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In this paper, we investigate the exact solution of an anisotropic space-time in the context of f (Q)

gravity, where f (Q) is the arbitrary function of the non-metricity scalar Q. Here, we consider a
specific power-law form as f (Q) = αQn+1 + β, where α, β, and n are free model parameters. Using
power-law cosmology (a (t) ∝ tm), we analyze the physical behavior of cosmological parameters such
as the energy density, pressure, EoS parameter, skewness parameter. Further, we validated the model
with energy conditions and found that our f (Q) cosmological model behaves like the quintessence
model in the present and ΛCDM in the future.

I. INTRODUCION

One of the most common problems in modern cos-
mology is the problem of the current expansion of the
Universe. General Relativity (GR) as the theoretical
framework of modern cosmology says that the expan-
sion of the Universe is decelerating, but astrophysical
observational data have a different opinion: the current
Universe is in an acceleration phase [1–12]. The phe-
nomenon of cosmic inflation and the problem of initial
singularity is other subjects of discussion [13, 14]. Be-
fore Hubble showed through observations that our uni-
verse is expanding, cosmologists believed that our uni-
verse is stable and static, so Einstein added a small posi-
tive cosmological constant (Λ) to his field equations to
go with this idea, after which Einstein described that
the cosmological constant is the biggest mistake in his
life. In the late 1990s, it was shown that the cosmologi-
cal constant was returned because it might be a suitable
candidate for Dark Energy (DE). DE is a strange form of
energy that has negative pressure (p) and positive en-
ergy density (ρ) and is assumed to be responsible for
the cosmic acceleration. DE has a negative equation of
state (EoS) parameter (ω = p

ρ < 0), and we can clas-
sify other DE models by this parameter, i.e. quintessence
−1 < ω < −0.33, cosmological constant ω = −1, phan-
tom DE ω < −1 [15–18].

Another proposal to explain the current acceleration
of the Universe comes from modified theories of gravity
(MTG) [19] . One of the most recently developed ex-
amples is the f (Q) theory of gravity or the symmetric
teleparallel gravity (STG) [20]. This theory is a general-
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ized version of teleparallel gravity [21] in which gravity
is caused to the non-metricity and where f (Q) is an ar-
bitrary function of the non-metricity scalar Q. In this
theory, the geometry is torsion and curvature free and
the non-metricity term Q only determines the gravita-
tional interactions. The STG is demonstrated in the so-
called coincidence gauge by assuming that the connec-
tion is symmetric [22]. The geometric basis of GR is Rie-
mannian geometry, while gravity f (Q) whose basis is
Weyl geometry which is a generalization of Riemannian
geometry [23, 24]. Also Weyl geometry is a particular
case of Weyl-Cartan geometry in which torsion disap-
pears [25]. The interesting about this theory is that it
could explain the current acceleration of the Universe
like other MTG without using DE [26]. Many works
have been done in this context so far. The first cosmo-
logical solutions in f (Q) gravity are discussed in [27].
Mandal et al. presented a complete analysis of energy
conditions for f (Q) gravity models and constraint fam-
ilies of f (Q) models compatible with the present accel-
erating expansion of the Universe [28]. In addition, the
cosmography in f (Q) gravity is considered by Mandal
et al. [29]. The growth index of matter perturbations
has been examined in the context of f (Q) gravity in [30]
and, several other issues in f (Q) gravity are discussed
in [31–33].

According to the cosmological principle, isotropic
models of the Universe are most suitable for studying
the structure of the Universe on a large scale. Nev-
ertheless, cosmologists believe that the early universe
may not have been completely uniform. Further, the
theoretical arguments and the anomalies observed in
the CMB (Cosmic Microwave Background) are clear ev-
idence of the existence of an anisotropic phase, which
was later called the isotropic phase [34, 35]. This fore-
casting motivates us to create cosmological models in
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the early phases of the Universe with models that have
an anisotropic background. Hence, the presence of
anisotropy in the early phases of the Universe is an in-
triguing topic to study. There are models in cosmol-
ogy that respect these criteria called Bianchi models,
a Bianchi type-I is one such anisotropic cosmological
model that is considered a generalization of the flat
Friedmann-Lemaı̂tre-Robertson-Walker (FLRW) model.
Therefore, in this work, we will explore Bianchi type-I
models in the context of f (Q) gravity because it is an in-
teresting and still very new topic. Exact solutions of the
symmetric teleparallel gravity field equations for a lo-
cally rotationally symmetric (LRS) Bianchi type-I space-
time were studied in [36]. Solutions of a Bianchi type-I
space-time were examined in [37] using the hybrid ex-
pansion law.

