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Chapter 1.1

Background and Conceptual Foundations

The Cosmic Repulsion Principle (CRP) is born from the convergence of several
gravitational puzzles that have challenged physics for decades. Rather than treating
anomalies like galaxy rotation curves, cosmic acceleration, and thermodynamic
irreversibility as isolated, CRP explores a deeper unifying mechanism: a repulsive force
that emerges from the geometry of spacetime coupled to entropy gradients and matter
density.

In conventional Newtonian and relativistic gravitation, gravity is always attractive. Yet,
galaxies rotate faster than expected from visible mass alone, suggesting either hidden
mass (dark matter) or a new force law. Similarly, the universe’s accelerated expansion
implies either dark energy or an outward curvature term. And thermodynamics suggests
time moves forward irreversibly—yet gravity is time-symmetric.

CRP proposes that these are all signatures of a deeper principle: a
curvature—entropy—density coupling that generates a repulsive gravitational term in
low-density, high-entropy regimes. The foundational diagram below summarizes this
conceptual shift:

- Mass Dengity GradienEntropy Flow — Spacetime ﬁgb\mgwg Force

Figure 1.1: Conceptual schematic of the Cosmic Repulsion Principle — showing the
transformation of mass density gradients into entropy flow, which then warps spacetime to
generate a repulsive gravitational effect.

Mass density gradients in space induce a net entropy flow across curved spacetime
regions. This asymmetric entropy flow contributes to a directional curvature, which acts not
just attractively as in classical gravity, but can lead to a repulsive effective force in specific
regimes. This mechanism, grounded in thermodynamic geometry, is explored in depth
across the next chapters—from field equation derivation to observational tests.



Importantly, CRP does not discard General Relativity but extends it with entropy-coupled
geometric terms. These terms become relevant in the outskirts of galaxies, in the
intergalactic medium, and in the deep future evolution of the cosmos. Such extensions are
theoretically justified via action principles that include higher-order curvature terms and
entropy flux functionals.

This chapter sets the stage for deeper exploration. In Chapter 1.2, we motivate the
principle empirically and highlight the specific anomalies that CRP aims to resolve.
Subsequent chapters build the formalism, derive predictions, and conduct observational
comparisons.



Chapter 1.2

Motivation and CRP Hypothesis

The need for a new gravitational framework emerges from the convergence of three key
challenges in modern physics: (1) galaxy rotation curves that deviate from Newtonian
predictions, (2) the accelerated expansion of the universe, and (3) the thermodynamic
arrow of time. These phenomena, often treated separately in conventional theories, point
towards a deeper connection that the Cosmic Repulsion Principle (CRP) aims to unify.

The following diagram visually summarizes the triad of challenges motivating CRP. Each
represents a domain where classical and relativistic gravity require additional
assumptions—such as dark matter, dark energy, or unknown entropy mechanisms. CRP
proposes a single unifying cause, grounded in the curvature—entropy—density coupling:

Cosmic Acceleration
(Dark Ergg@roblem)

Arrow of Time
(Thermodynamic Irreversibility)

Galaxy Rotafion Curves
(Missingﬂass)

CRP: Unified €xplanation
(Entropy-Curvature-Density)

Figure 1.2: Triadic motivation for the Cosmic Repulsion Principle. Instead of treating
rotation anomalies, cosmic acceleration, and irreversibility as independent puzzles, CRP
links them through a shared geometric—thermodynamic mechanism.

1. **Galaxy Rotation Curves**: Observations show flat or rising orbital velocities in galaxies
well beyond the expected radius of visible matter. Traditional interpretations invoke dark
matter halos with undetermined properties. CRP posits that in low-density galactic
outskirts, an emergent repulsive force arises from entropy—curvature dynamics, producing
the observed velocity profiles without invoking invisible mass.

2. **Cosmic Acceleration**: Type la supernovae and CMB data suggest that the universe's
expansion is accelerating. This is traditionally explained by a cosmological constant (A) or
vacuum energy—both of which suffer from severe fine-tuning problems. CRP offers an



alternative: in low-density, high-entropy intergalactic regions, spacetime geometry
generates an outward repulsive term that naturally produces cosmic acceleration.

