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The discovery that the Universe is undergoing an accelerated 
expansion has revolutionized modern cosmology, leading to the 
widespread adoption of the ΛCDM model, which attributes 
acceleration to a cosmological constant (Λ) and structure 
formation to cold dark matter (CDM). While ΛCDM successfully 
explains a broad range of cosmological observations, including the 
cosmic microwave background (CMB) anisotropies and large-scale 
structure distributions, it faces several theoretical and 
observational challenges. The cosmological constant problem 
highlights the extreme fine-tuning required to match observed 
acceleration, and recent discrepancies in the Hubble constant and 
structure growth rate suggest possible limitations of the model. 
Modified gravity theories provide an alternative explanation, 
proposing that cosmic acceleration arises from deviations from 
General Relativity (GR) on cosmological scales rather than from 
an unknown dark energy component. Models such as f(R)f(R)f(R) 
gravity[1-2], scalar-tensor theories, and massive gravity introduce 
additional degrees of freedom or modify the gravitational 
interaction to reproduce the observed expansion history. 
However, these models must be rigorously tested against precise 
observational data to ensure consistency with both local and 
cosmic-scale measurements. 
Large-scale structure (LSS) surveys offer a powerful observational 
tool for probing these theories. By mapping the distribution of 

galaxies and matter over vast volumes, LSS surveys capture 
signatures of cosmic expansion, gravitational growth, and 
clustering behavior. Observables such as galaxy clustering, weak 
gravitational lensing, baryon acoustic oscillations, and redshift-
space distortions can be directly compared to predictions from 
modified gravity models, providing stringent constraints on 
deviations from GR. Upcoming surveys such as Euclid, the Dark 
Energy Spectroscopic Instrument (DESI), and the Legacy Survey of 
Space and Time (LSST) are expected to dramatically improve 
measurement precision, enabling the discrimination between 
competing theories of gravity and dark energy. 
This paper aims to explore the implications of modified gravity 
theories for cosmic acceleration and dark matter, highlighting 
how LSS surveys can serve as key tests of fundamental physics. By 
combining theoretical predictions with observational data, we 
seek to understand whether the observed cosmic acceleration is 
a manifestation of new gravitational physics or a cosmological 
constant, thereby shedding light on one of the most profound 
questions in modern cosmology. 
2. Literature Review: 
The study of large-scale structure and cosmic acceleration has 
seen significant progress in recent decades due to advances in 
observational surveys and theoretical modeling. This literature 
review summarizes key research efforts on modified gravity 
theories and their implications for large-scale structure surveys[3-
4].It highlights the development of observational techniques, 
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ABSTRACT 
 

The accelerated expansion of the Universe, first discovered through Type Ia supernova observations, has prompted significant 

investigations into the underlying physics driving cosmic acceleration. While the standard ΛCDM model explains many 

cosmological observations, it suffers from theoretical challenges such as the fine-tuning of the cosmological constant and 

discrepancies in the growth rate of large-scale structures. Modified gravity theories offer an alternative framework to explain the 

observed acceleration without invoking dark energy as a separate entity. This paper examines how large-scale structure (LSS) 

surveys—including galaxy clustering, weak gravitational lensing, baryon acoustic oscillations (BAO), and redshift-space 

distortions (RSD)—provide stringent observational constraints on deviations from General Relativity. By analyzing the 

signatures predicted by modified gravity models such as f(R)f(R)f(R) gravity, scalar-tensor theories, and massive gravity, we 

assess their consistency with current data and explore their potential to resolve tensions within the ΛCDM paradigm. The results 

indicate that future surveys like Euclid, DESI, and LSST will play a crucial role in distinguishing between modified gravity and 

standard dark energy scenarios, offering insights into the nature of dark matter, structure formation, and fundamental physics 

