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Abstract

In this paper, we have studied Friedmann—Robertson—Walker (FRW) space time in the presence of
domain walls in the framework of f(R,L,,) theory of gravitation, where R is the Ricci scalar and L,, is
the matter Lagrangian. Exact solution of the field equations of the f(R,L,,) theory are obtained with the
help of deceleration parameter and f(R,L,) = % +L% . Tt is observed that for n = 0 and n = 2,/uf
due to domain walls,universe decay in to gravitational waves, for 1 £ 2\//.TB , the domain walls tension
is negative and behave like dark energy. In this model , we discussed energy conditions.

KeywordsThe Domain Wall,FRW, f(R,L,,) Gravity

1 Introduction

Recent observational data indicates that the the universe is accelerating and expanding[1-3]] . In the frame-
work of General theory of relativity (GR), it is not possible to fully explain the observe accelerated expan-
sion. For the purpose of better understand the accelerated expansion of the universe, Cosmography helps

to study the accelerated expansion of the universe without assuming a specific cosmological model and is
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useful for studying modified gravity theories [4].Bamba et al. [5] studied dark energy cosmology and pre-
sented that different theoretical models will produce equivalent descriptions of the accelerated expansion
of the universe through cosmographic tests. ACDM model is proposed to understand the phenomenon of
accelerated expansion of the universe. This model basically formed by two components: cold dark matter,
that is pressure less and dark energy which possesses negative pressure and related to the positive cos-
mological constant. It explains more properties of the universe [6, [7] . Dark energy is viewed to be the
main source of the accelerated expansion of the universe at late times. Several researchers have suggested
alternative theories of gravity as modifications of general relativity to explain this problem. One way is to
modify the Einstein - Hilbert action by modifying it with general function f(R), where R indicates the Ricci
scalar describing the curvature of the space time[8, 9] . The f(R) theory of gravity explained the extension
of the universe in the far future [10]. Salvatore Capozziello et al. [11] examined the cosmological viability
of f(R) gravity and showed that the model can reproduce important cosmological phases. Amendola et
al. [12] studied the cosmological viability of f(R) dark energy models and explained the conditions under
which these models can reproduce the observed accelerated expansion of the Universe. Nojiri and Odintsov
[[13] investigated a modified gravity model containing both negative and positive powers of the curvature
scalar, indicating that such a framework can give a unified description of the inflationary epoch and the
present accelerated expansion of the universe.Faraoni [14] studied that Solar System experiments do not
yet exclude all modified gravity models and emphasized that such theories need careful observational test-
ing. The observational feachers of f(R) dark energy models satisfying cosmological and local gravity
constraints were studied in [15].Liu et al. [16] investigated f(R) gravity using observations from the Solar
System, cosmology, and binary pulsar systems.Capozziello and Tsujikawa [[17] constraints on f(R)dark
energy models from solar system experiments combined with experiments on the violation of equivalence
principle.Starobinsky [18] proposed an f(R) gravity model to explain the disappearance of the cosmologi-
cal constant. Nojiri and Odintsov [19] suggested two realistic f(R) and one f(G) modified gravities which
are consistent with local tests and cosmological bounds.Nojiri and Odintsov [20] considered modified f(R)
gravity which may unify R early-time inflation with late time ACDM cosmological phase. Cognola et al.
[21] studied a feasible class of modified f(R) gravity models capable of explaining both the inflationary
epoch and the late-time accelerated expansion of the universe.Nunes et al. [22] derived new observational
constraints on f(R) gravity using cosmic chronometer data.Energy conditions are effective tools to describe
the physical work ability of modified gravity theories. The energy conditions in f(R) gravity studied in
[23]. The cosmographic model has been used to constrain and analyze f(R) gravity models [24].
Afterward modified form of f(R) gravity was suggested in which the matter Lagrangian density L, is
instantly related to the function of f(R) [25]. This relation between matter and geometry generates a more
force which acts on particles, producing their motion distinct from the usual geodesic path. The model was
also expanded to enable more general forms of this matter - geometry connection [26].The study of galac-
tic rotation curves in modified gravity with non minimal matter—geometry coupling has been discussed in
[27].Harko [28] investigated the role of the matter Lagrangian and the energy—momentum tensor in modi-
fied gravity with non minimal coupling between matter and geometry.Nesseris [29] studied matter density