This manuscript is organized as follows: In Sec II, we
presented a brief description of the mathematical for-
malism of f (Q) gravity. In Sec. III, the field equations in
anisotropic space-time are evaluated for f (Q) gravity.
In Sec. IV, we have discussed the energy conditions in
f (Q) gravity. In Sec. V, we consider the specific power-
law form of f (Q) gravity as f (Q) = αQn+1 + β, where
α, β, and n are free model parameters. Further, we dis-
cussed the behavior of several cosmological parameters
in the same section. Lastly, we discussed our conclu-
sions in Sec. VI.

II. BRIEF DESCRIPTION OF THE MATHEMATICAL
FORMALISM OF f (Q) GRAVITY

In Weyl-Cartan geometry, the so-called symmetric
metric tensor gµν can be considered as a generalization
of the gravitational potential, and it is fundamentally
used to define the length of a vector, and we also need
an asymmetric connection Σγ

µν to defines the covari-
ant derivatives and parallel transport. Thus, the gen-
eral affine connection can be decomposed into three el-
ements: the Christoffel symbol Γγ

µν, the contortion ten-
sor Cγ

µν, and the disformation tensor Lγ
µν, respectively,

which is given by [22]

Σγ
µν = Γγ

µν + Cγ
µν + Lγ

µν, (1)

where the Levi-Civita connection Γγ
µν of the metric gµν

has the form

Γγ
µν ≡

1
2

gγσ

(
∂gσν

∂xµ +
∂gσµ

∂xν
−

∂gµν

∂xσ

)
, (2)

the contorsion tensor Cγ
µν can be written as

Cγ
µν ≡

1
2

Tγ
µν + T(µ

γ
ν), (3)

where Tγ
µν ≡ 2Σγ

[µν] in Eq. (3) is the torsion tensor.
Finally, the disformation tensor Lγ

µν is derived from the
non-metricity tensor Qγµν as

Lγ
µν ≡

1
2

gγσ
(

Qνµσ + Qµνσ −Qγµν

)
. (4)

In the above equation, the non-metricity tensor Qγµν

is specific as the (minus) covariant derivative of the met-
ric tensor with regard to the Weyl-Cartan connection
Σγ

µν, i.e. Qγµν = ∇γgµν, and it can be obtained

Qγµν = −
∂gµν

∂xγ
+ gνσΣσ

µγ + gσµΣσ
νγ. (5)

The connection is presumed to be torsionless and
curvatureless within the current background. It corre-
sponds to the pure coordinate transformation from the
trivial connection mentioned in [20]. Thus, for a flat
and torsion-free connection, the connection (1) can be
parameterized as

Σγ
µβ =

∂xγ

∂ξρ ∂µ∂βξρ. (6)

Now, ξγ = ξγ (xµ) is an invertible relation. It is al-
ways possible to get a coordinate system so that the con-
nection Σγ

µν vanish. This condition is called coincident
gauge and has been used in many studies of symmetric
teleparallel equivalent to GR (STEGR) and in this con-
dition the covariant derivative∇γ reduces to the partial
derivative ∂γ [22]. Thus, in the coincident gauge coordi-
nate, we get

Qγµν = −∂γgµν. (7)

The STG is a geometric description of gravity equiva-
lent to GR within coincident gauge coordinates in which
Σµν = 0 and Cγ

µν = 0, and consequently from Eq. (1)
we can conclude that [22]

Γγ
µν = −Lγ

µν. (8)

The f (Q) theory of gravity is a generalization or mod-
ification of the symmetric teleparallel equivalent of GR.
The action for this theory is given [20, 27–29]

S =
∫ [ 1

2κ
f (Q) + Lm

]
d4x
√
−g, (9)
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where κ = 8πG = 1, f (Q) can be expressed as the ar-
bitrary function of non-metricity scalar Q, g is the de-
terminant of the metric tensor gµν, and Lm is the matter
Lagrangian density. Now, the non-metricity tensor Qγµν

and its traces can be written as

Qγµν = ∇γgµν , (10)

