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Abstract
Objectives: In the framework of fractal gravity theory for the Bianchi Type
V model, the phase transition and accelerated expansion of the universe
are investigated using a specific form of the deceleration parameter. The
field equations are solved by assuming nonzero fractal parameter and
without cosmological constant.Methods: This study examines various physical
parameters including density, pressure, and deceleration parameter. Based on
the signature flip property of the deceleration parameter, we have derived the
scale factor and the Hubble parameter. Observational data from the Hubble
𝐻(𝑧) and Pantheon datasets are utilized to constrain the model parameters.
The optimal parameter values were determined by minimizing the Root Mean
Squared Error (RMSE) criterion. Findings: Cosmographic analysis reveals that
the model’s behavior exhibits a close correspondence with that of the Λ
CDM model. The best-fit values derived from the Hubble dataset are 𝛾 =
53.00+2.4

−2.6, 𝜂 = 0.542+0.019
−0.021, 𝑙1 = −0.878+0.057

−0.054. For the Pantheon dataset, the
corresponding best-fit are 𝛾 = 55.3+2.4

−2.6 , 𝜂 = 0.487+0.020
−0.024 , 𝑙1 = −0.896+0.067

−0.053
with 𝑅2 values 0.93 and 0.9967 for Hubble & Pantheon data sets respectively.
The current values of 𝑞 obtained at 𝑧 = 0 are − 0.24 and − 0.35 for the Hubble
and Pantheon dataset.Novelty: The deceleration parameter used here shows
a transition from decelerating phase to an accelerating phase of expansion.
As a result, the cosmological model that we have studied in fractal gravity is
capable of explaining late time universe expansion without any dark energy
component present in energy momentum tensor.
Keywords: Bianchi Type-V (BV) space time; Fractal gravity; Barotropic fluid;
Dark Energy; Root Means Square Error (RMSE)

1 Introduction
A distinctive form of energy known as Dark Energy (DE), is responsible for driving the
observed cosmic acceleration. Dark energy is characterized by negative pressure and its
nature remains unidentified. One of the key parameters representingDark Energy is the
cosmological constant (Λ), which is a fundamental component of the ΛCDMmodel.
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However, this model fails to adequately explain structure formation at smaller cosmological scales. Modified gravity theories
have gained a lot of attention for explaining the present cosmic acceleration.

Fractal gravity has emerged as a significant area of research in recent years. Fractal cosmology (FC) is a framework for
describing quantum gravity in which the couplings exhibit running scaling dimensions. This behavior enables the system to
flow from an effective two-dimensional phase in the ultraviolet regime to a conventional field theory in the infrared limit.
Numerous studies on fractal gravity have been published in the literature. Pawer et al. (1) have investigated the fractal FRW
cosmological model, which incorporates two forms of dark energy. Mamon (2) have studied the Tsallis holographic dark energy
model within the framework of FC and found that the universe has undergone a smooth transition from a decelerating to an
accelerating expansion phase in the recent past. Pawar et al. (3) have studied the flat FRWmodel with observational constraints
in fractal gravity. Zhang et al. (4) investigated Renyi holographic dark energy models within the context of FC. Manaon et al. (5)
have examined the evolution of a fractal universe by incorporating holographic dark energy, as described by Barrow entropy,
alongside the influence of dark matter.

Initially, it was hypothesized that the distribution of matter in the universe is isotropic and homogeneous, with the universe
exhibiting spherical symmetry. However, recent observations into cosmological evolution indicate that near the Big -Bang
singularity the assumption of isotropy may not hold. Many researchers have examined anisotropic and homogeneous Bianchi
type-V (BV) space-time to describe initial stages of the universe and its evolution. The BV cosmological models are important
in understanding the role of anisotropy during the early stages of the universe. Narasimharao and Neelima (6) have studied BV
metric and constructed Tsallis holographic dark energy models with interacting and non-interacting terms. In f(R, T) theory
of gravity Mahanta et al. (7) have investigated BV space time with quadratic equation of state. Admitting energy conditions
in f (T) gravity Sahiba et al. (8) classified exact BV cosmological solutions. Daba and Shanti (9) examined an anisotropic and
homogeneous BV space-time within the context of general relativity and Lyra’s geometry. Warbhe et al. (10) have investigated
BV universe in f(R, T) gravity with bulk viscous fluid.

