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ABSTRACT

We have investigated a simple axially symmetric inflationary cosmological universe with string cloud
universe containing strange quark matter in general relativity. To get anisotropy and inflationary universe.
The physical and kinematical behaviors are discussed. It is observed that most of the models admit initial
singularity.
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INTRODUCTION

Several aspects of strange quark matter have been investigated by many researchers. The origin of our
Universe is one of the greatest cosmological mysteries even today. The exact physical situation at early
stage of the formation of our Universe is still a subject of study. The concept of string theory was
developed to describe events of the early stage of the evolution of the Universe. The general relativistic
treatment of strings was initiated by Adhav et al., (2009) and Stachel (1980) and Letelier (1983). The
gravitational effects of cosmic strings have been extensively discussed by Vilenkin (1981); Gott (1985) in
general relativity.

Here we suppose that strange quark matters are attached to the string cloud. It is plausible to attach
strange quark matter to the string cloud, because, one of such transitions during the phase transitions of
the universe could be Quark Glucon Plasma (QGP) hadron gas (called quark-hadron phase transition)
when cosmic temperature was T = 200 Mev. Itoh (1970), Bodmer (1971), Witten (1984) have formed two
ways for creation of strange quark matter. One is the quark- hadron phase transition in the early Universe
and another in the conversion of neutron stars into strange ones at ultrahigh density. In strong interaction
theories it is supposed that breaking of physical vacuum takes place inside hadrons to form quark bag
model.

As a result vacuum energy densities inside and outside a hadron become essentially different, and the
vacuum pressure on the bag wall equilibrates the pressure of quarks, thus stabilizing the system. Alcock et
al., (1986) and Haensel et al., (1986) examined that if the hypothesis of the quark matter is true, then
some of neutron stars could actually be strange stars built entirely of strange matter. Cheng et al., (1998)
studied models of strange quark matter attached to the string cloud in the spherical symmetric space-time
admitting conformal motion discussing strange star properties. Also Yavuz et al., (2005), Yilmaz (2005)
and Yilmaz (2006) studied 5-D Kaluza-Klein cosmological models with quark matter attached to the
string cloud and domain walls.

The strange quark matter is modelled with an equation of state based on the phenomenological bag model
of quark matter, in which quark confinement is described by an energy term proportional to the volume.
In this model, quarks are through as degenerate Fermi gas, which exists only in a region of space
endowed with a vacuum energy density B, (called as the bag constant). In the framework of this model,
the quark matter is composed of massless u and d quarks, massive s quarks and electrons. Mak and Harko
(2004) discussed charged strange quark matter in the spherically symmetric space-time admitting
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conformal motion. Kangujam and Koijam (2014) has discussed Bianchi type-Ill string cloud and strange
quark matter. Adhav et al., (2008) has discussed string cloud and domain walls with quark matter in n-
dimensional Kaluza - Klien cosmological model in general relativity and strange quark matter attached to
string cloud in Bianchi type-lll space time in general relativity. Khadekar and Wanjari (2009) has
confirmed their work with quark matter which is attached to the topological defects in general relativity.
Katore and Shaikh (2012) has obtained cosmological model with strange quark matter attached to cosmic
strings for axially symmetric space-time in general relativity. Recently, Khadekar and Rupali (2012) and
Khadekar and Rajani (2012) has discussed geometry of quark and strange quark matter in higher
dimensional general relativity. Sahoo and Misra (2014) has discussed about higher dimensional
cosmological model with quark and strange quark matter. Rao and Sireesha (2013) discussed Bianchi
Type I, VIII and IX cosmological models with strange quark matter attached to string cloud in B-D and
general theory of gravitation.

Axially symmetric space time representing material distribution was obtained by Marder (1958). Axially
symmetric space time play an important role in the study of universe on a scale in which anisotropy and
in homogeneity is not ignored (Kilinc, 1994).

He showed that axially symmetric cosmological model have made significant contributions in
understanding some essential features of the universe such as the formation of galaxies during the early
stage of the evolution.

