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ABSTRACT

We have examined the cosmological actions of LRS ( Locally Rationally Symmetric ) Bianchi type-I universe model in f (R,T ψ )
gravity. For this, we have estimate Hubble parameter, effective equation of state parameter (ωeff) and potential of scalar

field as a function of time using equation H =W (ψ). The graphical representation of potential function V (ψ) with respect to

cosmic time t is described. This study explores the dynamical properties of a Bianchi Type-I universe by utilizing Bayesian

statistical techniques to constrain the model parameters and evaluate the viability of anisotropic cosmology under extended

matter-geometry couplings. Also, we have applied Markov Chain Monte Carlo (MCMC) mechanism on derived H(z) model

by using observational Hubble data (OHD), DESI Baryon Acoustic Oscillation (DESI BAO) dataset and Pantheon Type Ia

Supernova dataset. From the confidence–level contours and best–fit parameter values obtained, along with the corresponding

reduced χ2, it is evident that the model aligns strongly with observational data, demonstrating statistical stability and consistency

in describing late–time cosmic acceleration. Likewise, the error analyses presented in this research, including a comparison

between the ΛCDM cosmology and the reconstructed H(z) model, confirm the model’s compatibility with current observations

by yielding a reliable and accurate account of the universe’s expansion history.

Keywords: Bianchi Type-I; f (R,T ψ ); Modified Gravity; Bayesian Statistics.

1 Introduction

A significant turning point in contemporary cosmology is the discovery of the universe’s accelerated expansion, which

profoundly shapes modern understanding of its fundamental structure. This accelerated phase is generally attributed to the

mysterious component known as dark energy, whose origin and properties remain elusive. The phenomenon is well described

by the ΛCDM model, where the cosmological constant Λ acts as the source of dark energy within the framework of General

Relativity (GR). However, the ΛCDM model faces two major theoretical challenges: the coincidence problem, which questions

why the vacuum energy density is of the same order of magnitude as the matter density, and the fine-tuning problem, arising

from the enormous discrepancy between the observed value of Λ and its theoretical prediction from quantum field theory.

These issues have motivated the development and study of modified theories of gravity as viable alternatives to GR, offering

promising explanations for cosmic acceleration.

The forthright of general relativity, the f (R) theory surrogates its general functions f(R) for the Ricci scalar R in the Einstein

Hilbert action. A more generic theory such as f (R,T ) gravity was proposed by Harko et al. 1, where T is the trace of the energy

momentum tensor. Gravity in which Jamil et al.2 suggested few cosmic models and found that about reproduces the ΛCDM

model. For precise model of gravity, Houndjo3 talked about matter concurred and accelerated period of the universe. After

studying thermodynamics Sharif and Zubair4 came to inference that second law of thermodynamics relates to both phantom

and non phantom phases.



The f (R,T ψ) was also put by Harko et al. in the work1. One probable source of dark energy which is a solar field, which

has a function same as a gas under negative pressure. It could be traits of a force field that accountable for the universe’s

expansion5. Halliwell give detailed thought about this in6. In their inquiry of the effect of scalar fields of gravitational lensing,

Virbhadra et al.7 found some new findings. In addition with arguing a number of cosmologically major cases, Bazeia et al.8, 9

introduced first order formalism for solving differential equations for scalar field models. On the huge basis, our universe is

homogeneous and isotropic and flat in space, still new experimental documentation suggest that the universe is anisotropic

and leans to become isotropic over time 10–12. The classes which are isotropic in nature of a Riemannian manifold or Bianchi

classification were posed by Bianchi 13. In the structure of general relativity (GR), primary research on Bianchi models was put

forward in 14, 15. In the context of general relativity and modified theories to explore the anisotropic foundation of cosmos,

Bianchi type models have been broadly studied 16–19. The Bianchi type I model which is spatially flat, homogeneous anisotropic

version of the FRW spacetime that is the most honest. Aftur studying this model in Brans-Dicke theory, Sharif and Waheed20

came to the inferencethat the anisotropic fluid leans to become isotropic after on which is coherent with the most convetional

observational documentation. Bianchi type I model which is the locally rotationally symmetric (LRS) of warm affectation was

interrogated by 21 who showed that the model is cooperative with observational data.A full cosmological picture in f (R,T ψ)
gravity for a homogeneous and isotropic universes was lately examined by 22. In this study. we construct on this work by using

LRS Bianchi type I model to examine how anisotropy impacts physiological parameters. The layout of this paper is accordingly.

