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We investigate higher dimensional Friedmann-Robafsalker (FRW) universe for a cloud of string witérfect fluid
attached with quark and strange quark matter irmlggometry. The Einstein field equation is solveihg time dependent

deceleration parameter. The average scale factakén as an analogous to gamma funaiph= e t™*, which always

give a time-dependent deceleration parameter.fitrter assumed that the displacement vectorsis alfunction of time.
The behavior of flat, open and closed models isgireed and discussed under various scenarios.

1. Introduction

At very early stages of evolution of the Univerise,

is generally assumed that during the phase
transition (as the universe passes through itcakit
temperature) the symmetry of the Universe is
broken spontaneously. This can give rise to
topologically stable defects such as domain walls,
strings and monopoles [1]. Recent observations of
type la-supernovae showed that our universe is
accelerating [2,3]. Scientists have proposed two
possible approaches to clarify this acceleration of
the Universe. One of these considerations is dark
energy that is dominating the Universe and has a
negative proportion between its own pressure and
density [4]. The other consideration is alternative
gravitational theories [5]. Alternative gravitatain
theories can be categorized as bi-metric theories,
scalar-tensor theories, scalar theories and vector-
tensor theories [6,7]. The most known theories are
the Weyl theory [8]f(R) theory [9], Brans-Dicke
theory [10] and Lyra geometry [11]. Weyl's theory
is a modification of the Riemannian manifold in
order to combine electromagnetism and gravitation
[12,13]. Lyra [11] using the Weyl geometry
suggested a modification of the Riemannian
geometry [14]. Sen [15] and Sen-Dunn [16]
established a new scalar-tensor theory of the
Einstein field equation based on Lyra manifold.
Also, Halford [17] showed that in Lyra manifold
the constant displacement field vectog, plays

the role of cosmological constant[18]. Recently,
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many researchers have examined various models of
the Universe with different energy-momentum
components in Lyra’'s geometry. Aygun et al. [19]
have searched the non-existence of a massive scalar
field for the Marder universe in Lyra and
Riemannian geometries. Singh [20] investigated
various solutions of the Einstein field equatioos f
cylindrically symmetric metric in Lyra’s geometry.

At the cosmological scale, the present universe is
defined by a Friedmann-Robertson-WalkERW)
universe. Also, FRW universes in which the metric
arises from material source alone are satisfied in
the framework of Mach’s principle [21]. Singh et
al. [22] have investigated FRW models in the
presence of a bulk viscous fluid with deceleration
parameter in the Lyra geometry.

In the early phase of evolution of the Universe
it is believed that quark-gluon plasma existed when
the temperature was ~200MeV. The two ways of
formation of quark matter are the quark-hadrons
phase transition and the conversion of neutrors star
into strange ones at ultra high densities [23-25].
The equation of state based on the
phenomenological bag model of quark matter
where quark confinement is described by an energy
term proportional to the volume is used to model
the strange quark matter. In this model, quarks are
considered as degenerate Fermi gas, which exist
only in a region of space endowed with a vacuum
energy density BC. Moreover, in this model the
quark matter is composed of light u, d quarks,
massive s quarks and electrons. In our present
study, we have considered a simplified version of
this model with mass-less and non-interacting
quarks.
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Yilmaz et al. [26] studied strange quark matter
for the Robertson-Walker model in the context of
the general theory of relativity. Yilmaz and Yavuz
[27] obtained higher-dimensional Robertson-
Walker cosmological models in the presence of
guark-gluon plasma in the general theory of
relativity. Khadekar et al. [28] confined their vor
to the quark matter attached to topological defects
in general relativity. Mahanta et al. [29]
investigated Bianchi type-1ll cosmological models
with strange quark matter attached to string cloud
in self-creation theory. Khadekar and Wanjari [30]
studied the geometry of quark and strange quark
matter in higher-dimensional general relativity.
Katore and Shaikh [31] investigated cosmological
models with strange quark matter attached to the
string cloud in the general theory of relativityr fo
axially symmetric space-time. Mahanta and Biswal
[32] studied string cloud and domain walls with
quark matter in Lyra geometry. Rao and Neelima
[33] discussed axially symmetric space-time with
strange quark matter attached to the string claud i
self-creation theory and general relativity. Rad an
Sireesha [34] discussed axially symmetric space-
time with strange quark matter attached to the
string cloud in the Brans-Dicke theory of
gravitation.

