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ABSTRACT:

In this paper, a detailed investigation of the stability of Ruban space-time, an anisotropic cosmological

model in the framework of the Brans-Dicke theory of gravitation, with a specific focus on the influence of
anisotropic dark matter (DM) distribution. The Ruban space-time, being an inhomogeneous generalization of the
Szekeres model, is adopted as the geometric background. We solve the Brans-Dicke field equations by assuming
a trace-free energy-momentum tensor and adopting a linear variation law of the deceleration parameter, which
facilitates a constant deceleration scenario. Furthermore, proportionality between the shear scalar and the
expansion scalar is imposed to reduce the complexity of the field equations and obtained exact solutions.
We derive cosmological parameters such as the Hubble parameter, deceleration parameter, expansion scalar,
shear scalar, anisotropy parameter, energy density and transverse pressure and radial pressure, which are
expressed as functions of redshift, allowing a comprehensive study of the model's dynamical behavior. Also
examine the stability with the help of the square of sound speed relation and causality condition. energy
conditions, including Null, Weak, and Strong Energy Conditions. Additionally, the model is confronted with
recent Hubble observational datasets comprising 57 data points over a wide redshift range, incorporating both
differential age and baryon acoustic oscillation (BAO) methods. Best-fit parameters are obtained through curve
fitting techniques, yielding a low root mean square error (RMSE) and high correlation, thereby demonstrating
consistency with observational data. Om-diagnostics, which validate the model's ability to replicate dark energy-
like behavior under scalar-tensor theory, provide more evidence for the model's feasibility.

In conclusion, the proposed Ruban Brans-Dicke anisotropic cosmological model with dark matter
content offers a stable, observationally consistent framework for explaining the universe's expansion dynamics,
particularly in the presence of anisotropic pressures and varying gravitational coupling.

Keywords: Ruban, Brans — Dicke Theory, anisotropic dark matter.

INTRODUCTION: implications. The latest inflationary models
possible “graceful exit” problem and extended

The theory of general relativity is one of  chaotic inflations are based on Brans-Dicke

the best theories of gravitational interaction. Even
though its predictions were examined with
extremely high precision, there remain
unanswered issues due to which general relativity
gets modified. The Brans-Dicke theory of gravity
is one of the most important scalar-tensor theories
of gravity due to its vast cosmological

scalar-tensor theory. The Brans-Dicke theory of
gravity (1961) is one of the simplest extensions of
general relativity, depending on one additional
parameter @ . In addition to the metric, the
gravitational field is further mediated by a scalar
field ¢ whose inverse plays the role of a space-

time-varying gravitational strength. Brans-Dicke
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theory is a generalization of general relativity
which is more consistent with Mach’s principle
and involves a violation

of the strong principle of equivalence, but the
weak principle of equivalence is satisfied. A
dynamical scalar field ¢ is introduced in Brans-

Dicke which corresponds to the variation in
gravitational constant with respect to cosmic time,

i.e. ¢ ~ G 'and coupled to gravity with coupling
parameter @

Brans- Dicke field equations for combined scalar
and tensor fields are

Gij = —87Z'¢_1T,-j—0)¢_2 (¢1¢, - % g[/¢,k¢wkj - ¢_l (¢1/ - g,,¢l\k )
(1) And
PRpT. @)