Axially symmetric space time with wet dark fluid in biometric theory is also discussed (Jain et al., 2012).
Energy-Momentum localization in Marders axially symmetric space-time has been studied (Aygun et al.,
2007). Recently, many authors (Sahoo et al., 2014; Adhav et al., 2007; Reddy and Naidu, 2012; Reddy et
al., 2008; Reddy et al., 2008) have obtained an axially symmetric cosmological model with perfect fluid
in general relativity and in f(R, T) gravity.

Here we study the model universe containing strange quark matter which is expanding, anisotropic, with a
sign of dark energy that help in accelerated expansion of this universe. It is also seen that the model
universe which we discuss contains both particles and strings, but ultimately will have fluid containing
particles only. The model which we consider here is acceptable in view of the present observations of the
Universe. The physical interpretations of the solutions obtained are also discussed.

Metric and Field Equations

We consider the uniform, anisotropic and axially symmetric space-time (Bhattacharya and Karade, 1993)
as

ds? = dt? — A2(t)[dy? + f*(x)d¢p?] — B%(t)dz? (1)

with the convention x* = y,x? = ¢,x® = zand x*=t, A and B are functions of the proper time t along
while f'is a function of the coordinate  alone.

For string cloud and energy momentum is given by

Ty = pwiy — psX;X; (2)
where p is the rest energy density for the cloud of string with particle attached to them, p,,

is the particle energy density and p is the string tension density such that

p=pp+ps 3
We assume quark are massless and non- interacting as in Bag model.

So, quark pressure is p, = p?q (4)
where p, is quark energy density.

Total energy density is p = p, + B, (5)
and total pressure is p = p, — B, (6)

We know that string is free to vibrate. The vibration models of the string represent different types of
particles because these models are seen as different masses or spins. Therefore, here we consider quarks
instead of particles in the string cloud. So, we consider here quark matter energy density instead of
particle energy density in the string cloud.

From Egs. (3) and (5), we obtain p = p, + ps + B, (7)
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From Egs. (3) and (7), we have the energy momentum tensor for strange quark matter attached to the
string cloud [43] as follows :

Tij = (pq + ps + BOww; — psx;x; (8)
where u; is the 4 velocity of the particles and x; is the unit space-like vector representing the direction of
the string .

We also u; and x; with u'y; = —x‘x; = —1 and u‘x; = 0 (9)

We have taken the direction of the string along the z-axis. The components of the energy momentum
tensor are then

T =T, =0,T =p; , T} =p, (10)
TP =0fori#j

where p and p, are functions of t only.
Field Equations and their Solutions

Einstein’s field equation is R;; — %Rgl-j = —Tj; (11)
The field equations of Eq.(11) for the metric of Eqg.(1) can be written as follows:
Asg  Bag | AsBy
A+BZ+AB =0 (12)
A A 1f
2 s =
2
pfabs  Ah_ LIu (14)

AB A2 A2 f
Where the suffixes 1 and 4 after an unknown function denote partial differentiation with respect to y and t
respectively.
The functional dependence of the metric together with (13) and (14) imply

(f;l) k? , k? = constant (15)

If k=0 the f(y) = constant y , 0 < y < o©

This constant can be made equal to 1. Thus we shall have f()) = y resulting in the flat model of the
universe (Hawking and Ellis, 1976).

Now the field Equations (12-14) becomes as follows

Agg | Bag | A4By

St T T 0 (16)
A A}

28428 =, (7)
Ay By A_4

2 AB +A2 =p (18)

Here, we also assume the relation between metric coefficients i.e., A = B™, because of the fact that the
field equations are highly nonlinear . Using this relation we get as solutions

A= [(n +n+1)( t+ b)]?+:—:1 (19)
B = [(n +n+1)( £+ b)] 1::11+1 (20)

where a, b are arbitrary constants.
Therefore the uniform, anisotropic and axially symmetric space-time can be written as by Eq.(1)

n2+n+1]

ds? = dt? — (=22 n*”“)( t+ b)]z[ nhen

[ + f2(dg?] = (S5 (at + ) 5
o
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Some Physical Properties

The model (21) represents uniform, anisotropic and axially symmetric cosmological model in Einstein’s
theory of gravitation. The model has no initial singularities at t=o

