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String cloud and domain walls with quark matter for a higher
dimensional FRW universe in self creation cosmology
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Abstract:

In this study, we research a higher dimensional flat Friedmann-Robertson-Walker (FRW) universe in

Barber’s second theory when strange quark matter (SQM) and normal matter (NM) are attached to the string cloud

and domain walls. We obtain zero string tension density for this model. We obtain dust quark matter solutions.

This result agrees with Kiran and Reddy, Krori et al, Sahoo and Mishra and Reddy. In our solutions the quark

matter transforms to other particles over time. We also obtain two different solutions for domain walls with quark

and normal matters by using a deceleration parameter. Also, the features of the obtained solutions are discussed
and some physical and kinematical quantities are generalized and discussed. Our results are consistent with Yilmaz,

Adcox et al and Back et al in four and five dimensions.
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1 Introduction

The general theory of relativity is the most consis-
tent and complete theory of gravitation. It defines grav-
itational interactions successfully and is fundamental for
various models. After Einstein’s general theory of rel-
ativity, there has been considerable interest in alterna-
tives theories of gravitation. These theories have been
categorised as scalar-tensor theories, scalar field theo-
ries, bimetric theories and vector-tensor theories [1], [2].
Weyl theory [3], f(R) theory [4], Yilmaz theory [5], Lyra
theory [6] and Brans-Dicke theory [7] are some exam-
ples of these alternative gravitation theories [8]. Using
and modifying Brans-Dicke theory and general relativ-
ity, Barber [9] suggested two self-creation cosmologies
of gravitation. Barber first theory is in disagreement
with experiment as well as inconsistent [10]. However, in
Barber’s second theory, the scalar field does not directly
gravitate and this is a modification of general relativity
to a variable G-theory [10]. Many authors have stud-
ied Barber’s second theory with various universe mod-
els. Reddy and Venkateswarlu [10] discussed a Bianchi
VI, universe in self creation cosmology. Pradhan et al
have researched LRS Bianchi type-I cosmological mod-
els in Barber’s second self creation theory with bulk vis-
cous fluid [11]. Pradhan et al [12] have discussed Bar-
ber’s second self creation theory using a deceleration pa-
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rameter and perfect fluid energy-momentum tensor for
LRS Bianchi I space-time. Rai et al have investigated
perfect fluid energy distribution for a Marder type uni-
verse in self creation cosmology (SCC) [13]. Chirde and
Rahate [14] have obtained Friedmann-Robertson-Walker
(FRW) solutions for bulk viscous fluid and zero mass
scalar field in self creation cosmology. Yadav and Jain
have researched LRS Bianchi type II space-time with a
varying A term in self creation theory [15]. Sanyasir-
aju and Rao [16] have investigated Bianchi type VIII
and IX models in the presence of self creation cosmology
when the source of the gravitational field is a perfect fluid
with p = p. Ramirez and Socorro [17] have researched a
FRW universe with radiation, dust and stiff matter using
the Hamilton-Jacobi scheme in self creation cosmology.
Rai et al [18] have obtained Marder universe solutions in
Barber’s second self-creation theory of gravitation in the
presence of perfect fluid. Soleng [19] and Pimentel [20]
have researched FRW solutions using a power law rela-
tion between the expansion factor of the universe and
the scalar field in self creation cosmology. Belinchén [21]
has investigated Bianchi I, VIlo, IX and Kantowski-Sach
universe models to obtain the gravitational constant G
in SCC. For his aim he compared and discussed the
obtained results with current Hulse-Taylor binary pul-
sar B1913+16 [22] and astereoseismological data from
the pulsating white dwarf star G117-B15Al [23] obser-
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vations. Barber has researched the experimental tests
of the new self creation cosmology of gravitation using
Probe B satellite data [24-26].

Lately the studies of cosmic strings have gained im-
portance in various gravitation theories. Also, many au-
thors have researched cosmic strings in different theories.
Adhav et al have examined axially symmetric Bianchi
type-I model with massless scalar field and cosmic strings
in self-creation cosmology [27]. Rao and Vinutha have
obtained plane symmetric string cosmological models in
self-creation theory [28]. Katore and Shaikh have dis-
cussed an Einstein-Rosen string cosmological model in
Barber’s second theory [29]. Venkateswarlu et al have ob-
tained string cosmological solutions in self-creation the-
ory [30]. Reddy et al have obtained a Bianchi type-II
bulk viscous string cosmological model in a self-creation
theory of gravitation [31].

