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ABSTRACT. This article examines the physical behaviour of the Kaluza-Klein
FRW type space-time with f(R,T) gravity proposed by Harko et al. (Phys.
Rev. D 84:024020, 2011) in the presence of a massive scalar meson field. Here,
”R” stands for the Ricci tensor, while ”T” stands for the energy-momentum
tensor’s trace. We employed the (z) hybrid expansion law (Akarsu et al. JCAP,
01:022, 2014), (i2) the variable deceleration parameter (Mishra et al. Int. J.
Theor. Phys. 52:2546, 2013), and (%) the linearly varying deceleration pa-
rameter (Akarsu and Dereli. Int. J. Theor. Phys. 51:612, 2012) to solve the
field equations. Additionally, we looked at some of the model’s physical and
kinematic characteristics. Our models have been found to show a smooth tran-
sition from the universe’s early slowdown to its current acceleration, and the
current value of the deceleration parameter is found to be reasonably consistent
with the observational data. The early stages of the universe’s evolution will

be better understood through the study of domain wall cosmological models.
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1. INTRODUCTION

It is generally known that redshift supernova investigations have supported the
notion that the expansion of the universe is accelerating (Riess et al. [1], Perlmutter
et al. [2]). The universe’s late-time accelerated expansion is thought to be caused
by a strong negative pressure known as ”dark energy”. However, the idea of ”dark
energy” has remained a mystery up until this point. According to estimates, our
universe is made up of about 4% ordinary stuff, 20% dark matter, and 76% dark
energy.

Even now, the gravitational phenomenon is explained best by Einstein’s theory
of gravitation, which is regarded as the most elegant physical theory. However, the
latest scenario of the universe’s accelerated expansion and dark energy cannot be
fully explained by general relativity. In order to explain the universe’s late time
acceleration and dark energy, numerous changes to Einstein’s theory of gravitation
have been developed over the past two decades. The f(R,T) theory of gravity pro-
posed by Harko et al. ([3]) and the f(R) gravity developed by Nojiri and Odintsov
([4]) are the two most important theories of gravity among them. These hypotheses
were developed to combine early time inflation and late time acceleration. Here, we
concentrate on the gravitational constant f(R,T).

The gravitational Lagrangian in the f(R,T) gravity formulation of Harko et al.
[3] is provided by an arbitrary function of the Ricci scalar R and the trace of energy
momentum tensor 7. The Hilbert-Einstein action principle is used to derive the
field equations. The source of f(R,T) gravity is the variation of the matter stress
energy tensor with respect to the metric. The Hilbert-Einstein type action principle

yielded the field equations for this theory, which are provided by

1) 5= 15 | [ {En+ 5 (0.7 )75 ds
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where L,, is matter Lagrangian density. The stress energy tensor of matter is
defined

o) S I e

V=9 0gij

and its trace by T = ¢"T;; respectively. There are numerous theoretical models for
f(R,T) gravity that differ depending on the source of matter that corresponds to
each option of f(R,T).

Now assuming
(3) f(R,T) =R +2f(T)

after changing the gravitational field’s action S, we arrive at the field equations for

this theory as
1
(4) Rij — 59 R = 87135 + 21" (1) Ti; + 2pf' (T) + f(T)]gs;

where f’ (T') indicates differentiation with respect to T'.

The internal dynamics of the universe remain a mystery to this day. Phase
transition and symmetry breaking occur in the early phases of the universe’s devel-
opment, or right after the big bang. Topologically stable defects like cosmic strings,
domain walls, and monopoles appear as a result of this process (Kibble [5]). Because
they aid in the study of the origin of the universe’s large-scale structures, such as
galaxies, cosmic strings and domain walls have drawn the attention of numerous
researchers Hill et al. [6]. In fact, it is claimed that domain walls created during
phase transition following the time of recombination and matter radiation are what
cause galaxies to emerge. Several aspects of domain walls have been studied by
many authors like Vilenkin [7], Wang [8], Rahaman and Bera [9].