In the following section, we use first order mechanism to express the field equations and find the values of H, ωeff, and V (ψ).

An turning point in concurrent cosmology was the disclosure of universes accelerated expansion at the twist of the twenty

first century. The first mighty suggestion that the expansion rate of the universe is increasing rather than decreasing , as

was earlier thought given the domination of matter and radiation came from observations of far Typela Supernovae(SNe

la)29, 38, 39. These creative studies operated separately by the High-z Supernova search team and all Supernova cosmology

project, established the presence of dark energy(DE), an exotic type of negative pressure energy that records for almost 70% of

background (CMB) radiation and BAO observations have further supported this phenomena and when combined, they described

a consistent picture of an accelerating universe32, 33, 86–90, 101.

The cosmological constant Λ is presented to supply the simplest illustration for the late time acceleration within the

framework of general relativity (GR), associated in the current Λ CDM model.The adjusting problem which effects from the

important difference between observed and theoretical values of Λ and the cosmic coincidence problem, which interrogate, why

the energy densities of matter and dark energy are of the same ordering in the usual period, are the two primary theoretical

issues with model, in spite of the reality that it effectively explains the plurality of cosmological observations30, 31, 70.

Scalar field based vigorous models have pictured a lot of interest between the indicated substitutes for the cosmological

constant. The observed acceleration can be brought dynamically by the concept of quintessence, which is driven by a

cosmological scalar field that is slightly associated to gravity68, 69, 71. In order to account for more complicated evolutions,

extensions like phantom models (w <−1) and k-essence37, 65, 73, 78 involve non canonical kinetic terms or potential.

The resultant quintom cosmologies clarify transitions amongst accelerating and decelerating aspects by allowing the

equation of state parameters to betray the cosmological constant boundary (w =−1) among a combination of phantom and

quintessence fields66, 79, 99. These models can unite the inflationary and dark energy periods into a single structure in addition to

illustrating late time cosmic acceleration36, 83, 84.The exploration of gravitational alternative as a geometric origin of dark energy

is eager by the fact that such scalar field models are delicate to initial provisions and often suffer from adjusting problems.

Varying geometric sector of Einstein’s field equations gives a possible substitute for DDE models. The Einstein–Hilbert

action is generic to a nonlinear function of the Ricci scalar R in the f(R) gravity theory, one of the most straight and highly

studied extensions52–56. The late time acceleration can be naturally illustrated by these models without the demand for

exotic matter field. Though it was found out that early formulation such as f (R) = R−µ4/R were inconsistent with stability

requirements and solar system tests57, 58.

Higher order curvature modifications were introduced to conquer these boundaries, consequent in theories like f (G) gravity,

which is based on the Gauss Bonnet Invariant G42–44, 47; f (T,B) gravity, which holds boundary terms and torsion48; and f (Q)
gravity, which is designed from non-metricity scalar Q91. Both early time inflation and late time acceleration may be depicted

by these generalized models using a single geometric framework40, 41, 46.

Myrzakulov gave a beyond theory by presenting f (R,T ) gravity in which the gravitational Lagrangian rests on the trace

of the energy momentum tensor T and the Ricci scalar R59. Nijiri and Odintsov explored modified gravity as a consolodated

framework for cosmic progression. They established how F(R) and related elongations of GR can depict entire cosmic. Also,

highlights the Lorentz non invariant models107. Their 2017 review, which features not only both theoretical firmness and

observational feasibility but also Inflation, bounce and late-time evolution108.Certainly in the lack of a cosmological constant,

the efficient interaction made by this non-minimal coupling amongst matter and geometry can render cosmic acceleration. This

theory has been extended in a different ways for which anisotropic and bulk viscous models are between cosmological contexts