At the cosmological scale, today the universe is
described by FRW space-time, which characterizes an
isotropic and homogenous universe [32]. In this study,
we have first attached strange quark matter to the string
cloud and secondly we have attached normal matter and
strange quark matter to the domain walls for a general-
ized higher dimensional FRW universe in a self-creation
theory of gravitation. This method is reasonable, be-
cause during the phase transitions of the universe an al-
ternative important transition is Quark Gluon Plasma
(QGP)— hadron gas (called the quark-hadron phase
transition) when the cosmic temperature was T~ 200
MeV [33, 34]. Usually, quark matter is formed with
an equation of state (EOS) according to the factual bag
model of quark matter. In this model we suppose that
the quarks are non-interacting and massless [33-37]. In
this case we have quark pressure

P

Pq= §q7 (1)
where p, is the quark energy density. The total energy
density is

p=pq+B.. (2)
Also the total pressure is
P=Dq— B. (3)

and the equation of state for strange quark matter is

given by
1

Pm = g (pm _4Bc)7 (4)

where B, is the bag constant [36, 37]. Because quark-
gluon plasma has been created as a perfect liquid at
Brookhaven National Laboratory [38], we will take into
account quark-gluon plasma in the form of a perfect fluid
following the equation of state:

P =(Y=1)pm, (5)

where 1 < <2 is a constant [39-41]. Recently, many
authors have also investigated quark and strange quark
matter in self creation cosmology in different alterna-
tive gravitation theories. Rao and Neelima have investi-
gated axially symmetric space-time with strange quark
matter attached to a string cloud in self creation the-
ory and general relativity [42]. Mahanta et al have ob-
tained string cloud with quark matter for a Bianchi type-
IIT metric in self creation theory [43]. Rao and Neel-
ima have researched a Bianchi VI, universe model with
strange quark matter attached to a string cloud in self-
creation theory [44]. Ulu Dogru and Baykal have inves-
tigated homogeneous cosmologies in scalar tensor theory
[45]. Yilmaz et al have researched quark and strange
quark matter in f(R) gravity for Bianchi type I and V
space-times [46]. Aktas and Yilmaz have studied mag-
netized quark and strange quark matter in a spherical
symmetric space-time admitting conformal motion [47].
Also, Barber’s second self-creation theory of gravitation
is given by [9]

1 8m
Ry, — §gikR = _gTik (6)
and
8
06 = =T, (7)

where ¢ is Barber’s scalar field. ) is a coupling constant
to be determined from experiments, and the value of the
coupling to |[A| <107, T is the trace of the energy mo-
mentum tensor i.e. T'=TF. In the limit A — 0 this the-
ory approaches the standard general relativity theory in
every respect [10]. In this paper, we investigate strange
quark matter attached to string cloud and domain walls
in a generalized (n+2) dimensional flat FRW universe in
self-creation theory. The paper is organized as follows:
the solutions of strange quark matter attached to string
cloud in this theory are presented in Section 2. Domain
walls with quark matter in self-creation cosmology are
presented in Section 3. We then conclude with some
discussion in Section 4.

2 Strange quark matter attached to
string cloud in self creation cosmology

A homogeneous, isotropic flat FRW universe is rep-
resented by:

ds? = —dt* + R(t)?[dr® +r?*dz?], (8)
where R(t) represents the scale factor and [48]

da? =df? +sin®0,d62 + ... +sin® 6, sin® f,...sin0,,_, d62.
9)
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The string cloud energy-momentum tensor is given by
[49]

T = puit — ps X; X (10)

where p is the rest energy density for the cloud of strings
with particles attached to them and p, is the string ten-
sion density and they are related by

(11)

where p,, is the particle energy density. In this study we
will take quarks instead of particles in the string cloud.
Henceforth, using Eq. (11), we obtain

P = Pp+Ps;

p=Pq+ps+Be. (12)
Using Egs. (10) and (12) we get a new energy-
momentum tensor for strange quark matter attached to
a string cloud as [33]

T = (Pq+Ps+Bc)Uiuk—PinXk, (13)
where u; is the velocity of the particles, X; is the unit
space like vector representing the direction of strings,
and

wut=—-X,X"=1;

