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Abstract. In this Paper, we have studied hypersurface homogeneous
space time in the presence of cosmic string and domain walls in the
context of f(G) theory of gravitation. Field equations are solved by us-
ing generalized linearly varying deceleration parameter. Some physical
parameters are also investigated.
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1 Introduction

After successful proposal of General Theory of relativity by Einstein in 1915 [1],
it found that general theory of relativity faces various unresolved issues when ap-
plied to the broader concept of cosmology [2]. Additionally, the theory predicts
singularities such as those at the centre of black holes and a t the big bang, where
physical laws break down and quantities becomes infinite. These problems
forced to formulate modified theories f(R), f(T), f(G), f(R,T), f(R, L)
theories which motivates to work on issues in cosmology [3—7]. Among the
several modifications of general theory of relativity, f(G) theory of gravitation
has potential to address fundamental issues in cosmology. Firstly, proposed by
Nojiri and Odintsov [8] by adding terms of Gauss Bonnet function of f(G) to
the Hilbert action which helps to explain higher order curvature corrections that
provides geometric structure of space time. Motivation behind to study f(G)
theory has capacity to explain the accelerated expansion of the universe with-
out raising dark energy in its standard form [9]. Moreover, it produces a uni-
fied framework that can account for both the early-time inflationary period and
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late time cosmic acceleration [3]. These things make f(G) gravity a promising
candidate for knowing the complete dynamical history of the universe and for
addressing challenges that remain unresolved within the framework of general
relativity theory.

In this context, Cognola et al. [3] proposed a feasible model by extending the
Einstein-Hilbert action with such a function, showing that it can effectively ac-
count for cosmic acceleration associated with dark energy and offers a potential
resolution to the hierarchy problem. Marcos et al. [10] discussed the solution
of regular black holes from general relativity to f(G) gravity and it arise due to
coupling between gravitational theory and nonlinear electrodynamics. Yousaf
et al. [11] investigated the effect of certain physical parameters on pressure
anisotropy in dynamic, spherically symmetric stellar systems within the context
of Gauss Bonnet modified gravity, with importance on the role of the weyl scalar
in the evolution of stellar structures. Abbas at el. [12] examine the potential for-
mation of anisotropic compact stars within the framework of f(G) gravity, a
modified Gauss—Bonnet theory proposed to describe the accelerated expansion
of the universe. Recent research explore the cosmological and astrophysical con-
sistency of f(G) gravity models through the implementation of conditions on
stable late-time de Sitter solutions, consistent evolution during radiation, matter,
and accelerated eras, and solar system constraint agreement; taking into account
flat space time and perfect fluid models, certain types of f(G) are explore for
singularity resolution of finite-time future singularities, with model parameters
bounded by observational measurements like the Hubble constant, deceleration,
jerk, and snap, and tested using classical tests such as deflection of light and
precession of perihelion [13-15].

Topological defects arise during symmetry breaking phase transition in the very
early universe. Based on the vacuum manifold’s topology and the associated
homotopy groups, these defects which include domain walls, cosmic strings,
monopoles and textures are categorized. Topological defects play important role
in structure formation and galaxy formation because it carries energy and it leads
to an extract attractive gravitation force and therefore defects acts as seeds for
cosmic structures [16—18]. Domain walls, which occur when a discrete symme-
try is spontaneously broken, are especially important in models involving scalar
fields, where their dynamics can shape large-scale structure and effect the ther-
mal history of the universe. Skenderis et al. [19] studied the significant of do-
main walls configuration in four dimensional supergravity, explained how they
connect supersymmetric AdS vacua and pseudo supersymmetric AdS cosmolo-
gies via twisted spinor structures. Abel at al. [19] investigated the cosmological
effect of the supersymmetric Standard Model extended with a gauge singlet, em-
phasizing the evolution of domain walls resulting from the discrete Z3 symmetry
during electroweak symmetry breaking as a potential solution to the p-problem.

The above discussions motivated us to investigate the behaviour of topological
defects within the framework of f(G) theory of gravity. In this paper, we in-
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vestigate the exact solutions of a homogeneous hypersurface spacetime in the
presence of topological defects. We investigate two different forms of the decel-
eration parameter g. The solution of the f(G) gravity field equations obtained
using ¢ = —b(t) — 1and ¢ = —1 + 1/(1 + a') are presented in Section 3 and
Section 4, respectively. We also discussed the behaviour of several cosmological
parameters, such as the jerk, snap, and mean anisotropy parameter, which gives
more detailed information on the dynamical evolution of the universe under this
modified gravity model. Finally, in Section 5 we conclude our findings.