including f (R,T ) = f1(R)+ f2(R) f3(T )
60–63, 97, 98.
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These developments created by Singh et al.82 to pose the f (R,T ψ) gravity framework, in which the gravitational action

rests on the both T ψ and the Ricci scalar R This describes a connection between a scalar field ψ and the matter sector (via its

trace T ). By giving a dynamic interplay among geometry, matter and scalar field cosmology. A rich cosmological dynamics

that can explain transformations amongst quintessence and phantom regiments is made possible by the introduction of scalar

field77, 80, 81. Besides, with the precise parameters selection, the theory can meet the fundamental energy necessities, assuring

its physical feasibility92, 93, 95, 96. As a result, f (R,T ψ) gravity gives more understanding structure for investigating the part that

matter geometry connections and scalar field play in the cosmic evolution.

Such modified gravity theories have a vast chance to be tested in the increasingly correct modern cosmological data. The

restrictions on a cosmological parameters are provided by the very latest Pantheon+ compilation of type la- Supernovae87,

BAO data from the SDSS and Wigglez audits88–90, and CMB anisotropy measurements from Planck101. Additional traits

for distinguishing between competing cosmological models are delivered by studies using the hubble parameter H(z) and

deceleration parameter q(z)85, 86, 105.

A credible framework that can replicate the observed late time acceleration, coherent with energy conditions and pos-

sibly give coherent explanation of the universe’s transition from deceleration to acceleration is f (R,T ψ) gravity inside this

observational landscape.

Density and analyzing a cosmological model within the framework of f (R,T ψ) gravity taking into chronology and latest

observational constraints like H(z), BAO and Pantheon datasets is the aim of the ongoing study. We examine however this theory

can explain the current cosmic acceleration, the deceleration- acceleration transformation and the accomplishment of energy

conditions by embracing appropriate functional forms of f (R,T ψ). Additionally, study explores how a better comprehension of

dark energy and the developments and of the universe can be gained through the interaction of curvature, matter and scalar field

dynamics in f (R,T ψ) gravity.

2 Field equations and first order formalism

The action for f (R,T ψ) gravity is given by

S =
∫

d4x
√−g [ f (R,T ψ)+L (ψ,∂ν ψ)] , (1)

Assume that 16πG = c = 1. f (R,T ) be an explicit function in R and T . Accordingly, braneworld scenario, it found to be stable
23. If f (R,T ) is linear in R, then solutions tends the FRW model in hig red-shift governance 24. According to linear and explicit

form of f (R,T ψ)22.

f (R,T ψ) =−R

4
+µT ψ ,

where µ is a constant. The corresponding field equations are

Gi j = 2
[

T
ψ

i j −gi jµT ψ −2µ ∂iψ ∂ jψ
]

, (2)

where Gi j and T
ψ

i j denotes Einstein tensor and Energy momentum tensor of a scalar field. The Lagrangian density and the

energy-momentum tensor for real scalar field ψ are given by

L =−1

2
∂iψ ∂ iψ −V (ψ), (3)

T
ψ

i j = ∂iψ ∂ jψ −gi jL , (4)

where V (ψ) is the self-interacting potential. The trace of the energy-momentum tensor is

T ψ = ψ̇2 +4V (ψ), (5)

where the dot shows derivative with respect to t. The line element of the LRS Bianchi type-I universe model is given by
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ds2 =−dt2 +X2(t)dx2 +Y 2(t)(dy2 +dz2). (6)

Shear and expansion scalar for this metric are as follows

σ2 =
1

3

(

Ẋ

X
− Ẏ

Y

)2

, Θ =
Ẋ

X
+2

Ẏ

Y
. (7)

Assume that both shear and expansion scalar are proportional to each other each other (θ ∝ σ ), which steers to the relation

X = Y n, where n ̸= 0 is a constant25. The mean Hubble parameter is given as

H =
1

3

(

n+2

n

)

Ẋ

X
. (8)

The correspondent field equation become

9

2

(2n+1)

(n+2)2
H2 =

(

1

2
−2µ

)

ψ̇2 +µT ψ −V (ψ), (9)

