Eμη) + fT

(
Tμη + �μη

)
. (9)

Where, fQ = ∂ f (Q,T )
∂Q , fT = ∂ f (Q,T )

∂T .
The energy momentum tensor termed as Tμη can be

expressed as

Tμη = − 2√−g

δ(
√−gLm)

δgμη
, (10)

Eμη = 2√−g

δ
(√−gLe

)
δgμη

. (11)

Moreover, another quantity known as the hyper-momentum
tensor given by �μη = gϕβ δTϕβ

δgμη is present in the Eq. (9).
An extra constraint can be inferred from Eq. (1) as,

∇μ∇η(
√−g fQ Pϕ

μη) = 0. (12)

The curvature-free as well as torsion-free constraints [92]
lead to the affine connection given by

�ϕ
μη =

(
∂xϕ

∂ξα

)
∂μ∂ηξ

α. (13)

With the choice of co-incident gauge, we obtained�ϕ
μη =

0. Hence, we get the non-metricity equation as

Qκμη ≡ ∇κgμη = ∂κ gμη, (14)

which is the function of the metric only. As a consequence,
the computation technique is simplified.

It is worth mentioning that diffeomorphism invariance is
not anymore maintained in the action excluding the case with
the STGR [93]. The covariant formulation of f (Q) grav-
ity can resolve such obstacle related to the diffeomorphism
invariance. Considering the inertial form of the affine connec-
tion given in Eq. (13) the covariant formulation by the affine
connection can be employed without the effect of gravity.
[94].

The electromagnetic energy–momentum tensor Eμη can
be written mathematically as,

Eμη = 2

(
Fμk Fηk − 1

4
gμηFkl F

kl
)

,

where

Fμη = Aμ,η − Aη,μ.

Here Aμ is the electromagnetic four potential.
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Furthermore, we can express the electromagnetic field ten-
sor as,

Fμη,k + Fkμ,η + Fηk,μ = 0, (15)
(√−gFμη

)
,η

= 1

2

√−gJμ, (16)

where Jμ is the four current density is represented.
The only nonzero component of Jμ is J 0 being oriented

along the radial direction r on the account of spherically sym-
metric and static fluid configuration. With the same consid-
erations, we get the only non vanishing component of elec-
tromagnetic field tensor as F01. Further, the antisymmetry
indicates that the condition F01 = −F10 and Eq. (16) are
satisfied. Hence the expression of the electric field can pre-
sented from Eq. (16) as:

E(r) = 1

2r2

∫ r

0
x2 σ(x)

√
grr dx = q(r)

r2 , (17)

where σ and q(r) signify the charge density and total charge
respectively.

3 Modified gravitational field equation in f (Q, T )
gravity

In the present investigation, spherically symmetric and static
metric is assumed to describe the interior of the compact
object,

ds2 = −F2
0 (r)dt2 + H2

0(r)dr
2 + r2(dθ2 + sin2 θ dφ2),

(18)

where F0(r) and H0(r) are the static metric potentials.
We have characterize the stellar dense matter with a perfect

fluid configuration along with the components of the energy–
momentum tensor expressed as (−ρ, P, P, P). Notably, the
density of the isotropic matter configuration is ρ and the
isotropic pressure is depicted as P . Moreover, we have made
a choice for the matter Lagrangian as Lm = P based on the
studies [95,96]. Therefore, we have the components of �μη

as �μη = gμηP − 2Tμη.
Now, the non-metricity scalar can be expressed in terms

of metric potentials as

Q = −2(2rF ′
0(r) + F0)

r2 F0 H2
0

. (19)

In the present work, we assume the linear functional form of
f (Q, T ) as,

f (Q, T ) = χ1 Q + χ2 T . (20)

which in addition to the metric (18), leads to the three non-
vanishing and independent gravitational field equations in

f (Q, T ) gravity expressed as

ρ + χ2

2
(3ρ − P) + q2

r4 = −χ1

[H3
0 − H0 + 2H′

0 r

H3
0r

2

]
, (21)

P + χ2

2
(3P − ρ) − q2

r4 = −χ1

r2

[F0 + 2F ′
0 r

F0H2
0

− 1

]
, (22)

P + χ2

2
(3P − ρ) + q2

r4 = − χ1

F0H3
0r

[ − H′
0(F0 + F ′

0 r)

+H0(F ′
0 + F ′′

0 r)

]
. (23)

The subsequent aim in the present study is to obtain an
exact solution for the present isotropic and charged compact
stellar system by solving the field equations. So, we need
to solve the isotropy condition for f (Q, T )-gravity system,
which is obtained by subtracting the Eq. (22) from Eq. (23)
as,

− χ1

F0H3
0r

2

[
r(H0F ′′

0 r − H0F ′
0 − F ′

0H′
0r)

−F
(H0 − H3

0 + H′
0r

)] = 2q2

r4 = 2 E2. (24)

The above differential Eq. (24) depends on the three
unknowns F0, H0 and electric field E2. For this purpose, we
consider a well-known potential corresponding to Korkina–
Orlyanskii model [97],