perturbations in modified gravity models with arbitrary coupling between matter and geometry.Recently,
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Harko and Lobo [30] proposed new general theory called f(R,L,,) gravity. In this theory f(R,L,,) is func-
tion that based on both Ricci scalar R and matter Langragian density L,,. This gravitational theory is one
of the extension theories in Reimannian space. In f(R,L,,), test particles remains stable along the usual
geodesic paths because of an extra force perpendicular to their motion. Previous studies such as those by
Wang and Liao [31] have studied energy conditions in f(R,L,,) theory. Jaybhaye et al.[32] studied the
late time cosmic expansion of the universe in the framework of f(R,L,,) gravity theory. Garg [33] studied
universe’s behavior for a flat FLRW metric in f(R,L,,) gravity. Sahlu et al. [34] investigated cosmolog-
ical evolution in the framework of f(R,L,,) gravity and constrained both the background and perturbed
dynamics.

The early time evolution of the universe has become an important area of cosmological research in
recent years. It is suggested that the universe evolved during different stages through its development.In
the early phase of transition of the universe, structures known as vacuum domain walls may have been
generated, and some of them could still remain today. Such domain walls are examples of topological
defects, that are evaluated important in understanding the formation of large-scale structures in the universe.
By virtue of their feasible role in cosmic evolution, domain walls have attracted significant focus from
researchers. Various studies have examined domain walls under different theoretical frameworks. Katore et
al.[35H377] studied domain walls in various cosmological scenarios. Reddy et al.[38] explored the nature of
domain walls and cosmic strings within bimetric theory. Press et al. [39] studied the dynamical evolution
of domain walls in an expanding universe, while Tiwari [40] investigated the phase transition of a five
dimensional perfect fluid universe in modified f(R,T) gravity theory.

The above discussion motivate us to discuss a cosmological model in f(R,L,,) gravity with Friedmann-
Lemaitre - Roborson - Walker (FLRW) line element in presence of domain walls.The paper is organized as
follows , section 2] deals with metric and field equation. In section 3], [4]and[5] we obtained solution of field

equations. In section [6], we discussed energy conditions. Section [7]concludes the remark of the paper.

2 METRIC AND FIELD EQUATION:

Here we consider the expression for the action of f(R,L,,) gravity theory as [30]

S= [ 1R Ln)v=gd'x (1)

where f(R,L,,) is an arbitrary function of the Ricci scalar R and the matter Lagrangian L,,, g is the deter-

minant of the metric tensor.

The gravitational field equation derived by taking the variation of the action with respect to the
metric tensor gy, is

1
fRR/JV + (gl.ivD - V/JVV)fR (f - fLmLm)g/.iv = EfLmT,uv (2)

1
2
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Here, we introduce the notations fg = 3 A / and i =73 Lf .Furthermore, 7},, represents the energy mo-

ment tensor for a perfect fluid, which is defined as

-2 8/—gLy
V-8 6gh

we can establish a relationship between energy momentum tensor 7;; , Ricci scalar R, and matter La-

T/JV -

3)

grangian density L,, by using the contraction on the field equation (2)). The required relation is exhibited

as

1
Rfg+30fk —2(f — fr,.Lm) = >/ T, (4)
where L1fg denotes the d’ Alembertian operator applied to a function fg, defined as [ fp = 7= 9o (\/— g“ﬁ 813 IRr)-
Moreover , upon taking the covariant derivative of Eq. (2), we obtain following result,
dL,,
VAT =2V¥in(f1,, )8 TR 5)
where, % = —%(guvLm —Ty).
We consider the Friedmann-Robertson-Walker (FRW) cosmological model in the following form;
2 2 of ar 20702 1 oin2
ds-=dt“—a W—i—r (dO” +sin“0d¢) (6)
—kr

In FRW space time, the angles 0 < 8 < 27 and 0 < ¢ < 27 are the usual azimuthal and polar angles
of spherical coordinates. The k represents the curvature of the space. The curvature of space has three
different values. When k = 1 the radius is finite and the universe is closed. When k = 0, the universe is
flat and when k = —1 the radius is infinite or imaginary corresponding to open universe [41].Pradhan et al.
[42] have presented general solutions for domain walls in Lyra geometry. Khadekar et al.[43] have studied

Kaluza-Klein type FRW cosmological model with domain wall.

