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We investigate wormhole solutions using themodified gravitymodel f Q, T with viscosity and aim to find a solution for the existence
of wormholes mathematically without violating the energy conditions. We show that there is no need to define a wormhole from
exotic matter and analyze the equations with numerical analysis to establish weak energy conditions. In the numerical analysis, we
found that the appropriate values of the parameters can maintain the weak energy conditions without the need for exotic matter.
Adjusting the parameters of the model can increase or decrease the rate of positive energy density or radial and tangential
pressures. According to the numerical analysis conducted in this paper, the weak energy conditions are established in the whole
space if α < 0 and 12 56 < β < 25 12 or α > 0 and β > 25 12. The analysis also showed that the supporting matter of the wormhole
is near normal matter, indicating that the generalized f Q, T model with viscosity has an acceptable parameter space to describe a
wormhole without the need for exotic matter.

1. Introduction

A wormhole is a theoretical concept in physics that suggests
the existence of a shortcut or tunnel between two distant
points in space or time [1–4]. It is often depicted as a tunnel
that connects two separate regions of the universe, allowing
for faster travel or even time travel. According to Einstein’s
theory of general relativity, certain solutions of the equations
allow for the existence of wormholes. However, creating a
traversable wormhole would require exotic matter with neg-
ative energy density and large negative pressure [5]. This
type of matter has not been observed in nature so far. It is
important to note that wormholes are still purely theoretical
and have not been proven to exist. Scientists continue to
study and explore the possibilities of wormholes within the
framework of theoretical physics [1–9]. In 1935, Einstein
and physicist Nathan Rosen proposed the existence of “brid-
ges” or “wormholes” that could connect two separate points
in space-time [1]. These theoretical structures would require
the presence of exotic matter with negative energy density
and negative pressure to keep the wormhole stable and tra-
versable. It is worth noting that traversable wormholes,

which would allow objects or information to pass through
them, would require the presence of exotic matter with
properties that are not currently known to exist in nature
[6]. Additionally, wormholes are subject to various theoreti-
cal challenges, such as the potential for instability, high radi-
ation, and the need for advanced technology to create and
sustain them [6–8]. Researchers continue to study the theo-
retical properties and implications of wormholes within the
framework of general relativity and quantum physics, but
more research is needed to determine if they can exist in
reality [3, 4, 7, 8].

Black holes and wormholes are distinct concepts in the
field of astrophysics and general relativity. While they share
certain similarities, such as their association with extreme
gravity, they have fundamental differences: A black hole is
a cosmic object formed from the collapse of massive stars
or through other astrophysical processes. It has an event
horizon, a boundary beyond which nothing, not even light,
can escape the gravitational pull of the black hole. The
collapsed matter at the center of a black hole is known as a
singularity, where the laws of physics, as we currently under-
stand them, break down. Black holes are characterized by
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their mass, spin (angular momentum), and electric charge.
They are observed as regions in space with exceptionally
strong gravitational effects, often accompanied by the accre-
tion of matter from surrounding sources [10, 11]. On the
other hand, a wormhole is a speculative concept in theoret-
ical physics that suggests the existence of a shortcut or pas-
sage between two different regions of space-time. It is often
depicted as a tunnel-like structure connecting two distant
points in the universe. The stability of wormholes is a major
challenge, as they are prone to collapse or require precise
arrangements of matter to maintain their integrity. While
black holes and wormholes are distinct concepts, there is a
historical connection between them [12]. Further scientific
research is needed to explore the properties and potential
existence of wormholes in the universe.

