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Abstract. In recent years, research has concentrated on finding techniques to create
traversable wormholes that circumvent the exotic matter problem or violate the null
energy condition (NEC). Scientists are investigating alternate gravity theories and spe-
cific frameworks of ordinary matter that might potentially stabilize a wormhole throat,
eliminating the necessity for negative energy density. Casimir energy, a quantum field
theory phenomenon, provides a plausible option for producing traversable wormholes.
Because Casimir energy can naturally produce specific regions of negative energy den-
sity, researchers are exploring how this artificial negative energy may function as the
exotic matter needed to stabilize a wormhole’s throat, potentially avoiding the need
for theorized exotic matter. This research studies traversable wormhole geometries us-
ing Casimir energy as the source of the requisite exotic matter, looking at solutions
within the framework of three different functional forms of f(Q) gravity. The three
functional forms taken are the power-law form, the inverse power-law form, and the
logarithmic form for investigation. In all three cases, energy conditions are discussed.
The anisotropy parameter and EoS parameter are analyzed to find a plausible solution
for a traversable wormhole space-time.
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1 Introduction

We are not wrong if we say that some of the most creative and significant scientific theories
were created by Einstein. Einstein’s general theory of relativity (GR) has proven extremely
successful at describing and predicting a wide range of phenomena. With technological
advancements, methods like gravitational lensing, VIRGO, and EHT have experimentally
proved it to be the majority correct theory of gravity [1–4]. Not a long while ago, gravity
was assumed to be a force. In September 2015, the Advanced LIGO detector made the
first-ever direct observation of gravitational waves, which are distortions in the curvature of
spacetime. These particular waves were created by a black hole merger [5]. This validates
one more prediction of GR.

The GR is defined by the solution of field equations, which further enables us to an-
swer other physical phenomena like black holes, planetary dynamics, the evolution of the
universe, etc. Among the numerous fascinating predictions of GR, physicists are particu-
larly interested in the exciting theoretical prospect of traversable wormholes. Wormholes
are imagined tunnel-shaped constructions having two entrances at either end joined by a
throat. It generates a spacetime shortcut that connects two faraway locations. Wormholes
remain essentially hypothetical, with no experimental evidence confirming their existence.
However, interest in them is developing at a rapid pace, as they are regarded as potential
portals for time travel and speedy interplanetary travel within realistic timelines.

Flamm first gave the idea of static wormholes connecting two asymptotically distant
regions in space-time in the form of Schwarzschild solutions [6]. Traversable wormholes
represent Einstein field equation solutions [7]. Einstein and Rosen suggested the Einstein-
Rosen bridge, which expanded on the static wormhole idea, in 1935 [8]. Subsequently, similar
solutions were discovered, including the Einstein-Rosen bridge, which links two regions of
spacetime that are each described by a Schwarzschild solution [9,10]. Morris and Thorne
introduced the idea of a spherically symmetric traversable wormhole, which was later shown
to require exotic matter, and various models have explored how such wormholes could be
supported by hypothetical fields like a tachyonic massless scalar field[11]. They, along with
Yurtsever, put forward the idea of a time machine giving a probable traversable wormhole
solution [12–16].

Currently, interest is growing in finding a solution for traversable WH with no event
horizon or singularity, as the Schwarzschild metric fails to describe the spacetime geometry
at the event horizon. To achieve this, the metric is adjusted, and constraints are enforced on
the throat’s properties via the implementation of the Birkhoff theorem [17], in which case
the mass-energy is less than radial tension [18–21]. This leads to the violation of NEC and
which in turn escorts the presence of phantom fluid or phantom energy. To eliminate this
necessity of exotic matter in the wormhole geometry, several modified theories of gravity
came into existence where the violation of the NEC is regarded as the effect of higher-order
curvature terms. f(R) gravity set the stage to achieve the thin shell traversable wormhole.
f(R, T ) theory of gravity came into existence by coupling the geometry with matter terms,
where for different forms of the function f(R, T ), wormhole solutions are explored [22–29].