The Ricci scalar R associated with the line element (6) can be derived as follows

ko (a\*
R:—6[—2+ <—) +—} (7)
a a a

The energy momentum tensor of domain walls [44] is given as:

where a 18 scale factor

Tij = p(8ij + Miltj) + pHilL; (8)

here p,p denotes energy density and pressure of domain wall respectively, and y; is the unit space like
vector in the same direction with y;u’ = —1. Based on the default model of particle physics, it is assumed

that when the hot early universe cooled and expanded, the field would have settled to single values during
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extended regions. The boundaries of those different regions would be the domain walls. The energy
momentum tensor 7;; of domain walls include normal matter p,, and pressure p,, as well as tension o, with
the relation p = p,, — 64, p = pm + Oy satisfying p,, = (y—1)pm ,1 <y <2.

The field equation for line element () using equation (I]) and

2k (d 2 g N, Lyl )
fR |:7 — <a> — ;:| + EfR +fR_ E(f_fLm m) - Efme
. . . 1 1
3% fx =3 fat 5 (f = froLn) = 3f1,P (10)

where overdot (.) represent differentiation with respect to cosmic time t.We have two equations (9) and
(10) in three unknown a,p and p.
To obtain exact solution of field equation we consider f(R,L,,) [45] and deceleration parameter q [46]]

as follows

FR L) =5+ an

The parameter « initiates matter—geometry coupling and L,, = p,offering further flexibility to explain
cosmic evolution. This model is useful for describing the late-time accelerated expansion of the universe

excluding explicitly introducing dark energy and helps in studying various from standard cosmology [435]].

d (1
q = _1+E<E> (12)

Integrating equation (12) to give scale factor a(r) as

) =] [ Tt (2

where 1 and & are arbitrary constants of integration.For a feasible integration of (13]), we examine that

(i)q = constant is an easy choice that provides a(t) as an explicit function of t, it is investigated by Berman
[47].(ii) when q is taken to vary with time , an explicit determination of a() gives to a possible choice of
qas
__H
C]——t—z‘f‘(ﬁ—l) (14)

which is the main ansatz of the paper. Here, it > 0 is a parameter having the dimension of square of time
and B > 1 is a dimensionless constant. Obviously, the different values of o and 3 will give rise to different
models.

Using equations (13)) and (14) we obtain the scale factor as

0§ 1 t
a(t) =€ exp{l—g/mdt} (15)

The equation can be integrated for n # 2/ufB,n =24/ uP and n = 0. It gives us following three
different forms of the scale factor as
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forn =0

at) = &0 <;2+E> g (16)

forn =2/up

=i B) ol ()

forn # 2/ up
71 m B P VA e 4 n;—4uﬁ —ﬁ
6( 2 2 28v/n%—4p
alt)=e’ [ t°+ =t + X 18
y ( B 3) (r+ n+\/;1;4uﬁ) e

we set initial point of the time coordinate at the bounce of these bouncing models and concentrate only
on the expanding part of the solutions that represent the observable universe. It is then easy to see from
(16), and (I8) that at = 0, a = ag (say) # O but ¢ = 0 and é = 2 = constant, here the suffix ‘zero’
represent the value of the parameter at t = 0.This shows that in all the three cases the models are free from
origin singularity and start with a finite acceleration. One can choose the parameters early to give a high
initial value & so that the majority of the thermal history of the model is akin to the successful thermal
history of the standard cosmology (except in the close vicinity of the singularity). Equation (14) indicates
that the deceleration parameter ¢ — —oo at # = 0 and decreases to zero at time t = \/; Clearly, the period
of accelerated expansion also depends on the values of u and 3. This puts a restrictionon S as 1 < f8 < 2.