WX, =0. (14)

Using Eqgs. (6)—(13), we get field equations for an (n+2)
dimensional flat FRW universe in self creation theory for
strange quark matter attached to a string cloud as fol-

lows: .
1) [ R? 8
o +1) (R_> ~SprptB), 09
@ @_z) +n%=o, (17)
and
O¢= (n+1)%f5+<}5: gm(2ps+ﬂq+36>- (18)

Here and hereafter the dot (.) indicates differentiation
with respect to cosmic time ¢. The kinematical quanti-
ties such as velocity, cosmic expansion, Hubble param-
eter, spatial volume and deceleration parameter for an
(n+2) dimensional flat FRW universe are respectively
given by

u; = (—1,0,0...0), (19)
9:(n+1)%, (20)
R,

=2

V=R pn (Hsin(il) Hni“) , (22)

TR
To solve the field equations, we first use Egs. (16) and
(17) to find that the string tension density is zero:

(23)

(24)

In this situation Eq. (16) and Eq. (17) are the same
equation. Using Eqs. (16) and (24) or Eq.(17) we ob-
tain the scale factor R(t) for an (n+2) dimensional FRW
universe as follows:

n+1
R:
-
Here ¢, and ¢, are constants. Also using Egs. (15), (18)

and (25) we get Barber’s scalar field ¢ and the quark
energy density p, as follows:

c —149 c -3-n
b=cs (t+—2> +e (t+—2> :
C1 C1

V(n+1)[3(n+1)+8n)

(
2v/3(n+1)
constants. Using Eqgs. (15), (25) and (26) we get pq

—3+4n —3-n
5 C3 <t+c—2) +ca (t‘i‘%)
=4 “ “ —B.. (27)

B (n+1)(crt+¢2)?

9 4m
Substituting Eq. (27) in Eq. (1) we obtain quark pres-
sure as follows:

t+ 2 7%+n+ t+ 2 o
c: —= c —=
_nci 8 C1 * C1 BC

Pa= Ton T )it 3 2

and using Egs. (27) and (2) we obtain total energy den-
sity as follows:

e —3+m e -5
5 C3 t+— +cy t+—
ney Cq G

P= 4 (n+1)(crt+ca)? - 29)

ps=0.

(c1t+cz)} - (25)

(26)

where n = and c¢; and ¢4 are

Substituting Eq. (28) in Eq. (3) we get total pressure as
follows:

2

¢y —1+4n e\ "2
t4+ — t+ —
_n_cfca(—i_cl) +C4<+Cl> 4B (30)
127 (n+1)(crt+cy)? 3

Then, using Eqs. (11), (24) and (29) we have the energy
density of the particles as follows:

¢y —1+4n e -3-n
ne2 H_c_ te H_c_
=—1 - - . (31

P4m (n+1)(cit+co)?
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3 Domain wall solutions in self creation
cosmology

The energy-momentum tensor of a domain wall in the
classical form is given by

TR = (p+p)uiur +pgar- (32)

This perfect-fluid form of the domain wall includes quark
matter (described by p,, = p,+ B. and p,,, =p, — B.) as
well as domain wall tension o,; i.e. p = p,, + 0, and
P = Pm — 0y- Also p,, and p,, are related by the bag
model equation of state, i.e. Eq. (4) and the equation of
state, i.e. Eq. (5), [39, 50]. Using Egs. (6)—(9) and (32)
we get field equations for an (n+2) dimensional FRW
metric for domain walls with quark matter as follows:
_ 8mp

n(n+1) R_2
2 R2| ¢
n(n—1) [ R? 87p
‘i7—<ﬁ>+"

Tv
9= (n+1) 7+ d=mAln+Vp—pl.  (35)

(33)

E

= (34)

We have three equations (33)—(35) with four unknowns
R, p, p and ¢. To solve the system completely we need

an approximation. One of the considerations is a vary-
ing deceleration parameter for this model, because a de-
celeration parameter is so important for the fate of the
universe. Also g indicates whether the model accelerates
or not [51, 52] and is given by

m—1, (36)

where m is a constant. If we solve Eq. (36), we get two
solutions as follows:

R=[m(kit+ky)]™

sot

m##0,

m=20,

(37)
(38)

for

R=se for

where s,,$.,k1 and k, are constants. In this study we
will investigate two different solutions for m # 0 and
m =0 situations in a higher dimensional FRW universe,
respectively.