f Q gravity is a modified theory of gravity that extends
the symmetric teleparallel equivalent of general relativity
(GR) [13]. In f Q gravity, the gravitational interaction is
driven by a nonmetricity scalar called Q. This theory has
gained attention in the field of cosmology due to its potential
to explain various phenomena, such as dark energy and the
accelerated expansion of the universe [13–16]. Cosmological
models based on f Q gravity have shown efficiency in fit-
ting observational data sets at both the background and per-
turbation levels [13, 15]. Also, f Q gravity provides a
complete dark energy scenario, where the nonmetricity sca-
lar Q describes the gravitational interaction [14, 15, 17]. We
know that the ΛCDM Universe can be reconstructed in
terms of e-folding in f Q gravity [16]. Some models have
been studied in f Q gravity to understand its implications
and compare them with observational data [16, 18–21].
Also, the evolution of linear perturbations in f Q gravity
has been investigated, with the design of f Q to achieve
specific cosmological implications [18, 19, 21]. Energy con-
ditions have been explored in f Q gravity, which falls under
the class of teleparallel theories of gravity [13]. On the other
hand, an extension of f Q gravity is f Q, T gravity (we use
this model in the following), where T represents the trace of
the energy-momentum tensor. This extension introduces an
extra force on massive particles due to the coupling between
Q and T [21]. Following, the f Q, T modified gravity model
with viscosity is chosen for investigating wormholes due to
its ability to provide alternative explanations to standard
gravity, and its cosmological consequences. Therefore, it dis-
tinguishes it from other modified gravity models that may
have different modifications or additional parameters. Also,
bulk viscosity is the only viscous influence that can change
the background dynamics in a homogeneous and isotropic
(anisotropic) universe (confirmed by recent observational
data). The role of viscosity is in understanding the acceler-
ated expansion of the universe and its implications for
wormholes. Besides, the f Q, T modified gravity model
with viscosity is used to investigate the properties and
behavior of wormholes, such as their stability, formation,
and potential traversability.

Therefore, according to the above discussions, we orga-
nized the structures of this work as follows: in Section 2,
we consider a modified f Q, T gravity model with viscosity
that contains and numerically investigates the wormhole

solution in some special functions. Finally, in Section 3, the
conclusion and summary are offered.

2. Wormhole Solution in f Q, T Gravity Model

Einstein’s theory of general relativity allows for the existence
of wormholes as a theoretical possibility, and their actual
existence in the universe remains hypothetical. Modified
gravity models, on the other hand, introduce modifications
to Einstein’s theory of general relativity to address certain
unresolved issues or to incorporate additional phenomena.
These modifications can lead to different predictions for
the behavior and properties of wormholes compared to
those derived from general relativity. It is important to note
that the predictions of modified gravity models for worm-
holes can vary depending on the specific modifications
introduced and the assumptions made in those models.
Some modified gravity models may propose alternative
explanations for wormholes or suggest different properties
and behaviors for these hypothetical structures. Altogether,
both Einstein’s theory of general relativity and modified
gravity models allow for the possibility of wormholes, but
their predictions and implications can differ. There are both
discrepancies and points of convergence when comparing
the predictions for wormholes in modified gravity models
with those derived from Einstein’s theory of general relativ-
ity or other established models. (1) Discrepancies: modified
gravity models introduce modifications to general relativity,
which can lead to different predictions for the behavior and
properties of wormholes compared to those derived from
general relativity. Wormholes in modified gravity models
may not require exotic matter to prevent collapse, unlike
in general relativity. (2) Points of convergence: both general
relativity and modified gravity models allow for the possibil-
ity of wormholes as theoretical constructs. Wormholes are
solutions to the Einstein field equations for gravity, which
are the foundation of general relativity [2–4].

One of the fascinating aspects of f Q, T gravity is its
potential to provide solutions for the existence of wormholes
without the need for exotic matter. In the following, the goal
is to find solutions that do not violate energy conditions and
are consistent with the laws of physics.

