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Abstract: This research paper examines a cosmological model in flat space-time via f(R,G) gravity, where R and

G are the Ricci scalar and Gauss-Bonnet invariant, respectively. Our model assumes that f(R,G) is an exponential

function of G combined with a linear combination of R. We scrutinize the observational limitations under a power

law cosmology that relies on two parameters, the Hubble constant (Hy) and the deceleration parameter (g) utilizing
the 57-point H(z) data, 8-point BAO data, 1701-point Pantheon+ data, joint data of H(z) + Pantheon, and joint data
of H(z) + BAO + Pantheon+. The outcomes for Hy and ¢ are realistic within observational ranges. We also address

energy conditions, Om(z) analysis, and cosmographical parameters such as jerk, lerk, and snap. Our estimate of Hy
is remarkably consistent with various recent Planck Collaboration studies that utilize the ACDM model. According

to our study, power law cosmology within the context of f(R,G) gravity provides the most comprehensive explana-

tion of the important aspects of cosmic evolution.
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I. INTRODUCTION

Strong evidence for the Universe's accelerated expan-
sion has been provided by several current standard obser-
vations, e.g., type la Supernovae (SNIa) [1, 2], the cos-
mic microwave background (CMB) [3] radiation, and the
Planck satellite [4]. Researchers have observed that modi-
fied gravity can provide a more accurate description of
the Universe's accelerating expansion. As far as we are
aware, modified gravity offers a straightforward gravita-
tional substitute for the dark energy paradigm. The theor-
ies of dark energy are based on expanding the Einstein-
Hilbert action with gravitational components. This has
the effect of altering the Universe's evolution, either early
or late. Under modified gravity, the literature provides
numerous examples of these models [5—7]. The Universe
expanded at an incredibly high rate during the inflation-
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ary phase [8]. Hence, the Universe expanded quite
quickly and increased in size in a relatively short time. In
Ref. [6], the various forms of inflationary theories were
investigated in the context of modified gravity. Generally,
bouncing cosmological models are used to describe the
phenomenon of the early Universe, alternative to the in-
flationary scenario [9, 10]. Recently, Mukherjee et al.
[11] mapped Einstein and Jordan frames where the Ein-
stein frame Universe describes the late-time evolution
and observed that a perturbed stable bounce is also pos-
sible for the late-time evolution of the Universe. A uni-
form description of this can be provided by modified
gravity. A phantom fluid or field is required to explain
the accelerated expansion in standard general relativity
(GR).

Modified gravity is another explanation for the Uni-
verse's late-time acceleration. In the initial phase, f(R)
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gravity has been exploited with R in the Einstein-Hilbert
action, which is the scalar curvature. This notion is easy
to understand, workable, and very effective. However,
currently, GR has numerous variations. Thus, we obtain
f(R,T) theory if the Lagrangian is a function of both R
and the trace of the energy-momentum tensor (7)
[12—-33]. In this gravity theory, some of the basic aspects
are as follows: (i) T and (ii) R have considerable intrinsic
features to the matter Lagrangian. Moreover, the quantum
field effect and particle creation potentiality are some
other attributes of f(R,T) gravity. All these aspects of
modified gravity theories are described in the review in
Ref. [34]. The T term is introduced to account for heat
conduction, viscosity, and quantum effects.

Another explanation exists for the late-time cosmic
acceleration. Observational restrictions have been ap-
plied to f(R,T) gravity. However, f(R,G) gravity
presents an intriguing substitute for f(R) gravity. Numer-
ous studies demonstrate that inflation and late-time accel-
eration can be explained by f(R,G) gravity [35—49]. In
particular, the authors of Ref. [49] formulated the relaxed
Universe within the context of modified gravity and in-
vestigated an unconventional approach for addressing the
old cosmological constant problem viz fine tuning in a
class of f(R,G) models. Here, we confine ourselves to
analyzing the fate of the Universe and its dynamics at the
present epoch in the framework of f(R,G) gravity. Addi-
tionally, the authors of Ref. [50] investigated a vacuum
structure for scalar cosmological perturbations in f(R,G)
gravity and found a new instability that can occur within
the structure if the background is not de-Sitter. The scal-
ar type cosmological perturbations for f(R,G) gravity
with a single scalar field are given in Ref. [51].