The string tension density for the model

_ Ay ﬁ _ [n*+3n34+5n2+4n+2 a 12
ps =2 A + A2 [ n4+2n3+n2 ][at+b] (22)
The rest energy density for the model is
_ % ﬁ_Zﬂn2+n+12 a 2
p= 2 AB +A2 - [ n ][ n2+n ] [at+b] (23)
The string particle density for the model is
24n] [n24n+1 2 n*4+3n345n2+4n42 a 12
'Dp =P~ Ps = T][ n2+n ] N [ n*+2n3+n? ] [at+b] (24)
The quark energy density for the model is
n*+3n3+5n2+4n+2 a 12
Pqg =P~ BC - [ n*+2n3+n? ][at+b] - BC (25)

The quark pressure for the model is

_Pqg _ n*4+3n3+5n2+4n+2 a 2 _
37 [[ n4+2n34n? ][at+b] BC (26)

The spatial volume of the model is

n2+4n+1
24n+1 (24| S
V3= —g=A’B= [(%) (at + b)] ’ (27)
The scalar expansion 0 for the model is
_ 1 4 _ [2n+l n?+n+1 a
0= 3u:i - [ 3n ][ n2+4n ][at+b] (28)
The shear scalar ¢ for the model is
- 2
2 l i _ i 2n41] [n24n+1 a
ot = Loty = | =[] e ] 29

The deceleration parameter g for the model is

1+3n—6n2-8n3
= 0. u [ ]
q9= 92 [ METH 392 1+3n+43n2+42n3

(30)

It may be observed that at initial moment, then t=0 , the spatial volume will be zero while the string
tension density, rest energy density ,string particle density , quark energy density, quark pressure, scalar
expansion and shear scalar diverge. It is also observed the model of Eq.(21) admits initial singularity.

For large values of t (t —» «) we observed that special volume increases and the universe has accelerated

2
expansion. Also g—z #+ 0 and hence the model Eq.(21) does not approach isotropy for large values of t. The
decelerating parameter is negative. Hence, the model of Eq. (21) is inflationary.
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CONCLUSION

Axially symmetric cosmological model with string cloud universe containing strange quark matter are
important in the study of early stage of evolution of the universe. Here we presented an axially symmetric
inflationary model and possess initial singularity. It is also observed that the model does not approach
isotropy for large t.

REFERENCES

Adhav KS, Nimkar AS and Dawande MV (2008). String Cloud and Domain Walls with Quark Matter
in n-Dimensional Kaluza-Klein Cosmological Model. International Journal of Theoretical Physics 47
2002-2010.

Adhav KS, Nimkar AS and Naidu RL (2007). Axially symmetric non-static domain walls in scalar—
tensor theories of gravitation Astrophysics Space Science 312 165-169.

Adhav KS, Nimkar AS, Raut VB and Thakare RS (2009). Strange Quark Matter Attached to String
Cloud in Bianchi Type-I1l Space Time. Astrophysics and Space Science 319 81-84.

Alcock C, Farhi E and Olinto A (1986). Strange Stars. Astrophysical Journal 310 261-272.

Aygun S, Aygun M and Tarhan | (2007). Energy-momentum localization in Marder space-
time. Pramana - Journal of Physics 68 21-30.

Bhattacharya S and Karade TM (1993). Uniform anisotropic cosmological model with string source.
Astrophysics Space Science 202 69-75.

Bodmer AR (1971). Collapsed Nuclei. Physics Review D 4 1601-1606.

Cheng KS, Dai ZG and Lu T (1998). Strange Stars and Related Astrophysical Phenomena.
International Journal of Modern Physics D 7 139-176.

Gott JR (1985). Gravitational Lensing Effects of Vacuum Strings—Exact Solutions. Astrophysical
Journal, Part 1288 422-427.

Haensel P, Zdunik JL and Schaeffer R (1986). Strange Quark Stars. Astronomy and Astrophysics 160
121-128.

Hawking SW and Ellis GFR (1976). The Large Structure of Space-Time (Cambridge Universe Press,
London). Bulletin of the American Mathematical Society 82 805-817.

Itoh N (1970). Hydrostatic Equilibrium of Hypothetical Quark Stars. Progress of Theoretical Physics 44
291-292.