(3+20)
Where, ¢ - r. _lg“R is an Einstein tensor, T
y b 2 y

J

is the stress-energy tensor of the matter, @ is the
dimensionless coupling constant, comma and
semicolons denote partial and covariant
differentiation, respectively. Many authors have
discussed several aspects of Brans-Dicke theory
viz., Ahmadi Azar et al. (2024), Mishra et al.
(2024), Sharma et al. (2025), Vijaya Santhi et al.
(2024), Satyanarayana et al. (2024), Halife Caglar
(2023), Bamba et al. (2023), Vijaya Santhi et al.
(2022), Bhardwaj et al.(2023), Kapse et al. (2022),
Roy (2021), Singh et al. (2021), Shaikh (2020),
Aditya et al. (2019), Pawar et al. (2018), Tirandari
et al. (2017), Biswas et al. (2014), Pawar et al.
(2014), Avilez et al. (2014), Vidya Sager et al.
(2014), Reddy et al. (2014), Adhav et al. (2008).
There are few studies in the literature
about Ruban universe model. Lima et al. (1990)
have investigated the solutions of Ruban universe
model with electromagnetic field. Lima et al.
(1988) have studied inhomogeneous two
cosmological models. Tomimura et al. (1987)
have obtained exact solutions of Ruban space-
time with dust, radiation and electromagnetic
field. Recently, Wath et al. (2024) have examined
the Stability of macroscopic body cosmological
model in Ruban’s background. Aktas (2019)
studied energy momentum distributions of Ruban
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universe in general relativity and teleparallel
gravity. Mete et al. (2015) have investigated
Ruban’s cosmological model in presence of bulk
stress source in the framework of general theory
of relativity.

The discovery of invisible matter called
dark matter. Dark matter plays an important role
in the formation of galaxies. Many researchers
have been theoretically and experimentally
attracted to the nature of

dark matter. Ugale et al. (2024), Dhore et
al. (2024), Nayan Sarkar et al. (2020), Piyali Bhar
et al. (2017), wath et al. (2024) are some of the
authors who have obtained cosmological model
for an anisotropic dark matter distribution the
energy momentum tensor.

In addition to this, Wath et al. (2023),
Thirukkanesh et al. (2021), Herrera (2020),
Ahmed et al. (2018), Franco et al. (2020), Knutsen
(1988), wanas et al. (1995) have analysed stability
of cosmological model using various Method.

Motivated by the above discussion and
observed facts, in the present paper, we propose to
study Ruban Cosmological model in the presence
of an anisotropic dark matter distribution. Our
paper is organized as follows. In section 2 Metric
and field equations. In Section 3 Solutions of the
field equations. In Section 4 contains Physical and
Kinematical properties of the model. Section 5
contains Stability analysis; Section 6 contains
Hubble Data and Energy Conditions. The last
Section contains some conclusions.

2 Metric and Field Equations

As everyone knows, models of the universe, such
as the inhomogeneous and anisotropic Szekeres
metrics, are critical for understanding how the
universe originated. The Ruban universe model is
also a variant of the Szekeres universe. It is not
homogeneous and not the same everywhere.
Ruban’s model of space- time is given by (1990)

ds> = di* — Q*(x, t)dx” — R* (e Ny + h>dz*)

http://doi.org/10.29369/ijrbat.2025.010.2.00012

Pagel O 1



IJRBAT, Issue (XIlI) Volume (II) May 2025: 100-113

A Double-Blind Peer Reviewed & Refereed Journal

siny if k=1
Where, H(y)= sm\/[y y i k=0 3)
k sinh yif k =-1

and k is the curvature parameter of the
homogeneous 2-spaces ¢ and x constants. The

functions  and R are free and will be
determined.

For an anisotropic DM matter distribution, the
energy momentum can be written as

=(p+puu,-pg,+p, - r)v7, “4)

where p=p(r) p, =p,(r) and p, =p,(r) stand
for the energy density, radial pressure and
transverse pressure of fluid sphere respectively

wu, =—y'y, =1 and 'y —o, u' is the four velocity
vector of the particles and ' is the direction of

anisotropy.