In this paper, we investigate the anisotropic and homogeneous Bianchi Type V cosmological model within the context of
fractal gravity. To solve the modified field equations, we assume particular form of fractal function and deceleration parameter,
which allows cosmic expansion from deceleration to acceleration and phase transition.

2 Methodology
We use nonzero fractal parameter (𝜔) and a specific form of deceleration parameter 𝑞 = 𝜂 − 𝛾

𝐻 to solve the modified field
equations. Using the relation between scale factor and redshift, we derived Hubble parameter, deceleration parameter, pressure,
density in terms of red shift. To effectively constrain the values of parameters 𝜂, 𝛾 and 𝑙1, we utilize the latest Observational
HubbleDataset (OHD), which comprises 57 data points derived throughDifferential Age (DA) andBaryonAcousticOscillation
(BAO) methods. In addition, the Pantheon dataset is used to improve statistical analysis. Here, our aim is to determine the best
fit values of 𝜂, 𝛾 and 𝑙1 applying observational constraints from the Hubble parameter as a function of the redshift, 𝐻(𝑧),
in conjunction with the Pantheon data set. The constrained values are utilized for cosmographic analysis, which is helpful to
check the accelerated expansion of the universe.Themethodology used in this model bridges the theoretical observations with
testable cosmology.

2.1 Metric and solution of Field Equations

We consider the following anisotropic Bianchi Type-V universe

𝑑𝑠2 = −𝑑𝑡2 +𝐴2𝑑𝑥2 +𝑒2𝑥 (𝐵2𝑑𝑦2 +𝐶2 𝑑𝑧2) (1)

Where 𝐴, 𝐵 & 𝐶 are the functions of cosmic time (t) only

𝑆 = 1
2𝑀2 ∫ √− 𝑔 (𝑅 −2Λ−𝜔 𝜕𝜇 𝑣 𝜕𝜇 𝑣)𝑑𝜉(𝑥)+∫ √− 𝑔 ℒ𝑚 𝑑𝜉(𝑥) (2)

Where 𝑣 𝑎𝑛𝑑 𝜔 be the fractal function and parameter respectively. In fractal cosmology, the fractal function 𝑣 explains how
spacetime operates under non-integer (fractal) dimensionality, particularly at quantum scales. This concept expands general
relativity and quantumfield theory to space times that are fractal-like rather than smooth and continuous.The fractal parameter
𝜔 controls the kinetic coupling of the fractal function. In fractal cosmology, both time and space coordinates scale isotopically.
Mahnaz and Ahmad (11), Pawar et al. (12), Bhoyar (13) are some of the authors who studied various cosmological models in fractal
cosmology.
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The variation of the metric tensor 𝑔𝜁𝜏 yields the standard field equations within the framework of fractal theory,

𝑅𝜁𝜏 − 1
2𝑔𝜁𝜏(𝑅 −2Λ)+𝑔𝜁𝜏 + □𝑣

𝑣 − ∇𝜁∇𝜏𝑣
𝑣 +𝜔(1

2𝑔𝜁𝜏𝜕𝜉𝑣𝜕𝜉𝑣 −𝜕𝜁𝑣𝜕𝜏𝑣) = 𝑀2𝑇𝜁𝜏 (3)

The matter content of the universe is typically modeled as a barotropic fluid with magnetic field, which can be expressed,

𝑇 𝜏
𝜁 = (𝜌 +𝑝)𝑢𝜁𝑢𝜏 +𝑝𝑔𝜏

𝜁+𝐸𝜏
𝜁 (4)

Where 𝐸𝜏
𝜁 is the magnetic field given by

𝐸𝜏
𝜁 = 𝜇[∣ℎ2∣(𝑢𝜁𝑢𝜏 + 1

2𝑔𝜏
𝜁)−ℎ𝜁ℎ𝜏] (5)