In string theory, the innumerable particle types
are replaced by a single fundamental building
block, called a ‘string’. These strings can be eths
like loops, or open, like a hair. As the string rasv
through time it traces out a tube or a sheet,
according to whether it is closed or open,
Furthermore, the string is free to vibrate, and
different vibrational modes of the string represent
the different particle types, since different modes
are seen as different masses or spins.

Massive closed loops of string serve as seeds
for the formation of large structures like galaxies
and cluster of galaxies. While matter is accreted
onto loops, they oscillate violently and lose their
energy by gravitational radiation and thereforeythe
shrink and disappear. If string exists, they can
produce a number of characteristic observational
effects detectable with existing astronomical
instruments. Kaiser and Stebbins [35] pointed out
that such strings would produce density
fluctuations on very large scales and may be
responsible for the formation of large scale
structures. The gravitational effects of cosmic
strings are responsible for creation of galaxied an
clusters [36,37]. Letelier [38] investigated Bianch
type | and Kantowski-Sachs string cosmological
models, which evolve from a pure massive string
dominated era to a particle dominated era, with or
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without remnant of stringsReddy et al. [39-41],
Venkateswarlu et al. [42-45], Satish [46], Raolet a
[47-49] andPradhan et al. [50-52] are some of the
authors who have studied various aspects of string
cosmologies in theory of relativity as well as in
alternate theories of gravitation.

In view of the importance of bulk viscosity in
cosmological models with respect to the
accelerated expansion phase of the Universe,sn thi
work we construct bulk viscous string cloud
cosmological model with strange quark matter
attached to one dimensional cosmic string in Lyra
geometry. In the presence of quark matter in the
Universe, the total matter energy density is
considered to consists of quark energy dengity

and the vacuum energy dendgy

Pm =P + B (1)
and the total pressure is

Pn = Pq ~ B )
Where, the quark pressure is expressed as

o)
m=§- ®3)

2. Metricand Field Equations

Einstein field equation based on Lyra’s geometry,
which on normal gauge may be written as

1
-—-g;R+

3 3
R; 5 A _Zgijﬂ#’k =T, 4)

2

Where, ¢, is the displacement vector defined as

¢ =(000,4(1)) (5)

Here, we consider the five dimensional FRW
metric of the form

dr?

ds? = -dt? + R?(t
® 1-kr?

+r2d@% +r?sin? 8d¢’

+ A2(1)du?
(6)

Where,R(t) is the scale factor and k = 0,-1 or +1is
the curvature parameter for flat, open and closed
universe, respectively. The fifth coordinatés also
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assumed to be space like coordinate. The average
scale factor is defined as

a(t) = (R3A)§ @)

The energy-momentum tensor for a cloud of
massive strings with bulk viscosity can be written
as

= Ppg; —A XX, —Eu;'| (uiuj_gij)
8)

T, =(p+p)uy,

Here p is the rest energy density of the cloud of

strings with particles attached to them, is the
tension density of the strings anfl is the bulk

coefficient of viscosity. The veIocitjui describes
the five-velocity, which has components (1, O, O,

0,0) for a cloud of particles ana’ represents the
direction of string that satisfies
u'u, ux =0

=-xXx =1 and (9)
The total rest energy density is the sum of energy
density due to particlep, and tension density,

p=p,+4 (10)
We assume that the Universe consists of mass-less
non-interacting quarks of all possible flavors,
which contribute to the energy density due to
particles p, = p, + B, and hence

pP=py+A+B, (11)

The direction of the strings is taken to be along X
axis so that we have'X (0, 0, 0, 0, 1/A). Now the
field equations for the metric (Eqn. (4)) can be
written as

R R RA A
2+ 2—+—+—+ 8-
R R? RA A R? ’B =c6-p
(12)
.o .2
R R
3—+3— +3—+ 13
RTR /3 =p (13)
.2 . .
R RA k 3
3— +3—+3—-"p?=¢f0-p+A (14
RZ rRA SR 4,3 é0-p (14)
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Where, overhead ‘dot’ denotes

differentiation with respect tb
The energy conservation equatiof’, =

ordinary

leads to
R A A
H+|3—+— +p)—-A—-¢én+3)—=0
p[RAJ(pD)Aé()
and

(RZ —%gZR) +g(¢ﬂ¢/)zv _%(g:’@d)”’ =0

(16)

Egn. (16) leads to

3 .. 3 ,(3R A
SBB+2F (F+K] 0 (17)

3. Solutionsof Field Equations

To get a deterministic solution of field equations,
additional conditions are required. One can
introduce more conditions either by an assumption
corresponding to some physical condition of an
arbitrary mathematical assumption. Here, we take a
time-dependent deceleration parameter. The reason
being that the Universe was decelerating in thé pas
and accelerating at the present time, that is, the
deceleration parameter shows signature flip. So, in
general, the deceleration parameter is not a consta
but time variable. This motivates us to choose an
average scale factor that yields a time-dependent
deceleration parameter.