From equation (4), we have

I'=-p, T22=T33=_ptand I/ =p &)

Using the equations (1), (2), (4) and (5), the field
equations of metric (3) are

25 R7§+—2+9¢— 2££ ¢_ =874 "' p,
R R R 2¢° R¢ ¢
(6)
@+E+Q+ ¢2 (Q RJ¢ é:—gﬂflﬁpz
RO R O 2¢*> \O R)¢p ¢
(7
z’LQA"i}%—Wi (+2 y 879~ p
RO R R 24 |0 y
(3)
0 8™
¢+[§+2 J‘é“ G+2a)
€)

Here over head dot denotes ordinary
differentiation with respect to time ¢.
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The anisotropic factor is defined as
Ar)=p,(r)-p,(r. The radial and transverse

equation of parameters are defined as o,(r)= p,.((r))
plr

and . p() , these two are most important tool

"~ plr)

in the study of anisotropic matter configuration
and they satisfy the condition 0< @, (r),

o, (r) <1 for physical matter distribution (2010).

For Rubans cosmological model, the average scale
factor a(t) and spatial volume V" are given by

ale)= (0R* (10)
v =d*(t)=(0R*) (11)

The mean generalized Hubble parameter H for
this model is given by

H:1[2+2£] (12)

where H ,H,,H, are the directional Hubble
parameters defined by

HI:Q,H,:szg (13)
o7 U R
The average anisotropy parameter is

i)

i=1

where AH, = H, — H . The expansion Scalar &
and shear scalar o are given by

0:3H=[Q+2RJ (14)

0 R

62:3AMH2=1{Q—RJ (15)
2 3]0 R

3 Solutions of Field Equations

The field equations (6) - (9) are four equations in
six unknowns R,Q,4,p, p, and p they are
highly nonlinear differential equation, so that we

need some extra constraints. Hence, to find a
determinate solution, we use the following
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conditions, which physically corresponds the
vanishing of trace of an anisotropic dark matter.
This is analogous to the disordered radiation
condition of general relativity by M. Kiran (2015).

T=p-p —2p, =0 (16)

Also, we use the condition that the shear scalar
o is directly proportional to expansion scalar 6.

ocxcl=o=k0 (17)

Where, k, is proportionality constant, Using
equations (14) and (15), equation (17) becomes,

(0 R)_,(0 Rk 18
ﬁ(Q RJ k,[QJrsz (18)
On integrating equation (18) we get,

23k +1

O=R"" (19)

Now, we consider a generalized linearly varying
deceleration parameter Akarsu and Dereli (2012)

g=—% (20)
a

The rate of expansion of the universe is measured
by the deceleration parameter. The sign of ¢

indicates that the universe is expanding. Where
g >0 denotes deflection and ¢ <O indicates

inflation. However, expansion with constant
velocity is shown at g=0 Berman (1983),
Berman and Gomide (1988), proposed a law of
variation for the Hubble parameter in the context
of FLRW (Friedmann Lemaitre- Robertson-
walker) space-time in GR. (General Relativity).
This led to a constant deceleration parameter (
q =n—1,n>0). Following the discovery of the
present acceleration of the universe, Several
writers have examined cosmological models
utilizing Berman’s law in the context of DE. This
is because the deceleration parameter in Berman’s
law can have values 4g>-1 and —-1<¢<0
corresponding to the linearly deceleration
parameter (2012), which is given by

g= k1 @1
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Where, k, >0 and n>0 are constants, k=0

equation (21) reduces to the law of Berman
(1988) this law allows for the generalization of
constant  deceleration = parameter-  derived
cosmological solutions. Our linearly varying
deceleration parameter approach leads to the
universe undergoing super exponential expansion

unless k£, =0, which is one of the conceivable
outcomes of the universe based on cosmological
evidence. From eq.(20) and (21),we get the value
of the average scale factor as

1
a=ky(nt+k)"
(22)

for k, =0& n>0 where k;,k, are constant of

integration.
From equation (11), (19) and (22) we get,

1-3k

R=ky(nt+k,) "
(23)

ik
A

24)

243k +1
k — k lfx/glq
6 5
By using equations (23) and (24), equation (3)
takes the form

where, k, = k}(I,@q) ,

13k 2

2o } (av* + hd=?)

ds® =dt’ —|:k6(nt+ k) } dx’? —{ks(nH k) "

(25)