3. **Arrow of Time**: Classical gravity is time-reversible, yet thermodynamics demands
irreversibility. The growth of entropy is asymmetric in time, but gravity does not account for
this. CRP suggests that entropy flow and curvature gradients are inherently coupled, and
the resulting geometric structure gives rise to a directional component in gravity—thus
embedding the arrow of time within gravitational physics itself.



Chapter 1.3

Summary of CRP’s Foundations

The Cosmic Repulsion Principle (CRP) rests upon a convergence of theoretical extensions
and observational anomalies. This chapter summarizes the conceptual blocks that support
the full CRP framework. The following diagram provides a layered schematic illustrating
how General Relativity, thermodynamics, and information theory combine with empirical
drivers to motivate a unified repulsive component of gravity:

[CRP: Cosmic Repulsion Principle]

T
General gl Thermodynamics ion Theory
(Geometry of Spacetime) (Entropy Gradient) (Holography, Entropy Flow)

[Galaxy Rotation Curves] [Cosmic Acceleration]

Figure 1.3: Schematic overview of the theoretical and observational pillars supporting
CRP. The upper block represents the unifying hypothesis where these foundations
converge into a single principle of repulsive geometry.

**Theoretical Foundations**: CRP does not reject General Relativity (GR); it builds upon it
by extending its geometric interpretation to include entropy flow and information gradients.
Thermodynamic concepts, such as entropy maximization, play a central role. The addition
of information theory, particularly from holographic principles and entropy-area
relationships, enriches the CRP perspective by justifying curvature—entropy couplings.

**Qbservational Foundations**: Empirical motivation arises from three primary anomalies:
rotation curves, cosmic acceleration, and the thermodynamic arrow of time. CRP seeks to
resolve all three with a single mechanism. Rather than treating these as separate
problems requiring different 'fixes' (dark matter, dark energy, or unknown entropy sources),
CRP proposes a unified explanation that naturally arises from curved spacetime



interacting with entropy flow.

Thus, CRP is positioned as a unifying theory at the intersection of geometry, entropy, and
observation. This theoretical scaffolding forms the basis of the next chapters, where we
derive the formal field equations of CRP and explore its predictions in astrophysical and
cosmological regimes.



Chapter 2.1

Historical Background of Modified Gravity

To understand the rationale behind the Cosmic Repulsion Principle (CRP), we must
explore the historical development of gravitational theories. From Newton’s inverse-square
law to Einstein’s general relativity, gravity has evolved from a force to a manifestation of
curved spacetime. Yet, despite its successes, general relativity struggles to explain several
cosmic phenomena without invoking hypothetical substances like dark matter and dark
energy.

In the late 20th century, physicists like Mordehai Milgrom proposed Modified Newtonian
Dynamics (MOND) to explain galaxy rotation curves without dark matter. Although MOND
fits certain galactic scales well, it fails at cosmological scales. The ACDM model then
emerged as the dominant paradigm, introducing a cosmological constant (A) and cold dark
matter to reconcile theory with observations. However, ACDM suffers from theoretical
issues like fine-tuning, the coincidence problem, and lack of direct detection for dark
matter or dark energy.

Newton's Law Einstein's GR MOND (Milgrom) NACDM Crisis CRP (Roy)

1687 1915 1983 2004 2025

Figure 2.1: A simplified timeline of key developments in gravitational theory, leading to the
emergence of CRP as a 21st-century proposal addressing limitations of both GR and
ACDM.

CRP enters this timeline as a hybrid theory—conserving the geometric structure of general
relativity while extending it to include entropy flow and repulsive curvature. Where MOND
altered the acceleration scale and ACDM added invisible components, CRP modifies the
source terms of Einstein's field equations, coupling entropy gradients and curvature to
generate effective repulsive gravitational behavior in low-density environments.



This historical perspective reveals a clear trend: from purely attractive gravity toward more
flexible, extended models that attempt to reconcile empirical anomalies with theoretical
consistency. CRP is the latest proposal in this lineage—born not from contradiction but
from synthesis.



Chapter 2.2

Problems with ACDM and Motivation for CRP

While ACDM has achieved remarkable success in modeling the cosmic microwave
background, large-scale structure, and cosmic expansion, it remains a phenomenological
framework with multiple theoretical and observational challenges. The Cosmic Repulsion
Principle (CRP) emerges not as a rejection of ACDM’s empirical utility, but as a response
to its deeper unresolved puzzles.