H0 =
√

2Ar2 + 1

Ar2 + 1
. (25)

Substitute the above potential in master Eq. (24) and we find,

F ′′
0 − 1

rχ1
(Ar2 + 1

) (
2Ar2 + 1

)
[
χ1

(
2A2F ′

0r
4 − 2A2F0r

3

+4AF ′
0r

2 + F ′
0

)
− 2E2F0r

(
2Ar2 + 1

)2 ]
= 0, (26)

As we can clearly see that the above differential equation
demands a suitable expression for electric field E2 which
could integrate the Eq. (26) perfectly. We would like to
mention that F0 = √

1 + Ar2 is a particular solution of
Eq. (26) when E2 = 0. In this regard, we have assumed
F0 = √

Aβr2 + 1 is particular solution of the Eq.(26), where
β is constant parameter. By assuming this particular solution,
we choose a non-zero expression for electric field E2 by intro-
ducing a charge parameter β as,

E2 = A2(β − 1)r2χ1
(
4Aβr2 + β + 2

)
2

(
2Ar2 + 1

)2 (Aβr2 + 1
)2 . (27)

It is clearly noted that when β = 1, then the electric field will
disappear while it is positive when β < 1 as χ1 is negative.
After plugging the electric field expression (27), we use the
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change of dependent variable method and find final form of
differential equation,

F ′′
0 − 1(

2A2r5 + 3Ar3 + r
) (Aβr2 + 1

)2

[ (
Aβr2 + 1

)2

×
(

2A2r4 + 4Ar2 + 1
)
F ′

0 − β A2r3(2A2βr4

+4Aβr2 + β + 1
)F0

]
= 0. (28)

After solution the above Eq. (28), we get an exact close form
solution as,

F0 =
√
Aβr2 + 1

(β − 1)β

[
(β − 1)

(
β C1 − √

2 C2 log
[√

2Ar2 + 1

−
√

2Ar2 + 2
]) + C2

√
β2 − 3β + 2

× tanh−1
(

1√
β2 − 3β + 2

[√
2βAr2 − β

√
2Ar2 + 1

×
√
Ar2 + 1 + √

2
])]

. (29)

Since, we have found a complete solution for f (Q, T )-
system, then we only need to find the explicit expressions
for density ρ, and pressure P . By solving of Eqs. (21) and
(22), we get an expression for ρ and P as,

ρ = − 1

F0H3
0r

2
(
2χ2

2 + 3χ2 + 1
)[

χ1

(
χ2

[F0
′H0r + F0

×
(

3H′
0r + H3

0 − H0

) ] + F0

(
2H′

0r + H3
0 − H0

) )

+E2F0H3
0r

2 (χ2 + 1)
]
, (30)

P = 1

F0H3
0r

2
(
2χ2

2 + 3χ2 + 1
)[

χ1

(
H0

[F0

(
H2

0 − 1
)

−2F0
′r

] − χ2

{
3F0

′H0r + F0

(
H′

0r − H3
0 + H0

)} )

+E2F0H3
0r

2 (χ2 + 1)
]
. (31)

After inserting the expressions for H0, E2 and F0 from
Eqs. (25), (27), and (29) into Eqs. (30) and (31), we find
final expression for ρ and P as,

ρ = −χ1

[
χ2

(
2F1(r)

[
2A2r4 + 3Ar2 + 1

] (Aβr2 + 1
)2

+AF0r
[
4A2β(3β + 1)r4 + A (

β2 + 17β + 2
)
r2

+4A3β2r6 + 8
]) + AF0r

(
4A3β2r6 + 2A2β(5β + 2)r4

+A (
β2 + 13β + 2

)
r2 + 6

)]/[
2F0r

(
2χ2

2 + 3χ2 + 1
)

× (
2Ar2 + 1

)2 (Aβr2 + 1
)2

]
, (32)

P = −χ1

[
χ2

(
6F1(r)

(
2A2r4 + 3Ar2 + 1

) (Aβr2 + 1
)2

−A2F0r
3
(

4Aβr2 + (
2Aβr2 + β

)2 + β + 2
) )

+ 4F1(r)

× (
2A2r4 + 3Ar2 + 1

) (Aβr2 + 1
)2 − AF0r

(
4A3β2r6

+2A2β(3β + 2)r4 + A (
β2 + 5β + 2

)
r2 + 2

)]/[
2F0r

× (
2χ2

2 + 3χ2 + 1
) (

2Ar2 + 1
)2 (Aβr2 + 1

)2
]
. (33)

where, F1 = dF0
dr whose expression is given in appendix.