2.1. Generalized Gravity Model f Q, T . To better under-
stand the nature of wormholes and their theoretical under-
pinnings, we have explored modified theories of gravity.
One such theory is f Q, T gravity, an extension of the
symmetric teleparallel equivalent of general relativity [13].
In f Q, T gravity, the gravitational interaction is driven
by a nonmetricity scalar called Q, which offers potential
explanations for phenomena like dark energy and the
accelerated expansion of the universe [13, 15, 21]. By gen-
eralizing the gravity model f Q , we can get the gravity
model f Q, T , and the action of this model is expressed
as follows [15]:

S = d4x
1

16π f Q, T + Lm −g, 1
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where Q is the nonmetricity parameter, T is the trace
energy-momentum tensor, Lm stands for the matter
Lagrangian and g = det gμν . If we take the derivative of
this action with respect to the metric and connection, the
equations of motion are obtained as follows:

−
2
−g

∇λ −gf QP
λ
μν −

1
2 f gμν + f T Tμν + θμν

− f Q PνρσQμ
ρσ − 2PρσμQ

ρσ
ν = 8πTμν,

∇μ∇ν −gf QP
μν
α + 4πHμν

α = 0,

2

where f T = ∂f /∂T , nonmetricity tensor Qλμν = ∇λgμν, P
λ
μν is

the superpotential, f Q = ∂f /∂Q, and Hμν
α is the density of

the hypermomentum and is defined as follows [15]:

Hμν
λ ≡

−g
16π f T

δT

δΓ
λ

μν

+ δ −gLM
δΓ

λ

μν

, 3

where Γ
λ

μν is the Levi-Civita connection. To calculate f T
Tμν + θμν that appeared in the equations of motion, we
need to specify the tensors Tμν, θμν in the model. The
momentum energy tensor and θμν tensor are defined as
follows:

Tμν ≡ −
2
−g

δ −gLM
δgμν

, 4

θμν = gαβ
δTαβ

δgμν
5

2.2. Wormhole Solution in f Q, T Model with Viscosity. It
is worth mentioning that wormhole physics is a subject of
ongoing research and exploration within the field of theo-
retical physics. Wormholes are solutions derived from the
field equations in Einstein’s theory of gravitation, and
their mathematical description involves concepts from
general relativity and differential geometry. However,
wormhole solutions have been studied using various
mathematical approaches and techniques. Some studies
have explored wormholes with variable equations of state
(EoS) parameters, where the violation of energy conditions
is minimized or controlled (that we use in our paper). We
explored wormholes with variable equations of state (EoS)
parameters, where the ratio of pressure to energy density
ω = p/ρ is a function of the radial/tangential coordinate,
and we found a specific situation where the energy condi-
tions are satisfied. Other researchers have used the cut-
and-paste method to find wormhole solutions of finite size
that minimize the violation of energy conditions [17]. In
summary, wormholes are solutions derived from the field
equations in Einstein’s theory of gravitation, and their
mathematical description involves concepts from general
relativity and differential geometry.

To calculate the solution of the wormhole, we assume
the metric to be static and have spherical symmetry. Using
the Schwarzschild coordinates t, r, φ, θ , we have

ds2 = e2ϕ r dt2 − 1 − b r
r

−1
dr2

− r2 dθ2 − r2 sin2θ dφ2,
6

where b r , ϕ r are shape function and redshift function,
respectively. We know that wormhole solution in any
gravity model should apply in the following conditions
[1, 5–9, 11]:

(1) In the state r > r0, shape function should be to form
b r < r. But in the throat of the wormhole r = r0, it
must be b r0 = r0

(2) The shape function must satisfy the flaring out, and
this means b′ r0 < 1

(3) We need the condition of being asymptotically flat
when r⟶∞ then b r /r⟶ 1

(4) The redshift function ϕ r must be bounded at all
points in space

Due to the pressure difference in the tangential and
radial direction, the condition of anisotropy is established,
so the momentum energy tensor is expressed as follows:

Tν
μ = ρ + Pt UμU

ν − Ptδ
ν
μ − Pr − Pt VμV

ν, 7

where ρ, Pr , Pt are the density of the universe, the radial
pressure, and the tangential pressure and are a function
of radial coordinate r. Uμ and Vμ are the four-velocity
vector and unitary space-like vectors. Also, the trace of
the momentum energy tensor will be T = ρ − Pr − 2Pt . If
we consider the Lagrangian of the matter according to
[6–9, 11] to be equal to Lm = P, equation (5) becomes as
follows:

θμν = −gμνP − 2Tμν, 8

where P = Pr + 2Pt /3. The nonmetricity according to the
spherically symmetric metric is as follows:

Q = −b
r2

rb′ − b
r r − b

+ 2ϕ′ 9

Now, we can calculate the equations of motion by
using the metric and tensor of momentum energy and
the tensor of nonmetricity. Therefore, by using equations
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(9), (7), and (6), and inserting them in the equation of
motion (2), we have

8πρ = r − b
2r3 f Q

2r − b rb′ − b

r − b 2 +
2 + 2rϕ′ b

r − b

+ f QQQ′ 2 br
r − b

+ f
r3

r − b
+ f T

2r3
r − b

P + ρ ,

10

8πPr = −
r − b
2r3 f Q

b
r − b

rb′ − b

r − b
+ 2 + 2rϕ′ − 4rϕ′

+ 2br
r − b

f QQQ′ + f
r3

r − b
− 2 r3

r − b
f T P − Pr ,

11

8πPt = −
r − b
4r2 f Q

rb′ − b 2r/r − b + 2rϕ′
r r − b

+
4 2b − r ϕ′

r − b
− 4r ϕ′

2
− 4rϕ″ − 4rf QQQ′ϕ′

+ 2f r2
r − b

−
4r2 f T P − Pt

r − b
,

12

where prime denotes derivative to r. To solve the equa-
tions of motion, the function f Q, T of the model must
be known. According to [21], we consider the gravitational
function f Q, T of our model as f Q, T = αQ−1 + βT (α
and β are arbitrary parameters). Also, we choose shape
and redshift functions as [22]

b r = r0
r0
r

n
, 13

ϕ r = ϕ0
r0
r

m
, 14

where r0 is a positive constant, ϕ0 is an arbitrary constant
value, and n and m are constant exponents which are
strictly positive to satisfy the asymptotic flatness condition
[22]. Therefore, with these functions, we will have three
equations of motion and three unknown cosmic parame-
ters that we can solve.

But one of our assumptions in this article is the presence
of viscosity in the universe, so the pressure in the radial and
tangential direction is obtained according to the following
equations [4, 23]:

Prv = Pr − 3ξH0, 15

Ptv = Pt − 3ξH0, 16

which ξ (viscosity parameter) is defined as follows:

ξ = ξ0 + ξ1H0, 17

where H0 = 73 24 kms−1Mpc−1 and ξ0 ≃ 10−6 [4], and for
simplicity, we consider ξ1 = 0 (here, we used a similar proce-
dure in [4] to introduce the viscosity effect −3ξH0 in the
equations). Now, by using the above equations and equa-
tions (11) and (12), the field equations for tangential and
radial pressure in the case that the wormhole has viscosity
will be as follows:

8πPrv = −
r − b
2r3 f Q

b
r − b

r′ − b

r − b
+ 2 + 2rϕ′ − 4rϕ′

+ 2br
r − b

f QQQ′ + f
r3

r − b
− 2 r3

r − b
f T P − Pr ,

18

8πPtv = −
r − b
4r2 f Q

rb′ − b 2r/r − b + 2rϕ′
r r − b

+
4 2b − r ϕ′

r − b
− 4r ϕ′

2
− 4rϕ″ − 4rf QQQ′ϕ′

+ 2f r2
r − b

−
4r2 f T P − Pt

r − b

19

For the simplicity of calculations, we simplify equations
and ignore powers higher than r3. Therefore, we have