Several researchers have recently looked towards domain wall cosmological mod-
els in f(R,T) gravity. Some of them that apply to this discussion will be men-
tioned. In f(R,T) gravity, Biswal et al. [10] have obtained Kaluza-Klein domain
walls. With this theory, non-static plane symmetric domain walls were studied by
Shaikh and Wankhede [11], while Bishi et al. [12] looked into domain walls and
dark matter cosmological models in f (R,T) = R+ aR? + \T gravity. In f(R,T)
gravity, Katore and Hatkar [13] studied the Bianchi type-71I1 and Kantowski-Sachs
domain wall cosmological models whereas Tiwari et al. [14] explored the transit

cosmological models with domain walls.
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The discussion of scalar field (SF) is important in understanding cosmology. They
are crucial to the investigation of general relativity’s dark energy hypotheses. Many
experts in this field have been drawn to the study of scalar meson fields in general
relativity in particular. Particularly remarkable in recent years is the study of large
and massless scalar fields combined with gravitational fields. Studying dark energy
(DE) models in conjunction with scalar meson fields is also very important. There
are two types of scalar meson fields. Massive and zero mass scalar fields are also
possible. While huge scalar meson fields describe short-range interactions, mass-
less scalar fields describe long-range interactions. In the context of the anisotropic
backdrop in the literature, several researchers have examined DE models with SF's
[15]-[31]. Naidu [32] has discussed Bianchi type-II modified holographic Ricci DE
model in the presence of massive SF. Bianchi type-V DE models in the presence of
scalar meson fields have been explored by Naidu et al. [33]. Kantowski-Sachs DE
model was investigated by Reddy et al. [34] in the presence of the scalar-meson
field. Aditya et al. [35] explored the Kaluza-Klein DE model in the Lyra manifold
in the presence of large SFs. Aditya and Reddy [36] discussed the Binachi type-IIT
model in the presence of massive SF in f(R,T) gravity. Daniel Raju et al. [37]-[39]
have looked into a number of aspects of anisotropic DE models with massive SF.
While Naidu et al. [41]-[42] studied the Bianchi typel and KaluzaKlien cosmological
model in the presence of perfect fluid and an attractive massive SF, Aditya et al.
[40] investigated the Binachi typeV Iy DE model with SF. In their research on dark
energy and SF models, Naidu et al. [43], Aditya et al. [44]-[45], and Rao et al.
[46]-[47] presented the observational constraints.

We explore FRW type Kaluza-Klein domain wall cosmological models in con-
junction with attractive massive scalar meson fields since they are important and
have been the subject of several investigations. Five dimensions are represented by
this model. This kind of anisotropic backdrop will be useful in models that attempt
to explain the early universe (Witten [48]). The study is divided into the following
sections: Section 2 discusses the metric and field equations. The solution of the
field equations corresponding to domain wall models and their properties are pre-
sented in section 3. We physically discuss the models in section 4 using a graphical

depiction. Some few results are discussed in the last section.
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2. METRIC AND FIELD EQUATIONS

In this paper, we take a glance at the FRW type Kaluza-Klein five-dimensional

anisotropic metric in the form

d 2
(5) ds* = dt* — 5’2(75){ I —Tkr2 + 12 (d6* + sin®0 d0?) + (1 — krz)dWQ}
where S(t) is the model’s five-dimensional average scale factor and k = —1,0,+1

(curvature parameters) for open, flat, and closed models.

The energy-momentum tensor for this domain walls can be written as
(6) Tyj = p(gis + wiw;) + p wiw;, w'w; = ~1

where w; is a unit space-like vector in the same direction, p is the pressure in the
direction normal to the plane of the wall, and p is the energy density of the wall

(Rahaman and Bera [9]). Now in the co moving coordinate system we have form

(6)
(7) TN =T; =T =T{ =p, Ty =—p, T =0,i#j

where the quantities p and p depend on ¢ only. The energy-momentum tensor for

the scalar field is

(®) T3P =60, — 5 (640" — M)

where ¢ is the massive SF and M is mass of the SF. The massive SF satisfies the

Klein-Gordon equation
(9) 97 ¢5 + M?¢ = 0.
The field equations for the metric (5) now assume the form with the aid of equations