The understanding of the late-time acceleration of the
Universe is largely dependent on the mainstream cosmo-
logical model. Furthermore, note that finding the correct
cosmological model of late-time acceleration is still a dif-
ficult task. The late-time acceleration era is known as the
dark energy era [52—55], and to date, many studies have
attempted to model the late-time phenomenon using a
scalar field [56, 57], whereas other models use alternat-
ive gravity in its numerous forms [58]. The age, horizon,
and fuzziness problems in the standard model are suc-
cessfully resolved by models based on a power-law of the
scale factor [59—62]. Generally, the expansion rate of the
Universe is described by the Hubble constant, H,. In the
recent past, we have observed the statistically significant
tensions in H,, which refer to the difference between its
direct local distance ladder measurements and considera-
tion of the standard ACDM model. For example, there is
an approximately 4.4 ¢ tension in the value of H, determ-
ined by the equation of state dark energy (SHOES) meas-
urement, Hy=73.04+1.04 kms™'Mpc™' (68% CL) [63]
and H,=67.27+0.60 kms~'Mpc™' (68% CL) [4]. This
discrepancy in the value of H, is referred as H, tension.

Some important studies on H, tension are described in
Refs. [64—78].

Based on the abovementioned motivation, this paper
is outlined as follows: Section II provides a brief math-
ematical overview of the metric and f(R,G) gravity the-
ory along with the solution to the field equations. Section
III presents an observational analysis within the observa-
tional constraints of the model parameters. The physical
parameters involved in the model are presented using
plots in Section IV. Finally, Section V provides relevant
comments on the entire investigation.

II. ACTION AND COSMOLOGICAL
SOLUTIONS

A. Field equations

In four-dimensional space-time, the modified Gauss-
Bonnet gravity is expressed as

s =/ {%} V=Ed'x+ S, (1)

where x = 87G and S, is the matter Lagrangian that de-
pends on g, and matter fields. G is defined as
G = R*+R,oR"™ —4R,,R". G is obtained from R,
R, = Rf;_(y, and R = g¢"R,;.

From Eq. (1), the gravitational field equations are de-
rived as

R, - %F(G) +(2RR,, — 4R, R} + 2R R o+
- 4giaGi{Rmija{)F’(G)
+4[V,V,F'(G)IR: —48,,[VoV F'(G)IR™
+4[V, V. F'(G)g"¢" Ry,

+2g,[0F (G)IR-2[V,V,F'(G)IR
—4[0F" (G)IR,, +4[V, Vo F (GIR) =«T,,  (2)
where 777 is the energy momentum tensor resulting from

S
The flat FLRW space-time metric is

ds® = —d + a*(1)(dx* + dy* + d2P), A3)

where the symbols have their usual meanings.
Now, we calculate the Einstien field equations using
Egs. (1) and (2) as

F(G)+6H? -~ GF'(G) +24H GF" (G) = 2«p, )
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6H? +4H + F(G) + 16HG(H + HH)F"(G) - GF'(G)

+8H>GF"(G)+8H*G*F"'(G) = =2«p, (5)

_a@) . . _da
where H = a0 s the Hubble parameter and a(f) = —.

dr
Additionally, we have
R=6(Q2H>+H), (6)
G =24H*(H* + H). @)

In the present model, we consider F(R,G) =R+ f(G).
Function f(G) may describe the inflationary era and yield
a transition from early deceleration phase to late-time ac-
celeration, as well as a natural crossing of the phantom
divide. In the literature, various options of f(G) are used,
e.g., f(G)= foGP [37] with constant f, and f. Here, we
assume f(G) = ae™C [79] with constant a > 0. Therefore,

F(R,G)=R+ae™®. ®)
The second term of Eq. (8) dominates over the Ein-
stein's term R for a > 0.