Teleparallel gravity and various modified gravitational theories also find their way into
the study of traversable wormholes [30–41]. Teleparallel theory [42,43] is one of the desir-
able alternatives to GR nowadays, which is examined for the possible solutions of wormhole
geometries. In this theory, spacetime is curvature and torsion-free, with gravitational inter-
actions described by the nonmetricity term Q. To evaluate these teleparallel gravity models,
we express the f(Q) gravity Lagrangian as an explicit function of redshift, which is repre-
sented by f(z). This method can be justified using different observational tools, including
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data from quasars, the Cosmic Microwave Background, Baryon Acoustic Oscillations, and
Gamma-Ray Bursts [44,45]. The different classes of gravitational modifications are intro-
duced by various authors using the different functional forms of f(Q), from which wormhole
solutions and other cosmographical results are discussed [46–53].

As we have already discussed, the traversability of wormholes in GR is consequently
obtained by the violation of NEC, which is unfortunately unavoidable in that case, as it
indicates the existence of exotic matter as the threading matter in the wormhole throat,
which possesses negative energy. Our motivation for the present paper derives from the
above fact, as we try to develop solutions for traversable wormhole geometries, addressing
the issue of negative energy by proposing that the negative energy required to keep the
wormhole mouth open for the required duration can be obtained from a different energy
source. Classical matter validates the NEC, and therefore, the derivation of wormholes is
possible in the context of semi-classical gravity or quantum gravity. Casimir energy, the sole
artificial method of producing negative energy at the moment, could be a promising source
of the required exotic energy [54]. Casimir energy is generated in the vacuum created by two
uncharged, parallel metallic plates positioned very close together. An attractive force arises
from this event, a prediction made in 1948 and subsequently verified through experiments
at Philips laboratories [55,56] and by other investigators more recently [57,58].

In the present article, we have discussed traversable WH solutions within the context
of teleparallel gravity, inducing the Casimir energy system in three different expressions
for f(Q). In the first case, we try to explore the Casimir wormhole geometry, taking the
power-law expression for f(Q). The second and third cases are discussed using the inverse
power law and logarithmic expression, respectively. The manuscript here is divided into
six sections. The f(Q) gravity is formed in Section 2. Section 3 discusses the fundamental
criteria for the wormhole’s shape function and offers the field equations inside the teleparallel
gravity. Section 4 gives an insight into the required energy conditions. Casimir energy is
further discussed in Section 5. In subsections of section 5, the WH solutions are examined
for three different expressions for f(Q). Section 6 presents the conclusions and remarks.

2 The Mechanism of Symmetric Teleparallel Gravity
In the present article we take the action for symmetric teleparallel gravity [59] as

S =
1

2

∫
[f (Q) + 2Lµ]

√
−gd4x, (2.1)

where, Lµ is the matter Lagrangian density while the function f(Q) is taken with regard to
the non-metricity term Q, g gives determinant of the metric glm.

The non-metricity tensor is given by

Qλlm = ∇λlm. (2.2)

The non-metricity tensor asserts two independent traces as

Qϕ = Qϕ
l
l , Q̄ϕ = Ql

ϕl. (2.3)

The non-metricity conjugate corresponding to super-potential of this new GR, as referred
by Jiminez et.al. [43], is

Pϕ
lm =

1

4

[
−Qϕ

lm + 2Qϕ
lm +Qϕglm − Q̄ϕglm − δϕl (Qm)

]
. (2.4)
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This is obtained by analyzing the form of the non-metricity tensor

Q = −QϕlmPϕlm. (2.5)

The energy momentum tensor describes the property of the matter spread in space-time, as
given by

Tlm = − 2√
−g

δ (
√
−gLµ)

δglm
. (2.6)

The motion equations are obtained when we vary the action given in Eq. (2.1) with respect
to the metric tensor glm, written as

2∇η√
−g

(√
−gfQP

η
lm

)
+

1

2
glmf + fQ

(
PlηζQm

ηζ − 2QηζP
ηζm

)
= −Tlm, (2.7)

where total derivative of f with respect to Q is given by fQ. On varying Eq. (2.1) with
respect to the connections, we get the following relation

∇l∇m

(√
−gfQP

η
lm

)
= 0. (2.8)

Consistent with the specified f(Q) gravity, the field equations mandate the conservation of
the energy-momentum tensor. This study is dedicated to detailing the gravitational field
equations that dictate static and spherically symmetric solutions [60] for wormhole geometry.