If we take B = 1 the universe has an accelerated expansion throughout the evolution as is clear from (14).

0.2r

0.1r

04} p=1.1

a B=1.2
_02}
~0.3}

-0.4r

0 2 4 6 8 10 12 14
Time t

Figure 1: Plot of Deceleration Parameter g vs.cosmic time ¢ for 4 = 0.99
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From figure |1} it is clear that deceleration parameter (DP) is negative for all values of 8 i.e. at early
stage of evolution, the universe is accelerating. For B = 1.1 and 8 = 1.2, as t — o ¢ tends to positive
values i.e. early accelerating universe tends to late deceleration phase which is not as per the expectation of

standard cosmological model. For B = 1, DP remains negative throughout the evolution of the universe.

3 Modell

We put for 1 = 0 and we obtain from (15)),
1

=aft)”
e’ =ao| = and consequently

u
0 (ﬁ>;ﬁ<t2+“);" (19)
a(t)=ag| = =
u B
Expansion Scalar found to be
0 =3H=3-= L
(n-3) 2
Using equations (7),()),(10),(TT) and (I9) p and p obtained as
1
y P 2%+2(%—1)ﬂ
= i T+ >+ 2 1)
B B
<ao)2(§) (ﬂg) ﬁz(t2+%) B (r2+%)
2(1—a)k4+2(1—a)| +—1 |72
(mep+2i=e) (ﬁ )t _ (2+a)k  (24a)?

=l
=
(3]
N
[\
+
==
~~_
[§8]

: ;
(o1)  wrlt) ()
al) (22)

2#2(51)# (
% + 2 + 2
wr(2) () () e(o)

From figure 2]it is observed that energy density is positive for parameter k = 1,k = —1 and k = 0. Plot

shows that at early time of the universe enrgy density was high and at late time of universe energy density

12

o

o~ x~

is decreases.

Also, the energy density of normal matter p,, is found to be
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Figure 2: Plot of energy density p vs. cosmic time ¢ of Model I for p = 0.99, B = l,ap = 1,a = 10

—o)¥ _ 1 2
2(1 a)ﬁ+2(1 a)<ﬁ 1)1 itk (2ra)
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Furthermore, the tension of domain walls o is obtained as
1

(7’—1> k 2
Gd = 1 l + . + /

4 B B 21424 H 2, U

(00)2 (g) <t2+%) [3 t +E ﬁ t +B

2(1-a) g +2(1-a) (1 )
(2+a)k (2+a)2
5 ' 2 (24)
(ﬂ+5) yww2(5> (ﬂ+§) 7ﬁz(ﬂ+g)
2%4—2 (113— )ﬂ ( )

R
=
o
5
VRS
=l
~~
|
N
(38
+
=
~__
=
+
=
[\ ]
N
(3] ~
_j’_ (3]
==
~~
)
+
=
N
[\
+
==
~_
[§8]

""""""""""" k=1
k=-1
1.0 o
08F T e e
°
o)
0.6
0.4+
2 4 6 8 10

0
Time t
= 1,a0 =

Figure 3: Plot of Tension of Domain Walls ¢, vs. cosmic time ¢ of Model I for u = 0.99, 8
LLa=10,y=1
Figure[3|shows that Tension of domain walls is positive, it means domain walls have massive amount of

energy . The domain walls dominates over the matter energy density during expansion of the universe.Due
to positive tension , walls naturally contract to minimize their surface area.Domain walls oscillate,intersect

and slicing the universe untill decay into gravitational waves and radiation [48]]

3239
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Equation of state (EoS) parameter is obtained as