B. Power law cosmology

We have a system of four equations, (4)—(8), with five
unknown variables, namely, H, G, F(G), p, and p. Thus,
we cannot solve these equation in general. To obtain an
explicit solution, we require at least one physical assump-
tion among unknown parameters. In the literature, the law
of variation of Hubble's parameter is commonly used,
which yields the power law form of the scale factor [80]

as follows:
t ¢
a(t) =y (%) ’

where qq represents the current value of the scale factor
and ('is a dimensionless constant.

This form of a(¢) describes the power law cosmology
and is consistent with the late-time acceleration of the
Universe. Some useful applications of power law cosmo-
logy are given in Refs. [22, 81]. Moreover, using defini-

)

@@ QA (2 + 1) 96 HA (g + 1)(z+ 1 — 1) + 1) , GHo(a+ 1

€z

. g a 1 .
= — Hzfz—i— -
tions a T4z and a T4z0f I Eq. (9), we ob

tain the following form of H(z) in terms of z:

H = Hy(1+2)t. (10)
Here, H, denotes the present value of the Hubble para-
meter.

Note that by bounding Eq. (10) with OHD, BAO, and
Pantheon+ compilation of SNIa datasets, we have con-
strained the values of H, and {"in the subsequent section.

We consider cosmological characteristics such as the
pressure, energy density, EOS parameter, Hubble para-
meter, and deceleration parameter to comprehend the his-
tory of the Universe. A dimensionless variable known as
the deceleration parameter may be used to calculate the
Universe's acceleration or deceleration phase. The defini-
tion of deceleration parameter ¢ is

i

- (11)

q:

Now, the following three cases may occur: (i) if
g > 0, then the phase of the Universe is decelerating, (ii)
if ¢ <0, it is accelerating, and (iii) if ¢ =0, it is expand-
ing continuously. Thus, Egs. (9)—(11) yield

g=1_1 (12)

¢

Therefore, using g and redshift, we can describe the
Hubble parameter as

H(z) = Ho(1 +2)"*7. (13)

We assume H in the form of Eq. (10) or (13) for the
following two reasons: i) This form is comparable to the
standard ACDM model H = Hy[€Q,(1 +Z)3+QAT/2 be-
cause for z=0 and Q,+Q, =1, H=H,, whereas by
parameterizing (13), we can obtain H = H, for z=0; ii)
this parameterization also results in the acceleration beha-

1
vior of the Universe as ¢ =~ —1 for ¢ > 1.

Let us now obtain the expressions for the energy
density and pressure by solving Egs. (4) and (5), which
are given as

p= 2k 2k ’ (149
e Qe (24 Hig(+ 1 B072H3g(g + 12+ D™+ 16H(q + 1O +5)(a+ D™ 4 D)= 1 2H32g = D(z+ 17
) % 2K ’ (15)
w="
p
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Note that a is a positive constant, and we have selec-
ted @ =1 for the graphical analysis of the physical para-
meters of the proposed model and « = 827Gy = 1. The val-
ues of Hy and ¢ are obtained by bounding Eq. (13) with
OHD, BAO, and Pantheon compilation of SNIa datasets
using the Markov Chain Monte Charlo (MCMC) method
and the minimizing y? technique.

III. OBSERVATIONAL CONSTRAINTS ON
MODEL PARAMETERS

In this section, observational datasets are utilized to
restrict the values of H, and ¢ that occur in the tilted
Hubble parametrization. In this model, we employed the
H(z), BAO, and Pantheon datasets, as well as their com-
bined data collections. The H(z) data points are given in
[82]. The information on BAO and Pantheon compilation
of SNla data are sourced from [83] and [84—87], respect-
ively.