Here, ℎ𝜁 =
√−𝑔
2𝜇 𝜖𝜁𝑗𝑘𝑙𝐹 𝑘𝑙𝑢𝑗 (6)

Where 𝜇, 𝐹 𝑘𝑙 & 𝜖𝜁𝑗𝑘𝑙 are magnetic permeability, dual magnetic field tensor & Levi-Civita tensor density respectively. Here
we take magnetic field along X-axis, hence ℎ1 ≠ 0, ℎ2 = ℎ3 = ℎ4 = 0. The non-vanishing component of electromagnetic field
tensor is 𝐹23 = 𝐾 , where 𝐾 is constant.

In co-moving coordinate system, the non-vanishing component of energy momentum tensor (Eq.4) are,

𝑇 1
1 = 𝑇 2

2 = 𝑇 3
3 = 𝑃 − 𝐾2

2𝐵2𝐶2 and 𝑇 4
4 = −𝜌 + 𝐾2

2𝐵2𝐶2 (7)

Assuming𝑀 = 1, Λ = 0 and the time-like fractal Profile 𝑣 = 𝑡−𝛽,Where 𝛽 be the fractal dimension. In theUV-regime (𝛽 = 2),
the field equations (3) for the metric (Eq. 1) takes the form,

−1
𝐴2 + 𝐵̈

𝐵 +
̈𝐶

𝐶 + 𝐵̇ ̇𝐶
𝐵𝐶 + 2

𝑡 (𝐵̇
𝐵 +

̇𝐶
𝐶 )− 6

𝑡2 − 2𝜔
𝑡6 = 𝑝 − 𝐾2

2𝐵2𝐶2 (8)

−1
𝐴2 +

̈𝐴
𝐴 +

̈𝐶
𝐶 +

̇𝐴 ̇𝐶
𝐴𝐶 + 2

𝑡 (
̇𝐴

𝐴 +
̇𝐶

𝐶 )− 6
𝑡2 − 2𝜔

𝑡6 = 𝑝 − 𝐾2

2𝐵2𝐶2 (9)

−1
𝐴2 +

̈𝐴
𝐴 + 𝐵̈

𝐵 +
̇𝐴𝐵̇

𝐴𝐵 + 2
𝑡 (

̇𝐴
𝐴 + 𝐵̇

𝐵 )− 6
𝑡2 − 2𝜔

𝑡6 = 𝑝 − 𝐾2

2𝐵2𝐶2 (10)

−3
𝐴2 +

̇𝐴𝐵̇
𝐴𝐵 +

̇𝐴 ̇𝐶
𝐴𝐶 + 𝐵̇ ̇𝐶

𝐵𝐶 + 2
𝑡 (

̇𝐴
𝐴 + 𝐵̇

𝐵 +
̇𝐶

𝐶 )− 6𝜔
𝑡6 = −𝜌 + 𝐾2

2𝐵2𝐶2 (11)

𝐵̇
𝐵 −

̇𝐶
𝐶 = 0 (12)

The field equations (8) - (11) represent four independent equations with six unknowns. To derive a solution set for this system,
additional constraints or conditions are required. We consider

(i) The fractal parameter 𝜔 ≠ 0
(ii) Considering the transition in the phase of cosmic expansion from deceleration to acceleration, we consider an ansatz for

the temporal evolution of the deceleration parameter 𝑞
It is given by (14)

𝑞 = 𝜂 − 𝛾
𝐻 (13)
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Where 𝐻 = 𝑎̇
𝑎 is the Hubble parameter, 𝛾 & 𝜂 are constant.