3 Wormhole Structure and Solution of Field Equations
in Symmetric Teleparallel Gravity

To represent the wormhole geometry, we consider the general static spherically symmetric
line element of Morris-Thorne class

ds2 = − exp (2ϕ(r)) dt2 +

(
r − b (r)

r

)−1

dr2 + r2dθ2 + r2sin2θdϕ2. (3.1)

Here, the intruding object has the redshift function ϕ(r) defined in terms of radial co-
ordinate r. The radial coordinate is specified as 0 < r0 ≤ r ≤ ∞ which clearly indicates
its non-monotonic behavior, as we can gather from the above definition that r is dropped
from ∞ to the minimum value r0, which is also equal to b(r0), and again from r0, the value
approaches ∞. The smallest value of r is designated as the throat radius. The redshift
function must have a finite value everywhere near the throat. Crucially, it cannot vanish,
as this would lead to an event horizon or a singularity at the throat, thus compromising the
wormhole’s traversability. Our present study focuses on Casimir wormhole solutions that
have a predetermined shape function b(r) and redshift function [61]. The shape function
must satisfy some constraints as it ascertains the wormhole geometry. The flaring out
condition, b′(r0) < 1, establishes traversability within the wormhole’s space-time. This
condition determines the minimum size of the throat, and therefore the validation of the
flaring-out condition is must to maintain the geometry of the wormhole. The conditions
0 < 1− b(r)

r and b(r0) = r0, where r0 ≤ r ≤ ∞, are called the throat condition. Here, r0, as
described above, is the throat radius and has the minimum value of r. Another important
requirement imposed on the shape function is

b(r)

r
→ 0 as |r| → ∞,
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known as the asymptotically flatness condition. This condition indicates that at large dis-
tances from a region, the curvature of the space-time vanishes. The proper radial distance
is expressed as  x(r) = ±

∫ r

r0
dr√

r−b(r)
r

is a decreasing function descending from upper space

x = +∞ to the throat of the wormhole and then coming down to x = −∞. This proper
distance must be finite with respect to the radial coordinate, but this distance x(r) must
abide by the condition r− r0 ≤ |x(r)| i.e., the radial coordinate distance is always less than
or equal to the proper radial distance. The lower and the upper regions of a wormhole are
represented by the negative and positive values of x, which are connected by the throat
where x = 0.

Our analysis presumes an anisotropic matter fluid within the wormhole throat, with its
stress-energy-momentum tensor given by

Tm
l = (ρ+ pt)ulu

m + ptδ
m
l + (pr − pt) vlv

m. (3.2)

Where, the unit space-like vector along the radial coordinate is expressed by vl while ul

gives the four velocity. Energy density, radial and tangential pressures are represented by ρ,
pr, pt respectively. For the line element Eq. (3.1), the trace Q of the non-metricity tensor
in f(Q) gravity is given by:

Q = − 2

r3
[r − b(r)] [2.r.ϕ′(r) + 1] . (3.3)

We solve Eq. (2.7), Eq. (3.1) and Eq. (3.2) to get the expressions for energy density (ρ),
radial pressure (pr) and tangential pressure (pt) as

ρ =

[
1

r3
(2rϕ′(r) (r − b(r))− b(r)− rb′(r) + r)

]
fQ +

2

r2
(r − b(r)) fQ +

f

2
, (3.4)

pr = −
[
2

r3
(r − b(r)) (2rϕ′(r) + 1)− 1

]
fQ − f

2
, (3.5)

pt =−
[
1

r3

([
1 + (rϕ′(r) + 3) rϕ′(r) + r2ϕ′′(r)

]
[r − b(r)]− 1

2
[1 + rϕ′(r)] [rb′(r)− b(r)]

)]
fQ − 1

r2
[r − b(r)] [1 + rϕ′(r)] fQ − f

2
. (3.6)

We may analyze the different solutions for wormhole geometry by selecting the appropriate
shape function b(r) and redshift function ϕ(r). In our current paper, we use Casimir’s shape
function and the redshift function to identify the presence of negative energy within the
wormhole geometry.

