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Abstract— This paper deals with the study of spatially homogeneous and anisotropic Bianchi-type V space-time filled with dark
matter and holographic dark energy in the framework of f(T) gravity by considering f(T)=T formalism. In order to solve the
gravitational field equations completely, the exponential law of volumetric expansion has been employed. The derived
cosmological model is flat and free from any kind of singularities. Some cosmologically important physical and kinematical
parameters of the model have been obtained, and discussed with the help of their graphical representations. It is observed that
the universe has accelerating expansion; it is stable throughout the expansion, and physically acceptable. Notably, the resultant

model is consistent with the recent observations.
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1. Introduction

The recent cosmological observations specify that the present
universe is undergoing an accelerating expansion. The
measurements from high redshift supernovae experiments
provide direct evidence for an accelerating cosmic expansion
[1-7]. However, the cause of this accelerating cosmic
expansion is yet to achieve satisfactorily. Several theories
have been proposed by the researchers in order to investigate
the cause of cosmic acceleration. Astrophysical observations
in view of cosmic expansion points towards the presence of
some kind of repulsive force in the universe that is repelling
the cosmic objects farther apart, and suggest that this cosmic
acceleration is driven by mysterious kind of energy with a
large negative pressure, termed as dark energy (DE). In the
literature, various types of DE candidates are proposed, and
in this regard, many researchers have constructed various DE
models such as quintessence [8-10], quintom [11, 12],
phantom [13], k-essence [14, 15], and tachyon [16] as well as
holographic dark energy (HDE) [17-20], Ricci DE [21], new
age graphic DE [22, 23], Chaplygin gas [24], extended
Chaplygin gas [25, 26] and the generalized Chaplygin gas
[27, 28], etc., to fulfill their curiosity in studying expansion
cosmological expansion.

Cosmological measurements based on the Planck data [29] on

the cosmic microwave background radiation (CMBR)
indicate that 70% our universe is filled with DE and 30% of it
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with non-relativistic matter, viz., baryons and dark matter
(DM). There are few particles termed DM candidates [30-32],
viz., weakly interacting massive particles (WIMPs), SM
neutrinos, sterile neutrinos, axions, and super symmetric
(SUSY) candidates (neutralinos, neutrinos, gravitinos,
axinos). The WIMPs consist of the lightest SUSY particles,
particularly, the neutralinos, which is considered as the most
likely candidate of DM. Axions are found to be additionally
high candidates of DM. The non-inclusion of DM particle yet
in the table of elementary cosmic particles means its true
nature is still unknown. Usually, the DE component is
characterized by dynamically variable equation of state (Eo0S)
parameter which is equal to the ratio of spatially
homogeneous pressure to the energy density of DE. To
explain the accelerating expansion of the universe, two
methods have been proposed; one is to investigate various
dark energy candidates and the other is to modify the general
theory of relativity (GTR).

Since the GTR is not enough to justify the gravitational
interactions, other theories, such as alternating theories and
more precisely modified theories of gravitation such as f(R),
f(T), f(R, T), f(G), f(R, G), f(Q), f(T, B), etc., are developed to
investigate the unknown and hidden aspects of the universe.
Among these numerous modified gravity theories, f(T) theory
of gravitation is a feasible candidate. The f(T) theory of
gravitation is based on a modification of the teleparallel
equivalent of GTR. Several researchers have investigated
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various aspects of different cosmological models such as
FRW, Bianchi types, Kaluza-Klein, Kantowski-Sach,
Einstein-Rosen, etc., with different types of matter source in
the framework of f(T) gravity. Among various approaches for
describing accelerating cosmic expansion or dark sector of
the universe, the holographic dark energy (HDE) models have
received immense attention of the researchers. The notion of
HDE arose from an attempt of applying the holographic
principle (HP) to the DE problem, which states that all of the
information contained in a volume of space can be
represented as a hologram. HDE model is a quantum gravity
approach to the DE problem.

The anisotropy and homogeneity play a convincing role in the
early stage of cosmic evolution since the course of action of
isotropization of the universe becomes viable in the passage
of time, and hence the study of spatially homogeneous and
anisotropic models of the universe gain importance. The
spatial homogeneity, anisotropy and simplicity of field
equations, the Bianchi type cosmological models gained
importance. Hence, many authors assume Bianchi type
cosmological models to obtain exact solutions of the field
equations of GTR and various alternative theories of
gravitation.

Motivated by the above discussion and the work carried out
by the researchers, we have taken up the study of spatially
homogeneous and anisotropic Bianchi type V cosmological
model in presence of DM and HDE in the framework of f(T)
gravity. We have considered f(T)=T formalism and in order to
solve the field equations completely, we employed the
exponential law of volumetric expansion. The physical
behavior of the constructed model is studied through the
graphical representations of some parameters of cosmological
importance, such as pressure, energy density, EoS parameter,
volume, Hubble’s parameter, expansion scalar, shear scalar,
anisotropy parameter, squared speed of sound, etc. The value
of deceleration parameter shows the accelerating expansion
of the universe. Also, the obtained model is flat and
singularity free; stable throughout the expansion and
physically acceptable, and hence consistent with the recent
observations.

This paper is divided as follows: Section 2 contains the
related work for the study carried out in this paper, Section 3
provides the methodology of f(T) gravity in brief, Section 4
deals with the metric and derivation of its field equations,
Section 5 contain exact solution of the field equations and
construction of the cosmological model, Section 6 contain the
derivation of some physical and kinematical parameters along
with stability factor and their graphical representations with
discussion and Section 7 concludes the research work.