4 Matching condition for the charged stellar system

The stellar matter configuration at the boundary (r = R) of
any spherically symmetric and stable astrophysical compact
object should be smooth and continuous between the inte-
rior solution (r < R) and the exterior solution (r > R).
The space-time geometry is physically attainable due to
the matching condition at the surface. For the charged sys-
tem, the Reissner–Nordstrom de-Sitter exterior space-time is
taken into account to represent the exterior space-time of the
present stellar system. So, we have the exterior space-time
metric as

dS2+ = −
(

1 − 2M
r

+ Q
2

r2 + �r2

3

)
dt2 + r2(dθ2 + sin2 θ

×dφ2) +
(

1 − 2M
r

+ Q
2

r2 + �r2

3

)−1
dr2, (34)

which is obtained as a static solution to the Einstein-Maxwell
field equations and can be regarded as the representation of
the gravitational field exterior to a charged and spherically
symmetric gravitating body of mass M and total charge Q.

However, interior metric of the star can be expressed in
the most general form by the following space-time metric
given as

dS2− = −F2
0 dt2 + H2

0 dr
2 + r2(dθ2 + sin2 θdφ2). (35)

Now, the inner manifold dS2− (35) should be matched with
the outer manifold dS2+ (35) smoothly at the surface � in case
of the stable configuration. The first and second fundamental
forms along the boundary � can be obtained by process of
continuity of both the geometries at this�. Hence, the first
fundamental form can be expressed as

g−
t t |r=r� = g+

t t |r=r� &g−
rr |r=r� = g+

rr |r=r� . (36)

and can be expressed in the explicit form using Eqs. (35) and
(35) as,

F2
0 (R) =

(
1 − 2M

R
+ Q

2

R2 + �R2

3

)
, (37)

H−2
0 (R) =

(
1 − 2M

R
+ Q

2

R2 + �R2

3

)
. (38)

Furthermore, the second fundamental form expressed in
the form,

P(R) = 0. (39)

With presence of the effect of the electric field, the electric
charge is expected to be continuous along the boundary r�
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representing

q(r)|r=R = Q, (40)

where q(r) is the amount of electric charge present into the
fluid sphere. We would like to mention that the observational
value of cosmological constant � is (10−46/km2) which has
negligible effect on the properties of compact stars. There-
fore, we have ignored the cosmological constant � in our
discussion of compact stars.

C2 = (β − 1)β

√
2AR2 + 1

AR2 + 1

[√
AβR2 + 1

×
(

(β − 1)
(
βC1C2 − √

2 log
(√

2AR2 + 1

−
√

2AR2 + 2
))

+
√

β2 − 3β + 2

× tanh−1

(√
2AβR2 − β

√
AR2 + 1

√
2AR2 + 1 + √

2√
β2 − 3β + 2

) )]−1

,

C1 = C3(β − 1)β

√
2AR2 + 1

AR2 + 1

[√
AβR2 + 1

×
(

(β − 1)
(
βC1C2 − √

2 log
(√

2AR2 + 1

−
√

2AR2 + 2
))

+
√

β2 − 3β + 2

× tanh−1

(√
2AβR2 − β

√
AR2 + 1

√
2AR2 + 1 + √

2√
β2 − 3β + 2

) )]−1

.

5 Physical features of the present model

5.1 Charge

It is expected that a physical charged stellar system should
fulfill the conditions validating the physical acceptance of the
stellar model as described in a study [98]. The regularity of
the proper charge density at the center of the stellar config-
uration has been explored to be an essential requirement in
connection to the physical behavior of electromagnetic field
in a work [99]. This can be considered to be a basic feature
with regard to the application of charged stellar model. So,
we have examined the physical validity of the electric field
by investigating the nature of charge function with respect
to coupling constants χ1, χ2 and charge parameter β. The
behavior of charge has been shown graphically in Fig. 1.

It can be inferred from Fig. 1 that the charge vanishes at
the center of the stellar configuration for the changing val-
ues of the parameters. Further, the increasing nature of the
charge is prominent throughout the configuration for all the
cases. The charge reaches its maximum value at the surface
of the star. The surface charge does not depend on the param-
eter χ2. However, it increases with increasing values of χ1

and decreases with increasing values of β. Evidently, the
non-metricity scalar and charge parameters have a signifi-
cant effect on the intensity of the electric field in the present
stellar system.

It can be seen that the amount of charge remains at a min-
imum and almost constant value near the central region of
the star and then starts to increase rapidly after some critical
distance from the center. Physically, this fact implies that the
charged particles have a high tendency to wander and reside
away from the central region of the stellar configuration. The
values of surface charge for different values of parameters
have been provided in Tables 1, 2 and 3. We find that the sur-
face charge lies in the range [4.4 × 1019, 9.9 × 1019] coulomb
for all the parameters. Research studies [100–102] explored
similar features of the charge function for the isotropic stellar
systems in embedding class one spacetime in the framework
of GR with the surface charge of the order of 1020 C.

Now, we make an effort to justify the presence of the
amount of charge based on the available research studies.
For instance, a study [99] indicated that the net charge at the
fluid-vacuum interface, i.e., the boundary can be of the order
of 1019 C for the stars having dissipation of charge along the
surface of the star. Moreover, in order to attain force equi-
librium with the physical consequences of charge a stellar
configuration like a neutron star can hold a large amount of
charge of the order of 1020 C as shown by numerical calcu-
lations in [81]. The presence of repulsive electric force due
to positively charged particles in the self-gravitating com-
pact objects is one of the physical implications of charge
which offers resistance to the gravitational collapse of the
self-gravitating bodies [86,103].