3Ḣ

(n+2)
+

3

2

(3H)2

(n+2)2
=−

(

1

2
ψ̇2 −µT ψ

)

−V (ψ), (10)

3

2

(

1+
1

n

)

Ḣn

(n+2)
+

9

2

(

1+
1

n
+

1

n2

)

H2n2

(n+2)2
=−

(

1

2
ψ̇2 −µT ψ

)

−V (ψ). (11)

The anisotropy parameter is defined as20

Ap =
1

3

3

∑
i=1

(

∆Hi

H

)2

; ∆Hi = H −Hi, (12)

where Hi stands for the directional Hubble parameters. In our case, it becomes

Ap =
2(n−1)2

(n+2)2
. (13)

It can be noticed that the anisotropy parameter decreases for −2 < n ≤ 1, while it increases for −∞ < n <−2 and 1 ≤ n < ∞.

For the scalar field, the equation of motion is given by

(1−2µ)
(

ψ̈ +3Hψ̇
)

+(1−4µ)Vψ = 0 (14)

where the subscript ψ denotes derivative with respect to ψ . Bazeia et al.8 alleged the first-order formalism based on

the assumption H = W (ψ) to solve the field equations. We relate this formalism and find the values of H, ωeff, and V (ψ).
Equations (8) and (9) yield

Ḣ =
(n+2)

(2n+1)

[

− (n+2)

3
+2µ

]

ψ̇2 +
2(n−1)(n+2)

3(2n+1)
(µT ψ −V ) . (15)

By using assumption of first order formalism, the above Equation (15) becomes

(n+2)(2µ −1)

3
ψ̇2 −Wψ ψ̇ +

3(n−1)

(n+2)
W 2. (16)
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From Equation (8), the potential of the scalar field can be written as follows

V (ψ) =
1

1+4µ

[(

1

2
−µ

)

ψ̇2 − 9

2

(2n+1)

(n+2)2
W 2

]

. (17)

The Equation of State parameter is estimated as

ωeff =
peff

ρeff

= 1+
2(n+2)2

(

2µ − 1
4

)

ψ̇2

9(2n+1)W 2
. (18)

Now, we account W (ψ) in the form of exponential, polynomial, as well as trigonometric functions and solve Equation (15) for

ψ(t). We first take W (ψ) as an exponential function given by8

W (ψ) = ea1ψ ⇒ Wψ = a1ea1ψ

where b1 is real constant. The scalar field potentials succeeded by value of W (ψ). When we take b1 = 1 it forms some negative

potential and b1 = 2 directs to potential which shows spontaneous symmetry breaking 8. We examine actions of potential for

this model in f (R,T ψ) theory. Substituting W and Wψ in Equation (15), it follows that

ψ(t) =−1

b
ln

[

−b1c1 +
3b1t

2(n+2)(2µ −1)

]

×
{

−b1 ±
√

b2
1 −4(2µ −1)(m−1)

}

. (19)

Here c1 is the constant of integration. This gives two values of ψ(t), which are indicated by ψ− and ψ+ for negative and

positive signs, respectively. After substituting value of ψ , the analogous values of H, ωeff, and V (ψ) become

H =

[

−b1c1 +
3b1t

2(n+2)(2µ −1)

(

−b1 ±
√

b2
1 −4(2µ −1)(n−1)

)

(n−1)
1
2

]−1

(20)

but,

t(z) =
1

mα
log(1+(1+ z)−m)

H(z) = H0







−b1c1 +
3b1log2

2mα(n+2)(2µ−1)

(

−b1 ±
√

b2
1 −4(2µ −1)(n−1)

)

(n−1)
1
2

−b1c1 +
3b1log(1+(1+z)−m)
2mα(n+2)(2µ−1)

(

−b1 ±
√

b2
1 −4(2µ −1)(n−1)

)

(n−1)
1
2






, (21)

ωeff = 1+

(

− 1
4
+2µ

)

18(2n+1)(2µ −1)2

(

−b1 ±
√

b2
1 −4(2µ −1)(n−1)

)2

(n−1). (22)

V (ψ)& =

[

9

(

1

2
−µ

)(

−b1 ±
√

b2
1 −4(2µ −1)(n−1)

)2

−18(2n+1)(2µ −1)2

]

& ×
[

(1+4µ)
{

−2b1c1(n+2)(2µ −1)+3b1t

(

−b1 ±
√

b2
1 −4(2µ −1)(n−1)

)

}2

]−1

.