2. Related Work

Initially, f(T) gravity theory was proposed to study cosmic
inflation [33, 34], then accelerating cosmic expansion [35-
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38], its perturbations [39-41], and its reconstructions [42- 46].
Later on Ferraro [47], succinctly reviewed the f(R) and f(T)
gravity theories and described some remarkable applications
to cosmology and cosmic strings. Béhmer et.al. [48], studied
the entity of relativistic stars and specifically constructed
classes of solutions for a static perfect fluid. Pawar et al.
[49],[50] studied string-coupled cosmological models using
the Bianchi type V and VI, space-times in modified gravity.
Zhang et al., [51] investigated the evolution of f(T) theory of
gravity by considering logarithmic and power law form of
f(T) models. Li et al., [52] studied generalized teleparallel
gravity with local Lorentz invariance assuming the case
f(T)=T. Sharif & Rani [53] studied the evolution of universe
using ideal perfect fluid by considering three different forms
f(T) gravity model and discussed the viscosity effect on the
accelerating cosmic expansion. Similarly, due to the curiosity
for scientific exploration of the universe, many cosmologists
have taken remarkable efforts in f(T) theory of gravity by
constructing different cosmological models [54-61].

In recent years, the interesting observations made in
determining the nature of dark energy in quantum gravity
termed as holographic dark energy (HDE) [62, 63] is
receiving immense attention for researchers. Granda and
Oliveros [64] with the use of infra-red cut-off, showed that
the HDE model represents an accelerated cosmic expansion
and its consistency with current observational data. Setare et
al. [65, 66] have studied cosmological application of HDE
density in non-flat universe. Adhao et al. [67], studied the
anisotropic  Bianchi type-l cosmological model with
interacting DM and HDE in two cases for the values of
deceleration parameter. They have shown that there is no
coincidence problem, the models attain isotropy after some
finite time, and the universe is undergoing accelerating
expansion. Chirde and Shekh [68] studied the minimally
interacting LRS Bianchi type-l power law and exponential
law HDE models in f(T) gravity, and shown the accelerated
cosmic expansion in both the cases. Mete et al. [69] studied
the minimally interacting DM and HDE model in scalar
tensor theory formulated by Saez and Ballester. Dubey et al.
[70] constructed the Renyi HDE interacting flat FLRW model
in the framework of Brans-Dicke theory of gravitation by
considering infra-red cut-off as the Hubble’s horizon, and
shown that the model is stable at the late time. Shekh and
Ghaderi [71] constructed and analyzed an interacting DM and
HDE model, and they showed an accelerating expansion of
the universe throughout the evolution.

3. Methodology f(T) Gravity: a Brief Review

Here, we make a discussion on the methodology of f(T)
gravity and derivation of its field equations in brief. The
general space-time metric is defined as
ds? =g, zdx“dx”, (1)
where g, are the components of the fundamental metric
tensor. The line element (1) can be transformed through the
Minkowski’s description of the transformation, in the form:
ds? = g,,dx“dx” =1, 0"6", )
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dx* =efg", 6" =eldx?, ®3)
where 7, are the components of metric tensors in
Minkowskian space-time such that 7 =diag[1,-1,-1,-1] and

eh"‘egzé"é‘ or eﬁ‘e'oﬁzéﬁ . J—g =det[ell]=e and the tetrad
matrix eg; represents the dynamic fields of the theory. The

components of Weitzenbocks connection which have a zero
curvature and nonzero torsion for a manifold are defined as

I7 , =el0,e, =—en0el. (4)
The torsion tensor for a manifold is defined by the anti-
symmetric part of the Weitzenbocks connection as,
T?’aﬂ:F?’aﬂ—FVﬂa:ef{(aae'/}—aﬁeg). (5)
The Con-torsion tensor which is the difference between the
Levi-Civita and Weitzenbocks connection, is defined by

1 off Pa aff
E(T TP T, ) (®)
A new tensor, S,*", is constructed from the torsion and con-

torsion tensors for a better understanding of the definition of
the scalar equivalent to the curvature scalar of Riemannian
geometry as follows,

ap _L(ap atT B _ sprua
s, %0 ——(KvogT —ofTee ) ()

K — _
V4

The torsion scalar which is similar to the scalar curvature in
general relativity is defined by using the contraction as
T=T7 5, ap. (8)
The action is defined by generalizing the teleparallel gravity,
i.e, f(T) theory as

S = I (T)+ Limatter Jed ", €)
where f (T) is an algebraic function of the torsion scalar T .
On making the functional variation of the action (9) with
respect to the tetrads, the equations of motion are obtained as

S, P0 ;Thrr + [e‘lega o (eeg s, ﬂp) +T7, s, /”] fr
+%5§f =4zz{T£ +T‘f}, (10)

where Tf and fﬁ are the energy-momentum tensors for DM
2
and HDE respectively, f, =m, fo= d”f(T) , and by
dT ™ dT?
setting f(T)=a, =constant, the equations (10) are the same

as that of the teleparallel gravity equivalent to the General
Relativity.

4. Metric and Field Equations

We consider the spatially homogeneous and anisotropic
Bianchi type-V space-time in the form

ds? = dt? - X %dx? —esz(dey2+ZZd22), (1)
where m is a constant and X, Y, and Z are functions of cosmic

time t only.
Then the set of diagonal tetrads related to the metric (11) is

[e£]=diag[1, X, Ye™, ze™] (12)
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and the determinant of a matrix (12) is
o= XYZe?™ (13)
The torsion scalar (8) for the space-time (11) is obtained as
XY YZ XZ
+m

T=22 2 4 2422
XY YZ Xz

(14)

The energy-momentum tensor for DM and HDE are
respectively given by [68]

T/ = pu u?, (15)
and
faﬂ =(op + pA)UaUﬂ - pAéf' (16)
together with co-moving coordinates satisfying
u” =(0,0,0,1) and u,u® =1. (17)

where u? is the four-velocity vector of the fluid, p and p are
respectively the energy density and pressure of the fluids.