5.2 Density and pressure

The energy density as well as the isotropic pressure of the
stellar system in the present gravitational model have been
verified graphically in the Figs. 2 and 3. Both the density and
isotropic pressure have finite central values for the changing
values of the parameters χ1, χ2, and β. This confirms that the
obtained exact solution is non-singular having regular behav-
ior at the center. Density and pressure possess a decreasing
nature with respect to radial distance. Notably, variations in
the effects of the parameters on the physical behavior of den-
sity and pressure can be seen in characteristic ways.

The charge parameter has no effect on the density but
influences the pressure substantially. Again, an increase in
χ1 leads to higher density and pressure as the similar effect of
χ1 on the charge. However, parameter χ2 effects the density
and pressure in a distinct way. Enhanced values of χ2 have a
reducing influence on the density but a rising impact on the
pressure. It is important to note that the vanishing condition
of isotropic pressure is satisfied for all cases. The values of
central pressure which are shown in Tables 1, 2 and 3 have
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Fig. 1 Impact of f (Q, T ) parameters χ1 and χ2, and charge parame-
ter β on the electric charge configuration (q(r)) versus radial distance
r for A = 0.003km−2 with fixed values: (i) χ1 = −1.4 and β = 0.97

for left panel, (ii) χ2 = 0.3 and β = 0.97 for middle panel, and (iii)
χ1 = −1.4 and χ2 = 0.3 for right panel

Table 1 The study of physical values for different f (Q, T ) parameter χ1 with fixed values of A = 0.003 km−2, χ2 = 0.3, and β = 0.97

χ1 Central pressure Central density Surface density Adiabatic index Charge (in Coulomb)
(Pr )eff

c (dyne/cm2) ρeff
c (gm/cm3) ρeff

s (gm/cm3) �c Q(C)

−1.0 3.36733 × 1034 3.3718 × 1014 1.16066 × 1014 1.66223 6.49618 × 1019C

−1.1 3.70407 × 1034 3.70898 × 1014 1.27673 × 1014 1.66223 6.81325 × 1019C

−1.2 4.0408 × 1034 4.04616 × 1014 1.3928 × 1014 1.66223 7.11621 × 1019C

−1.3 4.37753 × 1034 4.38334 × 1014 1.50886 × 1014 1.66223 7.40678 × 1019C

−1.4 4.71427 × 1034 4.72052 × 1014 1.62493 × 1014 1.66223 7.68638 × 1019C

Table 2 The study of physical values for different f (Q, T ) parameter χ2 with fixed values of A = 0.003 km−2, χ1 = −1.4, and β = 0.97

χ2 Central pressure Central density Surface density Adiabatic index Charge (in Coulomb)
(Pr )eff

c (dyne/cm2) ρeff
c (gm/cm3) ρeff

s (gm/cm3) �c Q(C)

0.0 3.511 × 1034 6.7662 × 1014 2.35615 × 1014 1.45540 7.68638 × 1019C

0.1 4.23827 × 1034 5.90412 × 1014 2.04882 × 1014 1.56579 7.68638 × 1019C

0.2 4.58007 × 1034 5.24391 × 1014 1.81242 × 1014 1.62453 7.68638 × 1019C

0.3 4.71427 × 1034 4.72052 × 1014 1.62493 × 1014 1.66223 7.68638 × 1019C

0.4 4.73205 × 1034 4.29458 × 1014 1.47259 × 1014 1.68888 7.68638 × 1019C

Table 3 The effect of charge parameter β on physical parameters with fixed values of A = 0.003 km−2, χ1 = −1.4, and χ2 = 0.3

β Central pressure Central density Surface density Adiabatic index Charge (in Coulomb)
(Pr )eff

c (dyne/cm2) ρeff
c (gm/cm3) ρeff

s (gm/cm3) �c Q(C)

0.95 4.45699 × 1034 4.71756 × 1014 1.62052 × 1014 1.63752 9.9273 × 1019C

0.96 4.58541 × 1034 4.71904 × 1014 1.62273 × 1014 1.64989 8.87739 × 1019C

0.97 4.71427 × 1034 4.72052 × 1014 1.62713 × 1014 1.66223 7.68638 × 1019C

0.98 4.84354 × 1034 4.7220 × 1014 1.62933 × 1014 1.67454 6.2745 × 1019C

0.99 4.97323 × 1034 4.72349 × 1014 1.47259 × 1014 1.68684 4.43571 × 1019C
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rising nature for increasing values of the three parameters.
Additionally, the numerical values of surface density and
central density are given in Tables 1, 2 and 3.