Generally, the utmost importance is given to
average scale factaft) that explains practically all
cosmological phenomena of the Universe. Pradhan
[50] used a time-dependent deceleration parameter
taking the average scale factor as a function of
time. Following this, we take an analogous
approach to gamma function for the average scale
factor as

a(t) =e 't™* (18)
Where,mis non-zero constant. The above equation
gives rise to a time dependent deceleration
parameter.

Since the gamma function is capable of
representing constant, increasing and decreasing
rate of deterioration, we consider the averageescal
factor as in Eqn. (18) whose evolution with respect
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to time is given in Fig. 1. For largs, the graph of
average scale facta(t) looks like a open curve
and becomes flat as the valuenotlecreases.
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Fig.1(a): Evolution of the average scale factosusr
time form=2.5,3, 4
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Fig.1(b): Evolution of the average scale factorsusr
time form=11,11.5,12
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Also a power law equation is considered due to the
fact that there is still anisotropy for the flatdan
homogeneous universe agtil] o; (shear tensor),

so we use the following polynomial relation
between metric coefficients

A=R" (19)

Where,n is an arbitrary constant.
Therefore, from Eqns. (7), (19) and (20), we
obtain the scale factors explicitly as

3

R(t) = (e“t m‘l)n+s

(20)
3n
A(t) - (e—tt m—l)m
And, the displacement vector is given by
A1) = ge™ 3™ (21)

The variation off with respect to time is given in
Fig. 2.
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Fig.2: The evolution of displacement vecfdfior ¢;=1

Thus, the metric in Eqn. (6) for FRW model take
the form

6 2
dg =—dt +|[et™ s |97+ 1202 +12sin? odg? |+ .
1+r (e“t m'l)n+3 du®
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(22)
From Eqns. (12)-(14), we obtained the stringsitem density as
|- B-2n- n®)[ot? —18(m-1)t|+3(m-1|4n® +6n-10) +m7-4n-3n%)| 2k
= 2.2 6
(n+3) t (e—t tm—l)(n+3)
(23)
Fig. 3 is the plot of string tension densityl | 150 s
versus timet]. It is clear from the figure thad is ~ . _;C
positive decreasing function of time converging to 100 - / ‘\\ -
a small positive value at late times for closed 'r' \
(k=1). For flat model(k=0), the string tension 09} ‘..\
density is almost coincident with zero and for open ! L
model (k=-1), A is negative increasing function of ¢ g—ﬂ‘“’“—*’*‘*‘ﬁ
time converging to a small negative value at late A ‘ + o S
times. *
-100
-150 - t

Fig.3: Evolution of the string tension density for

n=0.5m=2
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From Eqn. (13), we carry out the energy density

p=3(1+n)[9t2—18t(m—1)+9(m—1)2]_3012 e o K
(n+3)2t? 4 _6
(e—t tm—1)(n+3)
250
_————k=
N 1
200 | - =
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1
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Fig.4: Evolution of the energy density for=3,m=0.25¢,=.001

Fig. 4 depicts the positive decreasing behavior

of energy density ) versus time tj. It clearly
elaborates thato starts from a very large value

and approaches to zero as anticipated. This is true

for all closed, flat and open models.

=p-2
pP lo (n+3)2t2

(3-2n-n?)9t> —18(m - 1)t|+ 3(m - 1)|(4n? + 6n-10) + m(7 - 4n - 3n?)|

_ 3@+ I’l)[g't2 -18t(m-1) + 9(m—1)2] _ 3¢,” )

(n+3)?t?

k
+
6

(e—t t m-1 ) (n+3)
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(24)

The energy density due to particles obtained as

(25)



The African Review of Physics (2015):0050 417

350 +
- = k=-1

300 - k=0

250
200 -
150 -

PP

100 -

50 -

Fig.5:Plots of rest energy densiig, vs. timet for ¢;=0.001, m=5,n=0.5

From Eqgn. (25), it is observed that the rest = Where
energy density, is a decreasing function of time

andp, > 0 always for open modek€ —1). The rest . 541+ n)(m-Y(t+1-m)
energy density versus time has been plotted in Fig. B t3(n+3)°

5. It is evident that the rest energy density remai o (5-6m)

positive in closed model kE€1l). However, it Tis) (v (t+1-m)
. . - . +18k(e) t A
increases more sharply with the cosmic time in the (n+3)
closed model .Whereas in the flat mofiet0), the )

rest energy density approaches to zero to negative _9&8& £ 66 (¢ +1—m)
values.