Jain P, Sahoo PK and Misra B (2012). Axially Symmetric Cosmological Model with Wet Dark
Fluid in Bimetric Theory of Gravitation. International Journal of Theoretical Physics 51 2546 -2551.
Kangujam PS and Koijam MS (2014). On Bianchi Type Il String Cloud Universe Containing Strange
Quark Matter. International Journal of Astronomy and Astrophysics 4 544-549.

Katore SD and Shaikh AY (2012). Cosmological Model with Strange Quark Matter Attached to Cosmic
String for Axially Symmetric Space-Time. International Journal of
Theoretical Physics 51 1881-1888.

Khadekar GS and Rajani S (2012). Higher Dimensional Cosmological Model with Quark
and Strange Quark Matter. International Journal of Theoretical Physics 51 1442-1447.

Khadekar GS and Rupali W (2012). Geometry of Quark and Strange Quark Matter in
Higher Dimensional General Relativity. International Journal of Theoretical Physics 51 1408-1415.
Khadekar GS and Wanjari R (2009). Domain Wall with Strange Quark Matter in
Kaluza- Klein Type Cosmological Model. International Journal of Theoretical Physics 48
2550- 2557.

Kilinc CB (1994). Cylindrically symmetric and inhomogeneous cosmological models with viscous
fluid, heat flux and electromagnetic field Astrophys. Space Science 222 171-179.

Letelier PS (1983). String Cosmologies. Physics Review D 28 2414-2419.

Mak MK and Harko T (2004). Quark Stars Admitting a One-Parameter Group of Conformal Motions.
International Journal of Modern Physics D 13 149-156.

Marder L (1958). Gravitational Waves in General Relativity Il, The Reflexion of Cylindrical Waves.
Proceedings of Royal Society of London A 246 133.

© Copyright 2014 | Centre for Info Bio Technology (CIBTech)




International Journal of Physics and Mathematical Sciences ISSN: 2277-2111 (Online)

An Open Access, Online International Journal Available at http://www.cibtech.org/jpms.htm
2015 Vol. 5 (2) April-June, pp. 40-45/Santhikumar et al.

Review Article

Quark Matter Attached to String Cloud in Brans-Dicke Theory of Gravitation.
International Journal of Theoretical Physics 52 1052-1060.

Rao VUM and Sireesha KVS (2013). Axially Symmetric Space-Time with Strange

Reddy DRK and Naidu RL (2012). Axially symmetric radiating cosmological model in a self-creation
cosmology. Astrophysics Space Science 338 309-311.

Reddy DRK, Naidu RL and Atchuta Rao S (2008). Axially Symmetric Inflationary Universe in
General Relativity. International Journal of Theoretical Physics 47 1016-1020.

Reddy DRK, Naidu RL and Rao VUM (2008). On Axially Symmetric Domain Walls and Cosmic
Strings in Bimetric Theory. International Journal of Theoretical Physics 47 1594-1599.

Sahoo PK and Misra B (2014). Higher-dimensional Bianchi type-I11 universe with strange quark matter
attached to string cloud in general relativity. Turkish Journal of Physics 39 43-53.

Sahoo PK, Misra B and Chakradhar Reddy G (2014). Axially symmetric cosmological model in
f(R, T) gravity. European Physical Journal Plus 129, article-49.

Stachel J (1980). Thickening the String I, The String Perfect Dust. Physics Review D 21 2171-2181.
Vilenkin A (1981). Gravitational Field of Vacuum Domain Walls and Strings. Physics Review D 23 85-
857.

Witten E (1984). Cosmic Separation of Phases. Physics Review D 30 272-185.

Yavuz I, Yilmaz | and Baysal H (2005). Strange Quark Matter Attached to the String Cloud in the
Spherical Symmetric Space-Time Admitting Conformal Motion. International Journal of Modern Physics
D 14 1365-1372.

Yilmaz 1 (2005). Domain Wall Solutions in the Nonstatic and Stationary Godel Universes with a
Cosmological Constant. Physics Review D 71 103503.

Yilmaz | (2006). String Cloud and Domain Walls with Quark Matter in 5-D KaluzaKlein Cosmological
Model. General Relativity and Gravitation 38 1397-1406.

© Copyright 2014 | Centre for Info Bio Technology (CIBTech)