We obtained the field equations for (11), using (15) and (16)
in (10) as

f+2fr 1+5+ﬁ+25+ﬂ+2m
Y Z XY YZ XZ

2

Yoz
2| —+—=|T fy7 =-16 , 18
w2 o+ [T 7PA (18)

XY YZ _XZ

f+2fr ).):—.+.§—‘+W+E+2 7 +2m?
+2 §+§ 'ffTT =-167py, (19)

f+2fr §+¥+2%+%+%+2m2
+2 §+¥ T frp =—167py, (20)
frafr %+%+% =167(pm+pn).  (21)
2%—%—% -0, (22)
L (23)

where the overhead dot (.) denotes the derivative with respect
to cosmic time t.
Equations (22) and (23) give
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A=constant, k (say). (24)
We consider f(T) formalism as f(T)=T . Then, using (14) and
(24) in (18) —(21), we obtain

Y Z YZ
-8 =—t—+—+m 25
TPA = S (25)
-87pa =§+ m? (26)
—87pp :¥+ m? (27)

YZ
) = 28
7(Pm+PA) Yz m (28)

Thus, we have four non-linear differential equations with five
unknowns, namely, Y, Z, Po, Pm: Pa- We evaluate these
unknowns in the next section.

5. Construction of Cosmological model

To obtain the exact solutions in order to construct a new
cosmological model, we consider the exponential law of
volumetric expansion of the universe as
V = ae (29)
where o and f are constants.
By definition, the spatial volume (V) is obtained as
V =kYZ (30)
From (26), (27), (29), and (30) we obtain the metric
coefficients X, Y, and Z as
apf’t-De”
y=ZLe 228
3
where Dy, D,and Dsare constants.
Substituting the values of X, Y, and Z from (31) in (11), the
space-time filled with DM and HDE within the framework of
f(T) gravity becomes
ds? = dt? - k2dx?
2 oc,th—Dle_ﬂt
2mx 0!_26 aff
D3

ap’t+De”

X =Kk, ,and Z=De 2%/ (31

aﬁ2t+ Dle_ﬁt

-e dy?+Dge dz? |. (32)

The metric potentials of this model assume constant values at
t = 0 and do not vanish for any t. Hence the model is free
from any type of singularities for finite values of t.

Now, we define some cosmologically important physical and
kinematical parameters.
The average Hubble’s parameter (H) is given by

H=1
3
where H,, H,, H, are the directional Hubble parameters.

To determine whether the model approaches isotropy or not,
we discuss the mean anisotropy parameter (Ay) given by

3 1 1V
Hi==(Hy+Hy+Hg)==—— 33
El ' 3( 1+Hz + Hg) 3V (33)
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13(H )\
==y |—1-1 34
A 3i§1(H J 34

The scalar expansion (¢) and the shear scalar (0'2) are
respectively defined as

0=uf =3H, (35)
o2 :%AmHZ. (36)
The deceleration parameter is defined as
d(1
=-1+——]|. 37
T [ H j 37)

6. Some Physical and Kinematical Parameters

The energy conservation law of matter, Tgf 5 =0 leads to

Pm+3Hpn =0. (38)
From (14) we have obtained the Torsion scalar as
B 4mPa? - Dzze_zﬂt + azﬁz

T= 5

(39)
2a

which is time-dependent.

Also, we have determined the average Hubble's parameter

(H) , the scalar expansion (6) , the mean anisotropy
parameter (A,), the shear scalar (o), and the deceleration

parameters (q), respectively, as

H zg, (40)
0=4, (41)
a?p? +3Dfe M
Am T2 (42)
202 | an2i—2/t
o
q=-1. (44)

The spatial volume is constant at t = 0 and increases
exponentially with time, i.e., the universe starts with some
constant volume and expands exponentially with the passage
of time. In this expanding universe the mean Hubble’s
parameter and expansion scalar are constant throughout. The
negative sign of the deceleration parameter is indicating the
accelerating phase of the universe as expected in the
exponential law of volumetric expansion. The values of the
anisotropic parameter and shear scalar show that the universe
is anisotropic and shear free throughout the evolution. The

deceleration parameter (44), and djzoshows the largest
dt

value of Hubble’s parameter and the fastest rate of cosmic
expansion as obtained by Chirde and Shekh [68].

From (38) and (40) we obtained the value of matter-energy
density as
1

Pm = — 45
m (xeﬂt ( )
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Figure 1. Variation of p_ Vs.t fora =18, 5=2.8

Equation (45) represents the energy density of DM as a
function of time t. The graphical behavior of the energy
density of DM in Figure 1 shows that at an initial epoch when
t = 0 the matter density is infinite and at a later time it
decreases rapidly and assumes a very small constant value
(approximately zero) for t >1.8 approx.

Using (45) in (28) we obtain the value of energy density of
HDE as
(B*-4m*)a* -327ae™ — Dle

= ) 46
P 327a? (46)

0.02

0 2 4 6 8 10
i
Figure 2. Variation of p, Vs.t Vs.t fora =18, p=2.8,
m=0.1, D, =5.
The energy density of HDE given by (46) is a function of
cosmic time t, and its graphical behavior is shown in Figure
2. From the figure 2, it is observed that the HDE density p, is
always positive, it is very small at an initial epoch and it
increases rapidly and becomes constant for t >1.8 approx.

From (27), the pressure of HDE is obtained as
(/32 + 4m2)a2 + Dlze_zﬂt
PA =— 2 . (47)
327
Figure 3 represents the behavior of the HDE pressure versus
cosmic time t, in which pressure grows in negative in an early
epoch of evolution but at a later time it increases rapidly to
approach constant value (~ —0.075) as t — .
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Figure 3. Variation of p, Vs. t for « =18, p=2.8,

m=0.1, D, =5.