4 Physical and Kinematical properties of the
model:

Redshift is a highly significant and often
contentious phenomenon regarding cosmology
and astronomy. When electromagnetic radiation
from an object is directed towards the less
energetic regions of the spectrum, a phenomenon
known as the shift in electromagnetic radiation
occurs. Utilizing this phenomenon to get insight
into aspects of our galaxy and even the whole
universe. The relation between average scale
factor a redshift z (2023) is

http://doi.org/10.29369/ijrbat.2025.010.2.00012

Pagel O 3



IJRBAT, Issue (XIlI) Volume (II) May 2025: 100-113

A Double-Blind Peer Reviewed & Refereed Journal

1 (26)

1+z
In this section, we have estimated and determined
significant cosmological quantities in connection
to redshift. These computations aid our
understanding of the expansion of the universe,
energy distribution and the effects of many
components at various redshifts. The key
cosmological parameters, deceleration parameter

(q) , Hubble parameter (H ) , anisotropy parameter

(Am ), expansion scalar (9) and shear scalar (0'2)
in terms of redshift are calculated as
ke k!

n(l+z)

27

q=-1- +kyk, + 1

Fig.1 Plot Deceleration parameter (q)versus
redshift (Z) for
n=1.695k, =10,k; =0.13L k, =-0.1

A positive sign of the deceleration parameter ¢

indicates the standard decelerating model,
whereas the negative sign indicates the inflating

model. Recent observation shows that the
deceleration parameter of the range of
—1<g<0 and present day universe is

undergoing an accelerated expansion. From fig.1,
it is observed that deceleration parameter g is in

the range (-1, 0) hence, the model represents
accelerated expansion of the universe.

g (2) (28)
ks

g 3+2) (29)
ki

ol = 9k} (1 + Z)zn (30)

K
A, = 6k! (31
///
v
/
7
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Fig.2 Plot expansion scalar (9) and shear

scalar (0'2) versus redshift (Z) for
n=1.695k =0.05k =0.131

From fig.2 it is observed that both expansion
scalar and shear scalar increases as redshift
increases, whereas when redshift is zero, the
expansion scalar and shear scalars are finite.

Solving equation (9) by using equations
(16), (23) and (24), we obtained scale factor in
terms of redshift.

PR (32)

The expressions for transverse pressure (pt) ,

radial pressure (pr) , energy density (p) , and
anisotropic factor

(Ar) are obtained in the following form

—k [kw(l +z)") A z)?) A z)) Lol =3F(+ z))

k}(m) k3(77+3) k}(n+3) k3(n+3)

33)

nnnnnn

nnnnnn

1
Redshift (z)

Fig.3 Plot transverse pressure ( t)Versus
redshift (z) for

|

n=1.695k, =0.131,k, =1k, =1,k =k, =12

_ =y | 2k (L) k(L )l Lol =3P(2)" ky(ez)

r T & £n+3)

k52k3(4—ﬁk, ) 2k§”+3)

(34)

i)

k §/1+3)
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Fig.4 Plot radial pressure (pr)versus redshift

(2)

for
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The physical quantities = dp, (r) and v’ = dp,(r)

dp(r) dpl(r)
describing the behaviour of radial and tangential
sound speeds respectively. When both the ratios

are positive, i.e. vf >0 and sz >0, we have a
stable model whereas when both the ratios are
negative, i.e. vr2 <0 and v,2 <0, we have an

unstable model. From equation (33) to equation
(35) we get

n=1.695k=1k =005k =0.131,k, =1.5ky =1k, =k, =1

kk;’l‘n

ol =37 (1+2)" PECEE

P {21@,,(1 +z)m) . (1=K fa+2) .

- 87 kimz) kl("”) k52 (1 4 Z)nk” 2k§n+3)

(35)

Fig.5 Plot energy density (p) versus redshift
(z) for

o () | KAk, Kkl =3k, + 1+ 2) )

odplr) | kkks 3(n=3) el 3 f (31 2) |
Z)r3)

w6

(n+2)

2o dpl) ka3 K ()
nkk”kgnﬁ)k;ku

" dplr)
(38)

In these model, it is observed that both the ratios
are positive, i.e. v> >0 andv; > 0. So the given
cosmological model is stable.