2 The Basic of f(G) Gravity and Metric Formalism

The action of f(G) theory of gravity corresponding to the matter Lagrangian
S4 [9] as

S1= 57 [ [R+F(O)V=gd"s +55(97,9), M

where g is the determinant of the metric tensor g;;, L? = 87G,,, G, is the
constant of Newtonian, Sy is the action of matter, R is a Ricci scalar. The
matter is minimally coupled to the metric tensor g;; which means f(G) is an
arbitrary function of Gauss-Bonnet invariant G which is given by

G = R2 - 4R”R” + Rij,uvRijMv 9 (2)

where I;; stands for Ricci tensor and R;;,,, denotes Riemannian tensors. We
obtain the field equation by varying the action (1) with respect to the metric g;;
as

1
R;; — iRij + 5{Riujv + Ryujgui — Ruvgii — Rijgop + Rivgip
1
+ §R (RijGuo — gngp)}vuvv +(Gfa — fgi; = LTy, (3)

. A d
here V,, denotes the covariant derivative and fo = —f Homogeneous hy-

persurface play a crucial role in cosmology by enabling the simplification of
complex gravitational dynamics through symmetry assumptions. Their spatial
uniformity allows one to express the gravitational field equations in a reduced
form, making the analysis of large-scale cosmic behavior more tractable [20].
Recently, Gielen at el. [21] emphasized the utility of homogeneous hypersurface
in cosmology for simplifying the dynamics of the universe and formulating ini-
tial conditions in quantum gravity frameworks. Similarly, Ashtekar at el. [22]
has highlighted their importance in the Hamiltonian formulation of general rel-
ativity, particularly in the context of loop quantum cosmology . so we consider
the Homogeneous Hyper surface space time in the form

ds* = —dt* + A%da® + B? (dy® + S* (y, k) dz?) | 4)
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where A, B are functions of ¢ and S (y, k) = sinh y, y, sin y respectively when
k=—1,0,1.

The Ricci tensor and Gauss-Bonnet invariant are obtained as

Ay 2A4Bs 2By k
=2 | —= —_
R AT ap T TR )
. 8A44BZ i 8kAuy i 16A4B4Bas
T AB2 AB? AB? ’

where ‘4’ here and elsewhere denotes differential with respect to ¢.

G (6)

The energy momentum tensor 7}, of Cosmic string and domain walls is given
as

T;w = Peff (g/u/ + Dauy Uy — )\xuxu) N
with u,u” = x,2¥ = —1, pest = pag + A is the effective energy density of
domain walls and cosmic string. p, stands for energy density of domain wall, peg
represents the pressure and A denotes the string of z-axis. u,, is the component
of the four velocity vector, and z* is the direction of the string.

Now the domain wall consist of normal matter p,,, pressure p,, and tension o,
and they are related in the following way pg = py,, — 04 and pg = pm + 04

Using equation (4) and (7) field equations are obtained as

—9By  B? k  16B4Bu B2 Kk ;
BB B op ¢\ mTpyle
+Gfa—f=perrt+ A, (3)
Ay AsBy  Bu o [AsBas+ BiAu fom 8A4By £
A AB B AB ¢~ 4B ’¢
+Gfe— f=per, €))
—24,By  Bi k  [24A,B}+8kA, f
AB B2 B? AB? “
+Gfe—f=—pd. (10)

Clearly, we have system of three equations (8) to (10) in six unknown A, B, pefr,
A,pq and f. To obtain the solution of the system completely, we need three more
conditions:

o Initially, we assume shear scalar o is proportional to expansion scalar 6
leads to the relation
A=B", an

where n is arbitrary. The condition A = B™ imposes a relation between
metric functions that reduces the complexity of anisotropic cosmological
models, allowing the field equations to be more tractable and solvable
[23].
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e Secondly, we choose the functional form of f(G) in Gauss-Bonnet grav-
ity introduces specific curvature corrections that facilitate obtaining exact
cosmological solutions with desired physical properties [24] as the

f(G) = oGP, (12)

where, o and 3 are model parameters.

e Lastly, we consider two different generalized forms of linearly varying
deceleration parameter as ¢ = —ai/a?> = —b(t) —1and ¢ = —1 +
1/(1+ a'), where [ > 0 is constant. Together, these assumptions enable
the exploration of rich cosmological behaviour within modified gravity
frameworks while keeping the equations analytically manageable.