It can be seen from the tables that the density is of
the order of 1014 g/cm3 and the pressure is of the order
of 1034 dyne/cm2. The values of central density lie in the
range [3.3 × 1014, 6.7 × 1014] g/cm3 which suggests
that the star is mainly composed of degenerate neutrons in
addition with electrons and possibly negative muons [104].
Various research works [100–102] explored similar features
of the density and pressure for isotropic stellar systems in
embedding class one spacetime in the framework of GR
with central density and central pressure of the order of 1015

g/cm3 and 1035 dyne/cm2 respectively. It is also suggested
in [104] that the stellar matter may be heterogeneous and
hence anisotropic with the presence of hyperons in particu-
lar at very high-density regime the of the order 1015 g/cm3.
However, the present study predicts densities of the order of
1014 g/cm3 throughout the star which basically supports the
isotropic nature of the stellar system.

6 Causality and equation of state

Initially we should investigate the causality condition in the
interior of stellar structure. In this regard the sound speed can
be expressed as

v2
r = dp

dρ
. (41)

In the perfect fluid configuration, the sound should tra-
verse with a speed less than the speed of light in the interior of
star [107] implying the causality condition as v2

r < 1 where
the light speed is unity in the system of the natural unit. The
variation in the square of the sound speed for increasing radial
distance and changing values of parameters is shown in Fig. 6.
Apparently, the sound speed is less than one throughout the
stellar configuration for all cases. The causality condition is
satisfied in the present gravitational system in the context of
f (Q, T ) gravity.

It is to be noted that the characteristics of the square of
sound speed within the stellar system varies in distinct ways
for three cases in Fig. 6. For fixed χ2 and β the left panel
shows that the sound speed increases with non-zero central
values and then reaching a maximum value starts to decrease
near the surface region. A similar profile of square of sound
speed is obtained in a recent work [105] where an isotropic
and charged stellar system is studied by assuming Tolman IV
type potential. In contrast, the middle panel signifies that the
speed of sound remains almost constant with a minimal slope
for fixed χ1 and β. The right panel shows the nature of sound
speed similar to the left panel but with comparatively lower
values of the gradient. The sound speed is not influenced by

the parameter χ1. On the other hand, an increase in χ2 and β

parameter enhance the sound speed in the stellar system.
The sound speed in the stellar configurations can be ana-

lyzed as a good indicator of the stiffness of an equation of
state (EOS) of the constituent matter. For instance, it had
been claimed by Canuto [106] that the stellar configurations
with decreasing sound speed near the surface region have
an ultra-high distribution of matter. Again, increasing sound
speed implies stiffer EOS. On the other hand, EOS softens
in the regions inside the star where the sound travels with
minimum speed. Based on this discussion, it can be argued
that the fixed values of χ2 and β parameters can impact the
stiffness of EOS in distinct ways inside the star.

7 Adiabatic condition of stability

It is important to perform a physical test to examine the stable
equilibrium of the present stellar model under the influence
of parameters χ1, χ2, and β. In this connection, the adiabatic
index for a perfect fluid is expressed as

� =
(

ρ + p

p

) [
dp

dρ

]
. (42)

A stable stellar configuration has an adiabatic index
greater than 4/3. This is a stability condition in terms of the
adiabatic index as discussed in the studies [108–110]. We
have investigated the adiabatic index and shown the graphical
presentation of � for changing values of parameters in Fig. 5.
The central values as displayed both in Fig. 5 and Tables 1,
2 and 3 are greater than 4/3 for changing values parameters.
Moreover, the adiabatic index has an increasing nature with
respect to radial distance and reaches a maximum value at
the surface for all cases. Hence the adiabatic condition of
stability is fulfilled in the present gravitational configuration
in f (Q, T ) gravity. There is no effect of χ1 on the adiabatic
index. However, the adiabatic index increases with increas-
ing values of χ2 and β which indicates that the presence of
charge and coupling of a trace of energy–momentum tensor
enables the gravitational systems to be in stable equilibrium.

8 Mass-radius relationship in f (Q, T ) gravity

The f (Q, T ) gravitational theory could be considered as
a more physical framework for modeling realistic compact
stars, regardless of the success of other modified theories in
the field of astrophysics and cosmology. It includes a non-
metricity tensor, a geometric property combined with the
trace of energy–momentum of matter, which offers interac-
tions describing the physical features of highly dense gravi-
tating objects like compact stars. Additionally, the modified
field equations with non-metricity effects can describe the
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Fig. 2 Impact of f (Q, T ) parameters χ1 and χ2, and charge parameter β on the energy density (ρ(r)) versus radial distance r for A = 0.003km−2

with fixed values: (i) χ1 = −1.4 and β = 0.97 for left panel, (ii) χ2 = 0.3 and β = 0.97 for middle panel, and (iii) χ1 = −1.4 and χ2 = 0.3 for
right panel

Fig. 3 Impact of f (Q, T ) parameters χ1 and χ2, and charge parameter β on the pressure (P(r)) versus radial distance r for A = 0.003km−2 with
same fixed values mentioned in Fig. 2

Fig. 4 Impact of f (Q, T )parametersχ1 andχ2, and charge parameterβ on the velocity of sound (v2(r)) versus radial distance r forA = 0.003km−2

with same fixed values mentioned in Fig. 2

stellar structure comprehensively leading to various predic-
tions for mass-radius relation and stability of compact stars.
By examining the mass-radius relation compatible with the
observational constraints of the stars we can inspect the appli-
cability of f (Q, T ) gravity with its theoretical aspects on the
modeling of compact stars.