A. Observed Hubble Data (OHD) set

We utilized the 57-point OHD data from [82]. To en-
sure robust parameter estimation and account for system-
atic effects in the Cosmic Chronometer (CC) data, we in-
clude the full covariance matrix as provided by [88].
More details of the cosmic chronometer covariance es-
timate are available at https:/gitlab.com/mmoresco/
CCcovariance. This covariance matrix accounts for sys-
tematic correlations between redshift bins owing to com-
mon calibrations, assumptions in stellar population syn-
thesis models, and other potential sources of uncertainty.
To achieve reliable parameter constraints, we modify the
chi-squared function to incorporate the covariance matrix
as follows:

X%Ch = (Hobs - Hmodel)T : C_l . (Hobs - Hmodel)’

where H,p,s and H,q. represent the observed and theoret-
ical Hubble parameter values, respectively, and C de-
notes the covariance matrix. This framework ensures a
statistically rigorous comparison of observed data with
theoretical predictions, accounting for systematic correla-
tions and enhancing the robustness of parameter estima-
tion.

The CC method offers a model-independent ap-
proach to measuring the Hubble parameter, H(z), as a
function of redshift by utilizing the differential ages of
passively evolving galaxies (dt). Redshift measurements,
derived from the spectroscopy of extragalactic objects,
achieve a high precision (6z/z<0.001). However, the
primary challenge lies in accurately estimating dt, which
relies heavily on well-constrained stellar population syn-
thesis models [89]. This technique directly probes the
Universe’s expansion history without assuming any prior

cosmological model, making it a valuable tool for obser-
vational cosmology.

In this work, we adopt the methodology outlined in
[88], incorporating statistical and systematic corrections
to ensure reliable results. The CC data used in our analys-
is span redshifts from 0.07 to 1.26, capturing the Uni-
verse's expansion dynamics across a crucial epoch. By
combining these observations with the covariance matrix,
we address systematic correlations, thereby providing ro-
bust constraints on cosmological parameters such as H,
and q.

This integration of CC data with a covariance matrix
not only enhances the statistical rigor of our analysis but
also aligns with best practices in the field [88, 90]. Our
approach ensures that both statistical and systematic un-
certainties are rigorously addressed, enabling reliable in-
sights into the Universe's expansion history.

B. BAO dataset

Let us utilize the BAO data to evaluate and verify the
probable predictions of our cosmological models at vari-
ous redshift values. This will offer a unique method for
examining the expansion parameters of the presently ac-
celerating Universe at low redshift values. Here, the BAO
dataset has been obtained from current surveys, e.g.,
6dFGS, SDSS, and WiggleZ, in the specific redshift
range 0.106 < z < 0.73. The basic concept behind this is as
follows: the dimensionless amount serves to obtain a
clear-cut indication of the primordial baryon-photon
acoustic oscillations in the matter power spectrum.
Hence,

2/3
il dz} . (e6)

1 (=
4@ = Va1 [
i J0 g

C. Pantheon+

For the redshift range of 0.001 < z < 2.26, we utilized
the Pantheon+ data compilation [91]. The Pantheon+ ana-
lysis of 1701 light curves of 1550 distinct SNIa range in
redshift ranges from z = 0.001 to z = 2.26. The investiga-
tion of the expansion rate heavily relies on SNIa.

To assess the theoretically expected apparent mag-
nitude (m) and absolute magnitude (M,) with respect to
color and stretch, we compute distance modulus muzh(z;)
as follows:

() = =M, +m = po+5log D (2), (17)

where D;(z) and ppare the luminosity distance and nuis-
ance parameter, respectively. Furthermore, M, is fixed or
treated as a free parameter because of its strong correla-
tion with H,.

