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Abstract The influence of three distinct shape functions on
the physical properties of anisotropic wormholes (WHs) with
a global monopole charge (GMC) is investigated in the back-
ground of minimally coupled modified gravity. The essential
geometric criteria for traversability are assessed by confirm-
ing the throat condition and the flareout requirement. The
GMC parameter’s effect on the WH throat and surrounding
curvature is visualized through 2D and 3D embedding dia-
grams which reveal that larger monopole values yield wider
throats and smoother spatial curvature. To examine the feasi-
bility of such WH models, we solve the modified field equa-
tions and analyze the classical energy conditions with rela-
tivistic corrections. Our analysis shows that the anisotropy
parameter remains positive in all three cases, indicating a
repulsive geometry, while this anisotropic repulsion coun-
teracts gravitational collapse and supports the throat’s stabil-
ity. Additionally, the volume integral quantifier estimates the
total exotic matter (EM), demonstrating that only negligible
amounts are necessary to maintain traversable geometries
due to modified gravitational insights.
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1 Introduction

A decade after the introduction of special relativity [1], Ein-
stein advanced his ideas in 1915 through the formulation
of the general theory of relativity (GR) [2]. GR provides
reinterpretation of gravity and enhance our ideas regard-
ing the expanding universe, the dynamics of black holes,
gravitational waves, and the formation of large-scale cosmic
structures [3—6]. Compelling evidence from independent cos-
mological observations [7—10] revealed that the universe is
undergoing accelerated expansion. These observations chal-
lenge the predictions of GR in its conventional form. To
resolve this discrepancy, cosmologists introduced the con-
cept of dark energy (DE), which is hypothesized to drive the
observed acceleration by counteracting gravitational attrac-
tion on cosmic scales [11-15]. As a key element of the
ACDM model, DE reshaped our understanding of the uni-
verse’s evolution and ultimate fate; however, its true nature,
whether as a cosmological constant, a dynamical field such as
quintessence, or a manifestation of modified gravity theories
(MGTs), remains an open question in modern physics.

To overcome the shortcomings of GR in explaining cos-
mic acceleration and other large-scale phenomena, numer-
ous MGT frameworks developed which include investiga-
tions of dense source distribution limits in GR [16], curva-
ture quintessence via DE some type of exponential poten-
tials [17], unified DE models via cosmography [18], the
broader class of MGTs [19], another MGT like F(R) grav-
ity with Lorentz-violating cosmological histories [20], com-
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prehensive reviews of MGT and cosmology [21], mimetic
R-gravity addressing inflation, DE, along with bounces of
universe [22], concise overviews of inflation to late time cos-
mic evolution [23], and a set of new smooth junction con-
ditions in f(G, T') gravity [24]. Furthermore, recent devel-
opments span diverse topics, including transparent boundary
conditions for stationary Schrodinger equations in the back-
ground of Weyl-Titchmarsh MGT [25], particle acceleration
in a specific type of black hole, i.e., Bocharova—Bronnikov—
Melnikov—Bekenstein, studied in [26]. While wave-packet
dynamics in monolayer graphene were investigated in [27],
Zahid et al. [28] studied the shadow along with quasinor-
mal mode constraints on rotating-type black holes by using
some observations of M87* as well as Sgr A*. Additionally,
they studied bulk viscous matter in f(7") the MGT model as a
route to acceleration of our universe [29]. Asad et al. [30] dis-
cussed the evolution of nonstatic fluid for irreversible gravi-
tational radiation in Palatini F (R) gravity and stellar dynam-
ics with modified gravity theory, while the impact of f(R)
functions on the dynamical evolution of self-gravitating stars
in [31], implications of anisotropic fluid composition along
with MGTs, and electric charge alongside modeling compact
objects studied in [32-36].

The GR faces difficulties in fully accounting for the
observed accelerated expansion without invoking unknown
components like DE; consequently, interest has grown in
developing MGT models that extend or revise the GR frame-
work, in which one prominent approach replaces the Ricci
scalar R in the Einstein—Hilbert action with a general func-
tion f(R) [37-39], while another avenue, f(G) gravity, gen-
eralizes GR by incorporating the Gauss—Bonnet invariant
G [40,41]. Additionally, f (t) gravity, a branch of teleparallel
gravity, describes gravitational interactions through torsion
rather than curvature, replacing the torsion scalar t with a
function f(t) [42,43]. Further models explore explicit cou-
plings between space-time geometry and matter or scalar
fields, departing from the standard GR paradigm where
geometry and matter interact solely through the Einstein field
equations, and some other MGTs [44-46] provide a good
understanding of the universe’s expanding behavior. The
f (R, T) theory proposed by Harko et al. [47] by incorporat-
ing the Ricci scalar R, and the trace of the energy—momentum
tensor (EMT) T and its field equations are derived using the
widely adopted metric formalism accounting for the coupling
between matter and geometry. A specific formulation of the
type f(R,T) = fi(R) + f>(T) discussed in [48], while
Chakraborty [49] revisited f (R, T) gravity by incorporat-
ing stress energy conservation under both general and spe-
cific energy conditions, whereas Zaregonbadi [50] explored
a minimal matter geometry coupling model to account for
dark matter (DM) effects at galactic scales. Also, this frame-
work effectively describes the formation of compact stars
at both theoretical and astrophysical levels investigated in
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[51,52]. Sahoo et al. [53] studied the Bianchi type-I cos-
mological model within f (R, T') gravity. Furthermore, this
work expanded the application of f (R, T) gravity to a vari-
ety of astrophysical and compact objects, including static
spheres and cylinders like WHs, strange stars, and charged
cylinder-type gravastars, as well as the thermodynamic prop-
erties of black holes, WHs, and neutron stars [54—60].