(6) and (7)

Sk S\ &r 1., s o) A2 P T 0.0 5y
(10) 3<S+52+52> =N <P2¢ + M=¢ )/\1(3p+2+2M ¢ *Zd))

kooS?\ 8« Liy 95\ Ao, p T 0o 1.,
0 6(5+£) - (oo b ars) 2L T3

where differentiation with respect to cosmic time ¢ is indicated by an overhead dot.
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3. SOLUTION OF FIELD EQUATIONS AND THE MODELS

Now, Egs. (10)-(11) is a system of two independent equations with four un-
knowns: S(t), p, p, and ¢. Consequently, we apply the following physically plausible

conditions to arrive at a definitive solution

e A power-law relation between scalar field ¢ and average scale factor S(¢) of
the model is given by (Johri and Sudharsan [49]; Johri and Desikan [50])

(12) ¢ o [S(B)]"

where n is a power index. Here, we explore the relationship between the
scalar field and the metric potentials in order to reduce the system’s math-

ematical complexity

(13) ¢ = dolS()]".

This is clearly a consequence of Eq. (12). Numerous authors have thought
about the above relationship when studying anisotropic cosmological models
with massive scalar fields.

e Many studies have used a constant deceleration parameter to get the model’s
solutions, which provide a power law for the metric potentials. A positive
value of the deceleration parameter represents the early decelerated phase
of the universe, whereas a negative value of the deceleration parameter
represents the accelerated phase. The universe is not only expanding, but
also accelerating right now and slowing down in the past, according to recent
measurements of Type Ia supernovae and CMB anisotropies. As a result,
the signature of the deceleration parameter must adjust to accommodate
for this change. The deceleration parameter thus becomes a time variable
rather than a constant. This leads us to make the following average scale
factor assumptions, which results in a deceleration parameter that depends

on the time.

MODEL-1:

We consider the average scale factor to be (Akarsu et al. [51])

(14) S(t) = exp(agt)t™
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We note that (14) leads to the exponential law cosmology for o; = 0 and to
the power law cosmology for as = 0. As a result, particular instances of hy-
brid expansion-law cosmologies include power-law and exponential-law cosmologies.
With this choice of average scale factor, a time-dependent deceleration parameter
is produced. With a change from deceleration to acceleration, eras dominated by
inflation and radiation are expected. Recently, a number of researchers studied DE
cosmological models of the Bianchi type with a hybrid expansion law. From Egs.

(13) and (14), we get the massive SF as

(15) d=¢o [t exp(agt)]”

Using Eq. (14) in Eq. (5) we obtain the following model:

2

2 2 pea 2
(16) ds* = dt* — [t* exp(aat)] T2

+ 7% (d6” + sin®0 d*) + (1 — kr*)d ¥

with the following dynamical parameters, which are crucial for a physical description
of the model, equation (16) represents the FRW type Kaluza-Klein domain wall
cosmological model in the presence of massive SFs in f(R,T') gravity.

Spatial volume is
(17) V =t exp(ast))*
The scalar expansion () and average Hubble’s parameter (H) is
S (65}
1 0—3H =2 — (7 )

The deceleration parameter is

aq

(19) g=—-1+—"
(a1 + aot)’

From Eqs. (10), (11), (14) and (15), we get the pressure and energy density of

domain wall as
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(21)

MODEL-2:

Here, we assume that the average scale factor proposed by Mishra et al. [52],

which results in the following time-dependent deceleration parameter
(22) S(t) = [sinh(But)] %= .

Recently, several authors have discussed various models using the above mentioned
average scale factor ( Santhi et al. [19]; Rao and Prasanthi [53]).
From Egs. (15) and (22), we get the scalar field as

(23) d=do[sinh(B1t)] Bs
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Using Eq. (22) in Eq. (5) we obtain the following model:

m‘m

(24) ds? = dt® — [sinh(B1t))

2
2 {ﬁrkﬂ + 12 (d6? + sin®0 d*) + (1 — kﬁ)dw?}

In the presence of massive SFs in f(R,T) gravity, the FRW type Kaluza-Klein
domain wall cosmological model is described by equation (24) with the following
dynamical parameters that aid in a physical description of the model.