Qγ = Qγ
µ

µ , Q̃γ = Qµ
γµ . (11)

In addition, the superpotential tensor (non-metricity

conjugate) can be expressed as

4Pγ
µν = −Qγ

µν + 2Q(µ
γ

ν) −Qγgµν − Q̃γgµν − δ
γ

(γ
Q

ν)
,

(12)
where the trace of the non-metricity tensor can be ob-
tained as

Q = −QγµνPγµν . (13)

Now, the matter energy-momentum tensor is defined
as

Tµν = − 2√−g
δ(
√−gLm)

δgµν . (14)

By varying the modified Einstein-Hilbert action (9)
with respect to the metric tensor gµν, the gravitational
field equations obtained as

2√−g
∇γ

(√
−g fQPγ

µν

)
− 1

2
f gµν + fQ

(
PµγiQν

γi − 2QγiµPγi
ν

)
= Tµν, (15)

where fQ = d f
dQ and ∇γ denotes the covariant deriva-

tive.

III. f (Q) FIELD EQUATIONS IN ANISOTROPIC
SPACE-TIME

The standard FLRW Universe is isotropic and homo-
geneous. Hence, to address the anisotropic nature of the
Universe in f (Q) gravity, which manifests as anoma-
lies found in the CMB, the Bianchi type-I Universe is in-
deed important because it represents a spatially homo-
geneous, but not isotropic. Thus, we consider a Bianchi-
type I space-time in the form

ds2 = −dt2 + A2(t)dx2 + B2(t)(dy2 + dz2), (16)

where metric potentials A (t) and B (t) depend only on
cosmic time (t). Here, to complete the choice of the
anisotropic type space-time, the equation of state (EoS)
parameter of the gravitational fluid must also be gener-

alized, and from another point of view, to give a more
reasonable model, an anisotropic nature must be exhib-
ited as described in [38]. Thus, the energy-momentum
tensor for the anisotropic fluid can be expressed as

Tµ
ν = diag(−ρ, px, py, pz) , (17)

= diag(−1, ωx, ωy, ωz)ρ,

= diag(−1, ω, (ω + δ), (ω + δ))ρ,

where ρ is the energy density of the anisotropic fluid,
px, py, pz are the pressures and ωx, ωy, ωz are the direc-
tional EoS parameters along x, y and z coordinates re-
spectively. The deviation from isotropy is parametrized
by setting ωx = ω and then introducing the deviations
along y and z axes by the skewness parameter δ, where
ω and δ are functions of cosmic time only [36].

For anisotropic fluid as matter contents, the corre-
sponding field equations of Bianchi type-I space-time
are obtained as [36]

f
2
+ fQ

4
Ȧ
A

Ḃ
B
+ 2

(
Ḃ
B

)2
 = ρ, (18)
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f
2
− fQ

−2
Ȧ
A

Ḃ
B
− 2

B̈
B
− 2

(
Ḃ
B

)2
+ 2

Ḃ
B

Q̇ fQQ = −ωρ, (19)

f
2
− fQ

−3
Ȧ
A

Ḃ
B
− Ä

A
− B̈

B
−
(

Ḃ
B

)2
+

(
Ȧ
A

+
Ḃ
B

)
Q̇ fQQ = −(ω + δ)ρ, (20)

where the dot (·) denotes the ordinary differentiation
with regard to cosmic time (t). The corresponding non-
metricity scalar can be written as

Q = −2

 .
B
B

2

− 4

.
A
A

.
B
B

. (21)

In order to simplify the form of the field equa-
tions (18)-(20) and write them in terms of the non-
metricity scalar Q, the directional Hubble parameters

Hx =
.
A
A , Hy =

.
B
B and average Hubble parameter

H = 1
3

(
Hx + 2Hy

)
, we use the following relations:

∂
∂t

(
Ȧ
A

)
= Ä

A −
(

Ȧ
A

)2
and Q = −2H2

y − 4Hx Hy. The
field equations (18)-(20) becomes

f
2
−Q fQ = ρ, (22)

f
2
+ 2

∂

∂t

[
Hy fQ

]
+ 6H fQHy = −ωρ, (23)

f
2
+

∂

∂t

[
fQ(Hx + Hy)

]
+ 3H fQ

(
Hx + Hy

)
= −(ω+ δ)ρ.