The WHs are hypothetical space-time tunnels envisioned
as pathways linking distant regions of the universe, and these
are some particular solutions of Einstein’s field equations
within GR. They hypothetically offer shortcuts that circum-
vent the usual constraints of cosmic distances. This extraor-
dinary possibility arises because WHs, in theory, manipulate
the geometry of space-time itself. Effectively, it creates a
bridge between widely separated points, depending on their
specific configuration. Furthermore, WHs may link remote
galaxies, different epochs in time, or even parallel universes.
The study of this type of compact objects extending the
boundaries of known physics. In 1916, Ludwig Flamm [61]
analyzed the Schwarzschild solution to Einstein’s field equa-
tions and identified not only the theoretical basis for black
holes but also proposed the existence of white holes and
a connecting passage, later termed a WH. In 1935, Ein-
stein and Rosen [62] developed this concept further. They
introduced the Einstein—Rosen bridge, which described a
non-traversable connection between two regions. Later, in
1973, Ellis [63] and Bronnikov [64] independently found
solutions involving a massless scalar field, resulting in the
well-known Ellis drainhole, whereas a major advancement
occurred with the work of Morris and Thorne [65], who
outlined traversable WHs supported by EM capable of sus-
taining an open throat, theoretically enabling transit between
spatially separated regions or parallel universes. Hochberg
and Visser [66,67] subsequently investigated dynamic WHs,
identifying the presence of two throats and confirming that
violation of the null energy constraints is universal and essen-
tial for traversability, extending this analysis to rotating WHs
studied in [68]. In the Brans—Dicke framework [69,70], WHs
exhibit both static and dynamic behavior, the latter driven by
evolving scalar fields, whereas thin-shell WHs, along with
electromagnetic fields and modified Chaplygin gas with rel-
ativistic corrections examined in [71,72] and Yousaf et al.
[73] studied GMC induced WHs in power-law gravity, their
stability, and physical viability.

Theoretical studies on WHs expanded beyond GR, with
the aim of minimizing or eliminating the requirement for
EM. Thus improving the prospects for physically realizable
traversable WHs, and the condition R = 0 (with R as the
four-dimensional Ricci scalar) generates a variety of static,
spherically symmetric Lorentzian WH solutions with differ-
ent throat sizes and symmetries demonstrated in [74]. Such
traversable and globally regular WHs were examined within
braneworld scenarios, satisfying vacuum Einstein equations
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on the brane while incorporating effective stress—energy con-
tributions from bulk gravitational effects. Lemos et al. [75]
explored WHs with a non-zero cosmological constant, ana-
lyzing boundary matching, WH mass, and surface pressure
for predetermined traversal conditions by employing spe-
cific shape functions. The thin-shell WHs in the context of
heterotic string theory using the Darmois—Israel formalism,
computing surface stresses, and assessing linearized stability
studied in [76]. The traversable WH solutions with nonstatic
conformal and spherical symmetries, using defined shape
functions and equations of state to localize EM near the
throat, suggest that only minimal energy condition violations
are required investigated in [77]. While imprints of GMC in
Morris—Thorne type WHs and energy conditions under the
influence of higher-dimensional gravity are studied in [78].
Almatroud and his collaborators [79] studied electromag-
netic fields and fuzzy WH models, along side decoupling of
anisotropic WHs via MGD in the presence of DM haloes in
[80], while WHs construction through the diverse DM den-
sity profiles investigated in [81].

Within the framework of f(7) gravity, where t denotes
torsion, Daouda et al. [82] analyzed the equations of motion
for anisotropic space-time, deriving new spherically symmet-
ric solutions for both black holes and WHs under constant
torsion conditions. While novel insights into WH solutions
in extended teleparallel gravity inspired by non-commutative
geometry studied in [83]. Saleem and his collaborators [84]
investigated new relativistic traversable WHs and energy
constraints in the Rastall Teleparallel gravitational paradigm.
Although Harko et al. [85] established general conditions
within MGT models that allow WH solutions without the
necessity of EM, showing that higher-order curvature effects
can act as an effective gravitational fluid that supports the
WH geometry. Bambi et al. [86], working in f(R) grav-
ity with Born—Infeld electrodynamics under the Palatini for-
malism, demonstrated that central singularities in spheri-
cally symmetric configurations may be replaced by finite-size
WHes, resulting in geodesically complete spacetimes with
implications for the cosmic censorship conjecture, while an
exponential f (R, T) model yields WH solutions consistent
with energy conditions introduced in [87]. While Sahoo et
al. [88] proposed a hybrid shape function for WHsin f (R, T)
gravity, analyzing both anisotropic and isotropic scenarios
along with equilibrium-based stability, Chawla et al. [89]
examined traversable WH geometries supported by a log-
arithmic shape function within exponential f (R, T) grav-
ity, exploring three-parameter regimes and energy condition
characteristics through comprehensive dynamical and graph-
ical analysis. Recently, Tangphati et al. [90] investigated
WH metrics in f(R, T) gravity by comparing alternative
matter Lagrangians, producing asymptotically well-behaved
WH solutions. Furthermore, quantum, Euclidean, ring, non-
orientable, artificial WHSs, and the existence of traversable

WHs in the minimally coupled gravity model, along with
other MGT's remain active topics of theoretical inquiry across
multiple disciplines [91-97].

In this study, we investigate the theoretical construction of
traversable WH solutions with minimally coupled f(R, T)
gravity model which incorporates three distinct contribu-
tions. The first one is ordinary matter. The second one may be
considered as curvature modifications via the f(R) depen-
dence. The third one is additional matter geometry coupling
through the T dependence. Firstly, we establish the theoret-
ical groundwork by deriving the full set of modified field
equations in f (R, T) gravity. It also includes the formula-
tion of throat conditions and flaring-out criteria. Secondly,
we develop a solution methodology by specifying suitable
forms of the matter Lagrangian and the f (R, T') function, fol-
lowed by the derivation of exact WH solutions, while thirdly,
we perform a thorough physical analysis by evaluating the
effective stress EMT, systematically studying energy con-
dition behaviors. We characterize the resulting space-time
geometries through both analytical and graphical techniques.
And finally, our analysis using the Volume Integral Quan-
tifier (VIQ) provides a quantitative assessment of the EM
content required to sustain the considered traversable WH
geometries. However, the results reveal that for all three
shape function models, the EM is predominantly concen-
trated in the vicinity of the WH throat, with the VIQ magni-
tude decreasing as the radial coordinate increases. Further-
more, the dependence of the parameter on the correction term
@ and the GMC parameter ¢ highlights that smaller values
of these parameters consistently reduce the general content
of EM, thus improving the physical viability of stable and
traversable WHs in the background of the chosen gravita-
tional framework f (R, T') gravity.

2 Theoretical framework of f (R, T') gravity: field
equations and energy conditions

2.1 Formalism of f (R, T) theory and Morris—Thorne type
WH

The f(R, T) MGT extends GR by allowing the gravitational
Lagrangian to depend not only on the Ricci scalar R but also
on the trace of the EMT T which additional dependence intro-
duces new dynamical features into the gravitational sector.
Several analyses showed that (R, T) models can suppress
the growth of cosmic structures in a way consistent with local
observations, while more recent investigations indicate that
this class of MGTs may provide a compelling alternative to
the standard cosmological model by potentially alleviating
tensions between cosmic microwave background data and
measurements of large-scale structure, yielding growth rates
that differ from those predicted by ACDM. While adopting
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the general form of the f (R, T) action as formulated in [47],
we write:

1 [ f(R.T) .
7 = | S —gd*x + T, 1
fR.T) 2/9 e gd'x + ey

In this framework, €2 denotes a four-dimensional space-time
manifold that, while locally resembling flat Euclidean space,
can possess global curvature, whereas the coordinates x5,
where the variation of the Greek letter & can be taken as
(&6 =0,1,2,3) are defined on 2, with x9 representing the
temporal component and x!, x2, x> corresponding to spatial
dimensions. Within this MGT, the usual Ricci scalar R is
generalized through a functional dependence on both R and
the trace T' of the EMT, introducing higher-order or nonlinear
corrections that directly couple matter to geometry.