2(1—a) B 42(1—a) [ £—1 )2
(1me)p 2l a)<ﬁ )t _ (24-a)k _ (ta)r?
2 1 1 2
] T
) p(n+5) wr(2) ()" #(8)
O=—=
P <M) (25)
2“+2<1— )t2
. 2 BT\ B
« ARV 2* 2
(ao>2(ﬁ) <f2+§> ﬁz(’”%‘) ﬁ<12+‘5)
06— k=1
k=—1
-0.7¢ k=0
-0.8+
3 -0.9}
-1.0r
-1}
gL AR s A rr e e e ]
0 2 4 6 8 10

Time t

Figure 4: Plot of Equation of State @ vs. cosmic time ¢ of Model I foru =0.99, B =1,a0= 1, =10,y=1

Figure 4] shows the evolution of the equation of state (EoS) parameter with cosmic time t for different
values of the curvature parameter k. It is examined that the EoS parameter continues negative throughout
the entire evolution,suggesting that the accelerated expansion of the universe. For k = —1, the EoS pa-
rameter decreases slowly from approximately —0.6 and approaches —0.9, remaining in the quintessence
region —1 < @ < —%. For k = 0 and k = 1, the EoS parameter decreases below —1 and tends toward —1.2
at late times, showing phantom-like behavior @ < —1. This behavior of the curves indicates that the model
evolves toward a stable dark-energy-dominated phase in the late-time universe. Therefore, the obtained re-
sults indicate that the cosmological dynamics depend significantly on the curvature parameter and support

an accelerated expansion scenario. It is important to note here that domain walls behave like dark energy.

JETIRTHE2242  Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org 7240



© 2026 JETIR August 2026, Volume 13, Issue 8 www.jetir.org (ISSN-2349-5162)

4 Model I1

Using equation (T7) for n = 2+/up, we obtain.

e® — Lao

()0)

The average scale factor obtained as

a(t) = ( %> éa:exp@) x <t+\/%>" xexp{\g_?(t+l\/%>} (26)

Expansion scalar is obtained as

- 3
o—3H=3'-___ 3 __ vE

1NN @

Using equations ([7),()),(10),(TT) and (26) p and p obtained as

p=(+hL+k)a (28)
i (1 — (X)ll — (2—}—06)12 — (2+oc)13
®
(X(ll +lz+l3)
1.4 -
-------- k=1
12} | k=1
k=0
1.0}
Q
08  N_ =il
0.6f
0 2 4 6 8 10

Time t

Figure 5: Plot of energy density p vs. cosmic time ¢ of Model II for u = 0.1, f = 1.0001,ap = 1,00 = 10
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where, /| = —2U=B)__ 4B-DvE wo
B2 <t+ ’ﬁ‘> ﬁ% (t+ g) B3 <t+ g)
L= k

the energy density of normal matter p,, is obtained as

(lfoc)l . (2+ot)l . (2+a)l

y 1Ty 2Ty

1
3 Lh+b+13)a
+(1 »+ 1)

Pm =

(xl)
Ot(ll —|-12-|—13) <

Furthermore, the tension of domain walls found to be

Y

(I—a) I — (24a) I — (2+a)l

y 3

—1
Oy = (%)(11%—12-1-[3)‘;— 14

)
06(11 +lz+l3) (

(30)

€1y

1208 k=1
- k=—1
!
1.1¢ R ———— k=0
1.0} .
o RS .
o s
0.9} ... '
0.8} TTmeall e
0.7}
0 2 4 6 8 10
Time t
Figure 6: Plot of Tension of Domain Walls 6, vs. cosmic time ¢ of Model II for p = 0.1, § = 1.0001,ag =
lL,a=10,y=1
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From figure [5|and[6] it shows that energy density is positive for different values of curvature parameter
k. Initially, energy density was high , as cosmic time increases energy density decreases and it tends towards
0, as t — oo. Tension of domain walls is positive for all curvature parameter k.