Spatial volume is
(25) V = [sinh(pi1t)] 72

The scalar expansion () and average Hubble’s parameter (H) is

3

(26) 0 =30 = D eotnpt
B2

The deceleration parameter is

(27) q = —1+ Ba(sech(Bit))?

From Eqs. (10), (11), (22) and (23), we get the pressure and energy density of

domain wall as
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p= { 2/\2{ 5 . { (sinh (B1t))”*  Br*(cosh (Brt))*

N (sink (Bit) P2 22 (sinh (Bit))?
| (sinh (Bi11)* B> (sinh (Bit)* Bi*(cosh (But))? } | 4B (cosh (B11))”
52 ﬂg(sinh(ﬂ1t))2 522(5inh(51t))2

¢02{(Si”h (Brt))* } n? 1% (cosh (1))

+ 3k +87T{—1
0 ML 2 B> (sinh (1t))?
{(smhwm)ﬂz } o (22

+M2¢02{(sinh (w))ﬂzl} }+ if{ M2 {(sinh (ﬂlt))ﬂ21}

%o {(smh (Bit))* } n?B1%(cosh (Bit))?
18T 4322
Ba*(sinh (B1t))* A1 A1

5
4
6 (sinh (Bi))** " 81 (cosh (B11))* |, (sinh (511)"
(sinh ﬁlt -t

-1

B1°

B2?(sinh (Bit))? B2

(sinh (ﬂlt))ﬂ2 12 (cosh (Bit))*

} + 6 k
Ba2(sinh (ﬁlt))2 {

(sinh (But))2 " }

2n
. ¢02{(sinh ([3175))[3271 } n2B12%(cosh (Blt))2
™
* Sh{2 B (sinh (Bi1))”

+M2¢02{<smh (m))ﬂzl} }+ i{ M40 {<smh w))ﬁ?l}
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MODEL-3:

Taking into account an appropriate selection of integrating constants, the linearly

variable deceleration parameter (Akarsu and Dereli [54]) results in

(30) S(t) = exp (’iarctanh (72 - 1>)

where, for simplicity, 1 > 0, 72 > 0. Consideration should be given to the solutions
for v1 > 0 and 72 > 0 not only because they are easy, butalso because they are
consistent with the known universe. In this case, 7; > 0 indicates that we are dealing
with accelerating motion. Recently, some authors have looked into alternate theories

of gravitation that include cosmological models with a linearly variable deceleration

parameter.
From Egs. (13) and (30), we get the scalar field as
2n Tt
(31) Pp=¢¢ exp (arctanh ( - 1))
gt 72

Using Eq. (30) in Eq. (5) we obtain the following model:

4 t dr?
ds®> = dt? —exp | —arctanh REL] 4 + 72 (d92 + sin?6 d@Q)
72 72 1—kr?

(32) +(1 - kr2)dw2}

Equation (32) explains the FRW type Kaluza-Klein domain wall cosmological model
with the following dynamical parameters, which are crucial for the physical expla-
nation of the model.

Spatial volume, scalar expansion () and average Hubble’s parameter (H) are

(33) V =exp <8arctanh ( — 1>)
72 V2

672

(34) 1t (272 — nt)