(23)

The Figure 1 indicates the progression of the scalar field ψ(t) with cosmic time t for three different values of the model

parameter n. For all three curves, ψ(t) increases monotonically as time processes, showing a steady growth of the scalar field in

this modified–gravity set. The parameter n strongly weights both the magnitude and the growth rate of ψ(t): the curve with the

smallest value, n = 1.2 (red), has the lowest amplitude and the slowest rise, while larger values of n lead to noticeably higher

values of the scalar field. The curve for n = 1.5 (blue) lies above the red curve throughout the evolution, and the curve for

n = 2.0 (green) indicates the fastest and largest growth, passing values above 4 at t = 100. The separation between the curves

increases with time, showing that the parameter n supplements the evolution of ψ(t) more vigorously at late times. Overall, the

plot establishes that increasing n improves both the initial value and the growth rate of the scalar field ψ(t).
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Figure 1. Evolution of the scalar-field ψ as a function of cosmic time t for different values of the anisotropy parameter n.

Figure 2. Evolution of the scalar-field potential V(ψ)as a function of cosmic time t for different values of the anisotropy

parameter n.

The Figure 2 explains the versions of the potential function V (ψ) with respect to cosmic time t for diverse values of model
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parameter n, as obtained from Equation (23). The curves corresponds to n = 1.2 (red), n = 1.5 (blue), and n = 2.0 (green). It is

possible that the potential V (ψ) displays a negative behavior across the considered range. If t increases, it progressively coming

to zero. This shows that the potential becomes smooth at later cosmic times, denoting a slower rate of change in scalar field

dynamics. Besides, higher values of n submit less negative potentials, indicating that strength of the potential decreases with

increasing n. Such behavior reproduces the importance of the parameter n on the evolution of the scalar field and the overall

dynamics of the cosmological model constrained by Equation (23).

3 Observational data analysis

To know the best fit values of model parameters, Metropolis-Hastings procedure-based Markov Chain Monte Carlo (MCMC)

mechanism has been used in this section. For any noticeable physiologic quantity ζ , the theoretically expected value is

represented by ζth, and the analogous observational value is signified by ζob.The χ2 function for hubble data is defined as103

χ2
ζ (P) =

N

∑
i=1

[ζth(P)−ζob]
2

σ2
ζ

. (24)

where σζ is standard deviation in observations of a physical quantity, and P denotes for the model parameters.

In the spatially flat spacetime, the distance modulus for Pantheon is defined as104

µth = 5log10

(

dL

Mpc

)

+25, (25)

where the luminosity distance is given as dL = (c/H0)DL, H0 is the Hubble constant, c is the speed of light and DL takes the

form,

DL = (1+ zcmb)
∫ zcmb

0

dz

E(z)
, (26)

where zcmb denotes the CMB frame redshift. The expression for E(z) varies in different cosmological models.

The χ2 function of the (SNIa) measurements is given by103.

χ2
SN(φ

ν
s ) = µs C−1

s,cov µTranspose
s , (27)

where

µs = {µ1 −µth(z1,φ
ν), . . . , µN −µth(zN ,φ

ν)}.

The extremely probable values of the model parameters can be establish by statistically minimizing the assessment function

χ2. We have practiced observational data from the Pantheon compilation, which contains Pantheon 1048 Type la Supernovae

(SN la) possible magnitudes in the redshift range 0.01 ≤ z ≤ 2.26, observations datasets of DESI baryon acoustic oscillation

(DESI BAO) 12 points and observational Hubble data (OHD) having 30 points restricted in the range 0.295 < z < 2.330 and

0.07 < z < 2.0 of redshift respectively. There are two dimensional confidence contour plots and one dimensional marginal

plots for the model parameters at the 1σ (68%) and 2σ (95%) confidence levels of the provided model. Table 1 reprises the

best fit (or best-approximated) parameter values of the developed model.