The Equation of State (EoS) parameter for HDE is

(/32 +4m2)a292/“ +D?
a)A = 2 2 2,2 2" (48)
(4m? - p*)a’e*” +327ae” + D;

0 b 4 6 8 10
i
Figure 4. Variation of w, Vs.t for « =18, f=2.8,
m=0.1 D, =5.

The graphical behavior of the EoS parameter is depicted in
Figure 4. The EoS parameter grows from the large negative
values and approaches a constant negative value less than -1
for t >1.8 approx. Thus, EoS parameter remains present in
the Phantom region i.e., @, < -1, which is an acceptable value
observed by supernova data. As the EoS parameter is time-
dependent, the DE influences CMB. According to the type la
supernovae data, the admissible value of an EoS parameter is
in the range -1.67 < w, < -0.62 [1], while the expected limit
for the EoS parameter accompanying the type la supernovae
data with CMB anisotropy and galactic clustering census is
given as —1.33<w, < - 0.79 [61]. It can be observed from the
figure that EoS gives an entirely negative epoch which is in
good agreement with type la supernovae and CMB
observational data.

Density parameters, QO for DM and Q, for HDE, and
overall density parameter Q are obtained as

P 3
szsHZZW, (49)
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Q, = Pa :3{(ﬁ2_4m2)a2_32ﬂ.ae—ﬂt_ lzeizﬂt}
A gH? 32”a2ﬁ2
3{(ﬂ2 —4m’ )az - Dlze—zﬂt}
32za* B

» (50)

Q=0 +Q, = (51)
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0.0297

0.0296
Q
0.0295

0.0294

0.0293+ . : . .
0

t
Figure 5. Variation of Q Vs. t fora =18, p=2.8,
m=0.1 D, =5.
It can be seen from Figure 5 that the overall density
parameter Q_ grows in positive and approaches the constant
value (~0.0297) for t >1.8 approx. which is consistent with
the results for a flat universe.

5.1 Stability Factor

For the stability of cosmological solutions obtained, we
should examine the nature of quantity advised in
cosmological studies. To investigate the physical
acceptability and stability of any DE model, the suggested

quantity is the squared speed of sound marked by 852. The
derived model is stable and unstable according as 92 >0 and

952 <0 respectively. As we know that the speed of sound

speed is less than the speed of light (c), and for a gravitational
unit we hold ¢ = 1, therefore the models in which the squared
speed of sound lies between 0 and 1 are physically
acceptable.

The squared speed of sound in our exponential volumetric
expansion of the model is defined and obtained as

D2
gba__ A (52)
PA 167ae™ + D;
The graphical behavior of the squared speed of sound versus
cosmic time t is depicted in Figure 6. It can be seen from the
figure that 1932 is a decreasing function of cosmic time and for
t < 3 it decreases rapidly from infinitely large values whereas
when t — o it becomes null and void. The value of 92

seems to lie between 0 and 1 and hence the derived model is
always stable. Therefore based on discussion and analysis
made here, the constructed model is physically acceptable.
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7. Results and Conclusion

In this paper, we have investigated the spatially homogeneous
and anisotropic Bianchi type V cosmological model in the
presence of DM and HDE in the framework of f(T) gravity.
To obtain the deterministic solutions of the constructed model
we have considered the exponential volumetric expansion of

the universe as V = ae”. It is found that the model is free
from any type of singularity. The universe starts with some
constant volume and expands exponentially as the time
increases. In this expanding universe the mean Hubble’s
parameter and expansion scalar are constant throughout. The
constant deceleration parameter g=-1 indicates the
accelerating expansion of the universe, and dH _, shows the
dt
largest value of Hubble’s parameter and hence the fastest rate
of cosmic expansion, which is in good agreement with the
earlier results. It is observed that the constructed model is
shear-free and anisotropic in nature throughout the evolution.
It is observed that at an initial epoch when t = 0 the matter
density is infinite and at a later time it decreases rapidly and
assumes a very small constant value (approximately zero) for
t >1.8 approx. The HDE density p, is always positive, it is

very small at an initial epoch and it increases rapidly and
becomes constant for t >1.8 approx. The graphical behavior
of EoS parameter shows that it remains present in the
phantom region i.e., @, < -1. According to the type la

supernovae data, the admissible value of an EoS parameter is
in the range -1.67 < w, < -0.62, while the expected limit for

the EoS parameter accompanying the type la supernovae data
with CMB anisotropy and galactic clustering census is given
as -1.33 <w, < - 0.79. Therefore, the obtained value of EoS

parameter is in good agreement with type la supernovae and
CMB observational data. The overall density parameter Q
grows in positive and approaches the constant value with the
elevation of time representing the results for a flat universe
and the calculated squared speed of sound lies in 0 to 1
indicating the constructed model is always stable and
physically acceptable throughout the evolution.



Int. J. Sci. Res. in Physics and Applied Sciences

Conflict of Interest
Authors declare that they do not have any conflict of interest.
Acknowledgements

Authors are grateful to the reviewers and editors for their
constructive comments and suggestions which have helped in
the improvement of the manuscript.

References

[1] R. A Knop et al., “New Constraints on Q y , Q 4, and w from
an Independent Set of 11 High-Redshift Supernovae Observed
with the Hubble Space Telescope,” Astrophys. J., vol. 598, no.
1, pp. 102-137, Nov. 2003, doi: 10.1086/378560.

[2] A. Clocchiatti et al., “ Hubble Space Telescope and
Ground-based Observations of Type la Supernovae at Redshift
0.5: Cosmological Implications ,” Astrophys. J., vol. 642, no. 1,
pp. 1-21, 2006, doi: 10.1086/498491.

[3] K. Krisciunas et al., “Hubble Space Telescope Observations of
Nine High-Redshift Essence Supernovae,” Astron. J., vol. 130,
no. 6, pp. 2453-2472, 2005, doi: 10.1086/497640.