3 Case-l

In this case, we consider the generalized form of linearly varying deceleration

parameter as

ad
q:—EZ—b(t)—l. (13)

We assume the function b(t) in following form:
b(t) = —sec h’t. (14)
Therefore, the deceleration parameter ¢ and scale factor a are found to be

g=sech’t—1, (15)
a(t) = sinh(¢) . (16)

The sign of the deceleration parameter g tells one whether the universe is de-
celerating or accelerating. Positive sign indicates decelerating universe while
negative sign represent accelerating universe. Clearly from Figure 1, it is ob-
served that, the universe is accelerating at the present. Using (11), (13) and (16),
we get the values of metric potentials A and B as

A= (sinht)7#> and B = (sinht)7+s (17

The Cosmological parameters such as the Hubble parameter H characterizes
the rate of the expansion of the universe as a function of cosmic time. Hubble
parameter H is obtained as H = a/a = cotht, expansion scalar 6 and shear
scalar o are obtained as

=— 4 — = h 1
0 A+B 3cotht, (18)

o= 1 <A4 — ) cotht (19)
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Figure 2. Graph of H, 6 and o vs. time ¢

The mean anisotropic parameter A,, measures deviations from isotropic expan-
sion in the universe [25]. It is obtained as

2 (A B\ 2(n—1)?
Am_9H2<A_B> RRCETIE @0)

From Figure 3, the mean anisotropic parameter A,, is a positive decreasing func-
tion of cosmic time ¢. It indicates an initially anisotropic universe evolving to-
ward isotropy, consistent with current cosmological observations. The Gauss-
Bonnet invariant G is obtained as

G = mys coth® t + 27mg tanh? ¢ + 48knmy sinh ™2™ ¢ cosh? ¢
+ 24kmy7sinh=%™2 ¢ (21)
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Figure 3. Graph of mean anisotropic parameter A, vs. time t.

On solving equations (8), (9) and (10) using above conditions, we get

Pett = —3my sinh™? ¢ + 9my — 24mg coth t (3(1 — n)sinh™* ¢ + 9)
x (B + 1)BG5*1{ — 5184m2 coth® t csc h%t 4 54my tanh tsech?

— 96ms sinh™®™# (t) 4+ my7 sinh ™™ (t)}

— 72my sinh™ %t cosh? t [a(ﬁ + 1)B(B — 1)esch?tGP 2

X { — 5184m2 coth® tesch?t + 54my tanh tsech®t

— 96m5 sinh ™3™ (t) + my7 sinh ™ (t)}2 +a(B+1)pGP1
X { — 5184m2(—5 coth? +3) coth® csch?t

+ 54m3(1 — 3 tanh® t)sech®t + 288msmsg sinh~>"™1° () cosh ¢

+ myg sinh ™2™ (t) cosh t + 16mg sinh ™12 (¢) H +aBGPT . (22)

Clearly from Figures 4(a), 5(a) and 6(a) for k = 1, k = 0 and £ = —1, the
effective density pefr is decreases as time ¢ increases. it is approches to zero as
time ¢t — oo. for k = 0.

From Egs. (8), (9), (11), (16) and (17), we get string tension density A. From
Figure 4(b) for k = 1, the string tension density A is a decreasing function of
time ¢. It approaches to zero as time ¢ — co. Figures 5(b) and 6(b) show the
string density A is negative increasing function of time ¢ and A — 0 as time
t — oo [26].
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Figure 5. Graph of pesr, A, pd, 04, vs. time ¢ for k = 0, « = 6.5, 8 = —0.6, n = 14.