The combined allocations of the model parameter H0, b1, m, and n obtained from the Hubble (OHD) dataset developed

using a Markov Chain Monte Carlo (MCMC) inspection are shown by the corner plot in Figure 3. The one dimensional

marginalization probability allocations for each parameter are shown in diagonal panels simultaneously, with their 68%

confidence intervals. The two dimensional relationship contours between couples of parameters are described in off diagonal

panels; The plot denotes two confidence levels contours analogous to 1σ ( 68% confidence level) and 2σ (95% confidence

level), where the inner navy blue area shows the 1σ uncertainty and outer light navy blue shaded region shows 2σ uncertainty.

Due to Gaussian distributions, the parameters are highlight to be fine limitation, indicating true convergence and accurately

evaluated. Efficient sampling is confirmed by MCMC chains with mean acceptance fraction of 0.893, the model selection

statistics shows that AICmodel = 34.000 and BICmodel = 39.604 and DICmodel = 31.783. An awesome consent between the

model and the observational data is implicit by the reduced chi-square χ2
red = 1.000, which has the associated chi-square value

at the MAP point, χ2 = 26.000 .
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Figure 3. Confidence contours and marginalized posterior distributions for the parameters H0, b1, m, and n obtained from the

Hubble (OHD) dataset.

Figure 4. Joint posterior distributions and confidence contours for the model parameters H0, b1, m, and n obtained from DESI

BAO data.
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Figure 5. MCMC-based posterior distributions for parameters H0, b1, m, and n using the Pantheon Type Ia Supernova dataset.

Applying a Markov Chain Monte Carlo (MCMC) investigation, the combined posterior distributions of the model parameters

H0, b1, m, and n obtained from DESI BAO data are shown in the corner plot in Figure 4. The one dimensional marginalization

probability allocations for each parameter are shown in diagonal panels simultaneously with their 68% confidence interval.

The plot shows two confidence regions contours corresponding to 1σ (68% confidence level) and 2σ (95% confidence level),

where inner navy blue area shows the 1σ uncertainity and outer light navy blue area shows 2σ uncertainity. Here 0.00168

is the mean acceptance fraction shows effective sampling and parameters shows nearly Gaussian posteriors and look well

restricted, indicating a reliable convergence of MCMC chain. The model selection statistics denotes AICmodel = 15.999 and

BICmodel = 17.939 and DICmodel = 8.000. The best fit best-fit chi-square value is χ2 = 7.999, resultant in a reduced chi-square

χ2
red = 0.999. This shows that the model and observational data have great consensus. In general, the findings indicates that the

model gives a true and consonant chronology of the cosmological data and that decided parameter behaves fine.

The corner plot of the cosmological model parameters decided from the Pantheon Supernova dataset is displayed in Figure 5.

This figure shows two dimensional confidence level contours (68% and 95%) as well as one dimensional marginalization’s

probability allocations along the diagonals for the parameters H0, b1, m, and n. The model’s strength is further endorsed

by the statistical results, which highlights an excellent fit to the Pantheon data with AIC = 870.476 and BIC = 890.291 and

DIC = 864.514 along with reduced chi-square of χ2
red = 0.826 and χ2 = 862.476. These statistical values also features the

stability and consistency of the model, verifying its capacity to accurately depict the late time acceleration.

A joint fit to Hubble parameter (H) and DESI Baryon Acoustic Oscillation (DESI BAO) data submitted the combined poste-

rior allocations and marginalization one-dimensional (1D) likelihoods of model parameters H0, b1, m, and n, which are shown in

the Figure 6. The diagonal forum shows the marginalized 1D posterior allocations with best fit values and 1σ uncertainty, since

the contours of the two dimensional (2D) plots described the 68% and 95% confidence regions, showing parameter relationships.

With a total 42 data points (NH = 30, NDESIBAO = 12), the combined fit statistics disclose a good model consistency with the data.
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Figure 6. Combined parameter constraints from joint Hubble (OHD) and DESI BAO datasets.