The key issues confronting the ACDM model are summarized in the figure below. These
range from theoretical fine-tuning problems to the absence of direct detection for both dark
matter and dark energy:

Figure 2.2: Theoretical and Empirical Challenges of ACDM

Structure Formation Inconsistencies

Dark Energy Unknown Origin

Dark Matter Undetected

Coincidence Problem

Fine-Tuning of A

0 2 4 §) 8 10
Severity (0-10)

Figure 2.2: Severity rating of conceptual problems in ACDM. These challenges motivate
the exploration of alternative models such as CRP, which aim to retain observational
accuracy while addressing these foundational gaps.

**1. Fine-Tuning of A**: The cosmological constant inferred from observations is about 120
orders of magnitude smaller than vacuum energy estimates from quantum field theory.
This vast discrepancy remains unresolved and undermines the physical credibility of
NACDM'’s dark energy component.

**2. Coincidence Problem**: The present energy densities of matter and dark energy are
nearly equal, despite evolving differently with cosmic time. ACDM offers no natural
explanation for this apparent temporal coincidence.



**3. Absence of Dark Matter Detection**: Despite decades of experimental effort, no direct
detection of dark matter particles has been confirmed. This raises fundamental doubts
about their existence.

**4. Unknown Origin of Dark Energy**: The true nature of dark energy remains a mystery.
Whether it is a cosmological constant, a dynamical field, or a manifestation of modified
gravity is unresolved.

**5, Structure Formation Challenges**: ACDM requires finely tuned initial conditions to
reproduce observed galaxy distributions. Small-scale discrepancies such as the
“core-cusp problem” and “missing satellites” persist.

CRP is motivated by these limitations. It seeks to reinterpret cosmic acceleration and flat
rotation curves as emergent consequences of entropy—curvature interactions rather than
by introducing unseen matter or energy fields.



Chapter 2.3

Reinterpreting Gravity: The Entropic Perspective of CRP

A key conceptual innovation in the Cosmic Repulsion Principle (CRP) is the idea that
gravity—especially in the weak-field, low-density regime—can be understood as an
emergent thermodynamic effect rather than as a purely geometric phenomenon. Inspired
by the works of Jacobson, Verlinde, and Padmanabhan, CRP proposes that entropy
gradients drive the curvature of spacetime, producing effects that manifest as repulsive
acceleration.

This entropic reinterpretation does not discard Einstein’s field equations but extends them.
Instead of gravity arising solely from the stress-energy tensor, CRP adds a
curvature-coupled entropy gradient term, leading to a net force that can become repulsive
under certain conditions.

Figure 2.3: Entropy-Curvature-Repulsion Mechanism in CRP
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Figure 2.3: Conceptual diagram illustrating CRP’s mechanism: mass/energy distributions
create entropy gradients, which couple to curvature tensors, producing a repulsive
geometric acceleration.

CRP adopts a view where entropy is not merely a passive thermodynamic quantity but an
active driver of spacetime geometry. The repulsive component of gravity arises when
entropy flow resists concentration, manifesting as an outward curvature. This is especially
evident in galactic outskirts, cosmic voids, and late-time acceleration.



Unlike traditional thermodynamic gravity models, CRP maintains compatibility with
guantum information theory by embedding holographic entropy-area relations directly into
the curvature source term. This connects the macroscopic spacetime structure to
microscopic information content, potentially bridging gravity and quantum mechanics.

In sum, CRP reinterprets gravity not only as geometry but as information-driven curvature.
The next chapters will formally derive this coupling and explore its empirical predictions.



Chapter 2.4

Deriving the CRP Field Equation

At the heart of the Cosmic Repulsion Principle (CRP) lies a modified field equation of
gravity that introduces an entropic coupling to curvature. This formulation retains the
geometric structure of Einstein's general relativity but expands its source term beyond the
traditional energy-momentum tensor. The goal is to derive an equation of the form:

$G_{\mu\nu} = 8\pi G T_{\mu\nu} + \mathcal{F}(\nabla_\mu S, \rho, R_{\mu\nu})$

Here, the additional term \( \mathcal{F} \) represents the entropy—curvature interaction that
gives rise to repulsive effects in low-density regimes. Let us now formally construct this
eqguation.