S
I

3H =
The deceleration parameter is

(35) g=-mnt+v -1
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From Eqs. (10), (11), (30) and (31), we get the pressure and energy density of

domain wall as

-2

2 1 vt 2
p = o 2& 31 4%62ga7‘ctanh(%fl) th _1 - (th . 1) 11
Ar V2 V2 Y2
—2 1
patermpermemn (o) [ (Y b espereen ()
Y2 Y2
2 2 -2 . - —2
+12’Y}1{ _ (th ,1) +1} +3k{62"/2ETCtCth(w}21)}
V2 Y2
2 2 2 ny 2
+8;\T{ _ 2¢0TL4’}/1 {{eQéarctanh(’fg—l)} }
1 Y2
-2 ny 2
'Ylt : 2,2 2iarctanh(mfl>
Xq - 7 —-1) +1 + M~ ¢g e 2 V2
2
ny 2
+§‘\2{’;MQqsg{{eQéarctanh(Z};—l)} }
1
2.2 2 . ny 2 9 —2
(36) _5¢0n4’)/1 62%arctunh(%—l) _ <L1t B 1) 1
Y2 Y2
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2 p 2 -2
p= (8i+1&> 31 4771362%”“‘””1(%_ ) (th—l) _(th_1> 41
A1 2 A1 Y2 Y2 2
2 ¢ 2 -2 -1
+ 4%62%arctanh<%fl) <_ (%lt o 1) + 1) } <€2,Y—arctanh<—2f71))
2 2
2 2 -2 J o
+12’Y14< (th — 1) +1) +3k}( 2*0/rctanh(“’12 71)>
Y2 Y2
2,2, 2 9 —2
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A1 Y2
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+ M o™ ( e E + 220 S Mo 5 5
A |2
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2 ~
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1 2
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Y2
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A |2 24
2 —2 2\ —1
Y1t A2 1)\2> A2 )
RIS 8 +322) (81 4 222 4922
( (72 ) ) }}} (( A1 >\1>( A1 2 Y

(37)

4. PHYSICAL DISCUSSION

We have presented the trajectories of the dynamical parameters in our models
along with the necessary arbitrary constant values in order to illustrate how they

behave.
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FIGURE 1. Plot of scalar field versus cosmic time for a; =
0.65, as = 0.09, ¢g =1.75, n=23.5, B = 0.5, B2 =15, vy =0.1
and vy, = 1.3.
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FIGURE 2. Plot of energy density versus cosmic time for a3 =
0.65, as = 0.09, ¢po = 1.75, n=3.5, \; = =01, \a =13, M =
1.85, k=1, 81 =05, f2 =15, v1 =0.1 and vo = 1.3.
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FIGURE 3. Plot of pressure versus cosmic time for a; = 0.65, oy =
0.09, o =1.75, n =35 A\ =-0.1, A2 =13, M =1.85, k=
1, 51 =05, B =1.5, y3 =0.1 and , = 1.3.

Scalar field variation is seen in Figure 1 as a function of cosmic time 7¢”. It is
evident that the scalar field is an increasing function of cosmic time and is always
positive. The behaviour of the energy density and pressure of the domain wall with
respect to cosmic time is shown in Figures 2 and 3. We notice that while pressure is

a decreasing function of time, energy density is an increasing and positive function
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FIGURE 4. Plots of deceleration parameter versus cosmic time for

a1 = 0.65, as = 0.09, 31 = 0.5, B2 = 1.5, 1 = 0.1 and 7, = 1.3.

of cosmic time. Pressure builds up over time from small negative values to large
negative values. Since the discovery of the universe’s accelerated expansion, it has
been recognized that the dark energya type of substance with extremely strong
negative pressureis to blame for the current cosmic acceleration. The behaviour of
the deceleration parameter in terms of cosmic time for each of the three models
is shown in Figure 4. From the early decelerated (g > 0) phase to the current
accelerating (¢ < 0) phase, it can be seen that all three models are changing. Tt is
important to note that all open (k = —1), closed (k = +1), and flat (k = 0) models

of the universe exhibit very comparable parameter behaviour.