The determinant g of the metric tensor g, defines the
invariant space-time volume element, while G the gravi-
tational constant characterizes the strength of gravitational
interactions, while the matter action in this theory is written as
I = [ Lm) /—g d*x, where the matter Lagrangian den-
sity L) represents the matter Lagrangian density, governing
the dynamics and interactions of matter fields, whereas the
factor ./—g d*x ensures coordinate invariance of the action.
In our considered MGT, this matter action is not only cou-
pled to the geometry via the metric gg¢ but also interacts
explicitly with 7', thereby inducing a direct interdependence
between matter content and space-time curvature, and this
interaction remains consistent with the Einstein equivalence
principle while introducing new dynamical degrees of free-
dom. This modification enriches the gravitational dynamics,
providing a mechanism to describe the accelerated expan-
sion of the universe without invoking a cosmological con-
stant, whereas with suitable choices of f(R, T), one can
reproduce effects usually attributed to DE and even obtain a
natural framework for early cosmic inflation, all within a the-
ory that incorporates explicit matter geometry coupling via
T. By varying the modified action (Eq. (1)) with respect to
the metric tensor, we derive the corresponding field equations
in the form:

1 (m)
Gf;‘w = E (fT + 1)Tw _gSwaT

1
+ E(f — RfR)8w + (VeVy — gng)fR], 2)

where fr = 0f/dR and fr = df/0T. Also, Gg¢o, Ve and
T;z’;) are the usual Einstein tensor, covariant derivative, and
usual matter, respectively, while our considered case study
TS(Z’,) describing an anisotropic fluid structure is formulated

as

T = (pi + W Uelhey + Prgeer + (Pr — p0) Te Xy, (3)
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here, 1 is energy density, p, and p; represents pressures
in respective directions, while U% and Y¢ are the velocity
four-vector and radial vector, respectively, with the following
constraints:

Ut =(1,0,0,0), UUs =—1, and Y5Y: =1, also,
A(r)

r

. Y0=0="%="73.
4)

UTe =0,T" =¢£,/1 -

In both GR and MGTs, the line element serves as a key
mathematical construct that characterizes the geometry of
space-time. It defines how to calculate the infinitesimal dis-
tance between two points within a chosen coordinate system.
A spherically symmetric line element in Schwarzschild coor-
dinates (z, r, 8, ¢) [65] is described by

dr?

d Sd o _ 2(l>(r)d12
8ewdx>dx e +7§2 (1_M)
r

ds? = Z

E o~t,r0,¢
+r? Z g,’jdxidxj,
i,j~0,¢
Y gijdx'dx) = d6? + sin® 0dg?, (5)
i,j~0,¢

the metric tensor under consideration, which serves as an ana-
lytical framework for investigating Lorentzian WH geome-
tries. The first term of (5) is known as the time component,
which contains the redshift function ®(r), and governs grav-
itational time dilation throughout space-time. Radial vari-
ations ®(r) produce ®(r) position-dependent clock rates,
with the extreme case ¢2®") — 0 at some radius r = rp,
indicating event horizon formation. For traversable WH solu-
tions, we enforce the constraint ®(») = constant (equiv-
alently ®'(r) = 0), which both prevents horizon formation
and ensures the absence of singularities along the throat. This
condition guarantees that proper time measurements remain
finite and continuous for all observers traversing the WH. The
second term of (5) as aradial component determines how dis-
tances change in the radial direction; here, A(r) indicates the
shape function, which determines the spatial geometry of the
WH throat and controls the structure of the space-time geom-
etry and ¢ is the GMC parameter arising due to the breaking
of symmetry [98]. Inverse trigonometric shape functions and
less-complex WH configurations in D-dimensional Einstein
gravity were studied in [99], and imprints of GMC on the
stability and energy conditions of traversable WH models
in f(R) gravity were discussed in [100], while Asad and
collaborators [101] investigated traversable WHs in f(R)
gravity and the influence of GMC on the energy conditions.
The third and fourth terms of (5) are angular components
and describe the spatial structure in the angular directions
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and standard spherical symmetry, these components remain
unchanged from the Schwarzschild metric, whereas the pres-
ence of these terms ensures that the WH is spherically sym-
metric. There must be no event horizon for a traversable WH,
so we consider the case with a constant redshift function, i.e.,
@' (r) = 0. We can put ®(r) = 0 without any loss of gener-

2(A(r) —rA' () 1

2r T 2fr

x [chA%r)f,; + AN fr+20°r A fR

+2r% frpe =202 fi = 2% fri

ality. Thus, the line element reduces to: _ rszR(r) B 2§2rfR n rzf n 2r2p,:|, (10)
dr? 25in0(A(r) — rA'(r in20
ds® = Y gepdx®dx” = —di* + : - ‘ ( (2) ™) _ S;"
E,w~t,r,0,¢ 4-2 (l — #) r fR
+r2 > gijdxdxd, x [cer’(r)f,’e + CPAW) fr 4207 A fR A+ 20 frpy
Ve — 207 fg =20 frue
> gijdx'dx!) = d6* + sin® 0d¢*, (6)
i,j~0,6 —r2fRR(r) = 20°%rfR + 12 f + 2r2pt:|. (11)

The time component of the metric, which is now flat, indi-
cating the absence of gravitational time dilation and allow-
ing both observers and signals to traverse the WH unim-
peded. Rewriting the above line element in the compact form
ds® = g dx5dx™ , the metric tensor and its inverse can be
expressed as

8tw = diag(—l, 2;, r2, 72 sin? 9),
¢e(r — A(r))

o  a(T— A0 i 1
g _dlag< I, ¢ ( r )7 r2’ rzsin29 ' @

2.2 Modified Einstein equations

All required mathematical framework described above, now
varying indices in Eq. (2) and utilizing the Einstein tensor
G¢w, the Ricci scalar R = géw Rz calculated for our met-
ric (6), the field equations in our modified f(R, T) frame-
work after rigorous calculation and simplification are:

2+ 2A+1 ]
r? 22
x [ — PrA () fr = 3P A) fr — 20°r AG) f
+ 2022 R+ 4% fh
+2r2(2fr + 1)+ r? frR(r) — rzf}, ®)

A + P+ 1
L2r2A(r) —r) 28 (r — A fr

X [442A<r>f,; +2r% frp, — 2% fru
— 2 fRR(r) + 2 f — 427 fp

- 2r2pr}, )

There are many f (R, T') models explained by Harko [47] as,
some of them are separable models f (R)+ f (T), multiplica-
tive models, f(R) f (T) and non-linear couplings f(R, T) =
R + aR™ + £T". Here, we have considered the function
f (R, T) of the form of the additive/separable model as

f(R,T)=R+2wT, (12)

where @ represents correction parameter and the term 2w T
represents a linear coupling between matter and geometry.
Solving the field equations (8), (9), and (10) along with the
substitution of the f (R, T') model and further simplification
takes the form:

Qe - D(=+ A +1])

u(r) = @ 12 (13)
—4%w (@ + DrA' () + (2@ + DA®T)
+(¢2 - 1) (dw? - 1)r
L (r) = — 14
pr(n) (8w2 + 6w + l)r3 (14)
2(8w? +4w — 1)rA'(r) + 24w + DA(r)
—8(¢2 -1 1
pir) = (€~ Yo + 1 (15)

2(8w2 + 6w + l)r3

The Egs. (13)—(15) are the expressions for energy density,
radial and tangential pressure, respectively. Using these phys-
ical quantities and evaluating different energy conditions and
anisotropy parameters with graphs, we will discuss the WH
structures.

2.3 Condition of asymptotic flatness and so-called flare-out
conditions

A shape function plays a central role in determining the
geometry and physical characteristics of a WH. A funda-
mental requirement for constructing traversable WHs is the
fulfillment of the flare-out condition at the throat. At suffi-
ciently large radial distances from the WH throat, the space-
time should approach a flat geometry. This condition enables

@ Springer
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Fig. 1 Graphical representation of the flare-out condition of model 1 with varying values of ¢, i.e., 0 < ¢ < 1, throat radius ap = 1

asmooth transition between the WH region and the asymptot-
ically flat regions of the universe where gravitational effects
become negligible. While a consistent and physically viable
WH structure must satisfy the following criteria for the shape
function A(r):

e A(r)/r < 1l forall r > ag, ensuring that the embedded
surface flares outward,

e A(r) = ag at the throat radius r = ag,

e lim,_. A(r)/r = 0, ensuring asymptotic flatness,

o A(r) — A'(r)r > 0, a geometric requirement related to
the embedded surface profile,

o A'(r) < 1 at r = ag, guaranteeing that the flare-out
condition holds at the throat.

In our analysis, we consider three distinct classes of shape
functions, each of which is constructed to satisfy the flare-out
and asymptotic flatness criteria. In this work, we considered
and investigated three toy models of WH shape functions,
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defined as

A1(r) = re”@=") (Exponential Shape Function),  (16)
Ax(r) = ag[y2(1 — %) + 1] (Polynomial Shape Function),

)

73
A3(r) = ag (L) (Power-Law Shape Function),  (18)
ao

where y1, y2, and y3 are parameter values of the shape func-
tion model, and ap denotes the radius of the throat of the
WH, where as these shape function models A (r), A2(r) and
Az(r) are widely used in the literature [102—104]. To exam-
ine their physical viability, we evaluate basic criteria and plot
the functions A(r)—r vsr, A’(r) vsr, A(r)—A’(r) r vs r and
A(r)/r vsrinFigs. 1,2, and 3, while corresponding embed-
ded diagrams are presented in Figs. 4 and 5. For each model,
we explore the influence of the GMC parameter 0 < ¢ < 1
on the WH geometry. The panel (a) in each figure confirm that
the throat radius remains fixed at ag = 1 which confirm the
minimal radial coordinate remains consistent across all con-
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Fig. 2 Graphical representation of the flare-out of model 2 with varying values of ¢, i.e., 0 < ¢ < 1, throat radius ap = 1

figurations. From Fig. 1, it is evident that the first toy model
satisfies all the conditions required for a traversable WH. The
behaviors of the second and third toy models exhibit similar
characteristics, as in Figs. 2 and 3. Both models show accept-
able behavior for 0 < y» < 1 and 0 < y3 < 1. For the third
model (A3(r)), the graphs in Fig. 3 demonstrate analogous
qualitative features. One can observe that as y3 increases, the
behavior of A(r)/r and A(r) — A’ (r) r follows the same gen-
eral trends observed for A;(r), confirming the consistency
and parameter sensitivity of these shape function models.

2.4 Embedding diagrams of three WH shape function
models

To visualize the WH structure inherent in these models, we
provide both 2D and 3D embedding diagrams [102, 103, 105].
The 3D plots represent surfaces of revolution constructed by
embedding an equatorial spatial slice (# = constant, ¥ =
7 /2) into Euclidean space, and the relevant spatial section of

the WH metric is
5 dr?

ds® = CZ(] _ M)

which, when compared with the flat Euclidean metric in
cylindrical coordinates,

+ r2dg?, (19)

ds? = dz? + dr? + r2dy?, (20)

allows the embedding surface to be parameterized as z =
z(r), in this case, the induced metric reads

d 2
ds? = [1 n <d—i> :|dr2 + r2dg?. 1)

By equating the two metrics, we obtain the embedding dif-
ferential equation

1
i\/m —1, (22)
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Fig. 3 Graphical representation of the flare-out condition of model 3 with varying values of ¢, i.e., 0 < ¢ < 1, throat radius ap = 1

which governs the z profile of the embedded WH surface.
The embedding diagrams corresponding to shape function
models as given in Eqgs. (16)—(18) are presented in Figs. 4
and 5 which highlight several essential geometric features.
As one can observe that:

(@) In (r = ap), the embedded surface becomes vertical
(dz/dr — 00), which represents the flaring-out condi-
tion, as r — oo, the surface gradually flattens (dz/dr —
0), consistent with the asymptotic flatness.

(b) For suitable choices of shape functions parameters reveal
their impact on the geometry of the WH. For Eq. (16),
increasing yj tends to reduce the vertical extent of the
WH while modifying the curvature near the throat.

(c) Similarly, for Eq. (17), higher y» values alter the surface
profile. This variation affecting both the shape and the
height of the WH. Also, for the third model, Eqs. (18),
exhibits a comparable sensitivity. We can observe that by
varying y3 reshapes the embedded surface and adjusts
the flare and curvature of the WH throat.