[4] S. Perlmutter et al., “Measurements of Q and A from 42
High-Redshift Supernovae,” Astrophys. J., vol. 517, no. 2, pp.
565-586, Jun. 1999, doi: 10.1086/307221.

[5] A. G. Riess et al., “Type Ia Supernova Discoveries at z > 1
from the Hubble Space Telescope: Evidence for Past
Deceleration and Constraints on Dark Energy Evolution,”
Astrophys. J., vol. 607, no. 2, pp. 665-687, Jun. 2004, doi:
10.1086/383612.

[6] B. P. Schmidt et al., “The High-Z Supernova Search:
Measuring Cosmic Deceleration and Global Curvature of the
Universe Using Type Ia Supernovae,” Astrophys. J., vol. 507,
no. 1, pp. 46-63, Nov. 1998, doi: 10.1086/306308.

[7]1 S. Nobili et al., “Restframe I-band Hubble diagram for type la
supernovae up to redshift z ~ 0.5, Astron. Astrophys., vol.
437, no. 3, pp. 789-804, 2005, doi: 10.1051/0004-
6361:20042463.

[8] M. Cicoli, F. G. Pedro, and G. Tasinato, “Natural quintessence
in string theory,” J. Cosmol. Astropart. Phys., vol. 2012, no. 07,
pp. 044-044, Jul. 2012, doi: 10.1088/1475-7516/2012/07/044.

[9] C. Wetterich, “Inflation, quintessence, and the origin of mass,”
Nucl. Phys. B, vol. 897, pp. 111-178, Aug. 2015, doi:
10.1016/j.nuclphysh.2015.05.019.

[10] S. Tsujikawa, “Quintessence: a review,” Class. Quantum
Gravity, vol. 30, no. 21, p. 214003, Nov. 2013, doi:
10.1088/0264-9381/30/21/214003.

[11] M. Marciu, “Quintom dark energy with nonminimal coupling,”
Phys. Rev. D, vol. 93, no. 12, p. 123006, Jun. 2016, doi:
10.1103/PhysRevD.93.123006.

[12] J. Sadeghi, B. Pourhassan, Z. Nekouee, and M. Shokri,
“Deformation of the quintom cosmological model and its
consequences,” Int. J. Mod. Phys. D, vol. 27, no. 03, p.
1850025, Feb. 2018, doi: 10.1142/S0218271818500256.

[13] A. El. Zant, W. El. Hanafy, and S. Elgammal, "HO Tension and
the Phantom Regime: A Case Study in Terms of an Infrared f
(T) Gravity." The Astrophysical Journal, Vol. 871, No. 2, p.
210, 2019.

[13] A. El-Zant, W. El Hanafy, and S. Elgammal, “HO Tension and
the Phantom Regime: A Case Study in Terms of an Infrared
f(T) Gravity,” Astrophys. J., vol. 871, no. 2, p. 210, Feb. 2019,
doi: 10.3847/1538-4357/aafal2.

[14] G. Varshney, U. K. Sharma, and A. Pradhan, “Reconstructing

© 2023, IJSRPAS All Rights Reserved

Vol.11, Issue.2, Apr 2023

the k-essence and the dilation field models of the THDE in
f(R, T) gravity,” Eur. Phys. J. Plus, vol. 135, no. 7, p. 541, Jul.
2020, doi: 10.1140/epjp/s13360-020-00548-9.

[15] J. B. Orjuela-Quintana and C. A. Valenzuela-Toledo,
“Anisotropic k-essence,” Phys. Dark Universe, vol. 33, p.
100857, Sep. 2021, doi: 10.1016/j.dark.2021.100857.

[16] A. Mohammadi, K. Saaidi, and T. Golanbari, “Tachyon
constant-roll inflation,” Phys. Rev. D, vol. 97, no. 8, p. 083006,
Apr. 2018, doi: 10.1103/PhysRevD.97.083006.

[17] S. Nojiri, S. D. Odintsov, V. K. Oikonomou, and T. Paul,
“Unifying holographic inflation with holographic dark energy:
A covariant approach,” Phys. Rev. D, vol. 102, no. 2, p.
023540, Jul. 2020, doi: 10.1103/PhysRevD.102.023540.

[18] S. H. Shekh, “Models of holographic dark energy in f(Q)
gravity,” Phys. Dark Universe, vol. 33, p. 100850, Sep. 2021,
doi: 10.1016/j.dark.2021.100850.

[19] S. Wang, Y. Wang, and M. Li, “Holographic dark energy,”
Phys. Rep., wvol. 696, pp. 1-57, Jun. 2017, doi:
10.1016/j.physrep.2017.06.003.

[20] S. D. Katore, S. V. Gore, and A. Y. Shaikh, “Holographic Dark
Energy Cosmological Models in f(G) Theory,” New Astron.,
vol. 80, p. 101420, Oct. 2020, doi:
10.1016/j.newast.2020.101420.

[21] D. D. Pawar, R. V. Mapari, and P. K. Agrawal, “A modified
holographic Ricci dark energy model in f (R, T) theory of
gravity,” J. Astrophys. Astron., vol. 40, no. 2, p. 13, Apr. 2019,
doi: 10.1007/s12036-019-9582-5.

[22] J.-F. Zhang, Y.-H. Li, and X. Zhang, “A global fit study on the
new agegraphic dark energy model,” Eur. Phys. J. C, vol. 73,
no. 1, p. 2280, Jan. 2013, doi: 10.1140/epjc/s10052-013-2280-6.

[23] A. Pourbagher and A. Amani, “Thermodynamics of the viscous
f(T,B) gravity in the new agegraphic dark energy model,” Mod.
Phys. Lett. A, vol. 35, no. 20, p. 2050166, Jun. 2020, doi:
10.1142/S0217732320501667.