A =(myg + 9my cosh? t) sinh ™2t + 9mq3 — ksinh ™2 ¢ — a8+ 1)66'5_1

X {144m4m12 sinh 2™ ¢ cosh t — 432m3, sinh™° t cosh t
+ 72mymy sinh =2 t cosh t + 216m7mq4 sinh ™! £ cosh ¢
X {5184m$ coth® t2t — 54mg tanh 2t + 96ms sinh >3 (t)
— my7sinh™™ (t)} + 8 [9m4 sinh™2 cosh?t — k sinh_6m12]
X {04(5 +1)B(B-1)G 2 + { — 5184m2 coth® t csch®t
2
+ 54ms tanh t sech®t — 96ms5 sinh ™™ (t) + m 7 sinh ™" (t)}

+ (B + 1)5@131{ — 5184m2(—5 coth® t + 3) coth? t csch?t
+ 54ms(1 — 3 tanh? t) sech®t + 288msmg sinh ™2™ (t) cosh ¢

+ myg sinh ™2™ (t) cos ht + 16mg sinh ™12 (¢) H . (23)
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Figure 6. Graph of pesr, A, pa, 0q vs. time t, k = =1, « = 0.2, 8 = 1.1, n = —2.001.

After solving equations (10), (11), (16) and (17), the pressure of fluid is obtained
Py =9my; sinh ™%t cosh? t + ksinh™%™2(t) + o(f + 1)3GP 1

X [648m3 sinh ™3 ¢ cosh® ¢ + 24kmy sinh ™™ ¢ cosh t}

X { — 5184m2 coth® t csch®t 4 54mj tanh ¢ sech?t

— 96ms sinh~*™# (t) 4+ my7 sinh~"™° (t)} — afGPTL, (24)
where
2n%+2n—1 n?—n-—1 n
m = ————— mo = — me — ————
1 (n+2)2 3 2 (TL+2)2 ) 3 (n+2)37
n—1 kn(n —1)(n+5) kn(6n — 15)
m4:7’ m5: b m6:7’
(n+2)2 (n+2)3 (n+2)2
n n+4 n+8 2n+7
my = —— mg = —— mg = —— miy = ——
7 Nt 8 nto 9 Nt 10 w2
n—+5 1 n2—1 n+1
miy = —— mig = —— mi3 = ———=,Mi4 = ———>5
11 ’I’L+2, 12 n+2, 13 (n+2)27 14 (n+2>2a

mis5 = 1296m3m7, mie — (96m5m9 - 16m9m6) 5

my7=(—96ms + 16mg cosht), mlg:?)(m? +ma), mig=(2m7 + mia),
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Mmoo = miz —4mz, Mo = (2miamy +miy),
™Moo = [9m4 — 9(2m7m12 + me)] 5 mos = 3m1 + mis .

Now using equations (22) and (23), the energy density of the domain wall is
obtained as

Pd = — {mgg + 9m4 COSh2 t} sinh_2 t— 9m13 +k Sinh_ﬁm12 (t)

+ [24m3 cotht(3(1 — n) sinh™ 2 £4+9) + 144mymig sinh ™2™ (t) cosh t
— 432m3, sinh™2° (t) cosh t 4 72mymy sinh ™ t cosh t

+ 216m7my4sinh ™! ¢ cosh t} aff+1)BGPT {5184771? coth® t csc h2t
— 54mg tanh t sec h>t + 96ms sinh ™3 (t) — my7 sinh ™™ (t)}
- {72(7717 + my)sinh™ % ¢ cosh? t — 8k sinh %12 (t)}
X {a(ﬂ +1)B8(8 — 1)Gﬁ2{ — 5184m2 coth® t csc h%t
2
+ 54mg tanh t sech?t — 96m; sinh ™™ (t) + my7 sinh ™™ (t)}

+ B+ 1)5G51{ — 5184m2(—5 coth® t + 3) coth? t csch?t
+ 54ms(1 — 3tanh? t) sech®t + 288msmg sinh ™21 (t) cosh
+ myg sinh ™2™ (¢) cosh t + 16my sinh_6m12(t)}] +aBfGPTL. (25)

From Figures 4(b), 5(b) and 6(c), the energy density p; of domain wall is posi-
tive and decreasing function of time ¢. It approaches to zero as time ¢ increases.
On solving equation (24) and (25), we get the normal matter of domain wall

Vpm = —(ma3 + maa cosh? t) sinh™2 ¢ — 9mqg + ksinh ™72 (t)
— | 72(9ms cosh®t — mams) sinh ™2 ¢ cosh ¢

+ 24kmy sinh™™ t cosh t — 24m3(3(1 — n)sinh ™2 ¢ + 9) coth t
+ 144mymy sinh =3 CM7Fm2) (1) cosh £ + 432m3, sinh™2° (¢) cosh ¢