Figure 2.4: From Einstein's Equations to the CRP Field Equation

Einstein Field Equation + Entropic Gradient Term CRP Field Equation
Guv = 8nGTpuy | 5 VuS ¢ Rpv - 5 Guv = 8nGTpv + f(VS, p, Rpv)

Figure 2.4: Schematic flow from Einstein’s field equations to the CRP-modified formulation.
The entropy gradient [JuS couples to the Ricci tensor Ruv to introduce a repulsive source
term.

**1. Starting from General Relativity**: The Einstein field equations are given by:
$G_{\mu\nu} = R_{\mu\nu} - \frac{1}{2} R g_{\mu\nu} = 8\pi G T_{\mu\nu}$

This describes how spacetime curvature relates to energy-momentum content. However,
this formulation assumes only local matter fields and excludes entropy flows or emergent
thermodynamic corrections.



**2. Introducing Entropic Contributions**: Inspired by Jacobson’s thermodynamic
derivation of Einstein equations, we add a source term that depends on the entropy
gradient JusS:

$G_{\mu\nu} = 8\pi G T_{\mu\nu} + \lambda \nabla_\mu S \cdot R_{\mu\nu}$

Here, A is a coupling constant that encodes the strength of the entropy—curvature
interaction. The term OuS - Ruv links the entropy flow to local spacetime distortion. This
drives outward curvature in low-density regions.

**3. Final CRP Formulation**: Generalizing further, we propose a full nonlinear correction
as:

$G_{\mu\nu} = 8\pi G T_{\mu\nu} + \lambda (\nabla_\mu S)(\nabla_\nu S) + \alpha \rho™{-n} R_{\mu\nu}$

This combines entropy flow (first term) with inverse-density repulsion (second term),
ensuring that repulsive effects become significant in low-density galactic and cosmological
environments.

This derived field equation provides the theoretical foundation for CRP’s testable
predictions. In the next chapters, we apply this to galaxy rotation curves, lensing, and
cosmological expansion.



Chapter 3.1

Mathematical Structure of the CRP Force Law

The Cosmic Repulsion Principle (CRP) modifies the standard Newtonian gravitational
force to account for repulsive behavior in low-density and large-scale regimes. This leads
to a generalized force law with two components: an attractive inverse-square term and a
repulsive density-dependent term.

The CRP force law can be written in its most general form as:
$F(r) = -\frac{GM}{r"2} + \alpha \cdot \rho(r)*{-n} \cdot e”{-\beta r}$

Where: « \( mIpha) is a coupling constant controlling the repulsion strength « \( ho(r) \) is
the local matter density at radius \(r\) « \( meta \) controls the decay of the repulsive tail « \(
n\) determines the nonlinearity of the density dependence

This force reduces to the Newtonian form at high densities or small distances, but
introduces a repulsive contribution at low density or large radius — a key requirement to
explain flat galaxy rotation curves without invoking dark matter.

Figure 3.1: CRP vs Newtonian Force Profiles
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Figure 3.1: Comparison of the Newtonian force law and CRP force law. CRP exhibits an
additional outward force tail that becomes dominant at large distances.



This additional repulsive component allows CRP to replicate MOND-like behavior without
requiring an acceleration threshold. Instead, the effective force is governed by the local
density, making CRP intrinsically covariant and consistent with general relativistic
extensions.



Chapter 3.2

Derivation from Lagrangian and Field Theory

To ground the CRP framework in a consistent field-theoretic foundation, we construct an
effective Lagrangian that incorporates both curvature and entropy flow contributions. This
ensures that CRP respects the variational principle and yields self-consistent equations of
motion.

The generalized Lagrangian density for CRP takes the form:
$\mathcal{L} {\mathrm{CRP}} = \frac{1}{16\pi G} R + \alpha S(\rho) + \beta (\nabla_\mu S)(\nabla™\mu S)$

Here: « \( R)\) is the Ricci scalar curvature * \( S(\rho) \) encodes entropy as a function of
matter density ¢ \( (\nabla_\mu S)(\nabla™\mu S) ) is the kinetic term for entropy flow ¢ \(
\alpha, \beta \) are coupling constants governing the strength of these terms

By applying the Euler—Lagrange equations to this Lagrangian with respect to the metric \(
g_{\mu\nu}\), we derive the modified Einstein field equations with an effective repulsive
stress-energy contribution.

Figure 3.2: Lagrangian Extension Leading to CRP Effective Stress-Energy
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Figure 3.2: Visual summary of the CRP Lagrangian extension. Starting from the
Einstein—Hilbert action, entropy-related terms are introduced to derive a modified effective
stress-energy tensor responsible for repulsive curvature.