Equation of state (EoS) parameter is obtained as

p_(1-a)i—(2+a)h—(2+0a)
2> (32)

O=—=
(X(11+12—|—l3)(

Fooy L e k=1
-1.14F - ]
F k=—1
k=0

116} - ]

_1.15}

17 - —
~118F —
~1.19} :

_q20f U TTATssmaraseacan

Time t

Figure 7: Plot of Equation of State parameter @ vs. cosmic time ¢ of Model II for 4 = 0.1, f = 1.0001,a9 =
L,a=10,y=1

Figure[7|shows the evolution of the equation of state (EoS) parameter @ with cosmic time # for different
curvature parameters k = 1, k =0, and k = —1. It is showed that for all three cases, the EoS parameter
remains less than —1 throughout the cosmic evolution, i.e.,0 < —1, which indicates a phantom dark energy
dominated universe. At early time, the values of @ differ for different curvature parameters, but at late time,
all the trajectories converge toward @ = —1.2. This behavior shows that the model dominated to phantom

like dark energy. Here, the domain walls behave like dark energy.

5 Model I1I

1 n

Usi tion (T8) f 2\/uB we get e® = B) ¥ () wvn
sing equation or n # 2/ uP we get e® = ay m @

and consequently we obtain scale factor as
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1 m—/n*-4up i 1 fa - n?—4pp ___n
a(l)=a0<ﬁ) i (—zﬁ >2ﬁ‘/”2 e (t +ﬂt+“)2ﬁ ><< 2 ) B (33
u n+\/n;—4uﬁ BB ‘o n+\/n;—4uﬁ
2 2

Expansion scalar is obtained as

. 3(t+21)
B

a  Bl+mi+p 2BV/n?—4up |, n-vni-4up nﬁ 4up H_nﬂ/nﬁ 4up

Using equations (7)),(9)),(10),(TT)) and (33) p and p obtained as

RI—

p= (l4 + 15+ 2[6) (35)

2(l—a)le— 24+ o)y — 2+ a)ls

p =
()
OC<Z4+15 +216)
0.6} “ Nd 4 WO Wl B=1
05! ‘\‘ p=1.25 |
N -~ ae--- B=13
04 [ ‘\
Q "

0.3f "\
0.2}
0.1} T ER—

0 2 4 6 8 10

Time t

Figure 8: Plot of energy density p vs. cosmic time ¢ of Model III for u = 0.001, ap = 1,a =2.1,n =0.9

Also, the energy density of normal matter p,, is found to be
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)15

m —

1 o
(l4+15+2l6)0!+ y 6 y y

2(1705)1 . (2+oz)l4 2+
1

Y () (37)
(04 (l4 + 15+ 216)
Furthermore, the tension of domain walls

(I—a) (2+a) (24+a)

1 T ls— Is

oy = (Y_) (l4—|-l5 +216)é— 14 4 14

Y (> (38)

o (l4 —+ 15 —+ 216)

2,' ! ! ! ! "]
........ B=1
B=1.25
1 p=13 |
S 0 t
b T ]
-2t . ) ) . T
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Figure 9: Plot of Tension of Domain Walls o, vs. cosmic time ¢ of Model III for g = 0.001,q9 = 1,0t =
Im=09,y=15

Figure [8 and [9] show that energy density and Tension of domain wall vs. cosmic time 7.Energy density
is positive for different values of .At early time of the universe energy density was high , as cosmic time
increases energy density decreases and tends to zero, as t — oo.At early time of the universe domain wall
is positive and at late time of the universe it is negative.Near t = 0 ,the tension of domain wall is positive
. Therefore at early stage of evolution of the universe ,domain walls have massive amount of energy. Not
only mass is source of gravity but also pressure and tension is also source of gravity. As time increases ,
tension of domain walls tends to negative i.e. domain walls behave like negative pressure .In such a case
domain walls act like repulse force which causes accelerating and expansion of the universe .It confirms

our earlier work in f(Q) theory of gravitation [49].
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Equation of state (EoS) parameter is given as
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Figure 10: Plot of Equation of State parameter ® vs. cosmic time ¢ of Model III for 4 =0.001,a9 = 1,0 =
21,n=09,y=1.5