The causality condition

n=1.695k =1k =0.05k =0.131 k, =1.5, ko= addition=10 ghe=p@gitivity of v/ and v/, the

From fig.3, fig.4, and fig.5, we can observe that
the curve of transverse pressure, radial pressure
and energy density are varying in positive region
throughout the evolution of the universe against
redshift, which indicates that the universe is
expanding.

causality condition states that the speed of sound
is less than the speed of light and can be describe

as
0<vy, = Msl and
\ dp(r)

dp,(r) _,

dp(r)

0<v, =

b1+ 2)™ k14 2)™ ki (142)") wfn-2P(142)") ke 2

) ) ) )
A(r):ki i 3 i 3 k! 3 2k; 3
87| k(1+2) ) a(n=3f(1+2)" ky(1+2)

27 (43K +n) + - * )
K2k iy ks
(36)

5 Stability Analyses
Using different aspects we discuss the stability of
the model.

Speed of Sound

kszkl(mﬁmn)

Redshift 2

http://doi.org/10.29369/ijrbat.2025.010.2.00012
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Fig.6 Plot of radial velocity (v,. )Versus
redshift (z) for
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n=1.695k=1,k =0.05k =0.131,k =1.5,k, =0.5=k, =1

Fig.7 Plot of transverse velocity (Vt)versus
redshift (z) for

Fig.8 Plot of stability factor (vt2 —v? ) Versus
redshift (z) for

n=1.695k =1,k =0.05,k, =0.131k, =1.5k, =0.5,k, =1=k,

The region is  potentially  stable if

-1< (v,2 —v? )< 0 and the region is potentially
unstable if 0 < (vf —v? )< 1. From fig. 8 it is clear

that stability factor (v,2 v’ ) lies between (-1 0).

n=1.695k =1,k =0.05,k, =0.131, k; =1.5,k,, Sollf; knodel, i, stable2

In the given cosmological model, the speed of
sound is greater than one, but the speed of sound
is not less than the speed of light, i.e., it does not
lie between O and 1. So, the causality condition is
not satisfied.

The stability condition

To study the stability Sarkar et al. (2020) and
Abreu et al. (2007) provides the conditions with

respect to the stability factor (vtz —vrz) for an

anisotropic fluid model. The stability condition is
described as from equation (37) and equation (38)
we obtained,

6 Hubble Datasets

Measurement of d¢ yields the Hubble parameter,
which is independent of the model, as the Hubble
parameter is also related to the differential

1 dz

— where dz is

redshift, as H (z) = _(IT) ”
z

acquired from the spectroscopic surveys.
Actually, there are two common approaches to

determining the Hubble parameter values H (z)
at a given redshift: a differential age (DA) and the
line-of-sight baryonic acoustic oscillation (BAO)
datasets. The 57 newest H (Z) data points in the
redshift range of 0.070<z<2.36 provide
observational  constraints on  parameters
H, =c(A+1). The DA technique was used to
collect 31 points, and the BAO technique was used
k‘gg3)colle t 26 points. A list of 57 H' (Z) values in

[k,4(n +3)14z)"? _ IJ K2+ 2y N (n+2)