@ Springer

Each embedding diagram depicts the upper and lower halves
of the WH, representing two asymptotically flat regions that
are smoothly connected at r = ay.

3 Anisotropy in WH with relativistic corrections

In anisotropic matter distributions, the pressure anisotropy
factor is defined as the difference between the tangential
pressure and the radial pressure. An anisotropy parameter is
denoted by A(r). There are three basic possibilities regarding
its values, if A(r) = 0, the matter distribution is isotropic,
whereas A(r) # 0 indicates anisotropy. Mathematically, the
anisotropy parameter A(r) may be define in the following
form:

A(r) = pi(r) — pr(r). (23)

In the case A(r) # 0, there are two further cases that indi-
cate the nature of anisotropy in different ways: The first one
is considered as A(r) < 0, it implying an attractive geome-
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3D Embedding Diagram
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Fig. 4 3D profiles of embedding diagrams for A;(r) panel (a), A>(r) panel (b), and A3(r) panel (¢) at ap = 1 with varying values of ¢, i.e.,

0<¢ <1

try. While in second case it may consider A(r) > 0, and it
suggests a repulsive geometry. In the framework of f (R, T')
gravity, the effective field equations inherently modify the
radial and tangential stresses due to the coupling between
matter and geometry. These plots are essential in identi-
fying whether anisotropy favors stability and supports the
traversability of GMC WHs in the context of f (R, T') grav-
ity. The mathematical expression for the anisotropy param-

eter of our considered shape function Models; 73 4,56} in
the background of minimally coupled f (R, T') gravitational
model is calculated as follows:

¢ (0nr +2)en @ —2) 42

AModel-1(r) = 20w T2 . (24)
=2(¢2 = 1)r? + 3 + D¢ 2apr — 4y?al
AModel-2(r) = ( ) 2(2:+1)r4 )
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2D Embedding Diagram
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Fig. 5 Pictorial representation of 2D embedding diagrams of three shape function models A (r) panel (a), A2(r) panel (b), and A3(r) panel (c)

at ap = 1 with varying values of ¢, i.e.,0 < ¢ < 1

1
@2 +0.75 + 0.125)r2

AModel-3(r) = (

0.65 0.1625
x [O.Sw + ;%w(w —0.5) + (£)05s - 0.125) + 0.125]
agp agp

(26)

Plotting anisotropy parameter A(r) versus r keeping throat
radius fixed as ap = 1 and varying GMC parameter and cor-
rection parameter that has arisen from extra curvature terms
due to f(R, T) theory from Eqs. (24) to (26) are established
in Fig. 6.

From the graphical analysis, it is observed that the
anisotropy factor A(r) exhibits nontrivial behavior near the
throat radius r = ag. In particular, the regions A(r) > 0
indicate an outward push due to tangential pressure domi-
nance, thereby enhancing the stability of the WH structure.
Figure 6 shows that for different varying values of all parame-
ters taken into account, the anisotropy parameter A(r) results
positive, illustrating that the geometry for the chosen specific
WH model is repulsive in nature, making WH model more

@ Springer

stable, i.e., in all panels (a) to (f) of Fig. 6, possessing repul-
sive geometry enabling the WH throat to be open as repulsion
counteracts gravitational collapse. Thus, anisotropy emerges
as a significant physical parameter in evaluating the stability
and viability of GMC WHs in f (R, T) gravity.

3.1 Energy conditions and WH models along with
graphical evaluation

Energy conditions are mathematical guidelines that deter-
mine how matter and energy must behave in space-time,
whereas according to GR, any EMT representing physically
meaningful matter or energy should satisfy these conditions.
Here are the Energy Conditions:

e Null Energy Condition (NEC): p(r) > 0 and u(r) +
pi(r) > 0,Vi € {1 =r, 2 =t} forafluid.

e Weak Energy Condition (WEC): u(r) > 0 and p(r) +
pi(r) = 0,Vi € {1 = r,2 = t} for a fluid. implies
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Fig. 6 Graphical representation of A(r) vs r with varying values of ¢, i.e., 0 < ¢ < 1, throat radius ap = 1 and different values of correction
parameter 0 < @ < 1, panel (a) for model 1, panel (b) for model 2, and panel (c¢) for model 3, respectively

that the energy density measured by any observer is non-
negative.

o Strong Energy Condition (SEC): u(r)+p; (r)+2p;(r) >
0,Vi,j e {l =r 2 =t} forafluid.

e Dominant Energy Condition (DEC): u(r) —|p; (r)| > 0,
Vi € {1 = r,2 = t} for a fluid. This means that energy
flux cannot move faster than light.

These conditions are essential for ensuring the physically
reasonable behavior of matter and energy in GR, and they
play a critical role in singularity theorems and black hole
physics, while WH requires these conditions’ violations for
traversability, as we have said earlier in the introduction of our
article. These models are inspired by well-known functional
forms in the literature, and for each case, the corresponding
expressions for energy density and pressures are derived by
substituting the shape function into the field equations. This
allows us to evaluate the anisotropy parameter, which mea-
sures the difference between tangential and radial stresses,

and to test the validity of classical energy conditions such as
the NEC, WEC, SEC, and DEC. In addition, graphical anal-
yses are employed to illustrate how the GMC and the matter
geometry coupling parameter e affect the physical behavior
of these solutions.

3.2 Model-1: exponential shape function

We initiate our analysis of the WH geometry by adopting an
exponential shape function, given by [106]:
Al(r) = r @), 27
where aq corresponds to the WH throat radius, the minimal
radial coordinate at which the WH remains open, and y; is a
dimensionless parameter controlling the geometric profile of
the WH. For simplicity in computation and without loss of
generality, we setap = 1. By substituting this shape function
into the modified field equations Egs. (13)—(15), we derive
the key matter components supporting the WH structure: the
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energy density u, the radial pressure p,, and the tangential
pressure p;. These quantities are obtained as follows:

Q@ —1) (;2 ((ylr —pertlao—r) 4 1) - 1)
(4o + 1r? '
- (;2 (eVI (ag=r) (74w2 Ty (@ + Dor + 1) +4w? — 1)) t4w2 1
(822 + 6w +1)r2

(28)

"=

pr=

(29)

2e1(a0—r) (yl (8w2+4w - 1) r—8w(w+l)) +8 (g2 - 1) @ (@+1)
pr== 28w 246w +1) 12 '
(30)

These expressions encode how the underlying matter-energy
distribution behaves in response to both the chosen shape
function and the MGT framework (through the coupling
parameter @ and the GMC parameter ¢). The result (panel
(a) of Fig. 7) highlights a significant departure from clas-
sical GR-based WH models, which generally require nega-
tive energy density. The 1/72 dependence reflects the natural

y]é-ZeVl(ao—r)

= 31

wtpr 2or +r S
7 _ 52 ((J/ll’ — 2)eN (ao—r) 1 2)

= 32

mt P 2Qw + D)2 (32)

Here, it + p, corresponds to the radial WEC and u + p; to
the tangential WEC. As shown in Fig. 8, the tangential WEC
is satisfied, whereas the radial WEC is violated a common
feature in traversable WH geometries.