+ 216m7my4sinh ™! ¢ cosh t} a(f+1)BGPT { — 5184m2 coth® t csch®t
+ 54mg tanh t sec h2t — 96ms sinh ™3 (t) + my7 sinh ™™ (t)}

— |72(m7 + my) sinh ™ t cosh® t — 8k sinh ™12 (t)}
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X {04(5 +1)B(8 - 1)G*32{ 5184m? coth® t csch?t

2
+ 54ms tanh t sec h*t — 96m; sinh > (t) + my7 sinh ™™ (t)}

+ a8+ 1)BG/31{ — 5184m2(—5 coth® t + 3) coth? t csch?t
+ 54ms(1 — 3tanh? t) sech®t + 288msmg sinh ™2™ (¢) cosh ¢

+ myg sinh ™2™ (t) cosh t + 16mg sinh =712 (¢) H . (26)

On solving equations (25) and (26), we get the tension o4 of domain wall
2 1 9 2| oy -2
04 = — | (mas + 9my cosh t)(l — 7> + —magq cosh” t| sinh™“ ¢
Y 0
1 2 i1, —6m
- (1 - 7)9m13 + (1 - 7>ksmh 2(t)
Y Y
1
+ {247713 cotht(3(1 — n) sinh ™2 + 9) <1 - 7>
0
1
+ 144mg4myo sinh =271 (t) cosht(l - 7) — 432m3, sinh™2° ¢
Y
1 9 2 ]. . -3
X cosht(l — 7) + 72(7m3 cosh”t + (1 — 7>m4m7) sinh™" tcosht
0 Y Y
1 24 o
+ 216mrmas [ 1 — ; sinh™ " tcosht + Vkm7 sinh™"° ¢ cosh ¢
x a(f +1)BGP! {5184m§ coth® ¢ csch?t — 54mg tanh ¢ sech?t
+ 96ms sinh ™™ ¢ — my7 sinh ™™ (t)}
1 . 192 2 . 1 —6m
- (1 - 7) 72(m7 + my) sinh™“ ¢t cosh® ¢ — 8k sinh™" "2 (¢)
Y
X |:Oé(5 +1)5(8 — 1)G’52{ — 5184m2 coth® t csch®t
2
+ 54mg tanh t sech®t — 96ms sinh >3 (t) + m7 sinh ™" (t)}

+a(B+ 1)5051{ — 5184m2(—5 coth® ¢t + 3) coth? ¢ csch?t
+ 54ms(1 — 3tanh? t) sech®t + 288msmg sinh ™21 (t) cosh

+ myg sinh ™2™ (t) cosh t + 16mg sinh~%"12(t) H +apGPtt @7
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From Figures 4(b), 5(b) and 6(d), o4 is decreasing function of time ¢ and it

approaches to zero as time increases.

3.1 Cosmological Parameters
Jerk and Snap Parameter
Jerk parameter is used to understand the dynamics of the universe beyond mere
acceleration. It measures the rate and the slowing down of cosmic expansion, the
jerk provides insight into the curvature of the expansion rate itself. It is defined
as 1w
a
j = — — = tanh®¢. 28
1=, (28)
From Figure 7, jerk j is positively increasing function of time ¢. Here j > 0 then
expansion of the universe is accelerating [27,28]. Snap parameter is obtained as
1 a 4
S:mzztanh t, (29)
it positively increasing function of time ¢ implies that acceleration of the uni-
verse expansion is itself speeding up over time ¢. Here s > 0, it indicates that
expansion of the universe is becoming more and more rapidly accelerated [28].
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Figure 7. Graph of jerk and snap parameter vs. time ¢.

4 Case-ll
we have considered the special form of deceleration parameter q proposed by

Singha and Debnath [29] given by
(30)
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a6H

(@) (b)
Figure 8. Graph of ¢, a, H and € vs. time ¢ forn = 1.001, = 0.5, 1 = 0.5.

where [ > 0 is constant. From Figure 8(a) universe is an accelerating phase at
present time. Also the rate at which it accelerates is also increasing. Similarly
from Figure 8(b) scale factor 'a’ is increasing function of time ¢

1
[

a(t) = (™ -1)" = (r - 1)7T , (31)

o~

where 7 = e and 7 represents the integrating constant. Clearly from Fig-
ure 8(a), deceleration parameter ¢ is decrease as time ¢ increases. From Fig-
ure 8(b) scale factor is increasing function of time ¢. Here ¢ < 0 and a > 0, so
universe is accelerating at the present time ¢ [27].