The motivation for considering a variable deceleration parameter arises from the observed transition of the universe’s
expansion from a decelerating phase in the past to the current accelerating phase. The value of this parameter dictates the
overall evolution of the cosmic expansion over time, providing insight into the temporal dynamics of the universe’s expansion.
A negative value of the deceleration parameter signifies an accelerating universe, whereas a positive value corresponds to a
decelerating universe

𝑎 = (1+𝜂
𝛾𝐶1

𝑒𝛾𝑡 +𝑙1)
1

1+𝜂 (14)

Where 𝑐1 & 𝑙1 are the constants.
For the metric (Eq. 1), the average scale factor is

𝑎 = (𝐴𝐵𝐶)
1
3 (15)

From Eq. (12) we get 𝐵 = 𝑛𝐶 , where 𝑛 ≠ 1
Using (ii) and Eqs. (14) & (15), we get

𝐶 = 𝑛
−2
3 (1+𝜂

𝛾𝐶1
𝑒𝛾𝑡 +𝑙1)

1
1+𝜂 (16)

𝐴 = 𝐵 = 𝑛
1
3 (1+𝜂

𝛾𝐶1
𝑒𝛾𝑡 +𝑙1)

1
1+𝜂 (17)

The Hubble parameter is obtained as

𝐻 = 𝑒𝛾𝑡

𝐶1
(1+𝜂

𝛾𝐶1
𝑒𝛾𝑡 +𝑙1)

−1
(18)

From Equations (9) and (10), the pressure and density are obtained as

𝑝 =
⎡
⎢
⎢
⎣

−𝑛
−2
3 + 𝐾2𝑛

2
3

2
⎤
⎥
⎥
⎦

𝐷
−2

1+𝜂 +(1−2𝜂)𝑒2𝛾𝑡

𝐶2
1

𝐷−2 +(2𝛾 + 4
𝑡 ) 𝑒𝛾𝑡

𝐶1
𝐷−1 − 6

𝑡2 + 2𝜔
𝑡6 (19)

𝜌 =
⎡
⎢
⎢
⎣

−𝑛
−2
3 + 𝐾2𝑛

2
3

2
⎤
⎥
⎥
⎦

𝐷
−2

1+𝜂 − 𝑒2𝛾𝑡

𝐶2
1

𝐷−2 − 6𝑒𝛾𝑡

𝑡𝐶1
𝐷−1 + 6𝜔

𝑡6 (20)

Where 𝐷 = 1+𝜂
𝛾𝐶1

𝑒𝛾𝑡 +𝑙1

The deceleration parameter (𝑞) reads as 𝑞 = −1+𝑙1𝑐1𝛾𝑒−𝛾𝑡 (21)

3 Results and Discussion
In this section we discuss the results obtained in previous section.
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3.1 Behavior of the Cosmological parameter in terms of Redshift

In this section, we have calculated and discussed cosmological quantities in relation with redshift. The following equation
establishes the relationship between the scale factor (𝑎) and the redshift (𝑧)

𝑎 = 1
1+𝑧

In terms of redshiftThe Hubble parameter is given by

𝐻 = 𝛾
1+𝜂 [1−𝑙1(1+𝑧)1+𝜂] (22)

3.2 Observational Constraints on Model Parameters

Empirical data derived frommultiple astrophysical observations, including Type Ia Supernovae (SNeIa), SDSS, BAO and CMB
radiation, offer critical constraints on cosmological models describing the evolution of the universe. The Λ CDM model,
characterized by its concordancewith these observational datasets, presently stands as the predominant cosmological paradigm.

3.3 Observational Hubble Datasets (OHD)

TheHubble parameter is related to the differential redshift as

𝐻(𝑧) = − 1
1+𝑧

𝑑𝑧
𝑑𝑡 (23)

In the context of cosmological observations, (𝑑𝑧) is derived from spectroscopic surveys, while (𝑑𝑡) measurement enables
an independent determination of the Hubble parameter as a function of redshift, 𝐻(𝑧) without reliance on any specific
cosmological model assumptions. The Hubble parameter, as a function of redshift (z), provides crucial insights into the
expansion rate of the universe across different cosmic epochs, illuminating its dynamic evolution over time.

We use 𝑅2-test to obtain the best-fit values.