Using Eqgn. (15), we get the pressure as

M h R
p—(n+3) = p+<‘(n+3)R (26)
(n+3)E

( n j{ (3-2n-n”)or ~18m-1t]+ m-1[@n’ +6n-10 +m7-4n-3%)] 2

242 6
(n+3) (n+3) t (e—t tm—l)(n+3)

( t ]54(1+n)(m—1)(t+1—m)+18k(e)(:+t3)tm(t+1—m)
3(m-1) -3t t3(n+3)? (n+3)

_%ea £E0m (f 41 m)} ) 3@+ I’1)[9t2 —18t(m2—2-) +9(m—1)2] N 3C12 .
(n+3)°t 4
_ 3k 3(m-1) -3
e e +3)( (n+3)t j

(e—t t m—l)(n+3) (27)
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Fig.6: Plots of Pressungvs. timet for n=3, m=2,¢,;=0.001

Fig. 6 shows the variation of isotropic pressure
versus time in all three cases fd=0, k=1, and
k=-1). We now consider our new energy-
momentum tensor of perfect fluid form. The
energy-momentum tensor can be given as the
energy-momentum tensor for quark matter,
according to the result of the experiments of the
Brookhaven laboratory [53]. By using a linear
equation of state, we investigate strange quark
matter for a higher dimensional FRW universe in
the Lyra geometry as

p=&(p-p,) (28)

Where,p,represents the energy density at zero

pressure [54]. If one considerszé and

5 30 nlot? —18(m-1) +9m-1)?|

Po =4B., in Eqn. (28), the equation of state for
the bag model (SQB) is obtained by

p—4B

3 (29)

p:

Where,Bcis named bag constant [55]. On the other
hand, if one considers = w andpy = 0, in Eqgn.
(28), we obtain the EOS for quark matter as follows
p=ap (30)
From Eqgn. (29) the equation of state for the bag
model (SQB) is obtained by

2
3c, o8 toa-m 3K _

¢ 4(n +3)%t?

16 A 1)

(3-2n-n?)[ot? —18(m-1t]+ (m-1[@n? + 6n-10) + m(7 - 4n-3n?))]

)]

2k

+

(e—r ¢ m—l)(n+3)

(n+3)%t?

6
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6t  (5-6m)
+§ t 540+ n)(m-(t +1-m) +2_7 k(e)mt 3 (t+1-m)
4 3(m-1) -3t t*(n+3)* 2 (n+3)
2 9(1+n)|ot* —18t(m-1) + 9(m-1)°
L2767 g g yq |- SIS ~18(M=1) +o(m-1’]
4 4n+3)t
2 — -
+9ie&t6(1—m) +9—k6 _Eg(n +3) 3m-)-3
16 4 (n+3)t
4(e—t tm—l)(n+3) (31)
Adding Eqgn. (12) and Egn. (14), we have the
coefficient of bulk viscosity as
fo_ 1 Jot? 181 -1) + 3m-1(m-n-24)[n+5) |
3(m-1-t) 4(n+3)%t?
2 _1_4\2
+ 8N +n+4)(£n2 1-1) +§q2e6‘t6(1'”‘) + 4k _+2p-A (32)
(n+37t 2 )
Quark energy density
3L+ n)lot? -18(m-1) +9am-12] 32"
Pe=p-B = 2 Sull S - (33)
(n+3)“t 4
Quark pressure
P, _Pq _ @+ mfot? -18t(m-1) +9(m-1)?| _6° gapsam _ Be (34)

3 (n+3)%t?

For the cas& = 0, we get the almost equivalent
expression fop andp. Also for the cas& = +1 we
get the equivalent expression for quark energy
density and quark pressure. It is also observed tha
in all the cases the total pressure is negative for
somet due toB. (bag constant or vacuum energy
density). Because Milton [56,57] has pointed out
that the normalized zero point energy of the
confined fields in the MIT bag model is repulsive
rather than attractive. So, vacuum energy density
(bag constant) may have negative pressure. In this
case quarks and gluons which are confined move
freely. They are not moving collectively, i.e., as
perfect liquid.