We examine the mass-radius relation of the isotropic
charged stellar system with the influence of coupling con-
stants χ1, χ2, and charge parameter β in the context of
f (Q, T ) gravity. With this regard, we have shown the M−R
curves for various values of χ1, χ2, and β in the three panels
of Fig. 6. The M − R curves in each panel of Fig. 6 have
increasing nature with respect to radius and after reaching
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Fig. 5 Impact of f (Q, T ) parameters χ1 and χ2, and charge parameter β on the adiabatic index [�(r)] versus radial distance r for A = 0.003km−2

with same fixed values mentioned in Fig. 2

Fig. 6 Impact of f (Q, T ) parameters χ1 and χ2, and charge parameter β on the total mass-radius relation for A = 0.003km−2 with same fixed
values mentioned in Fig. 2

Table 4 Numerical values of the predicted radii of massive observed stars with respect to χ1 corresponding to left panel of Fig. 6

Predicted R (km)

Objects M
M� χ1

−1.1 −1.2 −1.3 −1.4

PSR J074 +6620 [113] 2.08 ± 0.07 10.63−0.22
+0.12 11.26−0.11

+0.06 11.79−0.06
+0.04 12.28−0.03

+0.02

PSR J2215+5135 [114] 2.28+0.10
−0.09 10.27 10.78+0.29 11.52−0.34

+0.16 12.12−0.19
+0.10

PSR J1748-2446ao [115] 2.16+0.06
−0.27 10.42+0.44

+0.27 11.14−0.14
+0.24 11.72−0.08

+0.14 12.24−0.06
+0.06

GW190814 [116] 2.5–2.67 – – – 11.39

Table 5 Numerical values of the predicted radii of massive observed stars with respect to χ2 corresponding to middle panel of Fig. 6

Predicted R (km)

Objects M
M� χ2

0.2 0.3 0.4 0.5

PSR J074 +6620 [113] 2.08 ± 0.07 12.90−0.01
+0.00 12.31−0.02

+0.0 11.78−0.04
+0.02 11.29−0.06

+0.04

PSR J2215+5135 [114] 2.28+0.10
−0.09 12.82−0.10

+0.05 12.20−0.14
+0.07 11.61−0.19

+0.09 11.03−0.32
+0.16

PSR J1748-2446ao [115] 2.16+0.06
−0.27 12.89−0.03

−0.01 12.28−0.03
+0.03 11.73−0.05

+0.08 11.22−0.08
+0.14

GW190814 [116] 2.5-2.67 12.21+0.28 11.32+0.45 10.87 –
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Table 6 Numerical values of the predicted radii of massive observed stars with respect to β corresponding to right panel of Fig. 6

Predicted R (km)

Objects M
M� β

0.69 0.79 0.89 0.99

PSR J074 +6620 [113] 2.08 ± 0.07 11.82−0.06
+0.03 11.99−0.04

+0.03 12.16−0.04
+0.02 12.31−0.03

+0.02

PSR J2215+5135 [114] 2.28+0.10
−0.09 11.59−0.27

+0.13 11.79−0.22
+0.12 11.98−0.21

+0.10 12.15−0.19
+0.10

PSR J1748-2446ao [115] 2.16+0.06
−0.27 11.75−0.06

+0.12 11.93−0.06
+0.10 12.11−0.06

+0.08 12.27−0.05
+0.06

GW190814 [116] 2.5-2.67 – – 11.13 11.45

Table 7 Predicted maximum allowable mass and the corresponding radius with respect to the physical model parameters

χ1 Mmax R χ2 Mmax R β Mmax R
(M�) (km) (M�) (km) (M�) (km)

−1.1 2.24 9.66 0.2 2.65 11.42 0.69 2.47 10.47

−1.2 2.34 10.09 0.3 2.60 10.89 0.79 2.49 10.64

−1.3 2.43 10.49 0.4 2.52 10.44 0.89 2.51 10.78

−1.4 2.53 11.87 0.5 2.44 10.03 0.99 2.53 10.93

the maximum point its starts to decrease. The peak of the
M − R curves corresponds to the maximum allowable mass
of the compact star in the framework of f (Q, T ) gravity. The
maximum mass increases with increasing values of χ1 and
β as shown in Fig. 6. However, increasing values of χ2 have
a tendency to decrease maximum mass. This can be justi-
fied by the nature of the influence of coupling constants on
the density of the stellar system as shown in Fig. 2. So, the
combined effect of χ1 and χ2 helps the stellar configuration
to attain sustainable maximum mass ensuring stable equilib-
rium. The analysis of the mass-radius relation indicates that
the present stellar model fulfills the Buchdahl limit for all the
changing values of parameters. This is in concurrence with
the physical validation of the present gravitational model.