𝑅2 = 1− ∑57
𝑖=1 [(𝐻𝑖)𝑜𝑏𝑠 −(𝐻𝑖)𝑡ℎ]2

∑57
𝑖=1 [(𝐻𝑖)𝑜𝑏𝑠 −(𝐻𝑖)𝑚𝑒𝑎𝑛]2 (24)

Where (𝐻𝑖)𝑜𝑏𝑠 represents the observed values of 𝐻(𝑧), while (𝐻𝑖)𝑡ℎ corresponds to the
theoretical values obtained from the best-fit curve.

3.4 Apparent Magnitude and Luminosity Distance

The luminosity distance, denoted as (𝑑𝐿), is a cosmological distance measure that quantifies the total flux of electromagnetic
radiation received from an astrophysical source. It is defined as:

𝑑𝐿(𝑧) = (1+𝑍)∫𝑧
0

𝐻0
𝐻(𝑧∗)𝑑𝑧∗ (25)

To determine the best-fit values of 𝜂, 𝛾 and 𝑙1, the apparent magnitude m is expressed as function of luminosity distance:

𝑚(𝑧) = 𝑀 +5log10 𝑑𝐿 −5log10 ( 𝐻0
𝑀𝑝𝑐 )+25 (26)

Where, for all Type Ia supernovae, M is constant.
The distance modulus 𝜇 (z) is defined as

𝜇(𝑧) = 5log10 𝑑𝐿 −5log10 ( 𝐻0
𝑀𝑝𝑐 )+25 (27)

To derive the best-fit curve for the apparent magnitude , we use the Pantheon sample dataset, which comprises 1048 distance
modulus data points of Type Ia supernovae within the redshift range 0.01 ≤ 𝑧𝑖 ≤ 2.26. The statistically significant value of
𝑀 is −19.30. We use 𝑅2-test for the best fit curve between theoretical and observed results. We also impose the constraints
−1 < 𝑧 and 0 < 𝐻0 to ensure a valid parametric space. The maximum likelihood contours for the parameters 𝜂, 𝛾 and
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𝑙1, including 1𝜎 and 2𝜎 error bounds, are displayed in figures 1a, 1b. The error bar plots for the 57 Hubble dataset points
and the 1048 Pantheon dataset points are presented in figures 2a and 2b. These plots utilize the constrained model parameters
𝛾 = 53.00+2.4

−2.6, 𝜂 = 0.542+0.019
−0.021 , 𝑙1 = −0.878+0.057

−0.054 forHubble and 𝛾 = 55.3+2.4
−2.6 , 𝜂 = 0.487+0.020

−0.024 and 𝑙1 = −0.896+0.067
−0.053

for Pantheon datasets, with 𝑅2 values 0.93 and 0.9967 for Hubble & Pantheon data sets respectively. Root Mean Square Error
(RMSE) measures the average magnitude of errors between observed and predicted values in a model by taking the square root
of the mean of the squared differences. It provides a scale-dependent, single value that indicates the typical difference between
actual and predicted data points. The smaller RMSE values signifies better model accuracy. Both datasets are compared against
the well-established ΛCDM model (depicted by the dotted black line), employing the cosmological parameters 𝐻0 = 67.8
km/s/Mpc, ΩΛ0 = 0.7, and Ω𝑚0 = 0.3.

Fig 1. Contour Plots

Fig 2. Error Bar Plots

3.5 Deceleration Parameter (𝑞)
The deceleration parameter in terms of red shift is given by,

𝑞 = −1+𝑙1(1+𝜂)[(1+𝑧)−(1+𝜂) −𝑙1] (28)

The figure 3 shows the evolution of the deceleration parameter 𝑞(𝑧) as a function of the redshift 𝑧 for the Hubble and Pantheon
data sets, respectively, using best-fit values of model parameters.The plot illustrates that the deceleration parameter 𝑞(𝑧) shows
the transition from a decelerating phase to the current epoch of accelerated expansion of the universe. The transition redshifts
from a decelerating to an accelerating phase occur at 𝑧𝑡𝑟 = 0.65 for the Hubble data set and 𝑧𝑡𝑟 = 0.73 for the Pantheon data
set. The recent observational data supports this value of q. Recently using SN Ia + BAO/CMB (Planck) + H (z) data Santos
et al. (15) obtained 𝑧𝑡𝑟 = 0.66. The current values of 𝑞 at 𝑧 = 0 are −0.24 and −0.35 for the Hubble and Pantheon datasets,
respectively. The values obtained for 𝑞0 and 𝑧𝑡𝑟 are in close agreement with the recent observations. (16), (17)
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Fig 3.Deceleration parameter vs. redshift for the Hubble & Pantheon dataset