5. CONCLUSION

The FRW type Kaluza-Klein domain wall cosmological models in f(R,T) theory
of gravity are examined in this study in the context of massive scalar fields. Using
the hybrid expansion law of the average scale factor and modifying deceleration
parameters, three different models have been built. It is evident that none of the
three models’ spatial volumes vanish at the beginning epoch, proving that there
is no point-type singularity at ¢t=0. All of the physical and kinematical parame-
ters that belong to each model have been identified, and it has been noted that
they all diverge at the first epoch. As can be seen, model-1’s spatial volume is
constant whereas all other models’ spatial volumes grow infinite as ¢ approaches
infinity. Therefore, in this particular scenario (i.e., model-1), the universe grows at

a constant rate indefinitely. All three models’ scalar fields are increasing functions
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of cosmic time that continue to be positive. All three of the models that are dis-
cussed here show a smooth change from the universe’s decelerated to accelerated
phases. Additionally, the three models’ current values of deceleration parameter-
match the most recent observational data, which is ¢ = —0.930 &+ 0.218 (BAO +
Masers +TDSL+Pantheon+H,) [55]. Three models’ domain wall pressure displays
negative behaviour that is quite similar to domain wall model behaviour discovered
by a number of researchers (Bishi et al. [12]; Tiwari et al. [14]). Understanding
domain wall models with massive scalar fields in the f(R,T) theory of gravity will

be made easier by the study of the models described here.

REFERENCES

[1] Riess, A.G., et al., Observational Evidence from Supernovae for an Accelerating Universe and
a Cosmological Constant, Astron.J.116: 1009-1038 (1998).

[2] Perlmutter, S. et al., Measurements of Omega and Lambda from 42 High- Redshift Supernovae,
Astrphys. J. 517, 565-586 (1999).

[3] Harko, T., et al., f(R,T) gravity, Phys. Rev. D 84, 024020 (2011).

[4] Nojiri, S., Odintsov, S.D., Modified gravity with negative and positive powers of curvature:
Unification of inflation and cosmic acceleration, Phys. Rev. D, 68, (2003), 123512

[5] Kibble, T.W.B., Topology of cosmic domains and strings J. Math. A: Math. Gen., 9, 1387
(1976).

[6] Hill, C.T., Schram, D.N., Fry, J.N., Nucl. Part. Phys. 19, 25 (1989)

[7] Vilenkin, A., Gravitational Field of Vacuum Domain Walls, Phys. Lett. B133, 177 (1983)

[8] Wang, A., Gravitational collapse of thick domain walls: an analytic model, Mod. Phys. Lett.
39, 3605 (1994)

[9] Rahaman, F., Bera, J., Higher dimensional cosmological model in Lyra geometry, Int. J. Mod.
Phys. D 10, 729 (2001)

[10] Biswal, A.K., et al., Kaluza-Klein cosmological model in f(R,T) gravity with domain walls,
Astrophys Space Sci 359, 42 (2015).

[11] Shaikh, A.Y., Wankhade, K.S., Domain Walls Cosmological Model in f (R,T) Theory of
Gravity, IJSRST 4, 134 (2018)

[12] Binaya K. Bishi, et al. Domain Walls and Quark Matter Cosmological Models in f(R,T)
Gravity, Iran J Sci Technol Trans Sci 45, 1825 (2021).

[13] Katore, S.D., Hatkar, S.P., Bianchi type III and KantowskiSachs domain wall cosmological
models in the f (R, T) theory of gravitation, Pro. Theor. And Exp. Phys. 2016, 033E01 (2016).

[14] Tiwari, R.K., et al. Transit cosmological models with domain walls in f (R, T) gravity, Grav-
itation and Cosmology, 23, 392 (2017).



STUDY OF FRW TYPE KALUZA-KLEIN ... — JDSGT VOL. 20, NUMBER 2 (2022) 245

[15] Santhi, MV, Rao, VUM, Aditya, Y, Kantowski-Sachs scalar field cosmological models in a
modified theory of gravity. Can. J. Phys., 95(2), 136 (2017). https://doi.org/10.1139/cjp-2016-
0718

[16] Rao, V.U.M., et al. Plane symmetric modified holographic Ricci dark energy model in Saez-
Ballester theory of gravitation, Results in Physics, Elsevier, 10, 469-475 (2018).