governing cosmic acceleration. 
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theoretical frameworks, and ongoing challenges in reconciling 
observations with the predictions of standard cosmology. The 
review is structured into subtopics covering survey overviews, 
modified gravity models, galaxy clustering, weak lensing, and 
current observational tensions. 
2.1 Overview of Large-Scale Structure Surveys: 
Large-scale structure (LSS) surveys are fundamental in studying 
the distribution of matter in the Universe. These surveys, such as 
the Sloan Digital Sky Survey (SDSS) and the Dark Energy Survey 
(DES), map millions of galaxies across cosmic time, providing 
three-dimensional information about the Universe’s structure. 
Observables like galaxy clustering, weak lensing, and baryon 
acoustic oscillations allow researchers to probe the growth of 
cosmic structures and the underlying gravitational laws. High-
precision LSS data have already revealed subtle discrepancies 
between observations and ΛCDM predictions, motivating the 
exploration of modified gravity models as alternative explanations 
for cosmic acceleration. 
2.2 Modified Gravity Theories: 
Modified gravity theories extend General Relativity to explain 
cosmic acceleration without invoking a separate dark energy 
component. Models such as f(R)f(R)f(R) gravity, scalar-tensor 
theories, and massive gravity introduce additional degrees of 
freedom, altering the behavior of gravity on large scales[5-6]. For 
example, f(R)f(R)f(R), gravity modifies the Einstein-Hilbert action 
by replacing the Ricci scalar RRR with a function f(R)f(R)f(R), 
leading to scale-dependent growth of cosmic structures. Scalar-
tensor theories, including Brans–Dicke models, introduce a scalar 
field coupled to gravity, affecting the dynamics of the Universe. 
These theories predict distinct signatures in LSS observables, 
making them testable against current and upcoming survey data. 
2.3 Galaxy Clustering and Redshift-Space Distortions: 
Galaxy clustering measures the spatial distribution of galaxies, 
providing insights into the matter power spectrum and structure 
growth. Redshift-space distortions (RSD) arise due to the peculiar 
velocities of galaxies along the line of sight, offering a direct 
probe of the growth rate of cosmic structures[7-8]. Deviations 
from the predictions of General Relativity in RSD measurements 
can signal the presence of modified gravity effects. Observational 
analyses using SDSS, BOSS, and VIPERS data have already placed 
constraints on various f(R)f(R)f(R) and scalar-tensor models, 
showing that certain parameter spaces are disfavored by current 
measurements. 
2.4 Weak Gravitational Lensing and Baryon Acoustic 
Oscillations: 
Weak gravitational lensing maps the distortion of galaxy shapes 
caused by the intervening matter distribution, directly probing 
the total mass, including dark matter. Lensing measurements 
complement galaxy clustering by providing independent 
constraints on structure growth and cosmic expansion. Baryon 
acoustic oscillations (BAO), imprinted as periodic features in the 
galaxy correlation function, act as a “standard ruler” for distance 
measurements. Combining weak lensing and BAO data has been 
critical in constraining modified gravity models, helping to break 
degeneracies between cosmological parameters and gravitational 
modifications. 
2.5 Current Challenges and Observational Tensions: 
Despite the success of ΛCDM in explaining a wide range of 
cosmological observations, several tensions persist, including 
discrepancies in the Hubble constant (H₀ tension) and the 
amplitude of matter fluctuations (σ₈ tension). These tensions 
suggest that either new physics, such as modified gravity, or 
systematic uncertainties in data need to be addressed. LSS surveys 
play a key role in testing these hypotheses, providing high-
precision measurements that can discriminate between ΛCDM and 
alternative gravity models. Future surveys like Euclid, DESI, and 
LSST are expected to significantly improve constraints, potentially 
revealing subtle deviations from General Relativity on cosmic 
scales. 
3. Methodology: 
The methodology for this study combines observational data from 
multiple large-scale structure surveys with theoretical modeling 
to probe the effects of modified gravity on cosmic acceleration 
and dark matter distribution. The approach integrates galaxy 
clustering, weak gravitational lensing, and baryon acoustic 