Using Egns. (12), (13), (19) and (20), we get
exact solutions of the higher dimensional FRW
universe for SQL and SQB in the Lyra geometry
with the aid of Eqgns. (28) and (29). Also, if we
consider Eqn. (30), we obtain exact solutions for
qguark matter.

(i) Exact solutions of the higher dimensional FRW
universe for SQL (strange quark linear) with the
p=&(p-p,) condition.

Using Eqgns. (12), (13) and also Egn. (28), we
get, respectively, the energy density, pressure and
displacement field vector for strange quark matter
in linear form as
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1| [o? -18qm-1+3m-n(m-n-4jn+2)  (n+2’9m-1-9> 4k

p:
a-e 4n+3)%? (n+3)%? feema)es
_ ng _3(m_1_t){ (35)
L-¢) @L-en
ot o> 18- +AM-Y(Mm-n-4)] _ (n+2°m-1-1° , 4k
T 2.2 2.2 6
L-¢) 4(n+3)°t (n+3)°t (e“tm‘l 3
2 f— —
1-¢) @-en
pro_ Mk 2Am-1-n¢ _2|ot® -18(m-1) +3m-(m-n-4|n+2)
3(e‘tt m—l)% a-ex 3 4(n+3)%t?
2, ., (n+229(m-1-t)? 2 2
-—(n"-2n-2 -—pA+eE)+ p,— 37
(ii) Exact solutions of the higher dimensional FRW displacement field vector for strange quark matter
universe for SQB with thep = ’O_T48° condition. in bag model as
From (12), (13) and also Egn. (29), we get,
respectively, the energy density, pressure and
-3 jor? ~18t(m-1) +3m-Y(m-n-4|n+2) (+2Pem-1-1° 4
2 4(n+3)%t? (n+3)°t? (e_ttm_l)%
-2B, _9(m=1-9¢ 8J3
2 (@L-e)t
ool otz ~18Km-1 + AM-D(m-n-a|n+2) _ (1+2%9m-1-17 4k
2 An+3°t? N
-10B, 9 (m-1-t)¢ (39)
3 2 (@-e
poo_ Mk 2Am-1-n¢ _2ot* -18(m-1) +3m-(m-n-4|n+2)
6 _ 242
3(e“t"“1)n+3 @-ext 3 An+3)“t
2, (n+2)29(m-1-t)? 8
-=(n*-2n-2 -—(B, - 40
S g B (40)
(i) Exact solutions of the higher dimensional and displacement field vector, respectively, from
FRW universe for quark matter with thp=qp Eqgns. (12), (13) and also using Egn. (30) as

condition. We obtain the energy density, pressure
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o1 Jor? ~18tm-1) +am-Y(m-n-a|n+2) _ (n+2°Pm-1-17 | 4k Am-1-1)&
T 2¢2 2,2 6 | (1 _
1-w) 4(n+3)%t (n+3)°t (e-ttm-l)m L-&)-wt
(41)
- Jor? ~18m-1) + Am-Y(m-n-Ajn+2) | (n+2°9m-1-1> 4k
1-w 4(n+3)%t2 (n+3)°%t? e“t"“lﬁ
@« 3m-1-1)¢ (42)
1-w) t
pro_ Mk 2Am-1-nf 2 lot? —18t(m-1) + 3(m-1)(m-n-4)|(n+2)
- 6 a 2:2
3(e‘tt’”‘1)m t 3 4(n+3)°t
2, ., (n+2)?9(m-1-t)*> 2
-—(n"-2n-2 -—(w+1]) 43
S iy 3 @the (43)
An important cosmological parameter is the dark
energy equation of stata)=£, which is exactly
P
equal to—1 for a cosmological constant.
0 Y T T T T 1
A\ ’
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Fig.7: Evolution of EoS parametei-1, n=2,m=3