3.1 Solutions of domain walls in self creation
cosmology for m #0

In this section we will investigate the m # 0 situation
for an (n+2) dimensional FRW universe. Substituting
Eq. (37) in Egs. (33)—(35) we find Barber’s scalar field
(¢) as follows:

m—n—14¢o

m-—n—1—¢
T —m )

6= ks, N

Here, ks and k; are constants of integration, ¢, =
1

—(k1t+k2) and

ky

(39)

2n(n+1)(2m—n—2)A
P2 3

ergy density and pressure are obtained respectively as
follows:

+(m—n—1)2. So, en-

n(n+1)k3
= Pm [ 40
R T [ EWAE (40)
~—om T em o o
\ (771 7171+¢2) (7n771717¢2)
[k (bl +k4¢1 ]7
n(2m—n—1)k?
= 7L_ w = 41
P=Pr 7 167’[m2(1€1t+k2)2 ( )
— 2m 2 27773
(771 n—14+¢ ) (7717717 7¢2)
(k3¢ + ki J-

i) Strange quark matter (SQM) attached to
the domain wall

If we use Eq. (4) in Egs. (40) and (41), i.e. strange
quark matter coupled to the domain walls, we get

m—n—1+4

_ 3nk} [k3¢§ o

m—n—1—¢g
T)]

2 (
+k4¢1
Pa 3270 (fent + ka2 ’

m—n—1—d¢o

opy, (DEnolidn (
_ nkilks¢, 7™ + kg,
Pa 327[m(k1t+k2)2 ’

_ nki[2(n+1)—3m]
v 32T[m2(k1t+k2)2

( 2)
ks ] = B..

mon—ltéy

2m

(s b,

m—n—1—¢
Zm

(44)

ii) Normal matter (NM) attached to the do-
main wall

If we use Eq. (5) in Egs. (40) and (41), i.e. normal
matter coupled to the domain walls, we get

m—n—1—¢g
T)]

9 (memo o (
_ nkilks¢, ™ +kay

m , 45
P Symm(kyt+ ks)? (45)
5 (m7n71+d>2) (m7n717d>2)

D :nk1(7_1)[k3¢1 2 +khypy T ] (46)

m 877‘[m(/€1t+k2)2 ’
nk?((n+1)y—2m m=n—1tés
o — R 2 gl 2)[k3¢i )
16ymm?(kit+k»)
(mfnflftbz
+kipy P ] (47)

3.2 Solutions of domain walls in self creation
cosmology for m =0

In this section we will investigate the m = 0 situation
for an (n+2) dimensional FRW universe. Substituting
Eq. (38) in Egs. (33)—(35) we find Barber’s scalar field
as follows;

536%3 + 5,67 %3
¢=—"Gmgr
2

(48)
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Here s; and s, are constant of integration, and ¢; =
t 2 1 2)A

%\/(n—}— 1)2— nint+1)(n+2) . From Egs. (48) and

(33)—(35) the energy density and pressure are obtained

respectively, as follows:

n(n+1)s2 n
P=Ppmto,= (TT[)Z [6(7 ) (836¢3+S467¢3)], (49)
1 2 n
D — oy = PO Cnin (s 560

167
(50)
i) Strange quark matter attached to the do-
main wall
If we use Eq. (4) in Egs. (49) and (50), i.e. strange
quark matter coupled to the domain walls, we get

Pqa =0, (51)
pq =0, (52)
1 2 n
0w = 7”(”1;1)32 e~ 25929 (54698 4 5,07%3)| — B.. (53)

ii) Normal matter attached to the domain wall
If we use Eq. (5) in Egs. (49) and (50), i.e. normal
matter coupled to the domain walls, we get

pm = 07 (54)
Pm =0, (55)
n(n+1)s3 _ni1, _
o, ="t 167[) 2[00 (5507 45,677 (56)

4 Discussion

In this study we have obtained exact solutions of
strange quark matter attached to string cloud and do-
main walls for an (n+2) dimensional FRW universe in
self creation cosmology.