4 Energy Constraints
The requisite constraints, generally referred to as energy conditions, constructed from Raichaud-
hary equations, set out the temporal evolution of the time-like  vector ul and kl, which gives
the null geodesics as

dθ

dτ
− ωlmωlm + σlmσlm +

1

3
θ2 +Rlmulum = 0, (4.1)
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dθ

dτ
− ωlmωlm + σlmσlm +

1

2
θ2 +Rlmklkm = 0, (4.2)

where, kl denotes the vector field, on the other hand, the shear or spatial tensor is given by
Rlmklkm having σ2 = σlmσlm ≥ 0 and ωlm ≡ 0.

These are the conditions that provide information regarding the type of fluid found in
the wormhole throat. These circumstances are often evaluated in terms of the radial and
tangential pressures alongside the energy density. The stability, development, and existence
of traversable wormholes are determined by whether the energy criteria are validated or
violated. These energy conditions concur with the Raichaudhary conditions in the case of
positive energy, i.e., attractive geometry, also for θ < 0.

Rlmulum ≥ 0, (4.3)

Rlmklkm ≥ 0. (4.4)

Here, we consider the energy conditions for anisotropic matter fluid. The null energy con-
dition (NEC) is expressed using the energy density ρ, radial pressure pr, and tangential
pressure pt as ∀i, ρ(r) + pi ≥ 0 or Tlmklkm ≥ 0 in tensor form, indicating that these prin-
ciple pressures are non-negative. In GR, the traversability of the wormhole is related to a
violation of NEC. To guarantee a non-negative energy density for a time-like vector, the
weak energy condition (WEC) must hold, which means ρ(r) ≥ 0 and ∀i, ρ(r) + pi ≥ 0 or
Tlmklkm ≥ 0. The strong energy condition (SEC) (Tlm − T

2 glm)klkm ≥ 0 in tensor form or
T = −ρ(r) +

∑
j pj and ∀j, ρ(r) + pj ≥ 0, ρ(r) +

∑
j pj ≥ 0 in principle pressures is related

to the universe’s inflation. The SEC must be violated to acknowledge this inflation. The
dominant energy condition (DEC) is a constraint on the energy transmission, which restricts
its limit to the light’s speed. The mass of energy cannot flow at a speed greater than light.
In tensor form DEC is given as Tlmklkm ≥ 0, where Tlmkl is not space-like or ρ(r) ≥ 0 and
∀i, ρ± pi ≥ 0 in terms of principle pressures.

5 The Casimir Energy Wormhole Model
As we know, traversable WH require exotic matter to violate the null energy condition.
Therefore, Garattini developed a model for such wormholes, known as Casimir wormholes,
by incorporating an equation of state arising from the Casimir effect. In Casimir wormhole
models, the concept of exotic matter is replaced by the Casimir energy density, which is an
imagined substance with a negative energy density. Currently, the Casimir effect is the only
known physical phenomenon that provides a naturally occurring negative energy density

ρ0 = − hcπ2

720d4
. (5.1)

The Casimir energy’s stress energy tensor (SET) is

Tµν =
hcπ2

720d4
[dia (−1,−3, 1, 1)] . (5.2)

Here, d signifies the plate separation, characterized by being both traceless and having a
null divergence. Because of the quantum attributes of Casimir energy, the semi-classical
Einstein Field Equation (EFE) Gµν = κ (Tµν)

Ren is induced in the place of EFE, where
the renormalized quantum contribution of specific matter field such as electromagnetic field
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is described by (Tµν)
Ren. The relation between the aforementioned stress-energy tensor

(SET) and the spacetime metric is established by calculating the Casimir shape function
and redshift function, which are shown below [62]

b(r) =
2r0
3

+
r0

2

3r
, ϕ(r) = ln

(
3r

3r + r0

)
. (5.3)

Above results are obtained by using the equation of state (EoS) ω = pr

ρ .
The Equation of State (EoS) is important in understanding wormhole geometry be-

cause it shows the underlying nature of the matter that supports the throat. The matter
corresponding to the EoS value −1 < ω < −1/3 asserts the quintessence dark energy,
which ascertains the expansion of the universe. The quintessence dark energy covers the
case ω = −1 as well. ω < −1 indicates the phantom fluid, which also acknowledges the
accelerated expansion of the universe.