From Fig. 7, the equation of state parameter takes
on negative values in the rangel< a <-04 in
Lyra geometry. Therefore, dark energy density
transits from vacuum era to quintessence era in
Lyra manifold. At the early stage EoS parameter in
Lyra geometry mimic vacuum era, which is
mathematically equivalent to the cosmological

constant. This class of value of EoS parameter is

. -1 N
called qumtessenceu<?, which is a necessary

condition to accelerate the Universe (Sahni et al.
[58]). The higher dimensional flat FRW universe
the EoS parameter of dark energy transits from
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; -1
qumtessence? >w>-1 era toward vacuum

erac =-1. From this figure we observe that the
dark energy model far;-1, n=2, andm=3 evolves
from the matter dominated era to quintessence era
and ultimately approaches to cosmological constant
era. The future of cosmic acceleration studies
depends partly on the facilities built to enablenth
partially on the ingenuity of experimenters and
theorists in controlling systematic errors andyfull
exploiting their data sets, and partly on the
kindness of nature. The next generation of
experiments could merely tighten the front around
« =-1, ruling out many specific theories but
leaving us no more enlightened than we are today
about the origin of cosmic acceleration. However,
barely a decade after the first supernova
measurements of an accelerating universe, it seems
unwise to bet that we have uncovered the last
“surprise” in cosmology. Equally important, the
powerful data sets required to study cosmic
acceleration support a broad range of astronomical
investigations. These observational efforts are
natural next steps in a long-standing astronomical
tradition: mapping the Universe with increasing
precision over ever larger scales, from the solar
system to the Galaxy to large scale structure and t
the CMB.

4. Evolution of the Universe with Time
Dependent Deceler ation Parameter
The deceleration parameter q is defined as
_—aa

q_ az

(44)

Where, a(t) represents the average scale factor,
which gives information about the expansion of the
Universe. Any change of state of the motion of the
Universe from decelerated to accelerated phase
should cause the deceleration parameterto
change its sign from positive to negative. The
functional form ofq in Eqn. (44) clearly indicates
that it can change sign (say from positive to
negative) as a function of time, only & changes
sign in the opposite manner (say from positive to
negative). Let us choose a simple functional form
for average scale facta(t) such that its double
derivativedashows a signature flip at a certain
instant of timet. For this purpose, let us take the
following functional form of the scale factor given
by Eqn. (18) as
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at) =e™t™* (45)

Using the above functional form of the average
scale factor, the deceleration parameter comes out
to be

|t = 2tm-1)t + (m-1)(m-2)|
[(m-1) -t

a(t) = (46)

The Universe would exhibit decelerating expansion
if g > 0, an expansion with constant rate if q = 0,
accelerating power-law expansion if -1 < q < 0,
exponential expansion (also known as de Sitter
expansion) if g = -1 and super-exponential
expansion if g < -1. However, with the average
scale factor given by Eqn. (62), the Universe

inevitably evolves into constant rate if
t=(m-1)-,/(m-1). We  observed that

accelerating power-law expansion survive for
m>14 and exponential expansion (de Sitter
expansion) obtained fon=1. We get the super-
exponential expansion fan<0, which is one of
the possible fates of the Universe according to the
cosmological observations. Signature flip part
would exhibit for higher value ofm, that is,
1<m<14. These models are shown in Figs. 8-12.

Super exponential Model

-0.95 . . |
5 10 15

-1.05 A

-1.15 A

Fig.8: Evolution of DP fom=-2
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1.2
Exponential or de Sitter Signature flip model
Mo del 17
0 T T 1 08 i
02 ¢ 5 10 15 0.6 -
0.4 - 0.4 -
q -06 - g2
‘08 7 0 T T 1
1 - 0.2 5 1 1.5
1.2 - 0.4 -
t
0.6 - t
Fig.9: Evolution of DP fom=1 Fig.11: Evolution of DP fom=3
2 e .
Accelerated Power-law Signature flip model
Model 15 4 |
0 T T 1
1 -
02 ¢ 5 15
0.5 -
0.4 -
q
0.6 qo T T 1
5 10 15
0.8 - 0.5 -
1 - i
¢ 1
1.5 - t

Fig.10: Evolution of DP fom=15
Fig.12: Evolution of DP fom=1.55

We can now express the scale factor as a fumaif
deceleration parameter q as follows

(m-) 4

(“q)z ~(m-1) (47)

m-1

-1

a(g) =| (m-1) - (iﬂ%qu

The cosmological red-shittis related to the scale
factora (t) by the relation

z=at-1 (48)
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or

-1

z=-1+(m-1) - (sz

From model dependent or independent analyses
of the cosmological observations in the literature
[59,60], the transition red-shift of the accelangti
expansion is given by0.3<z<08. In particular,
the kinematic approach to cosmological data
analysis provides direct evidence to the present
accelerating stage of the Universe, which does not
depend on the validity of general relativity, adlwe
as on the matter-energy content of the Universe.