The SEC computed as:

8 (@ + 1) (¢2 ((nr — D@0 1) — 1)
+2p, = — .
wtprtlp (8w2+6w+1)r2

(33)

Graphical analysis (Fig. 9) shows that SEC is satisfied for
physically relevant parameter ranges, indicating that attrac-
tive gravity remains dominant.

The DECs for this model are:

g2 (en@=) (=82 4y (8w’ + 4w — 1)r +2) +8w? —2) — 8> +2

w=Iprl =

(8w2 + 6w + 1) r2

’

(34)

g2 (en@=n) (—16w2 — 8w + y; (162 + 4w —3)r +2) + 165> + 8w — 2) — 16w% — 8w +2

w—Ip| =

2(8w2 + 6w +1)r2

(35)

decay of matter density away from the throat. For the radial
pressure p, in Eq. (29), the numerator contains competing
terms involving both r combined with @, and a key feature
required can be seen through panel (b) of Fig. 7. For the tan-
gential pressure p; in Eq. (30), the result remains positive
for all considered parameter values, thus supplying lateral
support against collapse (panel (c), Fig. 7). The combined
effect of energy density, radial tension, and tangential pres-
sure supports a physically consistent WH solution.

We next examine the classical energy conditions. The
WEC:s take the form:

@ Springer

As depicted in Fig. 10, the radially directed DEC is satis-
fied, whereas the tangential DEC is violated again, reflecting
anisotropic matter distribution.

3.3 Model-2: polynomial shape function

Now, we consider the following shape function [106]:

() = ao| ;o (1-22) +1], (36)
where y» is a free parameter constrained within0 < y» < 1to
ensure the satisfaction of the flare-out condition. Substituting
Eq. (36) into the general field equations (13)—(15), the energy
density u, radial pressure p,, and tangential pressure p; are
obtained as
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The corresponding plots in Fig. 12 indicate that the WECs
are satisfied for the considered parameter ranges, implying
that despite the negative energy density, the combined fluid
variables support physically admissible WH solutions under
f (R, T) gravity corrections.

For the SEC, we compute

_8w(w + 1)(({2 — l)r2 — yzg’za(z))
(8w? + 6w + 1)r*

W+ pr+2p =

s

O0<w <1 (42)
_ Qo = D((¢2 = D)r? = yi’ad)
H= (4w + D ’ S
(2= - )2+ (4w 4 8w + 1)ag — ((r2 + DL (o + Dar) a38)
pr= (8w? + 6w + 1)r* ’
by — —8(¢2 = N (@ + Dr? +2p¢* (4w — 1)ag + (12 + D> @ + Daor 39
t — .

2(8w?2 + 6w + 1)r4

The graphical behavior of u, p,, and p; is illustrated in
Fig. 11. From these plots, we observe that the energy den-
sity u is predominantly negative for most values of ¢ and o,
indicating the requirement of EM contributions. On the other
hand, both radial and tangential pressures remain positive

whose behavior is depicted in Fig. 13. The SEC is found
to hold throughout the considered domain, confirming that
the effective matter distribution under this shape function
remains attractive.

Finally, the DECs take the forms

2(¢2 = 1) (d? = 1)r? + (1o + D@ + Daor — 8y2¢%w (w + Dad

n—lprl=

(8w2 + 6w + 1)r4

’

(43)

2(¢2 = 1)(8w? + 4w — 1)r? + 4% (1 — 4o?)ai — (v2 + D¢ (@dw + Dagr

n—Ip| =

2(8w2 + 6w + 1)r4

(44)

for a significant range of parameter values, with the excep-
tion of very small ¢ (e.g., { = 0.1), where the radial pressure
acquires a negative contribution. This indicates that the mat-
ter distribution associated with the chosen shape function
is not completely exotic, but a partial violation of standard
conditions still persists.

The WECs are derived from the above expressions as fol-
lows:
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The graphical results in Fig. 14 demonstrate that both
radial and tangential DECs are violated, which suggests
the breakdown of classical matter conditions. This violation
is a direct consequence of higher-order curvature terms in
f (R, T) gravity, implying that the WH requires exotic-type
contributions to remain traversable.

Thus we examine that this polynomial shape function
illustrates a mixed scenario: although the WEC and SEC
are largely respected, the DEC and negative energy density
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Fig. 11 Graphical representation of u, p,, and p, in panels a, b, and ¢, respectively, as functions of r with varying values of ¢, i.e.,0 < ¢ < 1,
with throat radius agp = 1, y» = 0.1, and correction parameter 0 < @ < 1
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Fig. 12 Graphical representation of WECs, namely 1 + p, and i 4 p; in panels a and b, respectively, for different parameter choices with ag = 1,

y2 = 0.1 and different values of correction parameter 0 < @ < 1

indicate the persistence of exoticity in the matter sector. The
incorporation of the correction parameter @ in f (R, T') grav-
ity plays a vital role in controlling these violations, yet does
not completely eliminate them. Thus, the WH solutions sup-
ported by this shape function are only partially non-exotic,
with the overall geometry favoring repulsive contributions
due to the presence of GMC.

3.4 Model-3: power-law shape function

In this model, we adopt the following expression for the shape
function [107].

.
Az(r) = ao(%)”, 0<y <1, (45)

where ag is the throat radius, y3 is an arbitrary constant with
the restriction 0 < y3 < 1 to satisfy the flaring out condition.
We have made calculations for the value of y3 = 0.4. Uti-
lizing this value of y3 and expression of shape function, we
have found expressions for energy density, radial pressure,
and tangential pressure as below:

_ _ 2" \-06 2

e [(Zw 1)(0.4¢ (ao) ¢+ 1)},
(46)
1
Pr=—
(8w? + 6w + 1)r3
x [(42 —1)do? = 1)r +*@w + 1)
r ro_
x (%)0-4510 — (1.6*w (w + l)r)(%) 0‘6], 47)