Using equations (11), (30) and (31), we get metric potential A and B as

A= (r—1)*"2 and B=(r—1)3. (32)

Cosmological parameter such as Hubble parameter H, expansion scalar 6, shear
scalar o and Mean anisotropic parameter A,, are obtained as

H= g = 3nnlear(r — 1)1, (33)
0 =3nlca(n+2)7 (r—1)"", (34)
o =V3nleg(n— D7 (r—1)"", (35)
A, = g(n —1)r72. (36)

Clearly from Figure 8(b), Hubble parameter H and expansion scalar ¢ are de-
creasing function of time ¢. Also from Figure 9(a), shear scalar o is decrease as
time ¢ increases. It indicates that universe is expanding.

From Figure 9(b), mean anisotropic parameter A, is positive and decreasing
function of cosmic time ¢. Here A,, > 0 indicates that universe started with
anisotropic expansion but evolves toward isotropy.
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The Gauss-Bonnet invariant (G is

G =24ncy |2l (1 — 1) 73 (1 +(1- 7'71)7107)

+kr(r =17 1+ (- 1) ) |- (7

On solving equations (8), (9), (10), and (31), after substituting value of A and
B, we get

peit = = 3c1T(T = 1) n+ 1+ car(r — 1) —ear®(r —1)72

—8[nlea(r —1)72 (1+7(r — 1) 'e5) + Innlercar?(r — 1) 72

x (1+cer(T —1)71)] [a(ﬁ+1)ﬁG5—124nc1{ —8leyt (1 -7

x [1+ %(1 — 7 N ] + ki (r — 1) 75272 (—6ep — 77

+ (1 -7 es(—6cr — 27—1)” —8eym(r —1)7?

x [a(ﬁ +1)B(8 - 1)Gﬂ—2{24nc1{ —8leyr (1 -7t
(1+ %(1 =) her) gl (7 = 1) 7526y — 7!

X
+ (1 =7 eg(—6cy — 27—1)]}}2 ¢ nera(8 + 18G5
: {81%174(7 -~ (4(7‘1 FiE-nTe) + 0

4
X (1 — 572) (1 —1)"2%¢y) + kn?PPr(r — 1) 752 2[r(r — 1)1
x [67ca—1-2(1—7) " teg(3cam+1)]+[~12ca7 —1427(7 — 1) 2

x c(3cam + 1) — 7(1 — 1) "L eg (6o + 1)]] }] + aBGPH! (38)
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Figure 10. Graph of pefr vs. time ¢ for n = 0.5,1 = 0.5, n = 1.001, « = 0.5, § = 0.5.
From Figure 10, effective density p.f is decreases as time ¢ increase for k = 0,
1, -1. It approaches to zero as time ¢ — oo. From Egs. (8), (9), (11), (25)
and (26) we get string tension density A. Clearly from Figure 11, for £ = 1,
it is negatively increasing function of time t and for ¥ = O and k¥ = —1 it is

decreasing function of time ¢. It approaches to zero as time ¢t — oc.
Using (8), (9), (11), (17) and (37), we get

A=colr(r = 1)+ 7 (r = 1) Pes] — k(T — 1) 70 + (cmT?(T —1)72
X [+ 7(7 = 1) ens {a(ﬁ + 1)5Gﬁ—124nc1{ —8leyr (1 -7 )
X (1+§(1—T ) C7>_kanQ(T_1)_6C2_2[662+T_1—‘r(l —r )t
x c6(6lz + 27‘1)]}] — (en7?(r —1)7% + 8k(r — 1)702)
x [a(ﬁ +1)B(8 — 1)Gﬂ2{24nc1{ —8leyr (1 -7t
X (1+§(1—T-1)—1C7)knzT2(T—1)—602—2[_602_T Lt (1—p1y-L
X cg(—6cy — 27—1)]}}2 + 24nla(B + 1)ﬂGﬂ—1{ — 81nleym (1 — 1)~
x (—a(r+ g(r —17ler) - (-7 (1- 572)(7 1) %)
+ kn*Pr(T — 1)—602—2{7(7 — 1) =brea—1—-2(1—7)7"

x cg(3cat + 1)) + [~12co7 — 1+ 27(7 — 1)72

X cg(3cor +1) — 7 (1 — 1)‘1c6(6(:2r+1)}}H. (39)
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Figure 11. Graph of A vs. time ¢ forn = 0.5, = 0.5, n = 1.001, o = 0.5, 8 = 0.5.

as time ¢ increases [26].