One may observe that the accelerating
expansion begins az [ 05 consistent with the
observational data. We particularly would like to
demonstrate that by choosing = 2.3, m=2.4 and
m= 2.5, we can obtain the value of red-shiftas
=0.15 z=0.26 andz=0.38, respectively which fits
quite well for spatially flat universe given by &t
al. [61] in a recent paper, where they analyzed the
data from SNla, BAO and CMB simultaneously.

5. Conclusions

In this paper, exact solutions for the generalized
higher dimensional FRW universe are obtained in
the presence of quark and strange quark matter
attached to a perfect fluid in the Lyra geometry.
From Egns. (12)-(14), it is clearly seen that the
cloud of string with perfect fluid energy-
momentum tensor is survived for the higher
dimensional FRW model. The extra dimensit)
is amenable for contraction if = 0. The dominant
energy conditions implies that >0 and p* = A%.
These energy conditions do not restrict the sigh of
and accordingly the expressions given by Eqn. (25)
satisfies all these conditions. Study of early efag
of the evolution of cosmological models in the
frame work of gravitation plays an important role.
In the present work, we have investigated models
in Lyra manifold with the hybrid expansion
(product form of exponential and polynomial)
model; we observed that the Universe expands with
a fastest rate. The anisotropy of the expansion
decreases monotonically as time increases.

In the present study we have chosen the scale
factor a(t) in such a way that the deceleration
parameterq is based on it and] evolves as a

function of time. Our choice &t) =e™t™". The

functional dependence betwea(t) andq(t) have
been analyzed in detailed. The law suggested gives

(1=m)

424

-1
1+q )2
m-1

exg (m-1) —( (49)

the opportunity to generalize many of these models
with better consistency with the cosmological
observations.

The matter content of the Universe is assumed
to be a cloud of cosmic strings with particles
attached to them. The particles are considered to
consist of strange quark matters. Since the
anisotropic cosmic fluid is having dissipative
phenomena, we have incorporated bulk viscosity in
the model. In most of the earlier investigatiots t
bulk viscosity is assumed to be a power function of
the energy density or a power function of the scala
of expansion. In this work we have obtained
models in higher dimensional FRW model without
considering such functional forms for bulk
viscosity. In the present work, we have restricted
ourselves to a variable deceleration parameter as
predicted from observations.

References

[1] T.W.B. Kibble, J. Phys. A9, 1387 (1976)

[2] G. Efstathiou et al., Mon. Not. R. Astron.
Soc.330, 29 (2002).

[3] M. Tegmark et al., Phys. Rev. &9, 103501
(2004).

[4] M. Sharif and H. R. Kausar, J. Phys. Soc.
Jpn.80, 044004 (2011).

[5] C. Aktas, S. Aygun and I. Yilmaz, Phys.
Lett. B707, 237 (2012).

[6] B. M. Barker, Astrophys. 219, 5 (1978).

[7]1 J. D. Bekenstein, Phys. Rev. 10, 083509
(2004).

[8] H. Weyl and K. Sitzungsber, Preuss. Akad.
Wiss. Berlin1918, 465 (1918).

[91 H. A. Buchdahl, Mon. Not. R. Astron. Soc.
150, 1 (1970).

[10] C. Brans and R. H. Dicke, Phys. Ré24,
925 (1961).

[11] G. Lyra, Math. 254, 52 (1951).

[12] M. Jerzy and R. Marek, Astrophys. Space
Sci. 192, 299 (1992).

[13] K. L. Mahanta and A. K. Biswal, J. Mod.
Phys.3, 1479 (2012).

[14] F. Rahaman, Fizika B1, 223 (2003).

[15] D.K. Sen, Z. Phydl49, 311 (1957).

[16] D. K. Sen and K. A. Dunn, J. Math. Phys.

12, 578 (1971).



The African Review of Physics (2015):0050

[17]
[18]
[19]
[20]
[21]

[22]

[23]
[24]
[25]
[26]
[27]
(28]

[29]

[30]
[31]
[32]
[33]
[34]
[35]
[36]
[37]

[38]
[39]

[40]

[41]

[42]

[43]