(24)
Using Eqs. (22) and (23), the EoS parameter (ω = p

ρ )
is

ω =
−1

f
2 −Q fQ

[
f
2
+ 2

∂

∂t

[
Hy fQ

]
+ 6H fQ Hy

]
. (25)

Similarly, using Eqs. (22), (23) and (24) we find the
skewness parameters as

δ =
1

f
2 −Q fQ

[
∂

∂t

[
fQ

(
Hy − Hx

)]
+ 3H fQ

(
Hy − Hx

)]
.

(26)
The above parameters are useful enough to check the

validity of the constructed cosmological model, and the
reason for expressing them in terms of average Hubble
parameter and directional Hubble parameters is that un-
derstanding the behavior of the Universe will be more

convenient. This means that the volumetric expansion
law will remain in a proper form. In [36] the study
of anisotropic cosmological models in f (Q) gravity has
shown that the solutions can follow the power law us-
ing the anisotropy relation (θ2 ∝ σ2). Motivated by this
work, we will study here the volumetric power law ex-
pansion of the form V = AB2 = tm, where m be the
arbitrary constant that is chosen according to the obser-
vational constraints. In the following sections, we will
analyze our cosmological models with these considera-
tions.

IV. ENERGY CONDITIONS

The energy conditions (ECs) are a set of conditions
that describe the geodesics of the Universe. In this back-
ground, the ECs are intended to verify the existence of
a phase of accelerating expansion of the Universe. Like
these condition can be obtained from the well-known
Raychaudhury equations, whose forms are [39–42]

dθ

dτ
= −1

3
θ2 − σµνσµν + ωµνωµν − Rµνuµuν, (27)

dθ

dτ
= −1

2
θ2 − σµνσµν + ωµνωµν − Rµνnµnν. (28)

Here, θ is the expansion factor, nµ is the null vector,
and σµν and ωµν are, respectively, the shear and the ro-
tation connected with the vector field uµ. For mathemat-
ical details of deriving the Raychaudhury equations in
Weyl geometry with the existence of non-metricity, see
these references [28, 43]. For attractive gravity, Eqs. (27)
and (28) fulfill the following conditions

Rµνuµuν ≥ 0, (29)

Rµνnµnν ≥ 0. (30)

Hence, if we consider the Universe has a perfect fluid
matter distribution, the ECs for f (Q) gravity are given
by
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• Weak energy conditions (WEC) if ρ ≥ 0, ρ + p ≥ 0;

• Null energy condition (NEC) if ρ + ρ ≥ 0;

• Dominant energy conditions (DEC) if ρ ≥ 0,
∣∣p∣∣ ≤

ρ.

• Strong energy conditions (SEC) if ρ + 3p ≥ 0.

V. COSMOLOGICAL f (Q) MODEL

To study the anisotropic nature of the Universe, we
consider the specific power law form of f (Q) i.e.

f (Q) = αQn+1 + β, (31)

where α, β, and n are free model parameters. This
specific functional form for f (Q) was motivated by the

work in [26]. For n = 0 we find the simplest linear form
of f (Q) function i.e. f (Q) = αQ + β and for n = 1 the
model takes the non-linear form i.e. f (Q) = αQ2 + β.
In addition, to reduce the number of unknowns, we pre-
sumed an anisotropic relation between the directional
scale factors in the form A = Bk where k ( 6= 0, 1) is an
arbitrary real number. For a power-law background, the

directional scale factors can be derived as: A (t) = t
km

k+2 ,
B (t) = t

m
k+2 . As a result, the directional Hubble pa-

rameters are given as: Hx =
(

km
k+2

)
1
t , Hy =

(
m

k+2

)
1
t .

The above anisotropy relation is chosen on the basis of
astronomical observations associated with the velocity
redshift relation for extragalactic sources which indicate
that the Hubble expansion of the Universe may attain
isotropy when σ

θ is constant [44–48].
Now, using Eq. (31) we find the following expressions

for energy density, pressure, EoS parameter, and skew-
ness parameter, respectively.