Therefore, o in Eq. (17) is expressed as
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—5lo ( Hy' )+25 (18)
Ho =208\ Tm ’

pc

Thus, D;, in the present case, for a geometrically flat
Universe is expressed as

Z HO
D;=(1+7) / d7 19
' » HE) (1%
Now, the minimum x? function is given as
1701 2
(H s 9Zi)_ (o S(Zi)
xop(Ho,q) = Z {ﬂth 0.9 Hob ‘ (20)
O-p(zi)

i=1

D. Joint OHD + Pantheon+ dataset

By performing a joint statistical analysis using
H(z)and Pantheon datasets, we obtain stronger con-
straints. Therefore, the chi-sq function for joint datasets
can be written as

21)

2 _ .2 2
Xloint = Xoup T Xpp-

E. Joint OHD + BAO + Pantheon+ dataset

By performing a joint statistical analysis using H(z),
BAO, and Pantheon datasets, we obtain even stronger and
more reliable constraints. Therefore, the chi-sq function
for joint datasets can be written as

(22)

2 _ 2 2 2
Xoint = Xoup T XBao T Xpp-

IV. RESULTS UNDER THE f(R,G) GRAVITY
MODEL

A. Parameter estimation

The two-dimensional contour plots for Hyand g using
the OHD, BAO, and Pantheon datasets and their combin-
ations OHD + Pantheon and OHD + BAO + Pantheon are
shown in Figs. 1, 2, 3, 4, and 5, respectively. Their com-
bined plot is shown in Fig. 6. The obtained values of Hj
and ¢ by implementing the observational datasets are
presented in Table 1. We observe that the obtained val-
ues of g at the present epoch are ~ —0.1; however, its
value is considerably small in other investigations [92].
Note that we obtain H, ~ 68 by restricting the proposed
model with various cosmological datasets via the MCMC
method and minimizing x? technique. Over the past two
decades, H, measurements with smaller error bars have
been obtained: 1) Hy=67.9+1.5 km/s/Mpc from the
Planck Collaboration [84] and ii) H,="73.04+1.04

km/s/Mpc from the supernovae and H, for the SHOES
project [63]. Note that Mehrabi and Rezaei [93] con-
strained H, ~ 72 by utilizing SNIa data and showed its
consistency with the ACDM model, whereas in this pa-
per, our Hy is close to the Planck result [84] and slightly
different from that in Ref. [93] owing to the inconsist-
ency in the expression of H(z). Therefore, despite de-
scribing the late-time acceleration of the Universe, the
power-law cosmology is not a complete package to study
the whole dynamics and eventual fate of the Universe.

B. Energy conditions

Energy conditions (ECs) or similar cosmic principles
explain the distribution of matter and energy across the
Universe. They are based on Einstein's gravitational
equations and replicate the rules of the cosmos. These cir-
cumstances indicate the distribution of matter and energy
in space. Hence, the ECs can be expressed as follows:

(i) Weak Energy Condition (WEC): p >0, p+p >0,

(i1) Null Energy Condition (NEC): p+ p >0,

(iii) Strong Energy Condition (SEC): p+3p >0,

(iv) Dominant Energy Condition (DEC): p—p > 0.

All the ECs separately and jointly are shown in Figs.
15—19 using the Bayesian analysis of the parameters. Ex-
cept for the SEC, our results show that the NEC, WEC,
and DEC are all satisfied. The SEC violation is justified

by the Universe's fastest growth. Therefore, the f(R,G)
theory of gravity has potential to explain the current scen-

Ho = 66.998+2.0%

— Hiz)

\ | a= -os1angyy

—04r N

o -06[ . / \

Fig. 1.
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Fig. 2.  (color online) One-dimensional marginalized distri-

bution and two-dimensional contours using the BAO dataset.
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Fig. 3. (color online) One-dimensional marginalized distri-

bution and two-dimensional contours using the Pantheon data-

set.

ario of the late-time acceleration without requiring the
cosmological constant and dark energy component in the
energy budget of the Universe. The distribution of en-
ergy density p with respect to time ¢ is shown in Fig. 7,
whereas the distribution of the pressure is shown in Fig.

8.

C. Om(z) parameter
When assessing various dark energy hypotheses in

Hg = 68.989fg:ig%
—— Hiz] + Pantheon+

/M
[
/ \\
[
\
ff \
N\ | a=-oeurgg
_04 - - .l‘/\'\'
[\
o 06 [ R / I"gl
r/ \"
L i \
—-0.8 /,l" \
sal.s sgl.u 59|.2 - —DI.B —DI.S —DI.4
Hg q

Fig. 4. (color online) One-dimensional marginalized distri-
bution and two-dimensional contours using the combination

of H(z) and Pantheon+ dataset.