From Figure 11, string tension A is decreasing function of time ¢ when & = 0
and k = —1. Itis negatively increasing function of time ¢. It approaches towards

Using equations (10), (11), (32) and (37), we get pressure

Py =9cicom?(1? = 1)72(2n + 1) + k(7 — 1)752 4 [216ncicom® (1 — 1)2
+ 24knnley (T — 1) 75271 {a(ﬁ + 1)ﬁG5_124ncl{ —8leym 7t

4 6en—
x (1— 7'_1)_4 (1 + §(1 — T_l)_lc7) + knlr? (r—1) Gez—2

x (—6co—7 '+ (1—771) " eg(—6cp — 277 1)) H —afGPTL. (40)
Using equations (38) and (39), we get the energy density of the domain wall

pa=—3crm(t — 1) (e13 +7(7 — 1) ters) + k(r — 1) 70
— {72nlc1cQ72(T —1)7?Bn(l+7(r—1)"ter) — 05)} [a(ﬁﬂ)
X BG&124ncl{ - 81c17*1(1—7*1)*4(1 + é(1 — 7 H ey

)

+knlr?(r—1)" 0272 (—602—7’71+(1—T71)7106(—662—27’71)) H

— (72c100m* (7 — 1) + 8k(T — 1)) {a(,@—l—l)ﬁ(ﬁ—l)Gﬁ_Q

4
X {24ncl{ —8leyr M1 —rH) (1 + §(1 - T—l)—1C7)

—|—]<:77l7'2(7'—1)_662_2( —6co—T 1+(1—T_1)_106)(—602—27'_1))}}
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+(1—-77h (1 - §72> (r— 1)267} + kn?lPr(r — 1) 7622

X {7’(7’ —1)7H(=61c; —1—2(1—7)""c(3com + 1))
+ ( —12¢o1 — 1+ 27(7 — 1) 2¢(3cor + 1) — 7(1 — 1)7!

6(6caT + 1))}” + aBGPTL. 41)

From Figure 12, energy density p, is decreases as time ¢ increases for £ = 0 and
k = 1. After some fixed constant for k=-1 it is decreases as time ¢ increase. It
goes to zero as time t — oo.

On solving equations (40) and (41), we get the equation of normal matter of
domain wall

Pm = % [ —3ci7(r = 1) Hers + (7 — 1) err) + 2k(r — 1) 70
+ {72010272(7' —1)7?(Bn(l —nl(1+ 7(r — 1)~ 'er)) + nics)
+ kClGT(T—l)_Gcz_l} {a(5+1)ﬁGﬂ_124ncl{—81017_1(1—7_1)_4
x <1 + %(1 - 71)107) + Enlr?(r — 1) 76 —2
X (—6ey — 14 (1= 71 leg(—6ey — 277 1) H
— (72c1cQ72(nlt—1)—2+8k(7—1)—602> [a(,6+1)5(5—1)Gﬁ—2
X {24nc1{ —8leyr f(1—7rH) (1 + %(1 — 7—1)—%7)
+kn172(r—1)—602—2(—6(:2—r—1+(1—r—1)—1c6(—6cQ—27—1))}}2
+24ncio(B+1)BGP { —81nzc174(7—1)—5( - 4(7—1 + %(T - 1)—1C7)
—(=r (1= %TQ)(T — 1) 26 ) + k1P (r — 1) 702
X [T (r—1)" ( —67cg — 1 —2(1 —7) " teg(3car + 1))
+ <120271+2T(T 1) "% ce(3co + 1)

7 (r—1)"" ¢g(6ear + 1))} H + a,BGﬁH} : (42)
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Figure 12. Graph of pg vs. time ¢ for n = 0.5,1 = 0.5,n = 1.001, « = 0.5, 5 = 0.5.
where
2[2
Cc1 = n