Measurements of mass of compact stars appear to be
straightforward in comparison with techniques of radii deter-
mination based on observational constraints [111,112]. To
determine the radii of the known observed stars we have
considered observed pulsars like PSR J0740+6620 [113],
PSR J2215+5135 [114], PSR J1748-2446ao [115] and a sec-
ondary companion in GW190814 [116] as candidates of com-
pact stars with known mass. It is worth mentioning that a
recent study [115] has measured the mass of PSR J1748-
2446ao to be 2.16+0.06

−0.27 M� with 68.3% confidence limit.
Further, PSR J1748-2446ao is a possible candidate double
neutron star with the longest orbital period. We have shown
the predicted radii for the observed stars of masses greater
than 2.01 M� in Tables 4, 5 and 6. It has been depicted
that the predicted radii are in the range [10.27, 12.90] km.
Apparently this predicted radii is highly consistent with the
obtained physical radius for various neutron star EOS by
Lattimer and Prakash [117].

The predicted radii of the observed stars are seen to be
increasing with increased values of χ1 and β whereas it
decreases with increasing values of χ2. The values of maxi-
mum mass and radius corresponding to each peak of M − R
curves for various values of parameters have been provided
in Table 7. The maximum mass falls in the range [2.24, 2.65]
M� with corresponding radii in the range [9.66, 11.87] km as
can be seen from Table 7. Since the present model describes
the physical star with isotropy in pressure and density of the
order of 1014 g/cm3, it can not account for the radii of the star
falling in mass gap region for changing values of χ1 and β

with fixed χ2. Only by decreasing χ2, a parameter represent-
ing the matter part in the non-minimal coupling, can enhance
maximum mass in order to predict radii for the stars in mass
gap regions like GW190814. In this connection, the radius
of the secondary companion in GW190814 is predicted to
fall in the range [10.87, 12.49] km by the present isotropic
charged stellar model in f (Q, T ) gravity.

9 Conclusion

We have obtained a novel exact solution to the modified field
equations in context of f (Q, T ) gravity for a charged stellar
system with isotropic fluid assuming a metric potential ansatz
and a well-behaved functional form of the electric field. We
have explored various characteristics of the obtained solution
by presenting the variation in charge, density and pressure in
graphically.

The regularity of the charge function at the center of
the stellar configuration has been obtained as an essential
requirement in the present model in agreement with the stud-
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ies [98,99]. We have examined the physical validity of the
electric field by investigating the nature of the charge function
with respect to coupling constants χ1, χ2, and charge param-
eter β as shown graphically in Fig. 1. The increasing nature
of the charge is prominent throughout the configuration for
all the cases. Physically, this fact implies that the charged
particles have a high tendency to wander and reside away
from the central region of the stellar configuration. The sur-
face charge does not depend on the parameter χ2. However,
it increases with increasing values of χ1 and decreases with
increasing values of β. Evidently, the non-metricity scalar
and charge parameters have a significant effect on the inten-
sity of the electric field in the present stellar system. The val-
ues of surface charge for different values of parameters have
been provided in Tables 1, 2 and 3. We find that the surface
charge lie in the range [4.4 × 1019, 9.9 × 1019] coulomb
for all the parameters. A study [99] indicated that the net
charge at the fluid-vacuum interface, i.e., the boundary can
be of the order of 1019 C for the stars having dissipation of
charge along the surface of the star. The presence of repul-
sive electric force due to positively charged particles in the
self-gravitating compact objects is one of the physical impli-
cations of charge which offers resistance to the gravitational
collapse of the self-gravitating bodies [86,103].

The energy density as well as the isotropic pressure of the
stellar system in the present gravitational model have been
verified graphically in the Figs. 2 and 3. Both the density and
isotropic pressure have finite central values for the chang-
ing values of the parameters χ1, χ2, and β. This confirms
that the obtained exact solution is non-singular having reg-
ular behavior at the center. Density and pressure possess a
decreasing nature with respect to radial distance. The charge
parameter has no effect on the density but influences the pres-
sure substantially. Again, an increase in χ1 leads to higher
density and pressure as a similar effect of χ1 on the charge.
However, parameter χ2 affects the density and pressure in a
distinct way. Enhanced values of χ2 have a reducing influ-
ence on the density but a rising impact on the pressure. It
is important to note that the vanishing condition of isotropic
pressure is satisfied for all cases. The values of central pres-
sure which are shown in Tables 1, 2 and 3 have rising nature
for increasing values of the three parameters. Additionally,
the numerical values of surface density and central density
are given in Tables 1, 2 and 3.

It can be seen from the tables that the density is of
the order of 1014 g/cm3 and the pressure is of the order
of 1034 dyne/cm2. The values of central density lie in the
range [3.3 × 1014, 6.7 × 1014] g/cm3 which suggests
that the star is mainly composed of degenerate neutrons in
addition with electrons and possibly negative muons [104].
Various research works [100–102] explored similar features
of the density and pressure for isotropic stellar systems in
embedding class one spacetime in the framework of GR

with central density and central pressure of the order of 1015

g/cm3 and 1035 dyne/cm2 respectively. It is also suggested
in [104] that the stellar matter may be heterogeneous and
hence anisotropic with the presence of hyperons in partic-
ular at a very high-density regime of the order 1015 g/cm3.
However, the present study predicts densities of the order of
1014 g/cm3 throughout the star which basically supports the
isotropic nature of the stellar system.