Hq = 67.995+0.103
—— Hlz) + BAO + Pantheon+

Y

~ 0.60913 32

-"/;.I I :\ a=
= T T T =
|'-.’-\'.
-04 B !
o -06[ .
-08 [ 1
/
i i i '/ i i I\
67.8 68.0 682 -08 -06 -D4
H[] q

Fig. 5. (color online) One-dimensional marginalized distri-
bution and two-dimensional contours using the combination
of H(z), BAO, and Pantheon datasets.

academic works, researchers commonly use state finder
parameters r—s and the Om diagnosis. The important
Om(z) parameter is formed when Hubble parameter H
and cosmic redshift z combine, which can be defined as
H
(Z)] 2 4

SHo S
(I+203-1"
where H, corresponds to the current value of the Hubble
parameter. According to Shahalam et al. [94], the negat-

Om(z) = (23)
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Ho = 69.986+319
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Fig. 6. (color online) One-dimensional marginalized distri-
bution and two-dimensional contours using the combined
variability across all dataset combinations.

ive, zero, and positive values of Om(z) indicate the quint-
essence (w>-1), ACDM, and phantom (w < -1) dark
energy hypotheses, respectively.

The Om(z) parameter can be provided for our model
as follows:

(1+2%* -1

Om(z) = m

24

D. Cosmographic parameters

Many cosmological parameters, given as higher-or-
der derivatives of the scalar component, are examined to
comprehend the Universe's expansion history better. Con-
sequently, these characteristics are extremely useful for
investigating the dynamics of the cosmos. For example,
Hubble parameter H depicts the Universe's expansion
rate, g depicts the Universe's phase transition, whereas
jerk parameter j, snap parameter s, and lerk parameter /
are required to study dark energy theories and their dy-
namics. These are expressed as follows:

H=2, (25)
a

Table 1.
+ Pantheon). Here, we have used MCMC and Bayesian analysis.

220001

20000 1

18000 1

Q. 16000 -
14000 4
12000 4 —
—— Pantheon
10000 - — Hl(z) + Pantheon
— H{z) + BAO + Pantheon
0.(‘)0 0.‘25 0.‘50 0."!5 1.60 1.‘25 1.1’)0 1.‘75 2.(‘)0
z
Fig. 7. (color online) Dynamic variation in the energy dens-

ity (p) over the redshift (z) under various parameter condi-
tions derived from distinct combinations of the H(z), BAO,
and Pantheon datasets.

—8000

—10000 1

S —12000

—14000 1 Hiz)

BAO

Pantheon

H(z) + Pantheon

H(z) + BAO + Pantheon

—16000 4

T T
0.25 0.50 0.75 100 1.25 1.50 1.75
z

o
=}
o

Fig. 8.
over the redshift (z) under various parameter conditions de-
rived from distinct combinations of the H(z), BAO, and Pan-
theon datasets.

(color online) Dynamic variation of the pressure (p)

4= (26)
j= o @7)
s = %, (28)
I= # (29)

Parameter values exstructed from different datasets (i.e.,H(z), BAO, Pantheon, H(z); = H(z) + Pantheon, H(z), = H(z) + BAO

Parameter H(z) BAO Pantheon+ H(z), H(z2)a
0.094 0.100 0.096 0.102 0.103

Hy 66.998+0-094 67.003+3-100 69.990+0:958 68.989+-102 67.99579493
0.113 . 0.10 0.096 0.098

q —0.61470:003 —0.6063085 -0.61173497 -0.617+3:05 —0.10470998
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E. State finder diagnotics

Basically, state finder diagnostics aid us in obtaining
the hidden features of the status of dark energy and thus
mysteries attached to the history of the Universe. As we
employ a cosmic compass, these diagnostics lead us
through the complexities of cosmic evolution. Paramet-
ers r and s are used in state finder diagnostics. Using
these characteristics, we can gain a better understanding
of the evolution of the Universe. We consider them as
cosmic metres that offer data on the expansion of the
Universe and its constituent components. These are basic-
ally dimensionless parameters that encapsulate the es-
sence of the cosmic development and thus serve as a fil-
ter to aid in our understanding of the underlying dynam-
ics of the Universe.