3.6 Pressure (P) and Density (𝑃 )
Pressure and energy density in terms of redshift are respectively obtained as,

𝑝
=

⎡⎢
⎣

−𝑛
−2
3 + 𝐾2

2 𝑛
2
3 ⎤⎥

⎦
(1+𝑧)2 + (1−2𝜂)𝛾2

(1+𝜂)2 𝐿2
1(1+𝑧)2(1+𝜂) + 2𝛾2

1+𝜂 (1+𝑧)(1+𝜂)𝐿1

[1+2𝑙𝑛( 𝛾𝑐1
1+𝜂 𝐿1)

−1
]−6𝛾2 ln( 𝛾𝑐1

1+𝜂 𝐿1)
−2

+2𝜔𝛾6 ln( 𝛾𝑐1
1+𝜂 𝐿1)

−6

(29)

𝜌
=

⎡⎢
⎣

−𝑛
−2
3 + 𝐾2

2 𝑛
2
3 ⎤⎥

⎦
(1+𝑧)2 − 2𝛾2

(1+𝜂)2 (1+𝑧)2(1+𝜂) −6𝛾2 ln( 𝛾𝑐1
1+𝜂 𝐿1)

−1

+6𝜔𝛾6 ln( 𝛾𝑐1
1+𝜂 𝐿1)

−6

(30)

Where 𝐿1 = (1+𝑧)−1(1+𝑧) −𝑙1
Figures 4a illustrate the variation of pressure as a function of redshift, based on the constrained parameter values 𝛾 =

53, 𝜂 = 0.542 ,𝑙1 = 0.878 for the along with 𝜂 = 0.2 for different values of fractal parameter (𝜔). It is observed that the
pressure decreases with redshift and remains negative throughout the entire cosmic evolution, which is according to current
observations of accelerating universe. Figures 4b illustrate energy density plots with constrained parameters for Hubble data.
It is observed that the energy density is positive and increases with redshift and continues to evolve as the universe expands. It
is important to note that we get same behavior of pressure and density for Pantheon data also.
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Fig 4. Plot of Pressure and Density for Hubble Dataset.

3.7 Cosmographic Analysis

In this section, we discuss the cosmographic analysis of the model. We consider the jerk (𝑗), snap (𝑠) and lerk (𝑙) parameters.
These are dimensionless quantities that depend on the scale factor (𝑎) and its third, fourth, and fifth-order time derivatives.
These parameters enable a more precise determination of the rate of cosmic expansion through a model-independent analysis
of the universe’s evolution. In the field of cosmology, the precise value of the jerk parameter holds significant importance, as
it plays a crucial role in understanding the nature of dark energy. The dark energy is a mysterious force believed to drive the
accelerated expansion of the Universe. A positive jerk indicates that the expansion is accelerating at an increasing rate, while
a negative jerk implies a deceleration in the acceleration. The lerk parameter provides the most accurate representation of the
universe’s expansion, detecting minute variations in both acceleration and deceleration rates. These parameters at any time are
defined as,

𝑗 = ⃛𝑎
𝑎𝐻3 ,𝑠 = 𝑎(4)

𝑎𝐻4 and 𝑙 = 𝑎(5)

𝑎𝐻5
(31)

Where 𝑎(4) and 𝑎(5) represent the fourth-order and fifth-order derivatives of the scale factor, respectively.
In terms of redshift, jerk, snap and lerk parameters reads as

𝑗 = 𝜂(1+2𝜂)−3𝜂(1+𝜂)𝐿−1
1 (1+𝑧)−1(1+𝜂) +(1+𝜂)2𝐿−2

1 (1+𝑧)−2(1+𝜂) (32)