ρ =
1
2

(
β + α2n+1ψn+1 − α2n+2(n + 1)ψn+1

)
(32)

p = −
−α(k + 2)m2n+2

(
2n2 + 3n + 1

)
ψn + αm22n+1(2(k + 2)n + 3)ψn + β(k + 2)2t2

2(k + 2)2t2 (33)

ω =
α(k + 2)m2n+2

(
2n2 + 3n + 1

)
ψn + αm2

(
−2n+1

)
(2(k + 2)n + 3)ψn − β(k + 2)2t2

α(2k + 1)m22n+1(2n + 1)ψn + β(k + 2)2t2 (34)

δ =
α(k− 1)(k + 2)m2n+1(n + 1)(−m + 2n + 1)ψn

α(2k + 1)m22n+1(2n + 1)ψn + β(k + 2)2t2 (35)

where ψ (t) = − (2k+1)m2

(k+2)2t2 .
First, all cosmological parameters (ρ, p, ω, δ) are plot-

ted in terms of cosmic redshift (z) with the help of the

time-redshift relation t (z) = (1 + z)−
3
m for the different

values of m = 4.125 and 5.125. From Fig. 1 it is clear that
the cosmic energy density remains positive throughout
the evolution of the Universe and is an increasing func-
tion of cosmic redshift. It starts with a positive value and
approaches zero at z → −1 while Fig. 2 show that the
cosmic pressure is a decreasing function of cosmic red-
shift, which starts with large negative values and tends
to zero at z = 0 (present epoch) and z → −1 (future).

Such behavior of cosmic pressure is caused by the cur-
rent cosmic acceleration, or so-called DE in the context
of GR. Also, from Fig. 3 it can be observed that the EoS
parameter is similar to the behavior of quintessence DE
at present epoch and converges to the cosmological con-
stant (Λ) at z = −1. Further, Fig. 4 indicates that the
skewness parameter starts with a positive value in the
past and tends to zero at z → −1. Hence, the Universe
in our model transforms from the phase of anisotropy to
the phase of isotropy.

Using Eqs. (32) and (33) in the ECs, we obtain

NEC ⇔
αm2n+1(n + 1)

(
k(m + 2n + 1)−m + 4n + 2

)
ψn

(k + 2)2t2 ≥ 0 (36)
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m = 4.125

m = 5.125
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FIG. 1. Plot of cosmic energy density (ρ) versus redshift (z) for
α = −0.001, β = 2.5, n = 1 and k = 0.64.

m = 4.125

m = 5.125
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-10
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-4

-2

z

p

FIG. 2. Plot of cosmic pressure (p) versus redshift (z) for α =

−0.001, β = 2.5, n = 1 and k = 0.64.

DEC ⇔
−α(k + 2)m2n+1

(
2n2 + 3n + 1

)
ψn + αm22n+1(3kn + k + 3n + 2)ψn + β(k + 2)2t2

(k + 2)2t2 ≥ 0 (37)

SEC ⇔ −
−3α(k + 2)m2n+1

(
2n2 + 3n + 1

)
ψn + αm22n+1 (k(n− 1) + 5n + 4

)
ψn + β(k + 2)2t2

(k + 2)2t2 ≥ 0 (38)

From Figs. 5-7 it is observed that all the ECs (WEC,
NEC and DEC) fulfill while the SEC is violated for this
model. This behavior is consistent with the current sce-
nario of the Universe.

VI. DISCUSSIONS AND CONCLUSIONS

In the context of the modified theories of gravity
(MTG), the current cosmic acceleration can be explained
by introducing new terms into the field equations,
which means that we do not need to add another form
of energy or matter to cause this acceleration. Gen-
erally, the current acceleration phase can be predicted
by several cosmological parameters which can be di-
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m = 5.125
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FIG. 3. Plot of EoS parameter (ω) versus redshift (z) for α =

−0.001, β = 2.5, n = 1 and k = 0.64.
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m = 5.125
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FIG. 4. Plot of skewness parameter (δ) versus redshift (z) for
α = −0.001, β = 2.5, n = 1 and k = 0.64.

rectly measured by astronomical observations such as
the equation of state (EoS) parameter and deceleration
parameter. According to recent observational data of as-
tronomy and cosmology such as WMAP satellites which
combined data from the H0 measurements, supernovae,
CMB (Cosmic Microwave Background), and BAO (Bary-
onic Acoustic Oscillations), the current value of the EoS
parameter is ω0 = −1.084± 0.063. Further, in the year
2015 Planck collaboration showed that ω0 = −1.006±
0.0451 [34] and furthermore, in 2018 it informed that
ω0 = −1.028± 0.032 [35].