Figure 7. Joint posterior distributions for parameters H0, b1, m, and n obtained using Hubble-only and combined

Hubble+Pantheon datasets.
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Figure 8. Comparison of the reconstructed Hubble function H(z)(blue curve) with observational H(z) data (black points) and

the ΛCDM prediction (pink dashed curve).

Figure 7 gives corner plot explaining the joint posterior allocations and marginalized one-dimensional probability densities

for the model having parameters H0, b1, m, and n deduced from two distinct datasets : Hubble only (blue), and the combined

Hubble + Pantheon (orange). The best-fit values over with their analogous 1σ (68% confidence level) and 2σ (95% confidence

level) uncertainties are obtained as H0 = 70.1758+1.6968
−1.6968 , b1 = 1.5778+0.7610

−0.7610, m = 1.2383+0.6847
−0.6847 and n = 1.3797+0.3952

−0.3952 .The

internal, darker contours shows the 1σ (68% confidence area), while the outer, lighter contours correspond to the 2σ (95%

confidence area) plausible areas, denoting the extended spread of the parameter space. It can be followed that the combined

Hubble +Pantheon dataset submits more rigorous and well disciplined contours linked to the individual datasets, efficiently

reducing the parameter declinations and enhancing the general accuracy of the model constraints. This shows the mutual nature

of Hubble and Pantheon observations in compelling cosmological parameters within the adopted theoretical framework.

Applying observational H(z) data and associated error bases, Figure 8 compares the conventional Λ CDM cosmology with

the rebuilt Hubble parameter H(z) from the maximum a posteriori (MAP) model. The red curve shows the Λ CDM fit, which

is defined by H0 = 67.7kms−1 Mpc−1, and Ωm = 0.344. The orange curves denotes the best fit prophecy of the MAP model,

while the blue points indicates the observed Hubble parameter values at different redshifts, including their uncertainties. The

MAP model indicates a barely larger expansion rate at higher redshifts, but it nearly matches the observational data and

remains coherent with the Λ CDM directed at lower redshifts. This consistency inside observational errors mounts the indicated

models harmony with current cosmological observations by showing that it serves a reliable and accurate account of the cosmic

expansion history.

The Figure 9 compares the observational data and Pantheon Type la Supernovae ( blue points with error bars ) with the

theoretical distance modulus µ(z) read by the rebuilt cosmological model ( Solid red line ). For visual analogy, the average

Λ CDM model is described by the black dashed curve, which has been moved to match with data. Above the whole redshift

range (0 < z < 2.5) , the rebuilt model and the observational data overlap nearly, indicating a good match and high degree

of consistency with observational measurements. The average continuity of roughly 0.1264 may reveals minimal variation

between the model and Λ CDM, displaying that the indicated model successfully imitates the observed cosmic acceleration

while keeping compliancy with the mainstream cosmological framework.
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Figure 9. Comparison between the theoretical distance modulus µ(z) predicted by the reconstructed model (solid red line)

and the Pantheon Supernova observations (blue data with error bars).

Data used Parameters Best fit values

Hubble

H0 67.567+2.226
−2.224

b1 2.222+0.556
−0.554

m 1.407+0.840
−0.832

n 1.445+0.314
−0.310

DESI BAO

H0 60.002+0.001
−0.001

b1 1.835+0.052
−0.052

m 0.986+0.036
−0.036

n 1.050+0.001
−0.001

Pantheon

H0 61.877+1.258
−1.272

b1 2.563+0.304
−0.304

m 2.133+0.547
−0.548

n 1.089+0.065
−0.065

Hubble+DESI BAO

H0 68.0579+2.7788
−2.7788

b1 1.8558+0.6945
−0.6945

m 1.5352+0.7429
−0.7429

n 1.3765+0.3994
−0.3994

Hubble+Pantheon

H0 70.1758+1.6968
−1.6968

b1 1.5778+0.7610
−0.7610

m 1.2383+0.6847
−0.6847

n 1.3797+0.3952
−0.3952

Table 1. Model fits to cosmological data, showing dataset, model name, parameter sets, and best-fit values.