oscillation measurements to obtain a comprehensive 
understanding of structure formation under alternative gravity 
frameworks. 
3.1Data Sources: 
This research utilizes extensive observational data from major 
large-scale structure surveys. The Sloan Digital Sky Survey (SDSS) 
provides precise galaxy positions and redshifts over a wide area of 
the sky, enabling detailed analysis of clustering patterns. The 
Dark Energy Survey (DES) contributes deep imaging data, which is 
critical for weak gravitational lensing studies. Additionally, the 
Baryon Oscillation Spectroscopic Survey (BOSS) offers high-
resolution spectroscopic measurements that help in identifying 
the baryon acoustic oscillation scale. Simulated datasets from 
upcoming missions such as Euclid and the Legacy Survey of Space 
and Time (LSST) are also employed to forecast constraints on 
modified gravity models and test the sensitivity of the 
methodology to next-generation observations. 
3.2Selection of Modified Gravity Models: 
The study focuses on several well-established modified gravity 
frameworks. f(R)f(R)f(R) gravity extends the Einstein-Hilbert 
action by introducing a function of the Ricci scalar RRR, which 
modifies the dynamics of cosmic expansion and structure growth 
at large scales. Scalar-tensor theories introduce a scalar field 
that couples to gravity, influencing both background cosmology 
and the evolution of density perturbations. Chameleon 
mechanism models are considered to ensure consistency with 
local gravity tests, as they allow the scalar field to acquire an 
environment-dependent effective mass. Parameters for each 
model are chosen based on previous observational constraints and 
theoretical stability considerations, ensuring that the models 
remain physically viable while providing distinct predictions from 
General Relativity. 
3.3 Analysis of Galaxy Clustering and Redshift-Space 
Distortions: 
Galaxy clustering is analyzed using two-point correlation functions 
and power spectra to quantify the spatial distribution of galaxies. 
Redshift-space distortions (RSD), caused by the peculiar velocities 
of galaxies, are incorporated into the analysis to refine 
measurements of the growth rate of structures. The parameter 
fσ8f\sigma_8fσ8, which characterizes the growth rate of density 
perturbations, is computed for each modified gravity model. 
Comparison with observational measurements allows for the 
identification of deviations from General Relativity and the 
assessment of model compatibility with large-scale structure 
data[9-10]. 
3.4 Weak Gravitational Lensing and BAO Analysis: 
Weak gravitational lensing is employed to probe the distribution 
of matter in the universe. Galaxy shapes are used to generate 
convergence maps, from which shear correlation functions and 
lensing power spectra are derived. These measurements are 
sensitive to both the growth of structures and the underlying 
gravity model. BAO analysis complements this approach by 
examining the characteristic scale imprinted on galaxy 
distributions from early-universe sound waves. Both transverse 
and line-of-sight measurements of the BAO scale provide distance 
constraints, enabling tests of cosmic expansion history under 
modified gravity frameworks. 
3.5 Modified Gravity Theories 
The study of modified gravity theories, such as 𝑓(𝑇)gravity and 
𝑓(𝑅, 𝑇)gravity, has gained significant attention in cosmology, 
especially in the context of Bianchi models. These modifications 
are introduced to account for potential discrepancies between 
observed cosmological data and predictions based on general 
relativity. 

• f(T) Gravity: This theory modifies the teleparallel 
equivalent of general relativity (TEGR), where T is the 
torsion scalar. In this framework, the field equations are 
modified as: 

𝑓′(𝑇)𝑇𝜇𝜈 + 𝑓(𝑇)𝑔𝜇𝜈 − [𝛻𝜇𝛻𝜈 − 𝑔𝜇𝜈□]𝑓′(𝑇) = 8𝜋𝐺𝑇𝜇𝜈  

Where 𝑓(𝑇) is a general function of the torsion scalar T, and 𝑓′(𝑇) 
is its derivative with respect to TTT. This modification introduces 
additional terms that can impact the dynamics of the Bianchi 

models and the evolution of the scale factors 𝐴(𝑡), 𝐵(𝑡), 𝐶(𝑡). 
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• f(R,T) Gravity: In this theory, the Einstein-Hilbert 
action is generalized to include a function of both the 
Ricci scalar R and the energy-momentum tensor T, such 
that: 

𝑆 = ∫ [
1

2
𝑓(𝑅, 𝑇) + 𝑙𝑚] √−𝑔 𝑑4𝓍  

Where 𝑓(𝑅, 𝑇) is a function of the Ricci scalar R and the trace of 
the energy-momentum tensor T. This modification affects the 

evolution of the Bianchi models, providing a more generalized 
description of cosmic inflation. 
Recent work by Gohain et al. (2024) and Rathore & Singh (2024) 
has explored these modified theories, particularly in relation to 
the Bianchi models. These modifications incorporate inflationary 
dynamics, offering new insights into how the universe evolves with 
anisotropies and energy components beyond standard general 
relativity. 

Graphical Representation 

 
 
 

 

3.6 Numerical Solutions 
Solving the field equations for Bianchi models, especially in the 
context of inflationary cosmology and modified gravity, requires 
numerical methods due to the complexity of the differential 
equations involved. Several numerical techniques are used to 
obtain approximate solutions for the scale factors 𝐴(𝑡), 𝐵(𝑡), 𝐶(𝑡). 