ρ = r3αβϕ0
2

24r0 32π2 − 12πβ + β2 , 20

Prv = −
5πr3αβϕ02

3r0 4π − β 8π − β 8π + β

+ 7r3αβ2ϕ0
2

24r0 4π − β 8π − β 8π + β
,

21

Ptv = −
8π2r3αϕ0

2

r0 8π + β 32π2 − 12πβ + β2

+ 4πr3αβϕ02

3r0 8π + β 32π2 − 12πβ + β2

+ r3αβ2ϕ0
2

24r0 8π + β 32π2 − 12πβ + β2

22

Now, we can check the condition of weak energy for the
existence of wormhole solution despite the presence of
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viscosity. According to the condition of weak energy, the fol-
lowing three conditions should be satisfied:

ρ ≥ 0, ρ + Prv ≥ 0, ρ + Ptv ≥ 0 23

Also, we should check the border equation r0 in the
wormhole throat. According to the boundary condition r =
r0, we have

ρ + Ptv = −
r0

2α 24π + β ϕ0
2

768π2 − 12β2 , 24

ρ + Prv = −
r0

2αβϕ0
2

192π2 − 3β2 25

For checking the condition of weak energy (23), we have
the following equations:

ρ = r3αβϕ0
2

24r0 32π2 − 12πβ + β2 ≥ 0, 26

ρ + Ptv = −
r3α 24π + β ϕ0

2

12r0 8π − β 8π + β
≥ 0, 27

ρ + Prv = −
r3αβϕ0

2

192π2r0 − 3r0β2 ≥ 0 28

By determining the sign of equations ((26)–(28)), we
obtain the allowed intervals for the values α and β so that
the boundary condition and the weak energy condition are
established. In this regard, we have

α < 0, 4π < β < 8π, 29

α > 0, β > 8π, 30

Using equations ((20)–(22)) and according to the equa-
tion of state ρ = P/ω = Prv + 2Ptv /3ω , we have

ρ = −
r3α 16π − 3β ϕ0

2

24r0ω 32π2 − 12πβ + β2 , 31

ρ + Ptv = −
r3α 64π2 2 + 3ω − 3 + ω β2 − 8π β + 4ωβ ϕ0

2

24r0
ω 8π + β 32π2 − 12πβ + β2 ,

32

ρ + Prv = −
r3α 128π2 + 8π −1 + 5ω β − 3 + 7ω β2 ϕ0

2

24r0
ω 4π − β 8π − β 8π + β

33
Now, using these equations, we can check the different

behaviors of the wormhole according to the different ω
values. To further understand the conditions for establishing
traversable wormholes, we have employed numerical analysis
techniques. By analyzing the equations in f Q, T gravity

model, we determine and study the implications of weak
energy conditions. These investigations offer valuable
insights into the potential existence and properties of worm-
holes within the framework of f Q, T gravity.

2.3. Numerical Analysis of Equations. Energy conditions are
important in studying the properties of space-time and the
matter sources that generate it. For example, the violation
of the NEC in a wormhole solution would indicate the
presence of exotic matter in the throat of the wormhole.
Additionally, a positive energy density is required for a
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physically realistic matter source that can sustain a worm-
hole solution in general relativity.

In the following, we check the weak energy conditions
using the field equations. Based on this, in Figures 1–7, the
graphs of ρ + Prv , ρ + Ptv , ρ have been drawn in terms of r,
where we have assumed r0 = 2, ϕ0 = −1. We know that due
to the positiveness of ρ and ρ + Pr , weak energy conditions
are established in the whole space, and if ρ is negative, the
weak energy conditions are violated in the whole space.
Therefore, according to Figures 1–7, we showed that based
on the appropriate values of the parameters, weak energy