Pz nkl kS 2(n—3) 3 _&)@q Jedshift range 0.070<z<2.36 has been
(v —v2)= L - Kla =3k, + n)i + o) -PHOPOSE in (2018 & 2020) (see Table 1). We
_ 13 -+ 12 + 1 .
(1_ ﬁk,)z 2 3(n-3) k3k3(4—ﬁA,+:x)(1_ ﬁkl)z(n 31 ioynd the best-fit curve of H (Z) with 57 data
(39) values shown in Table 1, using the R> — test :
htt; ~ 1 2.00012
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57 ) 0.38 83 13. Moresco 0.4 86.45 3.9 Gaztana
L), ()] (40) 02 5| etal | 3 7 | eaetal.
R =1- (2016) (2009)
040 95 17 Simonet | 0.4 82.6 7.8 Blake et
z [(H i )obs - (H i )mean]z 0 al. 4 al.
= (2005) (2012)
0.40 77 10. Moresco | 0.4 84.84 1.8 Wang et
2 . 4 2 . 4 1.
The R°—test examines how much of the 0 2016 } @07
universe in the dependent variable can be 042 | 87.1 | 11. | Moresco | 0.4 | 87.79 | 2.0 | Wanget
. . . . 47 2 etal. 8 3 al.
explained by the independent variable. Regarding 016) 017)
the values of model parameters H,,0and A in 0;;4 92.8 1;- M:trzlsco °i5 204 1 19 Wa;;g ot
relation to the observatory Hubble dataset (HOD), (2016) (2017)
5 . 0.47 89 34 Ratsimb 0.5 9435 2.6 Wang et
a R° =1denotes an exact fit. To determine the 0 azafly et | 2 4 (2311-7)
. . . al.
optimal values of H,0 and A, we limit the (2017)
. 0.47 80.9 9 Moresco | 0.5 93.34 23 Wang et
parametric spaces —1<z and e€#0. For 83 ctal. | 6 al.
4 ) (2016) (2017)
H,=67.8kms Mpc, Q =03 and 048 | 97 | 62 | Stemet | 05 | 876 | 7.8 | Chuang
0 al. 7 etal.
Q2, =0.7, the error bars show the mean point and (2010) (2013)
L. . 0.59 104 13 Moresco | 0.5 96.8 34 Anderso
how far it is from the mean across 57 points of the 3 etal. 7 netal
S (2012) (2014)
Hubble dataset H (Z): H \/Q (] + Z) +Q. . 0.67 92 8 | Moresco | 0.5 | 9848 | 3.1 | Wanget
0 m A 97 etal. 9 8 al.
. (2012) (2017)
Here, 3, and €, are the density parameters of 7555 oreweo |06 | 879 [ 61 | Biakeel
: 12 etal. 0 al.
dark _ matter dark energy, respectively. For 2013) 2012)
appximate values of [087] 125 | 17 | Moresco | 06 | 973 | 2.0 | Alamet
033 54 etal. 1 al.
H,=6449"1,,n=1.695k, =0.131 we (2012) (2017)
. . . 0.88 90 40 Stern et 0.6 98.82 2.9 Wang et
obtain the best-fit plot with a maximum of 0 al. 4 8 al,
R? =0.9321 d (2010) (2017)
=U. and a root mean square error 090 | 117 | 23 | Simonet | 0.7 | 973 | 7.0 | Blakeet
RMSE) of 11.071. 0 al. 3 al.
(RMSE) o 07 (2005) (2012)
e e 1.03 154 20 Moresco 2.3 224 8.6 Delubac
Z ( et. 4 ( et. 7 etal. 0 et al.
H\z) o, H\z) o, R (2012)
007 | 69 19. | Stemet | 1.7 [ 202 | 40 | Simonet 130 | 168 | 17 | Simonet | 2.3 | 224 8 | Bautista
0 6 al. 50 al. 0 al. 3 et al.
(2010) (2005) (2005) (2017)
090 | 69 12 | Simonet | 1.9 | 1865 | 50. | Moresco 136 | 160 | 33. | Moresco | 2.3 | 222 | 8.5 | Delubac
al. 65 4 (2015) 3 6 (2015) 4 etal.
(2005) (2013)
0.12 68.6 26. Stern et 0.2 79.69 29 Gaztana 1.43 177 18 Simon et 22 226 9.3 Font-
0 2 al. 4 9 gaetal. 0 al. 6 Ribera
(2010) (2009) (2005) etal.
0.17 | 83 8 | Simonet | 03 | 817 | 62 | Okaet (2014)
0 al. 0 2 al. 1.53 140 14 Simon et
(2005) (2014) 0 al.
0.17 75 4 Moresco 0.3 78.18 4.7 Wang et (2005)
91 etal. 1 4 al.
(2012) (2017)
0.19 75 5 Moresco 0.3 83.8 3.6 Gaztana
93 etal. 4 6 gaetal.
(2012) (2009)
0.20 72.9 29. | Zhanget | 0.3 82.7 9.1 Ratsimb
0 6 al. 5 azafy et
(2014) al.
(2016)
0.27 77 14 Simonet | 0.3 79.94 3.3 Wang et
0 al. 6 8 al.
(2005) (2017)
0.28 88.8 36. | Zhanget | 0.3 81.5 1.9 Alam et
0 6 al. 8 al.
(2014) (2017) :
0.35 83 14 Moresco 0.4 82.04 2.0 Wang et
19 etal. 0 3 al.
(2012) (2017)
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Fig.5 Plot Hubble Data versus redshift along with 2.