Figure [I0] shows the variation of the equation of state (EoS) parameter @ vs. cosmic time ¢ for dif-
ferent values of . It is indicated that the EoS parameter decreases continuously with the evolution of
the universe for all chosen values of 3. Initially, the trajectories start from @ = —0.4, which corresponds
to a quintessence-type dark energy region —1 < @ < —% . As cosmic time increases, the EoS parameter

slowly tends toward more negative values, indicating the shift of the universe from a weak dark energy
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phase to a stronger accelerated expansion phase. For f = 1 and 8 = 1.25, the EoS parameters remains
in the quintessence region throughout the evolution . In the case B = 1.3, the trajectory evolves closer to
the cosmological constant @ = —1, showing behavior similar to the ACDM model at late times. which
corresponds to accelerating universe.Thus, the graph demonstrates that the parameter 8 plays an important
role in determining the dynamical nature of dark energy. Smaller values of 8 favor quintessence behavior,
while larger values lead the universe toward the ACDM model.Overall, the negative values of the EoS
parameter confirm the late-time accelerated expansion of the universe. It is important to note that domain

walls behave like quintessence type dark energy.

6 Energy Condition

In general relativity and its extended theories, energy conditions are important mathematical conditions that
help to explain the physical evolution of matter and the structure of spacetime.Energy conditions are math-
ematical state based on the energy—momentum tensor that help determine whether a gravitational theory
is physically acceptable. Sahoo et al. [S0] studied the significance of energy conditions in non-minimally
coupled f(R,T) gravity and introduced their cosmological implications. The main energy conditions con-
sidered are the null energy condition (NEC), weak energy condition (WEC), strong energy condition (SEC),

and dominant energy condition (DEC), which are defined as follows:
1) Null Energy Condition (NEC) <— p+p >0
i) Weaak Energy Condition (WEC) <—= p+p>0 and p >0
111) Strong Energy Condition (SEC) <= p+p>0 and p+3p>0

1v) Dominant Energy Condition (DEC) <= p£p>0 and p >0
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6.1 Energy Condition of Model I

Expression of NEC is obtained as
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Expression of SEC is obtained as follows,
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Figure 11: The graphical representation of Energy conditions of figure (a) ,(b) and (¢) u = 0.99, 8 =
l,ag=1,a=10,y=1,

Figure 11 shows that the evolution of the energy condition parameters with cosmic time ¢ for different
values of the curvature parameter k. In subfigure (a), NEC is negative throughout the evolution, indicating
violation of the null energy condition (NEC) and supporting the accelerated expansion of the universe. In
subfigure (b), SEC also remains negative, which indicates violation of the strong energy condition (SEC),
which further supports the accelerating phase of cosmic evolution. In subfigure (c), the behavior of the
dominant energy condition (DEC), represented by (p — p), depends on the value of k. For k = 1, the
parameter remains positive and satisfies the condition, whereas for k = 0 and kK = —1, it remains negative,
indicating violation of the condition. Overall, the results demonstrate that the cosmological behavior of the

model is strongly influenced by the curvature parameter and supports accelerated cosmic expansion.
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6.2 Energy Condition of Model I1

Expression of NEC is obtained as

(1 — Ot)ll — (2—|— (X)lz — (2—|— 06)13

RI—

p+p:(ll+lz+13) +

(44)

a—1

o (zl +h +z3) ()

Expression of WEC is as follows

l—a)h—2+a)h—2+a)l
P+P:(11+12—|—13)é+( Jh = )b~ Q2+ )l

a—1

o <11 +1 +13) (a) (45)

and

1
p=(+hL+1h)e

Expression od SEC is obtained as

(1 = oz)ll = (2—|— 06)12 — (2—|— a)l3

-
OC<11 —}-lz—l—l3) (

and (46)

p+p= (11+12+l3)é+

(1 — (X)ll — (2+ OC)lz — (2—|— 06)13

Y
(X(ll —|—lz+13> <

p+3p= (11+lz+l3)é+3

JETIRTHE2242  Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org j252



© 2026 JETIR August 2026, Volume 13, Issue 8 www.jetir.org (ISSN-2349-5162)