1
I(n+2)° 2= I(n+2)’
052(362—1

C3 — (302(712 + 1) — (Tl+ 1)),
), ¢ = (3ncy—1),
cog =3ci1(n—1),
)

cio = —cunl,
C13 = 3(77’ + 1 9

cr=((n+2)ez — 1),
c14 = (9can — 2),

cq4 = 9Yncico,
C11 = 720102(1 — n) 5

cs = (Bea(n+2)—1),
C12 = (602 — 1),
C15 = 2(TL + 2) s Cle — 2477ln62 s
On solving eqs (41) and (42) we get the tension o4 of domain wall

Ci7 — (69 —2).

oq=—-3Lr(r—1)""! <c15 +7(r = 1) ere13 — 2)) (

-3

—9cre7® (7 —1) 77 (1 + 3) +k(r—1)7% (1 - 3)
+ {72c1cQ72 (r—1)72 ((3n(1 +r(r—1)"ter) — e5)

x (—1 + 1) 0l — 7”) — 2knnles (1) 7 (r—1)"%1 }

gl
x {O‘(ﬂ‘i‘l)ﬂGﬁ124ncl{—816171(1_7_1)4(1+

5(1—771)7167)
+hnlr?(7—1)76272 (-6ca—7 r(—77Y " eg(—6cy — 27'_1)) H
4
1 - —1
x ( i

1—-771 07) + knlr? (1 — 1) 7072

X ( —6cy —7 = (1 =771 teg(6en + 27—1))> }2
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+24ncla(ﬂ+1)BGﬁ1{8177l017'4(7' —1)7° (4Tl+:l?)6(T — 1) ter
4
-1 2 -2 272 —6c2—2
—(1-— _Z — . —
(1-71 )(1 37’)(7 1) c)—l—knlr(r 1)

X {7‘ (r—1)7" ( —67cy — 1 —2(1 —7) " Leg(Bear + 1))
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+ ( —12cm — 1427 (1 = 1) % 6(Bear + 1) — 7 (1= 1) ' 6

(6ot + 1)) }H + (1 — i) afGPTL (43)

Clearly from Figure 13, tension o4 of domain wall is decreasing function of time
t. It is large near to zero and it approaches to zero as time ¢ increases.
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Figure 13. Graph of o4 vs. time ¢ forn = 0.5,1 = 0.5, n = 1.001, &« = 0.5, 3 = 0.5.
41

Cosmological Parameters

Jerk and snap parameter are obtained as

j= T Py (r—1)P 1
1

1 1
T(T—1>_1+% +37%(r — 1)1 (— 1—1—)
3 -3+1 1
+7 (=17 =24 5

ol

(44)
s =5 r=n e e 1)+ 42 1>2”<_1+})
3 3+ ( _ _, _ 1
+or(r=1) S (=24 g) (<14 7)
+T4(T—1)—4+%<—3+})(—HD(—HM (@3)
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Clearly from Figure 14, jerk j and snap s parameters are increasing function of
time t. Here 7 > 0 and s > 0, so it indicates that expansion of the universe is
accelerating [28].
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Figure 14. Graph of jerk and snap parameters vs. time ¢ for n = 0.5, = 0.5.

5 Conclusion

In this paper, we have studied the behaviour of homogeneous hypersurface with
cosmic string and domain wall in f(G) gravity theory of gravity. We explored
the energy density peg and string tension density A using different well-known
forms of deceleration parameter q. We found that

e Case I: in this case we have used the linearly varying deceleration param-
eter to determine the solution to the field equation. For £k = 0, k = 1,
k = —1 we found that H, 6 and o are positive and decreasing and it ap-
proaches to zero and ¢ — co. It indicates that universe is expanding with
high rate of expansion. For k£ = 0 tension ) is positively decreasing mode.
For £ = 0 and £ = —1 it is negatively increasing mode. It approaches
towards zero as time ¢ increases. Moreover cosmological parameter jerk j
and snap s are analyzed. It is found that universe is expanding with high
rate of expansion. Also it is discussed mean anisotropic parameter A,,, it
indicates that initially anisotropic universe evolving toward isotropy.

e Case II: In this case behaviour of pes, 04, p4, 0 and o are positively de-
creasing functions of cosmic time ¢ and it is similar to Case 1. Tension A
is also positively decreasing for k = 0, k = —1. For k = 1, A is nega-
tively increasing function of time ¢. It approaches to zero as ¢ approaches
to oco. Also, cosmological parameter jerk j and snap s are observed. It in-
dicates that universe is expanding. Moreover mean anisotropic parameter
A, observed that universe started with anisotropic expansion but evolves
towards isotropy.
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