Strange quark matter attached to string cloud
in self creation cosmology

In this part we discuss strange quark matter solutions
with string cloud for a generalized higher dimensional
FRW universe. We find that string tension density van-
ishes (p, =0) for our universe model, similar to solutions
obtained in various gravitation theories [53-56]. We get
a dust quark matter solution. From these results, we
could say that the perturbations of the strings may have
created the strange quarks. Also, there is no contribution
from strings for a generalized higher dimensional FRW
universe with attached strange quark matter in self cre-
ation cosmology. The matter contribution comes from
the quark energy density. From Egs. (8), (9) and (25)

we get a new line element for strange quark matter at-
tached to the string cloud in self creation cosmology for a
generalized higher dimensional FRW universe as follows:

n+1

4

n+1
ds? = —dt®> + [ (clt—i—cg)] . [d?“2 +r2dxi]. (57)
We see that c¢; is an important constant and must be
different from zero, ¢; # 0, in our solutions. If the dimen-
sions of the universe increase, the scale factor (Eq. (25))
increases in this model. However, using Eqgs. (20)—(23)
we get the kinematical quantities such as cosmic expan-
sion, Hubble parameter, spatial volume and deceleration
parameter for an (n+2) dimensional FRW universe as
follows:

_ ch (58)

e (7”L+1)2(+1f+02) (59)

v [n+1(c1 . M)r?m <f£(sm(9ni+1>)“> » (60)
=So-1, o

At the initial stage of the universe, when ¢ — 0, the
scale factor R(t), Barber’s scalar field, quark pressure
and density, particle energy density, total pressure and
density and the kinematical quantities are constants in
self creation cosmology. When ¢ increases, the quark
pressure, quark density, particle energy density, total
pressure and density decrease and they vanish when
t — oco. From the obtained results, we could say that the
quarks have combined to create neutrons and protons
and also transform to other fundamental particles. For
the (n+2) dimensional FRW model, the universe starts at
an initial epoch t = —cy/c¢;. When t = —c¢,/¢; the proper
volume will be zero. As t increases, # and the Hub-
ble parameter decrease and finally vanish when ¢ — co.
These results agree with the studies of Yilmaz [39], Back
et al [40] and Adcox et al [41] at Brookhaven National
Laboratory. If ¢ > 0 the model decelerates in its stan-
dard way and while ¢ < 0, the model inflates. From
Eq.(61) we have obtained that if ¢ > 0 in our model then
the universe has decelerating expansion. It is well known
that strings and other topological defects formed in the
early universe [57]. So our model includes the behaviour
of strange quark matter attached to strings in the early
universe. Therefore our string solutions are not consis-
tent with the present Supernova Ia observations. Also
Barber’s scalar field (¢) is extremely effective on quark
energy density, quark pressure and particle energy den-
sity for a higher dimensional FRW universe. However we
obtain strange quark matter attached to string cloud in
four-dimensional FRW solutions for n =2 in self creation
cosmology. The results can be seen in Table 1.

045103-5



Chinese Physics C  Vol. 40, No. 4 (2016) 045103

Table 1. Results of (n+2)—D FRW universe with
quark matter attached to string cloud.

1 n+l
scale factor R= {n; (c1t+02)}
scalar field ¢203(t+6—2)7%+’7+C4(t+c—2)7%7’7
C1 C1
k densit nej (6] - B
uark ener ensi =—= —[¢]—
d 8y v Pa= it D)(c1t+ ca)? ©
uark pressure = nej (4] B
duarep Pa ot (et +ea)? 3
2
nc
t densit = 0
rest energy density P DT o) (4]
2 4
total pressure p= e [¢] — = Bc
12n(n+ 1)(01t—i2-cg)2 3
. . . ney
particle energy density pp = m (9]
string tension density ps=0

Domain walls in self creation cosmology:

In this part we discuss domain wall results with
strange quarks and normal matter for m # 0 and m =0
situations for an (n+ 2) dimensions FRW universe, re-
spectively.

For m # 0, from Egs. (8) and (37), we obtain a
new line element with perfect-fluid form of the domain
wall in self creation cosmology for a generalized higher
dimensional FRW universe as follows:

ds® = —d + [m(kyt+ky)) 7 [dr2+02d2?).  (62)

Here we note that the universe starts at an initial
epoch t = —ky/k; and k; is an important constant for this
universe model; it must be different from zero, k; # 0, for
meaningful results. We find that all physical parameters
such as R, ¢, p, p, pqs Pqs Pm> Pm and o, are constant
for strange quark matter and o, for normal matter is
constant as t — 0.