[24] B. Pourhassan, ‘“Viscous Modified Cosmic Chaplygin Gas
Cosmology,” Int. J. Mod. Phys. D, vol. 22, no. 09, p. 1350061,
Jul. 2013, doi: 10.1142/S0218271813500612.

[25] B. Pourhassan and E. O. Kahya, “Extended Chaplygin gas
model,” Results Phys., vol. 4, pp. 101-102, 2014, doi:
10.1016/j.rinp.2014.05.007.

[26] E. O. Kahya and B. Pourhassan, “The universe dominated by
the extended Chaplygin gas,” Mod. Phys. Lett. A, vol. 30, no.
13, p. 1550070, Apr. 2015, doi: 10.1142/S0217732315500704.

[27] J. P. Campos, J. C. Fabris, R. Perez, O. F. Piattella, and H.
Velten, “Does Chaplygin gas have salvation?,” Eur. Phys. J. C,
vol. 73, no. 4, p. 2357, Apr. 2013, doi: 10.1140/epjc/s10052-
013-2357-2.

[28] P. P. Avelino, K. Bolejko, and G. F. Lewis, ‘“Nonlinear
Chaplygin gas cosmologies,” Phys. Rev. D, vol. 89, no. 10, p.
103004, May 2014, doi: 10.1103/PhysRevD.89.103004.

[29] M. Li, X.-D. Li, S. Wang, and Y. Wang, “Dark Energy,”
Commun. Theor. Phys., vol. 56, no. 3, pp. 525-604, Sep. 2011,
doi: 10.1088/0253-6102/56/3/24.

[30] A. G. Riess et al., “Observational Evidence from Supernovae
for an Accelerating Universe and a Cosmological Constant,”
Astron. J., vol. 116, no. 3, pp. 1009-1038, Sep. 1998, doi:
10.1086/300499.

[31] S. Nojiri and S. D. Odintsov, “Unifying inflation with ACDM
epoch in modified gravity consistent with Solar System tests,”
Phys. Lett. B, vol. 657, no. 4-5, pp. 238-245, Dec. 2007, doi:
10.1016/j.physleth.2007.10.027.

[32] R. Massey et al, “Dark matter maps reveal cosmic
scaffolding,” Nature, vol. 445, no. 7125, pp. 286-290, Jan.
2007, doi: 10.1038/nature05497.

[33] R. Ferraro and F. Fiorini, “Modified teleparallel gravity:
Inflation without an inflaton,” Phys. Rev. D - Part. Fields,
Gravit. Cosmol., vol. 75, no. 8, pp. 1-5, Apr. 2007, doi:



Int. J. Sci. Res. in Physics and Applied Sciences

10.1103/PhysRevD.75.084031.

[34] R. Ferraro and F. Fiorini, “Born-Infeld gravity in Weitzenbdck
spacetime,” Phys. Rev. D, vol. 78, no. 12, p. 124019, Dec.
2008, doi: 10.1103/PhysRevD.78.124019.

[35] G. R. Bengochea and R. Ferraro, “Dark torsion as the cosmic
speed-up,” Phys. Rev. D, vol. 79, no. 12, p. 124019, Jun. 2009,
doi: 10.1103/PhysRevD.79.1240109.

[36] E. V. Linder, “Einstein’s other gravity and the acceleration of
the Universe,” Phys. Rev. D, vol. 81, no. 12, p. 127301, Jun.
2010, doi: 10.1103/PhysRevD.81.127301.

[37] S. Capozziello, O. Luongo, R. Pincak, and A. Ravanpak,
“Cosmic acceleration in non-flat f(T) cosmology,” Gen.
Relativ. Gravit.,, vol. 50, no. 5, p. 53, May 2018, doi:
10.1007/s10714-018-2374-4.

[38] X. Ren, T. H. T. Wong, Y.-F. Cai, and E. N. Saridakis, “Data-
driven reconstruction of the late-time cosmic acceleration with
f(T) gravity,” Phys. Dark Universe, vol. 32, p. 100812, May
2021, doi: 10.1016/j.dark.2021.100812.

[39] S.-H. Chen, J. B. Dent, S. Dutta, and E. N. Saridakis,
“Cosmological perturbations in f(T) gravity,” Phys. Rev. D, vol.
83, no. 2, p. 023508, Jan. 2011, doi:
10.1103/PhysRevD.83.023508.

[40]J. B. Dent, S. Dutta, and E. N. Saridakis, “f(T) gravity
mimicking dynamical dark energy. Background and
perturbation analysis,” J. Cosmol. Astropart. Phys., vol. 2011,
no. 01, pp. 009-009, Jan. 2011, doi: 10.1088/1475-
7516/2011/01/009.

[41] R. Zheng and Q.-G. Huang, “Growth factor in f(T) gravity,” J.
Cosmol. Astropart. Phys., vol. 2011, no. 03, pp. 002-002, Mar.
2011, doi: 10.1088/1475-7516/2011/03/002.

[42] K. Bamba, R. Myrzakulov, S. Nojiri, and S. D. Odintsov,
“Reconstruction of f(T) gravity: Rip cosmology, finite-time
future singularities, and thermodynamics,” Phys. Rev. D, vol.
85 ~no. 10, p. 104036, May 2012, doi:
10.1103/PhysRevD.85.104036.

[43] M. Hamani Daouda, M. E. Rodrigues, and M. J. S. Houndjo,
“Reconstruction of f(T) gravity according to holographic dark
energy,” Eur. Phys. J. C, vol. 72, no. 2, p. 1893, Feb. 2012, doi:
10.1140/epjc/s10052-012-1893-5.

[44] W. El Hanafy and G. G. L. Nashed, “Reconstruction of f(T) -
gravity in the absence of matter,” Astrophys. Space Sci., vol.
361, no. 6, 2016, doi: 10.1007/s10509-016-2786-0.