Now, the general mathematical expression for the re-
quired parameter, expressed in terms of H, is expressed as
follows:

P
= 30
e (30)

whereas the equations for » and s in our model, when ex-
pressed in terms of ¢, become

r=2q¢*+q, 3D
—1+r
S =TT (32)
3(—5 +q)

The scale factor trajectories in the resulting model is
shown in Fig. 10 to follow a specific set of paths. Our
strategy is consistent with the results for the cosmic dia-
gnostic pair from power law cosmology. The pioneer in-
vestigations on state finders are described in Refs.
[95—106]. The evolutionary trajectory in the r— splane of
state finders pairs aids us in enhancing the accuracy of
the model and its classification among various type of
dark energy models, as discussed in Refs. [95—106]. The
behaviors of the proposed model r—g, s—¢, and r—s
planes are depicted in Fig. 10. From Fig. 10, we observe
that the proposed model behaves like the SCDM model
(r=1,s=1) at the initial epoch and approaches toward
the ACDM model (r = 1,s = 0) at late time.

V. DISCUSSION AND CONCLUSION

The motivation of this study was to examine Ricci
scalar R and Gauss-Bonnet invariant G to characterize a
cosmological model in flat space-time via f(R,G) gravity.
We aimed to investigate the observational limitations un-
der a power law cosmology that relies on two parameters,
the Hubble constant (H,) and deceleration parameter (q)
utilizing the 57-point H(z) data, 8-point BAO data, 1048-

le—5-7.426e—-1

— H(z)

—8.54

—9.0

—9.5

-10.0 A

T T T T T T T T T
0.00 0.25 0.50 0.75 100 125 150 175 2.00
z

Fig. 9. (color online) Variation in the equation of state para-
meter (@) vs the redshift (z), which demonstrates that dark en-
ergy contributes to the accelerated expansion of the Universe
with slight variations with the redshift, thus potentially lead-
ing to interesting cosmological consequences.

point Pantheon data, joint data of H(z) + Pantheon, and
joint data of H(z) + BAO + Pantheon. The outcomes for
H, and ¢ are realistic within observational ranges. Our
estimate of H, is remarkably consistent with various re-
cent Planck Collaboration studies under the ACDM mod-
el.

Through several graphical demonstrations (Figs. 1-19
and Table 1) , we showed that the obtained values for
Hyby bounding the proposed model with OHD, BAO,
and Pantheon compilation of SNla data satisfactorily fa-
vor its corresponding value observed in the Plank collab-
oration [84]. In addition to these graphical presentations,
we analyzed the model by studying the energy conditions,
jerk parameter, lerk parameter, Om diagnostics, and state
finder diagnostic tools. According to our study, the power
law cosmology within the context of f(R,G)gravity
provides the most comprehensive explanation for the im-
portant aspects of cosmic evolution. Furthermore, at the
final stage of this paper, we analyzed the research of
Singh et al. [79] that prescribes a cosmological model
with the power law under the framework of the modified
theory with a higher order curvature term. They [79] ob-
tained Hy = 68.119%09%8 km s™'Mpc ™', g = —0.10973314; Hy =
70.5%) 3 km s 'Mpc!, g =—0.257312 and H, = 69.10339°
km s™'Mpc!, g =-0.13273914 using H(z) data, Pantheon+
compilation of SNla data, and joint data of H(z)+ Pan-
theon+, respectively. In this paper, the constrained values
from the proposed model are as follows: H, = 68.001*(0%3
km s7! Mpc~!, ¢ =-0.106239%; Ho =67.9737310% km s~
Mpc~!, g =-0.0999919: Hy = 67.995*3%¢ km s~' Mpc~',
g=-0.10050015; Ho=67.980%00: km s™' Mpc!, g=
-0.1105001%;  Ho =68.01870%: km s™' Mpc™, g¢=
-0.104*5919 using H(z) data, 8-point BAO data, 1048-
point Pantheon data, joint data of H(z) + Pantheon and
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— BAO
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Fig. 11.  (color online) Variations in Om(z) with z across for