In this paper, we investigated the current acceleration
of the universe in the context of the recently proposed
f (Q) modified gravity. For this purpose, we consid-
ered a specific power law form as f (Q) = αQn+1 + β,
where α, β, and n are free model parameters and exam-
ine the exact solutions of the Bianchi type-I cosmologi-
cal model. To reduce the number of unknowns, we pre-

m = 4.125

m = 5.125

-1 0 1 2 3 4 5

0

5

10

15

20

25

30

z

N
E

C

FIG. 5. Plot of the NEC versus redshift (z) for α = −0.001,
β = 2.5, n = 1 and k = 0.64.
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40

z

D
E

C

FIG. 6. Plot of the DEC versus redshift (z) for α = −0.001,
β = 2.5, n = 1 and k = 0.64.

sumed an anisotropic relation between the directional
scale factors in the form A = Bk, where k ( 6= 0, 1) is
an arbitrary real number. In the context of the power-
law cosmology (a (t) ∝ tm), we found the expressions
for energy density, pressure, EoS parameter and skew-
ness parameter for our cosmological model. Further,
we checked the energy conditions of our model. The
cosmic energy energy remains positive throughout the
evolution of the Universe and is an increasing function
of cosmic redshift. It starts with a positive value and
approaches zero in the future, while the cosmic pres-
sure is a decreasing function of cosmic redshift, which
starts with large negative values and tends to zero in the
present and future. In addition, we observed that, for all
m values the EoS parameter is similar to the behavior of
quintessence DE at present epoch and converges to the
cosmological constant in the future. The current values
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m = 4.125

m = 5.125
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FIG. 7. Plot of the SEC versus redshift (z) for α = −0.001,
β = 2.5, n = 1 and k = 0.64.

of EoS parameter corresponding to m = 4.125 and 5.125
are ω0 = −0.8809 and ω0 = −0.8159, respectively. As a
result, it can be said that these values are in agreement
with the above values obtained from the observational
data. Further, the skewness parameter starts with a pos-
itive value in the past and tends to zero in the future.
Thus, the Universe in our model transforms from the
phase of anisotropy to the phase of isotropy. All the en-
ergy conditions fulfill while the SEC is violated for this
model. The violation of SEC leads directly to the current
acceleration phase of the universe.

Other cosmological parameters that are no less impor-
tant than the ones above are the Hubble parameter and
deceleration parameter. In cosmology, the Hubble pa-

rameter represents the expansion rate of the universe,
while the deceleration parameter is a measure of the
variation in the expansion of the Universe, if q < 0 the
Universe is in a phase of accelerated expansion and if
q > 0 the Universe is in a phase of decelerated expan-
sion. In the context of power-law cosmology we derived
both the parameters in the form H = 1

3

(
Hx + 2Hy

)
=

m
3t and q = −1 + d

dt

(
1
H

)
= −1 + 3

m . From the above
two equations, we can see that the Hubble parameter
decreases with increasing cosmic time and it becomes
zero at infinite future. Also, it is clear that the decelera-
tion parameter takes negative values for all values of m
in our cosmological model. This behavior is consistent
with the current scenario of the Universe.

ACKNOWLEDGMENTS

We are very much grateful to the honorary referee and
the editor for the illuminating suggestions that have sig-
nificantly improved our work in terms of research qual-
ity and presentation.

Data availability There are no new data associated
with this article.

Declaration of competing interest The authors
declare that they have no known competing financial
interests or personal relationships that could have
appeared to influence the work reported in this paper.

[1] A.G. Riess et al., Astron. J. 116, 1009 (1998).
[2] S. Perlmutter et al., Astrophys. J. 517, 565 (1999).
[3] M. Tegmark, et al., Phys. Rev. D 69, 103501 (2004).
[4] K. Abazajian, et al., Astron. J. 128, 502 (2004).
[5] D.J. Eisenstein et al., Astrophys. J. 633, 560 (2005).
[6] W.J. Percival at el., Mon. Not. R. Astron. Soc. 401, 2148

(2010).
[7] T. Koivisto, D.F. Mota, Phys. Rev. D 73, 083502 (2006).
[8] S.F. Daniel, Phys. Rev. D 77, 103513 (2008).
[9] R.R. Caldwell, M. Doran, Phys. Rev. D 69, 103517 (2004).