[17] Aditya, Y., Reddy, D.R.K., Locally rotationally symmetric Bianchi type-I string cosmological
models in f(R) theory of gravity, International Journal of Geometrical Methods in Modern
Physics, 15(9), 1850156 (2018).

[18] Santhi, M.V, et al., Bulk viscous string cosmological models in f(R) gravity, Canadian Journal
of Physics, 96(1): 55-61 (2018).

[19] Santhi, M.V., et al., Anisotropic magnetized holographic Ricci dark energy cosmological mod-
els, Canadian Journal of Physics, 95(4), 381-392 (2017)

[20] Santhi, M.V, et al., Kaluza-Klein cosmological models with two fluids source in Brans-Dicke
theory of gravitation, The African Review of Physics, 11, 0029 (2016)

[21] Prasanthi, U.Y.D., Aditya, Y., Anisotropic Renyi holographic dark energy models in general
relativity, Results of Physics 17, 103101 (2020)

[22] Prasanthi, U.Y.D., Aditya, Y., Observational constraints on Renyi holographic dark energy
in Kantowski-Sachs universe, Physics of the dark universe 31, 100782 (2021)

[23] Aditya, Y., et al., Observational constraint on interacting Tsallis holographic dark energy in
logarithmic Brans-Dicke theory, Eur. Phys. J. C 79, 1020 (2019)

[24] Aditya, Y., Reddy, D.R.K., Dynamics of perfect fluid cosmological model in the presence of
massive scalar field in f(R,T) gravity, Astrophys. Space Sci. 364, 3 (2019)

[25] Aditya, Y., Reddy, D.R.K., FRW type Kaluza-Klein modified holographic Ricci dark energy
models in Brans-Dicke theory of gravitation, Eur. Phys. J. C 78, 619 (2018)

[26] Aditya, Y., Reddy, D.R.K., Anisotropic new holographic dark energy model in Saez-Ballester
theory of gravitation, Astrophys Space Sci 363, 207 (2018)

[27] Santhi, M.V., et al., Anisotropic generalized ghost pilgrim dark energy model in general
relativity, Int. J Theore. Phys. 56, 362-371 (2017)

[28] Santhi, M.V., et al., Bianchi type-V Iy modified holographic Ricci dark energy model in a
scalar-tensor theory, Can. J. Phys. 95, 179 (2017)

[29] Santhi, M.V., et al., Some Bianchi Type generalized ghost pilgrim dark energy models in
general relativity, Astrophys. Space Sci. 361, 142 (2016)

[30] Santhi, M.V, et al., LRS Bianchi type-V Universe with variable modified Chaplygin gas in a
scalar tensor theory of gravitation, Can J Phys 94, 578 (2016).

[31] Aditya, Y., et al., Bianchi type-II, VIII and IX cosmological models in a modified theory of
gravity with variable A, Astrophysics and Space Science, 361, 56 (2016).

[32] Naidu, RL, Bianchi type-II modified holographic Ricci dark energy cosmological model in the
presence of massive scalar field, Canadian Journal of Physics, 97(3), 330 (2019).



246 V. SREENIVASA RAO, V. GANESH, K. DASUNAIDU, Y. ADITYA, D.R.K. REDDY

[33] Naidu, RL, Aditya, Y, Reddy, DRK, Bianchi type-V dark energy cosmological
model in general relativity in the presence of massive scalar field. Heliyon 5, e01645.
https://doi.org/10.1016/j.heliyon.2019.¢01645 (2019)

[34] Reddy, DRK, et al., Dynamics of Bianchi type-II anisotropic dark energy cosmological model
in the presence of scalar-meson fields. Can. J. Phys., 97(9), 932. https://doi.org/10.1139/cjp-
2018-0403 (2019)

[35] Aditya, Y., et al., Kaluza-Klein dark energy model in Lyra manifold in the presence of massive
scalar field, Astrophys Space Sci 364, 190 (2019)

[36] Aditya, Y, Reddy, DRK, Dynamics of perfect fluid cosmological model in the pres-
ence of massive scalar field in f(R,T) gravity. Astrophys Space Sci 364, 3 (2019).
https://doi.org/10.1007/s10509-018-3491-y

[37] Deniel Raju, K, Aditya, Y, Rao, VUM, Reddy, DRK, Bianchi type-III dark energy cos-
mological model with massive scalar meson field. Astrophys.Space Sci. 365, 45 (2020). DOI:
10.1007/s10509-020-03753-1

[38] Deniel Raju, K, et al., Kantowski- Sachs universe with Dark energy fluid and massive scalar
field. Can. J. Phys 98, 993 (2020).