Data used χ2 Reduced χ2 AIC BIC DIC ∆AIC ∆BIC ∆DIC

Hubble 26.000 1.000 34.000 39.604 31.783 4.353 8.557 4.137

DESI BAO 7.999 0.999 15.999 17.939 8.000 6.039 7.494 0.039

Pantheon 862.476 0.826 870.476 890.291 864.514 6.030 20.891 2.068

Table 2. Statistical results for different datasets.
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4 Om(z) Diagnostics

The Om(z) parameter reads105, 106

Om(z) =
[H(z)

H0
]2 −1

(1+ z)3 −1
=

[

−b1c1+
3b1(log2)D(n)

2mα(n+2)(2µ−1)

−b1c1+
3b1log(1+(1+z)−m)D(n)

2mα(n+2)(2µ−1)

]2

−1

(1+ z)3 −1
(28)

where,

D(n) =

(

−b1 ±
√

b2
1 −4(2µ −1)(n−1)

)

(n−1)
1
2

Figure 10. Evolution of the Om(z) with respect to z for different values of the anisotropy parameter n.

Figure 10 indicates the evolution of the parameter Om(z) for three different values of the model parameter n using the

exact expression of H(z)/H0. It is known that, if the curvature of Om(z) is positive with respect to z, the model is a phantom

dark energy model, for negative it is a quintessence dark energy model. For zero curvature, it represents the ΛCDM model.

It shows here an increase from positive values to larger positive values as the redshift varies from higher to lower, depicting

like ΛCDM-like scenarios. Larger values of n produce higher values of Om(z) across the evolution, with the curve for n = 2.0
lying highest, followed by n = 1.5 and n = 1.2. The difference between the curves is most commanding at low redshift (z ≈ 0),

whereas at higher redshift (z ≳ 2) the curves gradually converge as Om(z) paths very small values. In general, the graph shows

that increasing n improves the magnitude of Om(z) and modifies the action of the Om(z) parameter. It can be observed that the

decreasing behavior of Om(z) parameter as z ⇒ 0 indicates the quintessence like behavior of the universe.

5 Conclusion

We have investigated the LRS(Locally Rationally Symmetric) Bianchi type-I universe model in f (R,T ψ) gravity. In this, we

have given the model in the form of Hubble as a function of z and Potential V as a function of ψ (Scalar field). Paper shows

the particular values for the parameters H0, b1, m, and n and shown graphical illustration of various parameters based on the

particular values. The study which is given in this paper is summarized as an investigation of particular model, containing
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actions of its parameter under the specific values of arbitrary constants. Free parameter of the studied model are fitted we

Observational Hubble Data (OHD), DESI baryon acoustic oscillation (DESI BAO), Pantheon and also combined of (Hubble

and DESI BAO) and Hubble and Pantheon) datasets using statistical mechanism based on MCMC method.

We have used Observational Hubble Data (OHD), DESI baryon acoustic oscillation (DESI BAO) and Pantheon compilation.

Two dimensional confidence levels contour plots for the parameters of the deduced model are shown in Figure 3, Figure 4,

Figure 5, Figure 6 and Figure 7. The best fit values of parameters for the deduced model are tabulated in Table(1) for the diverse

observational datasets. In Table(2) we shown values of χ2,reduced χ2, AIC, BIC and DIC also with Delta ICs which shows

how model is statistically conservative.

In Figure 2 we have describe the behavior of potential function V (ψ) with respect to cosmic time t by taking diverse values

of parameter with a defined range. It concludes that the potential becomes smooth at later cosmic times because of t increases,

it progressively coming to zero. In Figure 3, Figure 4, Figure 5, Figure 6 and Figure 7, we get the confidence level contours

with best fit values for parameters with reduced χ2, showing that the model and observational data have great resonance. Also,

derived statistical values describes the stability and consistency of the model, verifying its capacity to depict the late time

acceleration precisely.

Figure 8 and Figure 9 shows the error plot for H(z) model using Hubble and Pantheon datasets respectively. Particularly

Figure 8 compares the ΛCDM model cosmology with rebuilt Hubble H(z) model. This indicating model’s harmony with

current cosmological observations by displaying reliable and accurate chronology of cosmic expansion history.
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