Expression of DEC is as follows
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Figure 12: The graphical representation of Energy conditions of figure (a) ,(b) and (c) u = 0.1, B =
1.0001,a0 =1, =10,y=1,

Figure 12 shows that the evolution of the energy condition parameter vs. cosmic time ¢. In subfigure (a)
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, the NEC is negative for all parameter curvature k.It shows that the NEC is violated. In subfigure (b),SEC
is negative throughout the cosmic evolution of the universe with all parameter curvature of k, which shows
that SEC is violated .For accelerated expansion of the universe violation of SEC is necessary. In subfigure
(c) DEC is positive and tends to zero as cosmic time increases.In this model DEC is satisfied. Chatterjee et

al. [S1] studied that NEC is violated implies the violation of other standard energy conditions.

6.3 Energy Condition of Model III

Expression of NEC is expressed as follows
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Expression of DEC is obtained as
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Figure 13: The graphical representation of Energy conditions of figure (a) ,(b) and (c¢) 4 = 0.001, a9 =
LLa=21n=09y=15,

Figure 13, shows that the evolution of energy condition vs. cosmic time ¢ In subfigure (a) , NEC is
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positive for all curvature parameter k, as cosmic time increases NEC is decreases and tends to zero. This
shows that NEC is satisfied by this model. In subfifure (b), as cosmic time increases SEC is decreases
and in late time of the universe SEC is lies in the negative region which shows that SEC is violated at late
time. Violation of SEC is very important for acceleration of the universes.In subfigure (c) , DEC is positive
throughout the cosmic evolution of the universe which indicates that DEC is satisfied by this model. Sahoo
et al.[S0] studied the NEC and DEC along with the violation of SEC suggested an accelerated expansion

the universe.

7 Conclusion

In this work , we investigated domain wall with the deceleration parameter in the context of f(R,L,,)
theory.To solve field equation we have considered three different models of deceleration parameter and
f(R,Ly,) theory. Deceleration parameter is negative throughout the cosmic evolution of universe that shows
the universe is an accelerating and expansion.

Further we have the following observations :

* In model I energy density and tension of domain wall is positive for all parameter of k during cosmic
evolution of the universe. The EoS parameter is negative throughout cosmic evolution of the universe.
For parameter kK = —1 the trajectory of EoS lies in the range —0.6 < @ < —0.9, which shows that
model is dominated by quintessence dark energy, while for k = 1 and k = 0 the trajectory of EoS
parameter lies in the region @ < —1 at late time of the universe, which shows that model is phantom
dominated. While NEC and SEC is violated for different values of k.For k =1, DEC is positive and
for k = —1 and kK = 0, DEC is negative which shows that DEC is satisfied for parameter k = 1 and it
is violated for k = —1 and k = 0.

* In model II , energy density and tension of domain wall is positive for all curvature parameter k
during cosmic evolution of universe. Eos parameter is negative for different curvature parameter of
k. Trajectory of EoS lies in the region @ < —1 , which indicates that EoS is dominated by phantom
like dark energy. In energy condition NEC and SEC is negative and DEC is positive during evolution
of cosmic universe.This shows that NEC and SEC is violated and DEC is satisfied for different

curvature parameter of k .

¢ In model III, energy density is positive in the range of cosmic time for different values of 8 .At early
time of the universe , tension of the domain wall is positive and and late time of the universe it is
negative. At early time of the universe , trajectory of EoS lies in the region —1 < @ < —%,i.e. the
universe is quintessence type dark energy. At late time of the universe , for § = 1 and § = 1.25 the
EoS parameter lies in quintessence region, and for = 1.3 the trajectory of the the EoS lies near to
cosmological constant. NEC and DEC is positive for different values of B.It shows that NEC and
DEC is satisfied by this model , while at early time of the universe SEC is positive and at late time of
the universe it is negative , which indicates that SEC is violated at late time of the universe. Violation

of SEC is necessary for acceleration of the universe.
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* Novelty of the present work is that, domain walls behave like either quintessence type or phantom

type dark energy.
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