The variation in the square of the sound speed for increas-
ing radial distance and changing values of parameters is
shown in Fig. 4. Apparently, the sound speed is less than one
throughout the stellar configuration for all cases. The causal-
ity condition is satisfied in the present gravitational system
in the context of f (Q, T ) gravity.

The characteristics of the square of sound speed within the
stellar system vary in distinct ways for three cases in Fig. 4.
For fixed χ2 and β the left panel shows that the sound speed
increases with non-zero central values and then reaching a
maximum value starts to decrease near the surface region. A
similar profile of square of sound speed is obtained in a recent
work [105] where an isotropic and charged stellar system is
studied by assuming Tolman IV type potential. In contrast,
the middle panel signifies that the speed of sound remains
almost constant with a minimal slope for fixed χ1 and β. The
right panel shows the nature of sound speed similar to the left
panel but with comparatively lower values of the gradient.
The sound speed is not influenced by the parameter χ1. On
the other hand, an increase in χ2 and β parameter enhance
the sound speed in the stellar system. It can be argued [106]
that the fixed values of χ2 and β parameters can impact the
stiffness of EOS in distinct ways inside the star.

We have studied the adiabatic condition of stability [108–
110] and shown the adiabatic index the graphical presentation
of � for changing values of parameters in the Fig. 5. The cen-
tral values as displayed both in Fig. 5 and Tables 1, 2 and 3 are
greater than 4/3 for changing values parameters. Moreover,
the adiabatic index has an increasing nature with respect to
radial distance and reaches a maximum value at the surface
for all cases. Hence the adiabatic condition of stability is sat-
isfied in the present gravitational configuration in f (Q, T )

gravity. There is no effect of χ1 on the adiabatic index. How-
ever, the adiabatic index increases with increasing values of
χ2 and β which indicates that the presence of charge and
coupling of the trace of energy–momentum tensor enables
the gravitational systems to be in stable equilibrium.

We have examined the mass-radius relation of the isotropic
charged stellar system with the effect of coupling constants
χ1, χ2, and charge parameter β in the context of f (Q, T )

gravity. With this regard, we have shown the M − R curves
for various values of χ1, χ2, and β in the three panels of
Fig. 6. The analysis of the mass-radius relation indicates that
the present stellar model fulfills the Buchdahl limit for all the
changing values of parameters. The M − R curves in each
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panel of Fig. 6 have increasing nature with respect to radius
and after reaching the maximum point it starts to decrease.
The peak of the M − R curves corresponds to the maxi-
mum allowable mass of the compact star in the framework of
f (Q, T ) gravity. The maximum mass increases with increas-
ing values of χ1 and β as shown in Fig. 6. However, increas-
ing values of χ2 have a tendency to decrease maximum mass.
This can be justified by the nature of the influence of cou-
pling constants on the density of the stellar system as shown
in Fig. 2. So, the combined effect of χ1 and χ2 helps the stellar
configuration to attain sustainable maximum mass ensuring
stable equilibrium.

We have predicted the radii of the known observed stars
such as observed pulsars like PSR J0740+6620 [113], PSR
J2215+5135 [114], PSR J1748-2446ao [115] and a sec-
ondary companion in GW190814 [116] of masses greater
than 2.01 M� and shown the predicted radii for the observed
stars in Tables 4, 5 and 6. It has been depicted that the pre-
dicted radii are in the range [10.27, 12.90] km which is highly
consistent with the obtained physical radius for various neu-
tron star EOS [117].

The predicted radii of the observed stars are seen to be
increasing with increased values of χ1 and β whereas it
decreases with increasing values of χ2. The values of maxi-
mum mass and radius corresponding to each peak of M − R
curves for various values of parameters have been provided
in Table 7. The maximum mass falls in the range [2.24, 2.65]
M� with corresponding radii in the range [9.66, 11.87] km as
can be seen from Table 7. Since the present model describes
the physical star with isotropy in pressure and density of the
order of 1014 g/cm3, it can not account for the radii of the star
falling in mass gap region for changing values of χ1 and β

with fixed χ2. Only by decreasing χ2, a parameter represent-
ing the matter part in the non-minimal coupling, can enhance
maximum mass in order to predict radii for the stars in mass
gap regions like GW190814. In this connection, the radius
of the secondary companion in GW190814 is predicted to
fall in the range [10.87, 12.49] km by the present isotropic
charged stellar model in f (Q, T ) gravity.

As a final comment, it is to be noted that an isotropic
charged stellar configuration has been explored successfully
in the context of f (Q, T ) gravity with a detailed analysis of
the influence of non-minimal coupling between the geomet-
ric part Q and matter part T .
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Appendix
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