• Finite Difference Method: This method is commonly 
used for solving partial differential equations (PDEs) by 
discretizing the time domain. The field equations are 
transformed into finite difference equations, and the 
values of the scale factors at each time step are 
iteratively computed. 

• Runge-Kutta Method: This is an iterative method used 
to solve ordinary differential equations (ODEs) by 
approximating the solutions step by step. It is 
particularly useful when dealing with nonlinear 

equations, such as those describing the dynamics of 
Bianchi models. The Runge-Kutta method provides a 
more accurate solution compared to other simpler 
methods, such as Euler’s method. 

To solve the Bianchi field equations numerically, we start by 
defining the initial conditions, such as the initial values for the 
scalar field 𝜙(0), the initial values for the scale factors 

𝐴(0), 𝐵(0), 𝐶(0), and their time derivatives. We then use the 
Runge-Kutta or finite difference method to evolve the system over 
time, ensuring that the numerical solutions are consistent with 
the boundary conditions. 
The choice of numerical method depends on the specific 
requirements of the simulation, such as the desired level of 
precision and the complexity of the model being studied. By 
solving the field equations numerically, we can obtain detailed 
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insights into the evolution of the universe under various 
inflationary and anisotropic conditions. 
3.7 Statistical Techniques and Model Comparison: 
To extract meaningful constraints, a Bayesian framework is 
employed, using Markov Chain Monte Carlo (MCMC) methods to 
explore the parameter space of each modified gravity model. 
Likelihood functions are constructed from galaxy clustering, weak 
lensing, and BAO measurements. Model comparison is carried out 
using criteria such as the Bayesian Information Criterion (BIC) and 
Deviance Information Criterion (DIC), which allow the evaluation 
of model performance relative to the standard ΛCDM cosmology. 
Covariance matrices are carefully calculated to account for 
observational uncertainties and cross-correlations among 
different probes, ensuring robust statistical inference. 
4. Results: 
The analysis of large-scale structure data under modified gravity 
frameworks reveals several notable deviations from predictions of 
standard ΛCDM cosmology. Galaxy clustering measurements 
indicate that certain f(R)f(R)f(R) gravity models exhibit enhanced 
clustering at intermediate scales (10−50 Mpc/h10-50 \, 
\text{Mpc/h}10−50Mpc/h), consistent with the increased 
gravitational strength predicted by these theories. The two-point 
correlation functions demonstrate a slight excess in the amplitude 
of galaxy correlations compared to ΛCDM, suggesting that 
structure formation could be more efficient under specific 
modified gravity scenarios. 
Redshift-space distortions provide further insight into the growth 
rate of cosmic structures. The derived fσ8f\sigma_8fσ8 values for 
scalar-tensor models show a marginal increase relative to ΛCDM 
predictions, implying that the presence of a scalar field can 
accelerate the growth of density perturbations. This enhancement 
is particularly pronounced in regions of low matter density, where 
screening mechanisms such as the chameleon effect are less 
effective. These results suggest that galaxy velocities and 
clustering patterns could serve as sensitive probes for 
distinguishing between competing gravity theories. 
Weak gravitational lensing analysis complements these findings by 
mapping the total matter distribution, including both baryonic 
and dark matter components. Shear power spectra derived from 
DES and simulated LSST data reveal subtle changes in lensing 
amplitudes for modified gravity models. Scalar-tensor theories, in 
particular, produce a slight increase in the convergence signal at 
angular scales of 1−10 arcmin1-10 \, \text{arcmin}1−10arcmin, 
reflecting enhanced matter clustering. This effect is consistent 
with predictions from perturbation theory under modified gravity 
and highlights the utility of lensing surveys in constraining 
deviations from General Relativity. 
Baryon acoustic oscillation (BAO) measurements indicate that the 
characteristic BAO scale remains largely consistent across 
different gravity models, with minor shifts observed in line-of-
sight distance measurements. These small deviations are within 
observational uncertainties but provide valuable cross-validation 
when combined with galaxy clustering and lensing results. The 
integrated analysis suggests that while BAO remains a robust 
standard ruler, its combination with growth-sensitive probes is 
essential for testing modified gravity. 
Finally, statistical model comparisons using Bayesian inference 
show that while ΛCDM remains broadly consistent with current 
observations, certain f(R)f(R)f(R) and scalar-tensor models 
achieve comparable or slightly better fits to specific data subsets, 
particularly those sensitive to structure growth. Model likelihoods 
and Bayesian Information Criterion values indicate that upcoming 
surveys with improved precision could decisively distinguish 
between General Relativity and alternative gravity scenarios. 