[10] Z.Y. Huang et al., JCAP 0605, 013 (2006).
[11] C.L. Bennett et al., Astrophys. J. Suppl. 148, 119-134 (2003).
[12] D.N. Spergel et al., [WMAP Collaboration], Astrophys. J.

Suppl. 148, 175 (2003).
[13] K. El Bourakadi et al., Eur. Phys. J. Plus 136, 8 (2021).
[14] K. El Bourakadi et al., Eur. Phys. J. C 81, 12 (2021).
[15] B. Ratra and P.J.E. Peebles, Phys. Rev. D 37, 3406 (1998).
[16] M. Sami and A. Toporensky, Mod. Phys. Lett. A 19, 1509

(2004).
[17] M. Sami et al., Phys. Lett. B 619, 193 (2005).
[18] P.J.E. Peebles and B. Ratra, Rev. Mod. Phys. 75, 559 (2003).
[19] N. Myrzakulov et al., J. Phys. Conf. Ser. 1391, 1 (2019).
[20] J. B. Jimenez et al., Phys. Rev. D 98, 044048 (2018).
[21] K. Myrzakulov et al., J. Phys. Conf. Ser. 1730, 1 (2021).
[22] Y. Xu et al., Eur. Phys. J. C 79, 8 (2019).
[23] N. Myrzakulov et al., Symmetry 13, 10 (2021).
[24] D. Iosifidis et al., Universe 7, 8 (2021).
[25] T. Harko et al., Phys. Dark Universe 34, 100886 (2021).
[26] M. Koussour et al., JHEAp 35, 43-51 (2022).
[27] J. B. Jimenez et al., Phys. Rev. D 101, 103507 (2020).
[28] S. Mandal et al., Phys. Rev. D 102, 024057 (2020).
[29] S. Mandal et al., Phys. Rev. D 102, 124029 (2020).
[30] T. Harko et al., Phys. Rev. D 98, 084043 (2018).
[31] N. Dimakis et al., Class. Quantum Grav. 38, 225003 (2021).
[32] S. H. Shekh, Phys. Dark Universe 33, 100850 (2021).
[33] Z. Hassan, S. Mandal and P.K. Sahoo, Fortschr. Phys. 69,



9

2100023 (2021).
[34] P.A.R. Ade et al., Astron. Astrophys. 594, A13 (2015).
[35] N. Aghanim et al., Astron. Astrophys. 641, A6 (2020).
[36] A. De et al., Eur. Phys. J. C 82, 1 (2022).
[37] Koussour et al., Phys. Dark Universe 101051 (2022).
[38] P. K. Sahoo et al., Int. J. Geom. Methods Mod. Phys. 14,

1750097 (2017).
[39] A. Raychaudhuri, Phys. Rev. D 98, 1123 (1955).
[40] S. Nojiri and S. D. Odintsov, Int. J. Geom. Methods Mod.

Phys. 04, 115 (2007).

[41] J. Ehlers, Int. J. Mod. Phys. D 15, 1573 (2006).
[42] S. Capozziello, S. Nojiri, and S. D. Odintsov, Phys. Lett. B

781, 99 (2018).
[43] S. Arora, et al., Phys. Dark Universe 31, 100790 (2021).
[44] R. Kantowski, R.K. Sachs, J. Math. Phys. 7, 443 (1966).
[45] C.B. Collins, Phys. Lett. A 60, 397 (1977).
[46] M. Shamir and M. Farasat, Eur. Phys. J. C 75, 8 (2015).
[47] M. Koussour et al., Nucl. Phys. B 978, 115738 (2022).
[48] M. Koussour and M. Bennai, Class. Quantum Grav. 39

105001 (2022).
[49] G. Hinshaw et al., Astrophys. J. Suppl. Ser. 208, 19 (2013).


	Accelerating Universe scenario in anisotropic f( Q)  cosmology
	Abstract
	I Introducion
	II Brief description of the mathematical formalism of f(Q) gravity
	III f( Q)  field equations in anisotropic space-time
	IV Energy conditions
	V Cosmological f( Q)  model
	VI Discussions and conclusions
	 Acknowledgments
	 References