When t increases, the scale factor and Barber’s scalar
field increase and other physical parameters such as p, p,
Pa> Pqs Pm, Pm and the tension of normal matter o, de-
crease. When ¢ — oo we get negative tension (o, = —B.)
for strange quark matter attached to the domain wall
with a bag constant. Because of this solution strange
quark matter attached to the domain wall behaves like
invisible matter due to its negative tension [39]. Also the
value of m is important for these results. From Eqgs. (36)
and (37) we obtain ¢ =m—1 for domain wall solutions in
SCC. For 0 <m < 1, we get —1 < ¢< 0 and in this model
the universe has accelerating power law expansion. In
the case of normal matter coupled to the domain walls
(i.e. caseii), if we take y=1in Eq. (45)—(46), we obtain
domain wall solutions with dust matter. When v = 2

4
we get a stiff matter solution. When v = - we obtain

domain wall solutions with normal matter like radiation
in self creation cosmology as proposed [36, 37]. Also,

for n =2 we obtain four-dimensional flat FRW solutions
in Barber’s second theory. Barber’s scalar field is ex-
tremely effective on domain wall density-pressure, SQM
and normal matter energy density-pressure, domain wall
and normal matter tensions for an (n+ 2) dimensional
FRW universe in SCC.

For m = 0, from Eqgs. (8) and (38), we obtain a
new line element with perfect-fluid form for the domain
wall in self creation cosmology for a generalized higher
dimensional FRW universe as follows:

ds? = —dt? + [s,¢" "] [dr® +1da?], (63)

where s, is an important constant for this universe model
and must be different from zero, s, # 0, for meaningful
results. When ¢t — 0, we find that R, ¢, p, p, and o,, for
strange quark matter and normal matter are constant.
When ¢ increases, the scale factor increases, while ¢, p,
p, and o, decrease for normal matter and o, decreases
for strange quark matter. When ¢t — oo we get negative
tension o,, = — B, for normal matter. We observe domain
wall tension (o,,) for strange quark matter and normal
matter but we do not observe pressure and density for
these models. From Eqgs. (49) and (50) we find a dark
energy model for domain walls with positive density and
negative pressure (p = —p) in self creation cosmology.
From Eqs. (36) and (38) we get ¢ = —1 for domain
walls in SCC. In this model the universe has exponential

Table 2. Results of (n42)—D FRW universe with
quark matter attached to domain walls.

situation m#£0 m=0
1
scale [m(kﬂ—i—kz)}% s1e52t
factor
D.W. n(n+1)k? (4] n(n+1)s3 (4]
density 167tm?2 (kit+ k2)? 167
D.W. n(2m—-n—1)k? (0] n(n+1)s2 (4]
pressure 167tm?2 (k1t+k2)2 167
SQM Energy 3nk% (0] 0
density 32rtm(k1t+ke)?
SQM nk?
@ g 0
pressure 32mtm(k1t+k2)
nk?[2(n+1) — 3m] n(n+1)s2
SQM e S ¢l-Be ———2[¢]-B
QM ow Bmm2 (krttha)? O Pe Tgr W17 Be
N.M. Energy nk% (4] 0
density 8ymm(k1t+ k2)?
k3 (y—1
NM pressure _nkb=l (9] 0
8’\2/T[m(k1t+k2)2 )
k 1)y—2 1
SRR (R o SO TUESVE B
1677[m2 (k1t+k2)2 167

expansion. This result agrees with recent observations.
The acceleration of the universe could be explained by
dark energy. If we take n = 2 we get four-dimensional
flat FRW solutions in Barber’s second theory. The scalar
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field ¢ is extremely powerful on domain wall density and
pressure as well as on domain wall and normal matter

tensions for the m = 0 situation in our model. These
results can be seen in Table 2.
(mfn71+¢2) (m7n717¢2)
We get ¢ = ks 2™ + ki P for m#0

and ¢ =

5364’3 + 8467‘153
(ntl)sot
a2

for m =0 in Table 2.
e

We would like to thank the referee for providing useful

comments which served to improve the paper.
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