Hubble data set given in Table 1

From fig. (5) It is observed that best-fitted curve
closely matched the data points when we
compared the graph of the Hubble parameter with
the Hubble dataset. The graph illustrates the
history of the expansion of the universe, which is
characterized by an increase in the Hubble
parameter as redshift increases. The universe
underwent a transition from early-time
decelerated expansion to late-time accelerated
expansion. The best-fit line aligns well with

observational data, while the theoretical model 3-

slightly over predicts H(z) at higher redshifts. This
suggests the theoretical model captures the
general expansion behavior but may need
refinement. Overall, the universe's expansion
history supports the standard cosmological model
with evolving dynamics over cosmic time.

7 Energy Conditions

Energy conditions are sets of mathematical
inequalities imposed on the energy-momentum

tensor T};, which describe the matter and energy
content of the universe in the framework of
general relativity. These conditions provide a way
to ensure the physical viability of a cosmological
model and impose constraints on the behavior of
matter and energy under gravitational interactions.

1. Null Energy Condition (NEC): The Null
Energy Condition requires p+ p=0. The

NEC ensures that the energy density observed
by a light-like observer (null vector) is non-
negative. It is the most fundamental of all
energy conditions, as the violation of the NEC
often leads to unphysical scenarios such as
exotic matter or superluminal signals. In an
expanding universe, the NEC is closely linked
to the second law of thermodynamics and the
avoidance of unphysical singularities.

e-ISSN 2347 - 517X
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Weak Energy Condition (WEC): the weak
energy condition requires 0 >0, p+ p=>0.
The WEC ensures that the energy density
observed by any time like observer is non-
negative. This condition is fundamental for a
physically reasonable distribution of matter
and energy. Satisfying the WEC indicates that
matter behaves normally (e.g., no negative
energy densities). It guarantees the normal
gravitational attraction of matter and aligns
with the observed dynamics of galaxies and
cosmic structures.

Strong Energy Condition (SEC): The Strong

p+3p=0,

Energy Condition requires

p+p=>0. The SEC ensure that gravity is

always attractive, implying that the combined
effects of energy density and pressure act as a
source of gravitational pull. The SEC is rooted
in classical general relativity, where gravity is
inherently attractive. In standard cosmology, the
SEC is satisfied during the matter-dominated
and radiation-dominated phases. However,
during the accelerated expansion of the universe
(e.g., the inflationary epoch or the current dark
energy-dominated era), the SEC is violated. This
violation is necessary to explain repulsive
gravitational effects, such as the ones driving the
universe’s accelerated expansion.