5.1 Power Law Form: f(Q) = αQ2 + β

Now we examine the WH solutions in the backdrop of the power law form of f(Q) stated as
f(Q) = αQ2 + β, where α and β are constants, powered by Casimir energy. Previously also
this form has also been studied for the possible wormhole solutions [52]. This power-law form
already accommodates radiation-dominated backgrounds and cold dark matter (CDM). In
this scenario, we calculate the energy components by solving the field equations shown below

ρ =
1

6r8
{
3βr8 − 48αr5 + 4αr4(8r0 + 9) + 64αr3r0

2 − 32αr2r0
2(r0 + 2)− 16αrr0

4 + 28αr0
4
}
,

(5.4)

pr = −β

2
+

6αr0
4

r8
− 8αr0

2

r6
+

2α

r4
, (5.5)

pt =
1

6r8(3r + r0)

{
3r9(8αr0 − 3β) + r8r0(40αr0 − 3β)− 8αr7r0

3 − 8αr6
(
5r0

4 − 9
)

− 4αr5
(
4r0

5 − 9
)
− 4αr4r0(32r0 + 3)− 8αr3r0

2(2r0 + 5) + 8αr2r0
3(7r0 − 1)

+ 4αrr0
4(4r0 + 1) + 20αr0

5
}
. (5.6)

For this case, all the energy conditions, energy density ρ, and the EoS parameter ω are
coined for positive values of α and β = −1. The nature of energy density, as depicted in Fig.
1(a), comes out to be negative throughout the region for different values of α. From Fig.
1(b) and Fig. 2(a), it is clear that radial NEC is violated while tangential NEC is validated.
Hence, we can say that overall NECs are violated, which confirms the presence of exotic
matter near the wormhole throat. From Fig. 2(b), the SEC is also satisfied in the entire
region for all values of α. Figure 3 depicts the dominant energy condition (DEC), with the
radial component shown in Fig. 3(a) and the tangential component shown in Fig. 3(b);
both are violated at each value of α. The anisotropy parameter (Fig. 4(b)) was found to be
positive in the entire region, which shows the repulsive behavior of the geometry. The EoS
parameter is generally negative for all investigated α = (0.5, 1, 1.5, 2) within the geometry, as
shown in Fig. 4(a). Interestingly, the parameter is positive close to the throat for α = 1.5, 2,
but it turns negative as the throat radius increases. As we can see that ω > −1 for r ≥ r0,
which signifies the universe’s accelerated expansion.
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Figure 1: Plots of energy density (ρ) and radial null energy condition (ρ + pr) for β = −1
and throat radius r0 = 1.
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Figure 2: Plots of tangential null energy condition (ρ + pt) and strong energy condition
(ρ+ pr + 2pt) for β = −1 and throat radius r0 = 1.

5.2 Inverse Power Law form: f(Q) = αQ+ β
Q

This section presents the results obtained from the inverse power law form of teleparallel
gravity (as explained in [63]) in the context of Casimir energy. The stress-energy tensor
profile, encompassing the energy density ρ, radial pressure pr, and tangential pressure pt, is
derived from equations (3.4), (3.5), and (3.6) as follows:

ρ =
1

12r4(r − r0)2(r + r0)2
[
−6βr11 + 4βr10r0 + 2βr9r20 + βr8r20 + 24αr7

− 8αr6(2r0 + 3)− 56αr5r20 + 4αr4r20(8r0 + 17) + 40αr3r40 − 16αr2r40(r0 + 4)

− 8αrr60 + 20αr60
]
, (5.7)
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Figure 3: Plots of radial and tangential DECs (ρ − |pr|, ρ − |pt|) for β = −1 and throat
radius r0 = 1.
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Figure 4: Plots of EoS parameter (ω) and Anisotropic parameter (pt − pr) for β = −1 and
throat radius r0 = 1

pr =
1

4r4(r − r0)2(r + r0)2
[
2βr10 − 3βr8r20 + 4αr4r20 − 8αr2r40 + 4αr60

]
, (5.8)

pt =
1

12r4(r − r0)2(r + r0)2(3r + r0)