1
2(8w2 + 6w + l)r3

Pt =
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Fig. 13 Graph of the SEC, i.e., u + p, + 2p;, versus r for chosen
parameter values with throat radius ag = 1, y» = 0.1 and different
values of correction parameter 0 < @ < 1

x [(0.4;2(8w2 + 4w — 1)r)(ai)—°-6 + 2w + 1)
0

X (L)O"‘ao — 8({2 — l)w(w + l)r]. (48)

ao

Now, from Eq. (46), the energy density is inversely pro-
portional to 72, a typical feature in spherically symmetric
systems, indicating that energy density peaks near the WH
throat and decreases outward. Whereas a negative power
term, reflecting corrections due to the matter-geometry cou-
pling in f(R, T) gravity. The overall negative sign indicates
that it often becomes negative, representing radial tension a
crucial feature needed to keep a WH throat open and a com-
mon indicator of the presence of EM. Similarly, the tangential
pressure equation turns out to be positive throughout.
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Fig. 14 Graphical representation of ;© — |p,| and i — | p;| in panels a and b, respectively, for different parameter choices with ap = 1, y» = 0.1
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radius ap = 1 and different values of correction parameter 0 < @ < 1
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Fig. 16 Pictorial representation of i + p,, it + py, in panels a, b, respectively, as a function of r with varying values of ¢, i.e.,0 < ¢ < 1, throat

radius a@p = 1 and different values of correction parameter 0 < w < 1

In this analysis, we present a set of graphs illustrating
the energy density, radial pressure, and tangential pressure
with respect to r, while maintaining a fixed throat radius
ap = 1 and varying different values of GMC parameter ¢.
It is observed that the energy density of the anisotropic fluid
remains negative except for ¢ = 0.1. The next graphs show
up tangential pressure positive and radial pressure negative
for all values of GMC parameter ¢ and correction parameter

w (Fig. 15).
The WECs imply that:
pot pr=———l03c3(L)0s (49)
" (@ +0.5r2| 77 ‘a ’

_ 1 2 T \-06
ntP= e [s‘ (0-7(a0) 1)+1] (50)

The set of plots for WECs is given below:

And the graphical representation of WECs in Fig. 16 illus-
trates that radial directed is violated totally and tangential
directed is held true for the model under investigation. The
SEC implies that:

1
P P = 075w 4 0.125)2
0.4 0.4
. [w(w +2 (s ~)+ os ) + 1)].
ag ao

(S

The graph for SEC is plotted below, which indicates that in
the model under investigation, SEC has been satisfied for
all values of GMC parameter ¢ and correction parameter @
(Fig. 17). The DECs imply that:

1 ( r )—0.6

w=lprl= Golreo 107
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Fig. 17 Graph for SEC, i.e., u+ p, +2p; versus r with varying values

of ¢, i.e.,0 < ¢ < 1, throat radius ap = 1 and different values of
correction parameter 0 < @ < 1

x [(L)M(z —8w2) + 2 (24w + w2 (8(—)*0 ~ 3.2)

ap ao
-2y 1.4)], (52)
w—Ipel = (8w2+61w+1)r2
x [;Z(wz(s _(Llrz")z()_())+w(4 (zﬁm)Jr(af:‘)l%—l)
8w — 4w + 1]. (53)

The graphs for DECs are given below in Fig. 18.

The graphs drawn above illustrate the violation of tangen-
tially directed DEC, suggesting unusual energy conditions
or exotic stuff due to extra curvature terms arising from our
underlying f (R, T') theory.
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Fig. 18 Pictorial representation of () — | pr|, n(r) — | p;|, in panels a, b,
throat radius ap = 1 and different values of correction parameter 0 < @ <

3.5 VIQ and comparative EM analysis in WH models

The existence of traversable WH geometries necessitates the
presence of EM, which is characterized by a violation of the
NEC,i.e., u+ p, < 0, where u is the energy density and p,
the radial pressure, while this violation is crucial as it coun-
teracts the gravitational collapse of the WH throat, thereby
ensuring the stability and structural integrity of the WH. To
quantitatively assess the total amount of EM content within a
WH configuration, the VIQ serves as a powerful diagnostic
tool that measures the degree of NEC violation integrated
over the entire spatial volume of the WH. Mathematically, it
is defined as:

VIQ(r) = yg (u(r) + pr(r))dVv, (54)

where dV = r2drdQ denotes the proper volume element
and d<2 represents the solid angle element, whereas given
the spherical symmetry of the configuration, the integral over
the solid angle yields 47, and the expression simplifies to:
VIQ@r) = fa? 47 (u(r) + py(r)) r’dr. However, to obtain
afinite measure and restrict the analysis to a physically mean-
ingful region surrounding the WH throat, the integration is
performed from the throat radius ag up to a finite upper bound
R1 > ap. This practical form of the VIQ is given by:

Ry

VIQ(r):/ 47t (u(r) + pr(r)) rdr. (55)

ao

In our study, we employ Eq. (55) to evaluate the VIQ for
the considered WH models featuring different shape func-
tions. For our numerical computations, the throat radius is
fixed at ap = 1, and R; is chosen as a suitable finite upper
limit. The resulting distributions and parameter dependen-

= I
_5t
& _qof
5 — 7=0.22(Line)
-151 = ¢=0.44(Dashing) ||
 {=0.66(Dotted)
- {=0.88(Dashed)
-20Ls
0.0

(b)

respectively, as function of r with varying values of ¢, i.e.,0 < ¢ < 1,
1

cies of the EM are graphically illustrated in all the panels
of Figs. 19, 20, and 21, providing a comprehensive visu-
alization of the NEC violation across the parameter space
of our solutions. These figures illustrate the computed VIQ
profiles as functions of the radial coordinate r for the three
shape function models under consideration. The curves are
plotted for parameter sets @ € {0.25, 0.5, 0.75}, represent-
ing the correction parameter in the f (R, T') gravity model,
and ¢ € {0.3, 0.6, 0.9}, GMC parameter, while fixing throat
radius ag = 1 and for some shape function parameters, i.e.,
(in Fig. 19, 1 = 0.5, in Fig. 20, y» = 0.5 and in Fig. 21,
y3 =0.4).

As shown in nine panels of Fig. 19, the VIQ generally
decreases with increasing r, reflecting the cumulative neg-
ative contribution of EM, while larger values of @ and ¢
tend to amplify the magnitude of VIQ, indicating increased
amounts of EM necessary to sustain the WH geometry.
Notably, the VIQ curves exhibit a steeper decline near the
throat (r = ayp), suggesting that most EM is concentrated in
the vicinity of the throat region. Consequently, we can say
that the parameter combinations with lower @ and ¢, throat
radius ap = 1, and shape function parameter y; = 0.5, main-
tain VIQ values closer to zero, implying physically more
viable WH solutions with minimal EM.