For our model in terms of redshift, we obtain
(1=3k f O+ 2) Lkt

Coln-3fez)

p()+ p,(z) =2

kgm) e+ Z)uk‘, k§/1+3)

87 33142 k) )Y

k§’”3) k52k3(4 Lak+n) k}(n%)

(41)
ko420 (=VBEJ 2™ b wln=3P(+2)")
1) + 3 + T P
p@+plz)==> 7 3 2(1+ 2 {
t 87 3(n_3X1+Z)(H+3) k (H_z)(m) k (H_Z)(m)
+ 3 _ K
kﬁ"”) kgf’ﬂ) k§”*3)
(42)
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3(n- I sthispaper, we have considered Ruban space

p(z) L (Z) ) ﬁ k§n+3) k}(n+3) k52 (1 4 Z)nk“

87 k(l + Z)(A—\Bl.vl +n) klz(l + Z)(m)
= {43k, +n) + Jr3)
ksk; 3

43)

3km(l+z (M . (
k, ) k( k 214y

Ky
1Y/ n+3)
+kl3(;(t+23? " 14(2"/’5}?
3

p(2)-p(z)=

(44)

=Bk J(1+2)"™ ke
(- 3k )

p(2)+3p,(z)=

)2 1+ z) M) ki 3(n-
+

titde anisotropic cosmological model in Brans-
Dicke scalar-tensor theory of gravitation with an
anisotropic dark matter fluid. For solving the field
equations, we used the law of Hubble parameter,
we use the relation between expansions scalar @
and shear scalar . We found metric potential,
al, pressure, transverse pressure, anisotropic
energy density in terms of redshift. The

values of all quantities are depends upon the
values of constant, for particular values of
constants radial pressure, transverse pressure,
anisotropic factor and energy densities are
positive. Graphically, we observe that from fig.1
shows _that deceleration parameter g is in the

(143)
) +— - wfn - 3)”(33” +|(-1, 0) hence the model represents
k; E(1+z)y™ k!

2 3(n—3)1+2)") k(1) (o)

accelerated expansion of the universe. From fig.2
it is observed that both expansion scalar and shear

k3("+ 3) kszkz(zzfﬁk,w) - k}(!HJ)

(45)

[ Kl ) () S Vo

scalar increases as redshift increases, whereas
when redshift is zero the expansion scalar and
shear scalars are finite. Using different aspects we
discuss the stability of the obtained cosmological

_o(n-3ymeytel] From figures 6 and 7, it is observed that

p(2)+3p,(2)= ks K K K21+ z)™
2 3(n _ 3)(1 + Z)(M) k, (l + Z)(/1+3) km(l + z)(””)
+ ) - 1) - )
3 3 3

(46)
Om diagnostics

Om diagnostics is yet another effective instrument
that has emerged from the Hubble parameter. It
offers the null test for the A — CDM model. The
variance of diagnostic in slope makes it sufficient
for refining a variety of DE models extracted from
A—CDM .
diagnostics (Arora et. al. 2020) is obtained as

For the flat universe, the om

(47

CONCLUSION:

k'radial and tangential sound speeds are positive, i.e.

v>>0 @and v} >0 it gives stable cosmological

model. In addition to the positivity of vf and vt2 ,

the causality condition states that speed of sound
is less than speed of light. In the given
cosmological model speed of sound is greater than
one but speed of sound is not less than speed of
light, i.e. it does not lie between 0 and 1. So, for
obtained cosmological model the causality
condition is not satisfied. Also, stability factor

(vtz —v; ) for an anisotropic fluid model, from fig.

(8), it is clear that stability factor (vf - vr2 ) lies

between -1 and 0. So the model is potentially
stable. Also, we obtained different energy
conditions and it is observed that all the mentioned
energy conditions are satisfied. We have also
obtained the Om diagnostics were a useful test for
comparing the model to the conventional
ACDM model. Also it is observed that best-fitted
curve closely matched the data points when we
compared the the graph of the Hubble parameter
with the Hubble dataset, the graph illustrates the
history of the expansion of the universe, which is
characterized by an increase in the Hubble
parameter as redshift increases. This increase
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reflects the evolution from an early universe
dominated by radiation to an age dominated by
matter and then eventually to a dark energy-
dominated, accelerating expansion phase.
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