[45] Y.-F. Cai, M. Khurshudyan, and E. N. Saridakis, “ Model-
independent Reconstruction of f ( T ) Gravity from Gaussian
Processes ,” Astrophys. J., vol. 888, no. 2, p. 62, 2020, doi:
10.3847/1538-4357/ab5a7f.

[46] R. Myrzakulov, “Accelerating universe from F(T) gravity,”
Eur. Phys. J. C, vol. 71, no. 9, p. 1752, Sep. 2011, doi:
10.1140/epjc/s10052-011-1752-9.

[47] R. Ferraro, “f(R) and f(T) theories of modified gravity,” AIP
Conf. Proc., vol. 1471, no. 2012, pp. 103-110, 2012, doi:
10.1063/1.4756821.

[48] C. G. Béhmer, A. Mussa, and N. Tamanini, “Existence of
relativistic stars in f(T) gravity,” Class. Quantum Gravity, vol.
28, no. 24, Dec. 2011, doi: 10.1088/0264-9381/28/24/245020.

[49] K. Pawar and A. K. Dabre, “Bulk Viscous String Cosmological
Model with Constant Deceleration Parameter in Teleparallel
Gravity,” vol. 10, no. 6, pp. 8-16, 2022, doi:
https://doi.org/10.26438/ijsrpas/v10i6.816.

[50] K. Pawar, A. K. Dabre, and N. T. Katre, “Anisotropic String
Cosmological Model for Perfect Fluid Distribution in f ( T )
Gravity,” vol. 10, no. 6, pp. 1-7, 2022, doi:
https://doi.org/10.26438/ijsrpas/v10i6.17.

[51] Y. Zhang, H. Li, Y. Gong, and Z.-H. Zhu, “Notes on f(T)
Theories,” Mar. 2011, doi: 10.1088/1475-7516/2011/07/015.

[52] B. Li, T. P. Sotiriou, and J. D. Barrow, “f(T) gravity and local
Lorentz invariance,” Phys. Rev. D, vol. 83, no. 6, p. 064035,

© 2023, IJSRPAS All Rights Reserved

Vol.11, Issue.2, Apr 2023

Mar. 2011, doi: 10.1103/PhysRevD.83.064035.

[53] M. Sharif and S. Rani, “VISCOUS DARK ENERGY IN f(T)
GRAVITY,” Mod. Phys. Lett. A, vol. 28, no. 27, p. 1350118,
Sep. 2013, doi: 10.1142/S0217732313501186.

[54] G. G. L. Nashed, “Anisotropic models with two fluids in linear
and quadratic forms of f(T) gravitational theories,” Astrophys.
Space Sci., vol. 357, no. 2, Jun. 2015, doi: 10.1007/s10509-015-
2339-y.

[55] A. Y. Shaikh, “Stability and Cosmic Acceleration of the
Cosmological Models in Teleparallel Gravity,” Bulg. J. Phys.,
vol. 49, no. 2, Apr. 2022, doi: 10.55318/bgjp.2022.49.2.190.

[56] G. G. L. Nashed and E. N. Saridakis, “Stability of motion and
thermodynamics in charged black holes in f(T) gravity,” J.
Cosmol. Astropart. Phys., vol. 2022, no. 05, p. 017, May 2022,
doi: 10.1088/1475-7516/2022/05/017.

[57] R. Ferraro and M. J. Guzman, “Hamiltonian formalism for f(T)
gravity,” Phys. Rev. D, vol. 97, no. 10, p. 104028, May 2018,
doi: 10.1103/PhysRevD.97.104028.

[58] S. Mandal and P. K. Sahoo, “On the temporal evolution of
particle production in f(T) gravity,” Mod. Phys. Lett. A, vol. 35,
no. 40, p. 2050328, Dec. 2020, doi:
10.1142/S0217732320503289.

[59] R. Ferraro and F. Fiorini, “Non-trivial frames for f(T) theories
of gravity and beyond,” Phys. Lett. B, vol. 702, no. 1, pp. 75—
80, Aug. 2011, doi: 10.1016/j.physletb.2011.06.049.

[60] C. Bejarano, R. Ferraro, and M. J. Guzman, “McVittie solution
in f(T) gravity,” Eur. Phys. J. C, vol. 77, no. 12, p. 825, Dec.
2017, doi: 10.1140/epjc/s10052-017-5394-4.

[61] ©. Akarsu and C. B. Kiling, “Bianchi type III models with
anisotropic dark energy,” Gen. Relativ. Gravit., vol. 42, no. 4,
pp. 763-775, Apr. 2010, doi: 10.1007/s10714-009-0878-7.

[62] A. G. Cohen, D. B. Kaplan, and A. E. Nelson, “Effective Field
Theory, Black Holes, and the Cosmological Constant,” Phys.
Rev. Lett., vol. 82, no. 25, pp. 4971-4974, Jun. 1999, doi:
10.1103/PhysRevL ett.82.4971.

[63] L. Susskind, “The world as a hologram,” J. Math. Phys., vol.
36, no. 11, pp. 6377-6396, Nov. 1995, doi: 10.1063/1.531249.

[64] L. N. Granda and A. Oliveros, “Infra-red cut-off proposal for
the holographic density”, Physics Letters B, vol. 669, no. 5, pp.
275-277, 2008, doi: 10.1016/j.physletb.2008.10.017.

[65] M. R. Setare, “The Holographic Dark Energy in Non-Flat
Brans-Dicke Cosmology”, Physics Letters B, vol. 644, no. 2-3,
pp. 99-103, 2007, doi: 10.1016/j.physletb.2006.11.033.

[66] M. R. Setare, “Holographic tachyon model of dark
energy", Physics Letters B, vol. 653, no. 2-4, pp.116-121, 2007,
doi: 10.1016/j.physletb.2007.08.011.