[
3βr15r0 + 5βr14r0

2 + 2βr13r0
3

+ 9βr12 − 6r11(2αr0 − 3β) + r10r0(3β − 20αr0 − 7βr0) + 2r9r20(−7β

+ 8αr0 − βr0) + r8
(
4α

(
10r40 − 9

)
− 7βr30

)
+ 4αr7r50 − 4αr6r0

(
5r50 − 25r0 − 3

)
− 8αr5r20

(
r50 − r0 + 2

)
− 4αr4r30(23r0 + 5)− 16αr3(r0 − 2)r40 + 4αr2r50(7r0 + 1)

+ 8αr(r0 − 2)r60 + 4αr70
]
. (5.9)
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The several energy conditions, EoS parameter, and anisotropy parameter are formulated in
Fig. (5)-Fig. (8). The plots are taken against α = 0.2 and β = (0.05, 0.06, 0.07, 0.08). As
one can see from Fig. 5(a), for positive values of β, the energy density is initially positive
at the throat but tends to negative when r and β increase. From Figs. 5(b) and 6(a), it is
clear that the NECs are violated. This is an indication of the existence of negative energy.
The wormhole spacetime geometry is shown to be repulsive, as evidenced by consistently
positive values of the anisotropy parameter (Fig. 8(a)) for all β occurrences. The violation
of energy conditions shows that there is exotic energy within the throat of the wormhole
geometry, which we can suggest to be the effect of the Casimir system. The Casimir energy
can be assumed to source this exotic energy to sustain the wormhole.
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Figure 5: Plots of energy density (ρ) and radial null energy condition (ρ + pr) for α = 0.2
and throat radius r0 = 1.
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Figure 6: Plots of tangential null energy condition (ρ + pt) and strong energy condition
(ρ+ pr + 2pt) for α = 0.2 and throat radius r0 = 1.
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Figure 7: Plots of radial and tangential DECs (ρ − |pr|, ρ − |pt|) for α = 0.2 and throat
radius r0 = 1.

(a)

Β = .05

Β = .06

Β = .07

Β = .08

1 2 3 4 5
-2

-1

0

1

2

3

r

E
o
S
H
Ω
L

(b)

Β = .05

Β = .06

Β = .07

Β = .08

1 2 3 4 5
0

1

2

3

4

5

6

r

A
n

is
o
tr

o
p

y
p

a
r
a
m

e
te

r
H
p

t
-

p
r
L

Figure 8: Plots of EoS parameter (ω) and Anisotropic parameter (pt − pr) for α = 0.2 and
throat radius r0 = 1.

5.3 Logarithmic form: f(Q) = Q+ α log(βQ)

In the last case, we consider the logarithmic form of the function f(Q) such that f(Q) = Q+
α log(βQ), where α and β are constants. Mathematically stated, logarithmic functions form
provides equations allowing the existence of traversable and stable wormhole solutions. A
need for exotic matter can be diminished or even eliminated entirely by using the logarithmic
form of f(Q) gravity. We incorporate the abovementioned specific shape function b(r)  and
redshift function ϕ(r) corresponding to Casimir energy (Eq. (5.3)) in the Eqs. (3.4), (3.5)
and (3.6), The energy density and principal pressures were obtained as functions of the
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radial coordinate r, as  

ρ =
1

6r4(r − r0)(r + r0)

[
−6αr7 + αr6(4r0 + 3) + 2r5

(
αr20 + 6

)
− 2r4

(
αr20 + 4r0 + 6

)
− 16r3r20 + 2r2r20(4r0 + 11) + 3αr4

(
r2 − r20

)
log

(
−2β(r − r0)(r + r0)

r4

)
+ 4rr40 − 10r40

]
, (5.10)

pr =
1

2r4(r − r0)(r + r0)

[
αr6 − 2αr4r20 + 2r2r20 + αr4

(
r20 − r2

)
log

(
−2β(r − r0)(r + r0)

r4

)
− 2r40

]
, (5.11)

pt =
1

6r4(r − r0)(r + r0)(3r + r0)