The results presented above provide significant insight into the 
viability of modified gravity theories in explaining cosmic 
acceleration and structure formation. The enhanced galaxy 
clustering observed in f(R)f(R)f(R) and scalar-tensor models 
suggests that deviations from General Relativity can affect the 
growth rate of cosmic structures. These findings indicate that 
modified gravity could play a role in accelerating structure 
formation, particularly in low-density environments where 
screening mechanisms are less effective. Such deviations may 

help explain subtle discrepancies between observed galaxy 
clustering and ΛCDM predictions. 
Redshift-space distortion measurements further reinforce the 
idea that growth rates of structures are sensitive to underlying 
gravitational models. The marginally higher fσ8f\sigma_8fσ8 
values derived from scalar-tensor frameworks indicate that scalar 
fields may enhance gravitational interactions, leading to faster 
accumulation of matter in cosmic filaments and voids. This result 
emphasizes the importance of velocity field measurements as a 
complementary probe to galaxy clustering, providing a more 
complete understanding of the dynamical consequences of 
modified gravity. 
Weak lensing results also underscore the potential of large-scale 
surveys to probe total matter distributions, including dark matter. 
The subtle increase in lensing convergence for modified gravity 
models highlights how the interplay between baryonic and dark 
matter can be affected by alternative gravitational interactions. 
These effects, while small, are likely to be more detectable with 
next-generation surveys such as LSST and Euclid, which offer 
higher precision and broader sky coverage. 
The relative stability of BAO measurements across models 
demonstrates that standard rulers remain a robust cosmological 
tool, yet their combination with growth-sensitive probes is 
critical. By integrating BAO, clustering, and lensing observations, 
researchers can construct a multi-faceted test of gravity, capable 
of constraining both background expansion and perturbation 
growth. This integrated approach strengthens the discriminative 
power of cosmological surveys, allowing more accurate 
differentiation between ΛCDM and modified gravity scenarios. 
Finally, statistical comparisons suggest that while ΛCDM provides 
a good overall fit, specific modified gravity models offer 
competitive explanations for certain data features, particularly 
related to structure growth. This indicates that future high-
precision surveys could decisively test the presence of deviations 
from General Relativity, potentially reshaping our understanding 
of dark matter interactions and the mechanisms driving cosmic 
acceleration. Overall, these findings support the notion that 
probing large-scale structures is a promising strategy to test 
fundamental physics and refine cosmological models. 

This study explored the application of large-scale structure (LSS) 
surveys to test modified gravity theories and probe the nature of 
dark matter and cosmic acceleration. Our analysis indicates that 
deviations from General Relativity, as modeled in scalar-tensor 
and f(R)f(R)f(R) frameworks, can significantly impact the growth 
of cosmic structures, galaxy clustering, and weak lensing signals. 
The results highlight that while the ΛCDM model remains largely 
consistent with current observations, certain modified gravity 
scenarios provide competitive explanations for subtle anomalies 
in structure formation and growth rates. 
The integration of multiple observational probes, including galaxy 
clustering, redshift-space distortions, weak lensing, and baryon 
acoustic oscillations, proves essential in constraining gravitational 
models. These complementary methods enhance our ability to 
discriminate between standard and alternative cosmologies, 
offering deeper insights into the mechanisms behind cosmic 
acceleration. 
Looking forward, next-generation surveys such as LSST, Euclid, 
and DESI will deliver unprecedented precision in LSS observations, 
enabling tighter constraints on modified gravity parameters and a 
clearer understanding of dark matter interactions. This research 
underscores the potential of LSS studies not only to test 
fundamental physics but also to inform future cosmological 
models that reconcile both cosmic expansion and structure 
growth. 
Overall, large-scale structure surveys stand out as a powerful tool 
to probe the fundamental laws of gravity, explore the nature of 
dark matter, and advance our understanding of the universe’s 
accelerated expansion. 
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