[39] Deniel Raju, K, Vinutha, T, Aditya, Y, Reddy, DRK, Bianchi type-V string cosmological
model with a massive scalar field. Astrophys. Space Sci. 365, 28 (2020). DOI: 10.1007/s10509-
020-3729-3

[40] Aditya, Y., et al., 2020. Dynamical aspects of anisotropic Bianchi type VIO cosmological model
with dark energy fluid and massive scalar field. Indian Journal of Phys. 95, 383-389 (2021).
https://doi.org/10.1007/s12648-020-01722-6

[41] Naidu, RL, Aditya, Y, Ramesh, G, Reddy, DRK, Axially symmetric Bianchi type-I Cosmo-
logical model of the universe in the presence of perfect fluid and an attractive massive scalar
field in Lyra manifold. Astrophys Space Sci 365, 91 (2020). https://doi.org/10.1007/s10509-
020-03796-4

[42] Naidu, R.L., et al. Kaluza-Klein FRW dark energy models in Saez-Ballester theory of gravi-
tation New Astronomy 85, 101564 (2021)

[43] Naidu, K.D. et al. Kaluza-Klein minimally interacting dark energy model in the presence of
massive scalar field. Modern Physics Letters A 36, 2150054 (2021).

[44] Aditya, Y., et al. Plane-symmetric dark energy model with a massive scalar field. New As-
tronomy 84, 101504 (2021)

[45] Aditya, Y., et al., Bianchi type-IX model in the presence of anisotropic dark energy and
massive scalar meson field in Lyra geometry, International Journal of Modern Physics A (2022)
DOI1:10.1142/S0217751X2250107X

[46] Bhaskara Rao, M.P.V.V. et al. 2022. Bianchi type-I dark energy cosmological model coupled
with a massive scalar field. New Astronomy, 92, 101733, (2022).

[47] Bhaskara Rao, M.P.V.V,, et al., Anisotropic minimally interacting dark energy models with
cosmic strings and a massive scalar field, International Journal of Modern Physics A, 36(36)

2150260, 2021.



STUDY OF FRW TYPE KALUZA-KLEIN ... — JDSGT VOL. 20, NUMBER 2 (2022) 247

[48] Witten, E., Cosmic separation of phases, Phys Rev D 30, 272 (1984).

[49] Johri, V.B., Sudharsan, R., BD-FRW cosmology with bulk viscosity, Australian Journal of
Physics 42, 215 (1989).

[50] Johri, V.B., Desikan, K., Cosmological models with constant deceleration parameter in Brans-
Dicke theory, Gen Relat Gravit 26, 1217 (1994).

[51] Akarsu, O., et al., Cosmology with hybrid expansion law: scalar field reconstruction of cosmic
history and observational constraints, JCAP, 01, 022 (2014).

[52] Mishra, R.K., et al., Anisotropic Viscous Fluid Cosmological Models from Deceleration to
Acceleration in String Cosmology, Int. J. Theor. Phys. 52, 2546 (2013).

[53] Rao, VUM, Divya Prasanthi, UY, Bianchi Type-I and III Modified Holographic Ricci Dark
Energy Models in Saez-Ballester Theory, The European Physical Journal Plus, 132, 64 (2017).

[54] Akarsu, O., Dereli, T., Cosmological models with linearly varying deceleration parameter,
Int. J. Theor. Phys. 51, 612 (2012)

[65] Capozziello, S., et al., Model-independent constraints on dark energy evolution from low-

redshift observations, MNRAS 484, 4484 (2019)