W. D. Halford, Aust. J. Phys23, 863
(1970).

S. Agarwal, R. K. Pandey and A. Pradhan,
Ind. J. Phys86, 61 (2012).

S. Aygun, C. Aktas and I. Yilmaz, J. Geom.
Phys.62, 100 (2012).

R. S. Singh and A. Singh, Electronic J.
Theor. Phys9, 265 (2012).

B. Veto, arXiv:1302.4529.

N. I. Singh, S. R. Devi, S. S Singh and A. S.
Devi, Astrophys. Space Sci302, 157
(20086).

N. Itoh, Phys. Rev4, 291 (1970).

A. R. Bodmer, Phys. Rev. ) 1601 (1971).
E. Witten, Phys. Rev. B0, 272 (1984).

I. Yilmaz, A. Kucukarslan and S. Ozder, Int.
J. Mod. Phys. &2, 2283 (2007).

I. Yilmaz and A. A. Yavus, Int. J. Mod.
Phys. D15, 477 (2006).

G. S. Khadekar, R. Wanjari and C. Ozel, Int.
J. Theor. Phys48, 2250 (2009).

K. L. Mahanta, S. K. Biswal, P. K. Sahoo
and M. C. Adhikary, Int. J. Theor. Phy&l,
1538 (2012).

G. S. Khadekar and R. Wanjari, Int. J.
Theor. Phys51, 1408 (2012).

S. D. Katore and A. Y Shaikh, Int. J. Theor.
Phys.51, 1881(2012).

K. L. Mahanta and A. K. Biswal, J. Mod.
Phys.3, 1479 (2002).

V. U. M. Rao and D. Neelima, Int. J. Theor.
Phys.52, 354 (2013).

V. U. M. Rao and K. V. S. Sireesha, Int. J.
Theor. Phys52, 1052 (2013).

N. Kaiser and A. Stebbins, Natus&0, 391
(1984).

Ya. B. Zeldovich, Mon. Not. R. Astron. Soc.
192, 663 (1980).

A. Vilenkin, Phys. Rev. Lett46, 1169
(1981).

P. S. Letelier, Phys. Rev. 28, 2414 (1983).
D. R. K. Reddy and M. V. S. Rao,
Astrophys. Space S@17, 39 (2008).

D. R. K. Reddy, R. L. Naidu and B.
Satyanarayana, Int. J. Theor. Phyk,. 3222
(2012).

D. R. K. Reddy, R. Santi Kumar and R. L.
Naidu, Astrophys. Space ScB42, 249
(2012).

R. Venkateswarlu and K. P. Kumar,
Astrophys. Space S@98, 403 (2005).

R. Venkateswarlu, V. U. M. Rao and K.
Pavan Kumar, Int. J. Theor. Phy&Z, 640
(2007).

[44]
[45]
[46]

[47]

[48]
[49]
[50]
[51]

[52]

[53]
[54]
[55]
[56]
[57]
[58]
[59]

[60]
[61]

425

R. Venkateswarlu and J. Satish, The African
Review of Physic$, 169 (2013).

R. Venkateswarlu and J. Satish, J. Gravity
909374 (2014).

J. Satish and R. Venkateswarlu, Eur. Phy. J.
Plus129, 275 (2014).

V. U. M. Rao, M. Vijaya Santhi and T.
Vinutha, Astrophys. Space ScB14, 73
(2008).

V. U. M. Rao and T. Vinutha, Astrophys.
Space Sci325, 59 (2010).

V. U. M. Rao and K. V. S. Sireesha, Int. J.
Theor. Phys51, 3013 (2012).

A. Pradhan, R. Zia and H. Amirhashchi,
Bulg. J. Phys39, 248 (2012).

A. Pradhan and A. K. Singh, Int. J. Theor.
Phys.50, 916 (2011).

A. Pradhan, G. S. Khadekar, M. K. Mishra
and S. Kumbhare, Chin. Phys. Lef4,
3013 (2007).

M. K. Mak and T. Harko, Int. J. Mod. Phys.
13, 149 (2004).

R. Sharma and S. D. Maharaj, Mon. Not. R.
Astron. Soc375, 1265 (2007).

E. Witten, Phys. Rev. B0, 272 (1984).

K. A. Milton, Phys. Rev. 22, 1441 (1980).

K. A. Milton, Phys. Rev. @2, 1444 (1980).
V. Sahni, D. Saini, A. A. Starobinsky and U.
Alam, J. Exp. Theor. Phys. Left7(5), 201
(2003).

J. A. S. Lima, R. F. L. Holanda and J. V.
Cunha, AIP Conf. Prod241, 224 (2010).

S. Pandolfi, Nucl. Phys. B94, 294 (2009).

N. Banerjee and K. Ganguly, Int. J. Mod.
Phys. D18, 445 (2009).

Received: 23 June, 2015
Accepted: 8 January, 2016