𝑠
=
−𝜂(1+2𝜂)(2+3𝜂)+6𝜂(1+𝜂)(1+2𝜂) 𝐿−1

1 (1+𝑧)−1(1+𝜂)

−7𝜂(1+𝜂)2𝐿−2
1 (1+𝑧)−2(1+𝜂) +(1+𝜂)3𝐿−3

1 (1+𝑧)−3(1+𝜂)

(33)

𝑙
=
𝜂(1+2𝜂)(2+3𝜂)(3+4𝜂)−10𝜂(1+2𝜂)(1+3𝜂) 𝐿−1

1 (1+𝑧)−1(1+𝜂)

+25𝜂(1+𝜂)2 +2𝜂)𝐿−2
1 (1+𝑧)−2(1+𝜂) −15(1+𝜂)3𝐿−3

1 (1+𝑧)−3(1+𝜂)

+(1+𝜂)4𝐿−4
1 (1+𝑧)−4(1+𝜂)

(34)
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From figure 5a, it is evident that the jerk parameter maintains positive value throughout cosmic evolution for both data sets.
Conversely, the snap parameter initially assumes a negative value, but transitions to a positive value at later cosmic epochs, as
shown in figure 5b. This transition signifies an accelerated expansion of the universe.

Fig 5. Jerk and Snap Parameter vs. redshift for the Hubble & Pantheon datasets

In Figure 5a, we clearly observe that the jerk parameter (j) remains positive throughout the entire evolution of the universe
and aligns with the behavior predicted by ΛCDMmodel for the given values of 𝜂. Notably the model closely approximates the
ΛCDMmodel in this respect.

4 Conclusion
In this study, we have explored the anisotropic and homogeneous Bianchi Type V space time within the framework of
fractal gravity. Using the signature flip property of the deceleration parameter 𝑞 = 𝜂 − 𝛾

𝐻 , where 𝜂 & 𝛾 are constants, we
have derived expressions for the scale factor and the Hubble parameter. Using observational data sets from Hubble H (z)
measurements and the Pantheon sample, we constrained the key parameters.The best-fit values derived from theHubble dataset
are 𝛾 = 53.00+2.4

−2.6, 𝜂 = 0.542+0.019
−0.021 , and 𝑙1 = −0.878+0.057

−0.054 .For the Pantheon dataset, the corresponding best-fit values
are 𝛾 = 55.3+2.4

−2.6 , 𝜂 = 0.487+0.020
−0.024 and 𝑙1 = −0.896+0.067

−0.053 with 𝑅2 values 0.93 and 0.9967 for Hubble & Pantheon data sets
respectively.The deceleration parameter, as shown in figure 3, exhibits a signature flip, indicating a transition from deceleration
to acceleration phase of expansion. The transition redshift values for our model are 𝑧𝑡𝑟 = 0.65 for the Hubble dataset and 𝑧𝑡𝑟
=0.73 for the Pantheon dataset. The values obtained for 𝑧𝑡𝑟 are in close agreement with the recent observations (16), (17)

Furthermore, we examined pressure 𝑝 energy density 𝜌 as functions of redshift z for the best fit value of key parameter set
from for Hubble and Pantheon data set. The analysis was carried out for a fixed value 𝑛 = 0.2. For both data sets, the energy
densitymaintains a positive value throughout the entire cosmic evolution, thereby confirming the physical viability of themodel.
The pressure remains negative, the presence of negative pressure indicates dark energy, which is responsible for accelerated
expansion of the universe. Additionally, we perform the cosmographic analysis. The analysis of the jerk parameter reveals
alignment with the standard ΛCDM (𝑗 = 1) model, whereas the examination of the snap parameter indicates an accelerating
universe.The analysis of themodel is carried out without cosmological constant Λ = 0, associated with dark energy.The fractal
gravity model describes late-time cosmic acceleration without invoking dark energy in the matter sector, allowing a transition
from deceleration to acceleration. It is important to note that, based on these findings, it is possible to conclude that bartropic
fluid may be the source of dark energy for Bianchi type-V space -time in fractal theory of gravity.
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