different combined datasets by considering the f values ob-
tained from each dataset.

— Hi(z)
25 — BAO
—— Pantheon
— H(z) + Pantheon
20 — H(z) + BAO + Pantheon
} 151
10
5
0.00 0.25 0.50 0.75 1.00 1.25 1.50 1.75 2.00
z
Fig. 12.  (color online) Features of jerk parameter j vs z.

Here, the values of j at z = 0 are as follows: for H(z) = 7.127
s73, for BAO = 6.663 s73, for Pantheon = 6.731 573, for H(z)
+ Pantheon = 7.387 s73, and for H(z) + BAO + Pantheon =
6.997 573

joint data of H(z)+ BAO + Pantheon, respectively. As a
suitable methodology, the welknown and effectiveM-
CMC was uniquely employed in this study.

Note that the proposed model minimized H, tensions

0.00
q

0.25 050 075 1.00 0.0 0.2 0.6 0.8

(color online) Features of the state finder plots of r—¢, s—¢, and r—gq.

o]
10
—30 1
—30 1
—40
=507 — Hiz)
—— BAO
—60 —— Pantheon
— Hi(z) + Pantheon
—70 - — HI(z) + BAO + Pantheon
0.00 0.25 0.50 0.75 1.00 1.25 1.50 175 2.00
z
Fig. 13. (color online) Features of lerk parameter / vs z.
250 — H(z)
— BAO
—— Pantheon
200 = Hiz) + Pantheon
— Hiz} + BAO + Pantheon
150 1
w
100 A
50 4
0
0.00 0.25 0.50 0.75 1.00 1.25 1.50 175 2.00
z
Fig. 14. (color online) Features of snap parameter s vs z.

and it is calibrated using only 0.680, 1.190, 1.1910,
1.230, and 1.170 for H(z) data, 8-point BAO data, 1048-
point Pantheon data, joint data of H(z) + Pantheon, and
joint data of H(z)+ BAO + Pantheon, respectively, when
we analyzed the estimated values of Hj in this paper with
the value of H, obtained by the Plank Collaboration [4].
Moreover, because of the constant value of ¢ in power-
law cosmology, it cannot describe the red-shift transition,
and the proposed model fails to explain the early deceler-
ation phase of the Universe. However, we can describe
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Fig. 15.  (color online) Weak Energy Condition (WEC) vs
the redshift (z) for all the combined datasets.
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Fig. 16. (color online) Null Energy Condition (NEC) vs the
redshift (z) for all the combined datasets.
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Fig. 17. (color online) Strong Energy Condition (SEC) vs
the redshift (z) for all the combined datasets.

the early deceleration phase of the Universe by selecting
an appropriate value of {in ¢=1/¢-1. However, note
that the model fails to explain the late-time acceleration

Fig. 18.  (color online) Dominant Energy Condition (DEC)
vs the redshift (z) for all the combined datasets.

— NEC

SEC
—— DEC
— WEC

60000 -

40000 4

20000

Energy Conditions

—20000 A

—40000 A

Fig. 19. (color online) All energy conditions vs time.

of the Universe.

Finally, although we obtained many useful features,
the power-law cosmology appears to be not a completely
packagable technique to study to entire dynamics and
eventual fate of the Universe. However, this connection
may have some scope to explore thermodynamical as-
pects, particularly entropy, of the late-time acceleration of
the Universe, and the works in Refs. [79, 107, 108] may
be addressed in future projects.
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