In contrast, all the panels of our constructed 2D visualiza-
tion in Fig. 20 displays a distinct VIQ behavior influenced by
the polynomial form of the shape function, here, the depen-
dence on parameters @, ¢, throat radius ap = 1 and shape
function parameter y» = 0.5, influences the VIQ magnitude
in a more delicate and gradual way. It means that the impact
of changing these parameters on the total EM content (mea-
sured by VIQ) is more gentle, less intense, and less easily
detected compared to other cases where the variations cause
larger or more noticeable changes. The VIQ curves tend to
level off more gradually compared to Model 1, suggesting a
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Fig. 19 2D visualization for VIQ versus radial coordinate r for Model 1 shape function with varying of correction parameter 0 < @ < 1 and
GMC parameter 0 < ¢ < 1, respectively, as VIQ quantifies the total EM content supporting the WH geometry, throat radius @y = 1 and shape

function parameter y; = 0.5

wider spatial distribution of EM, interestingly, certain param-
eter choices result in a less negative VIQ profile, indicating
reduced EM content for this shape function model. This high-
lights the important role that the functional form of the shape
function plays in determining EM requirements.

The 2D visualization in Fig. 21 reveals the VIQ behavior
for the power-law shape function where additional powers of
r affect the density and pressure profiles, where as the effect
of varying @ and ¢, also the radius of the throat ap = 1 and
the shape function parameter y3 = 0.4 is somewhat inter-
mediate between the previous two models. The VIQ curves
demonstrate smooth variations with r, and higher values of
the correction parameter @ consistently lead to higher neg-
ative VIQ values, suggesting an increase in EM. Here, the
power-law nature slightly broadens the EM region compared

@ Springer

to the exponential model but concentrates it more than the
polynomial model, while the comparative analysis confirms
that all three shape functions require EM distributed around
the WH throat, with the total amount quantified by the VIQ.
We can examine that Model 1 generally demands the highest
concentration of EM near the throat, while Model 2 exhibits
a broader and somewhat reduced EM distribution, where as
Model 3 provides intermediate behavior, balancing locality
and spread of EM. Consequently, the dependence of VIQ
on the parameters o and ¢ underscores the intricate inter-
play between the effects of MGT and topological defects
such as GMC, influencing the physical possibility of WH
configurations. So, smaller values @ and ¢ are preferred
to minimize EM content, improving the feasibility of stable
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Fig. 20 VIQ versus r for Model 2 shape function with different variations of correction parameter 0 < & < 1 and GMC parameter 0 < ¢ < 1,
respectively, throat radius ap = 1 and shape function parameter y» = 0.5

and traversable WHs in the background of our considered
S (R, T) gravitational frameworks.

4 Summary of work

The existence of traversable WHs (Morris—Thorne WHs) in
GR is contingent upon the violation of the energy require-
ments. In GR, it is difficult to find precise solutions that char-
acterize WHs, particularly when one wants to include a par-
ticular equation of state. The WHs are predicted to exist by
a number of gravity theories, much like black holes, despite
the fact that there is currently no direct observable proof of
them, while it is still crucial to investigate WHs since a better
knowledge of their characteristics may one day aid in their
detection. It was widely held that the existence of EM was

essential to the maintenance of a traversable WH; however,
as the introduction section explains, some researchers have
effectively created static, spherically symmetric WH models
that do not require EM in both GR and MGT frameworks.
In this article, we have inspected topologically charged
Morris—Thorne-type WHs against the backdrop of modified
f (R, T) theory employing various shape functions available
in the literature with an anisotropic fluid as the matter content.
Our analysis of three illustrative WH shape function models
confirms that all satisfy the fundamental flare-out conditions
and asymptotic flatness requirements essential for construct-
ing traversable WHs; consequently, the graphical representa-
tions of these shape functions are provided in Figs. 1,2, and 3
The embedding representations reveal the expected vertical
slope at the throat and gradual flattening at large radii, provid-
ing a consistent geometric realization of the WH structures.
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Fig. 21 Graphs for VIQ versus r by taking Model 3 shape function highlighting intermediate EM localization with varying values of ¢, i.e.,
0 < ¢ < 1, throat radius ap = 1 with varying values of correction parameter 0 < w < 1

The model parameters (yi, 2, y3) and GMC parameter ¢
play crucial roles in shaping the curvature and controlling
the throat size, with higher ¢ leading to wider throats and
smoother curvature profiles, co.Consequently, we can say
this governs the z-profile of the embedded WH surface, while
the embedding diagrams corresponding to Ay (r), Az (r), and
A3z (r) are presented in Figs. 4 and 5. Collectively, these find-
ings establish that the considered models produce physically
viable WH geometries supported within the adopted MGT
framework. We solve the Einstein field equations to assess
physical quantities such as energy density, radial pressure,
tangential pressure, and weak, strong, and DECs in various
models. This conclusion results from the observation that
the matter content indicated by the effective stress—energy
tensor relaxes the conventional requirements for EM in such
configurations by violating certain energy conditions. Fur-

@ Springer

thermore, our results show that the GMC, defined by the
parameter £, is key in determining the energy requirements
and that the WH geometry is supported by correction terms
that are triggered by the modified structure formalism of the
theory f(R, T). The GMC parameter ¢ and the relativistic
correction parameter @ determine whether the WH’s geom-
etry shows attractive or repulsive behavior, affecting WH
stability. This is additionally demonstrated by examining the
anisotropy parameter for all models.

We also analyzed that the anisotropy factor A(r) = p; —
pr for the WH configurations charged with monopoles con-
sidered in the framework of f (R, T') gravity reveals several
important results. The anisotropy parameter A(r) is found
to be predominantly positive for all three shape function
models considered, with varying choices of GMC param-
eter 0 < ¢ < 1 and the correction parameter 0 < @ < 1.
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Therefore, anisotropy emerges as a key physical mechanism
in sustaining traversable WHs in f (R, T') gravity, with GMC
and gravity model corrections working jointly to strengthen
stability. Among these three models, the exponential shape
function generally demands the highest concentration of EM
near the throat. The second toy form of the shape function,
which is a polynomial shape function, distributes EM more
broadly and with subtler dependence on gravity and GMC
parameters. Whereas the power-law shape function serves as
an intermediate case, balancing EM localization and spread.
Moreover, we investigated that variation of the f (R, T) cor-
rection parameter and GMC parameter, along with ap = 1the
significant modulation of the amount of EM, which is sup-
ported graphically through Figs. 19, 20 and 21. Hence, this
research makes a substantial contribution to the continuing
exploration of the theoretical viability and potential conse-
quences of these intriguing space-time pathways, particu-
larly when considering the influence of a GMC and taking
the modified theory into account.
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