condition is maintained if α < 0,12 56 < β < 25 12 or α > 0,
β > 25 12. On the other hand, the adjustment of some
parameters is necessary to increase or decrease the rate of
positive energy density or radial and tangential pressures.
Also, according to Figure 7, it is clear that if ω becomes more
negative and α becomes more positive, the energy density
increases at a slower rate, and the energy density becomes
more positive. Therefore, the supporting matter of the
wormhole is near normal matter.
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Finally, it can be concluded that the generalized f Q, T
model with viscosity has acceptable parameter space to
describe a wormhole without the need for exotic matter.
That is, by accurately setting the parameters in this model,
the formation and description mechanism of a wormhole
can be explained. The proposed f Q, T modified gravity
model with viscosity offers a potential solution to eliminate
the need for exotic matter in wormhole formation. Exotic
matter, such as matter with negative mass, has been theo-
rized to be necessary to stabilize wormholes. However, the
f Q, T model suggests an alternative approach. In the pres-
ent f Q, T modified gravity model, the inclusion of viscos-
ity plays a crucial role in understanding the behavior of
wormholes. By introducing viscosity, the model explores
the effects of the accelerated expansion of the universe on
wormholes. Also, this implies that the stability and forma-
tion of wormholes can be explained within the framework
of the f Q, T model without the need for exotic matter.
This means that the influence of viscosity and the model
explore the behavior and characteristics of wormholes
within the framework of modified gravity. Here, we only
studied the weak energy condition (WEC) for model f Q,
T , but the condition null energy (NEC), strong energy con-
dition (SEC), and dominant energy condition (DEC) can
also be checked with the above method.

However, understanding wormholes without the need
for exotic matter could have several potential practical impli-
cations or applications such as (1) efficient space travel, (2)
time travel possibilities, (3) cosmological insights (studying
wormholes and their properties could provide valuable
insights into the fundamental nature of space-time and the
laws of physics. It could help refine our understanding of
gravity, quantum mechanics, and the nature of the universe),
(4) advanced communication, and, finally, exploring funda-
mental physics (investigating wormholes without the need

for exotic matter could shed light on the nature of matter,
energy, and the fundamental forces of the universe. It could
contribute to the development of new theories and models
that go beyond our current understanding of physics).

3. Conclusion and Summary

Wormholes offer the possibility of shortcuts or tunnels
between two distant points in space or time. While these the-
oretical constructs are a product of Einstein’s theory of gen-
eral relativity, the existence of traversable wormholes would
require the presence of exotic matter with negative energy
density and negative pressure. In this paper, we presented
a modified gravity model f Q, T with viscosity that offers
a potential solution to eliminate the need for exotic matter
in wormhole formation. We have shown that the appropri-
ate values of the parameters can maintain the weak energy
conditions without the need for exotic matter. This is a sig-
nificant finding as the existence of traversable wormholes
would require the presence of exotic matter with negative
energy density and negative pressure. The f Q, T model
suggests an alternative approach that explores the effects of
the accelerated expansion of the universe on wormholes.
By introducing viscosity, the model offers potential explana-
tions for the stability and formation of wormholes within the
framework of modified gravity. The numerical analysis con-
ducted in the paper indicates that the supporting matter of
the wormhole is near normal matter, which is a promising
result. The analysis also highlights the importance of energy
conditions in studying the properties of space-time and the
matter sources that generate wormholes. In the following,
weak energy conditions were investigated for certain setups
of the parameter space of the model. It was shown that some
of these fine-tunings establish weak energy conditions near
the wormhole. According to the selection of the appropriate
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ω and also the determination of the model parameters α, β,
it is possible to establish the energy conditions near the
wormhole (α < 0,12 56 < β < 25 12 or α > 0, β > 25 12), and
some choices on the parameter space lead to the violation
of the weak energy conditions.

However, we offered a new perspective on wormhole
solutions and provided a model for further research in the
field of modified gravity and cosmology. The findings of this
study have implications for our understanding of the uni-
verse and the possibility of traversable wormholes. The
potential elimination of exotic matter in wormhole forma-
tion opens up new ways for research and exploration in
the field of cosmology. Further research and exploration
are needed to unravel all components of wormholes and
their implications in cosmology.
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