[
αr11r0 + 5αr10r20 + 2r9r0

(
αr20 − 3

)
+ r8

(
9α− 10r20

)
+ r7

(
9α+ 2r30

)
+ r6

(
10r40 − 7αr20 − 18

)
+ r5r20

(
−5α+ 4r30 − 2αr0

)
+ 2r4r0

(
−2αr20 + 16r0 + 3

)
+ 4r3(r0 − 2)r20 − 2r2r30(7r0 + 2)

+ 3αr4
(
−3r3 − r2r0 + 3rr20 + r30

)
log

(
−2β(r − r0)(r + r0)

r4

)
− 4r(r0 − 2)r40 − 2r50

]
. (5.12)

These principle pressures in the form of energy constraints, as discussed section 4, along
with the EoS parameter on variation of radial coordinate r and different values of α and
β = −100 are plotted in Fig. 9 to Fig. 12 to study the wormhole conformation. We now
go ahead to investigate the implications of the plots to investigate the possible Casimir WH
solution. The energy density ρ for this logarithmic case is plotted in Fig. 9(a) for different
values of α = (1, 1.5, 2, 2.5) and β = −100. The energy density is consistently found to
be negative for all values of α and for r ≥ r0. The energy density is found to be negative
everywhere for all values of α and for r ≥ r0.  From Figs. 9(b) and 10(a), it can be gathered
that the NEC is violated as the NEC corresponding to the tangential pressure is validated
while the radial NEC is not satisfied throughout the region r ≥ r0. This violation of the
null energy condition (NEC) signifies the presence of exotic matter near the throat, which
is essential for supporting the wormhole’s geometry. Figures 10(b), 11(a), and 11(b) show
the SEC and DEC, both of which are violated. The EoS and anisotropic parameter are
plotted in Figs. 12(a) and 12(b). A positive anisotropic parameter value indicates that the
geometry is repulsive in nature.

6 Conclusions
In GR the existence of WH geometry is associated with an unavoidable repercussion of GR,
which is the violation of NECs leading to the existence of non-ordinary matter in the WH
throat. Although in recent times, researchers are more concerned about finding the WH
geometry filled with classical matter or minimizing the presence of exotic matter using the
framework of modified theories of gravity. In our present study, we aim to find the Casimir
energy effect in wormhole geometry. We examined static, spherically symmetric wormholes
in the context of symmetric teleparallel gravity. In this model, the non-metricity term Q
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Figure 9: Plots of energy density (ρ) and radial null energy condition (ρ+ pr) for β = −100
and throat radius r0 = 1.
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Figure 10: Plots of tangential null energy condition (ρ + pt) and strong energy condition
(ρ+ pr + 2pt) for β = −100 and throat radius r0 = 1.

defines spacetime’s gravitational interactions, which include Casimir energy. We investigated
traversable wormhole solutions created by the Casimir apparatus, exploring them within all
three functional forms of f(Q) gravity. We discovered that Casimir energy serves as a source
of exotic (negative) energy capable of maintaining the traversability of wormhole geometry.
We also attempted to create a wormhole geometry in which the negative energy required is
derived directly from Casimir energy, rather than relying on hypothetical exotic materials.
So, we can also think about traversable wormholes, which are self-sustained, i.e., they are
sustained by their own quantum fluctuations [64–67]. It will be interesting to see how the
Casimir energy and quantum fluctuations carried by the gravitons interact if TW can be
self-sustained. In this scenario, the Casimir source could be understood as the switch that
turns on the wormhole’s traversability.



66 Sadhana et al.

(a)

Α= 1

Α = 1.5

Α = 2

Α = 2.5

1 2 3 4 5
-5

-4

-3

-2

-1

0

r

D
E

C
H
Ρ
-
È
p

r
ÈL

(b)

Α= 1

Α = 1.5

Α = 2

Α = 2.5

1.0 1.5 2.0 2.5 3.0 3.5 4.0
-5

-4

-3

-2

-1

0

1

2

r

D
E

C
H
Ρ
-
È
p

tÈ
L

Figure 11: Plots of radial and tangential DECs (ρ− |pr|, ρ− |pt|) for β = −100 and throat
radius r0 = 1.
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Figure 12: Plots of EoS parameter (ω) and Anisotropic parameter (pt − pr) for β = −100
and throat radius r0 = 1.
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