[67] K. S. Adhao, G. B. Tayade & A. S. Bansod, “Interacting dark
matter and holographic dark energy in an anisotropic universe”,
Astrophys Space Sci,, 2014, doi: 10.1007/s10509-014-2015-7.

[68] V. R. Chirde and S. H. Shekh, “Dynamic minimally interacting
holographic dark energy cosmological model in f(T) gravity,”
Indian J. Phys., vol. 92, no. 11, pp. 1485-1494, Nov. 2018, doi:
10.1007/s12648-018-1236-y.

[69] V. G. Mete, D. Elkar, & P. Kadu, “Holographic Dark Energy
Cosmological Model in Scalar Tensor Theory of Gravitation”,
New Horizons in Mathematical Physics, Vol. 1, No. 2, pp. 49-
55, September 2017, doi: 10.22606/nhmp.2017.12003.

[70] V. C. Dubey, U. K. Sharma, & A. Al Mamon, “Interacting
Rényi Holographic Dark Energy in the Brans-Dicke
Theory”, Advances in High Energy Physics 2021, , pp. 1-17 ,
2021, doi: 10.1155/2021/6658862.

[71] S. H. Shekh & K. Ghaderi, “Hypersurface-homogeneous space-
time with interacting holographic model of dark energy with

Hubble’s and Granda-Oliveros IR cut-off’, Physics of the
Dark Universe, vol. 31, pp.100785 2021, doi:
10.1016/j.dark.2021.100785.


https://doi.org/10.1016/j.dark.2021.100785

Int. J. Sci. Res. in Physics and Applied Sciences

AUTHORS PROFILE

Dr. Kalpana N. Pawar pursued M.Sc. and
Ph.D. in Mathematics from the Institute
of Science, Nagpur, in 1997 & 2003 '
respectively. She started her teaching <
career as an Assistant Professor at

Institute of Science, Nagpur, and g

currently working as Professor & Head,
Department of Mathematics, Shri R. R. :
Lahoti Science College, Morshi since 2013. She is a Ph.D.
supervisor of RTM Nagpur University, Nagpur since 2008
and SGB Amravati University, Amravati since 2019. She had
guided five research scholars for award of M. Phil and Ph. D.
and five research scholars are prently working under her
supervision for the award of Ph.D. She had published various
research papers in reputed national and international journals.
Her main research area is General Theory of Relativity and
Cosmology, Alternating Theories of Gravitation, Modified
Theories of Gravitation, and Fuzzy Controllers. She had in all
25 years of teaching experience and 24 years of research
experience.

Mr. N. T. Katre (M.Sc., B.Ed., SET) is
currently pursuing a Ph.D. and working
as an Assistant Professor and Head,
Department of Mathematics, Nabira
Mahavidyalaya, Katol, Dist. Nagpur
(M.S)), India. He has 23 years of
teaching experience at U.G., 12 years of
teaching experience at P.G., and 6 years
of Research Experience. He is a life member of the Indian
Mathematical Society since 2007. His main research work
focuses on Gravitation Theories/ General Relativity/
Cosmology. He has published more than 17 Books and 10
research papers in reputed national/international journals.

Mr. A. K. Dabre pursued his M.Sc in
Mathematics from the Department of
Mathematics, Sant Gadge Baba Amravati
University, Amravati (M.S.), India, and is
currently pursuing a Ph.D. He is an
ardent learner of Cosmology. He has
published 4 research papers in reputed \
international journals.

© 2023, IISRPAS All Rights Reserved

Vol.11, Issue.2, Apr 2023



Int. J. of Scientific Research in
Biological Sciences

Int J. of Scientific Researchin | Int J. of Scienffic Researchin [ world Academics Journal of

Chemical Sciences Computer Science and Engineering Sciences
ineers ISSN:2348-535X

www.israsetorg www.isroset.org

Int. J. of Scientific Research in
%amzatlon for g, Mathematical and

(b@‘\ "")oo Staistical Sciences
S 2 &
W 1§ Yt t\"
~ NN

& o\ \
www.israsetorg
International Journal of

w It J. of Scierdific Research in
Medical Science Shudie

Research and Practice Submit your manuscripts at

www.isroset.org
email: support@isroset.org

Make a Submission

World Academics Journal of lm. J' u‘f Smgntﬁc Research m
Management

Journal of
Physics and Chemistry of Materials

S
&
&

L

=
2
9
72]
E
<
%
www.isrosetarg 2
%
7

178 (Pring
SSN: 2249 1186 (Onliew

Physics and
ISSN: 2321-505X [ Applied Sciences

4

v X v »

www israsetarg www.isroset.org

www.ijcseonline.org

Call for Papers:
Authors are cordially invited to submit their original research papers, based on theoretical or experimental works for

publication in the journal.

L. Make a Submission
All submissions:

- must be original

- must be previously unpublished research results

- must be experimental or theoretical

- must be in the journal's prescribed Word template

- and will be peer-reviewed

- may not be considered for publication elsewhere at any time during the review period



https://www.isroset.org/
https://www.isroset.org/journals.php
https://www.isroset.org/journal/IJMSRP/index.php
https://www.ijsrnsc.org/
https://www.isroset.org/journals.php
https://www.isroset.org/journal/IJSRBS/index.php
https://www.isroset.org/journal/IJSRCS/index.php
https://www.isroset.org/journal/IJSRCSE/index.php
https://www.isroset.org/journal/WAJES/index.php
https://www.isroset.org/journal/JPCM/index.php
https://www.isroset.org/journal/IJSRMSS/index.php
https://www.isroset.org/journal/IJSRMS/index.php
https://www.isroset.org/journal/WAJM/index.php
https://www.isroset.org/journal/IJSRPAS/index.php
https://www.ijcseonline.org/

	1-ISROSET-IJSRPAS-08584
	Last page of Each Paper