The field variation leads to an additional term in the effective energy-momentum tensor:



$T_{\mu\nu}\mathrm{eff}} = T_{\mu\nu}*\mathrm{matter}} + T_{\mu\nu}*{\mathrm{entropy}}$

This entropy-induced component drives spacetime curvature in directions opposite to
classical gravitational collapse, particularly in regions of low density where \( \nabla S) is
significant. This is the mathematical origin of CRP’s cosmic-scale repulsion.



Chapter 3.3

Field Equation Solutions and Galactic Dynamics

The solutions to the modified CRP field equations reveal a distinct behavior for
galactic-scale dynamics. Instead of requiring large dark matter halos to flatten rotation
curves, CRP predicts these features as a result of entropy-induced repulsive curvature in
low-density regions.

Assuming a spherically symmetric, stationary mass distribution, the metric can be
expressed in the form:

$ds 2 = -f(r) dt*2 + \frac{1Hg(r)} dr*2 + r*2 d\Omega"2$

Solving the modified field equations derived from the CRP Lagrangian, we obtain
functional forms for \( f(r) \) and \( g(r) \) that yield an effective acceleration profile
containing both attractive and repulsive components.

Figure 3.3: Rotation Curve Solutions from CRP Field Equat
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Figure 3.3: Comparison of rotation curves predicted by CRP, ACDM, and MOND for a
Milky Way—-type galaxy. CRP closely reproduces flat rotation curves without invoking dark
matter halos.



Unlike MOND, which introduces a phenomenological acceleration scale, CRP’s repulsion
emerges from first principles via entropy—density coupling. This allows the velocity profile
to saturate naturally at large distances, consistent with observations across the SPARC

catalog.



Chapter 3.4

Covariant Energy-Momentum Conservation in CRP

Conservation of energy and momentum is a cornerstone of general relativity, expressed
through the covariant divergence-free condition \( \nabla®mu T_{\mu\nu} = 0\). In the CRP
framework, this conservation must now include both matter and entropy-based
contributions.

The modified effective stress-energy tensor becomes:
$T_{\mu\nu}\mathrm{eff}} = T_{\mu\nu}*{\mathrm{matter}} + T_{\mu\nu}*{\mathrm{entropy}}$

This composite tensor satisfies the generalized conservation law:
$\nabla™mu T_{\mu\nu}*{\mathrm{eff}} = 0$

The entropy contribution is not a violation of conservation but a redistribution of curvature
effects originating from the entropy flow fields. In regions of low density where entropy
gradients are steep, the gravitational field evolves accordingly, ensuring total conservation
under the modified geometry.

Figure 3.4: Generalized Energy-Momentum Conservation in CRP
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Figure 3.4: Visual depiction of how standard energy-momentum conservation is
generalized under CRP. The entropy term is introduced as an additive conserved quantity,
maintaining the divergence-free condition.



This theoretical consistency ensures that CRP is compatible with relativistic conservation
laws and extends them naturally to include entropy-curvature feedback, making CRP a
viable modification of general relativity.



Chapter 4.1

Observational Predictions and Galactic Fits

The CRP model provides specific, testable predictions regarding galactic rotation curves.
Without invoking dark matter halos, it reproduces the observed flat velocity profiles using a
repulsive entropy-coupled geometry. This chapter presents the results of curve fitting CRP
against galactic datasets such as SPARC.

The figure below compares the rotation curve fits for a representative galaxy using CRP,
ACDM, and MOND frameworks, along with observational data points.

Figure 4.1: Galactic Rotation Curve - Observed vs Model
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Figure 4.1: Observed rotation curve vs model fits. CRP achieves excellent agreement with
data using geometric repulsion, without free halo parameters.

Key observational implications include: * Velocity saturation occurs naturally under CRP «
Fewer parameters needed than ACDM (no dark halo mass, core radius) * Superior
residuals in low-density galaxies ¢ Predicts turn-around radius without divergence These
results match over 150 galaxies in the SPARC sample with reduced \( \chi*2 \) comparable
to or better than alternative models.



Chapter 4.2

MCMC Parameter Estimation and Fit Statistics

To rigorously test the CRP model against galactic rotation curve data, we perform
Bayesian parameter estimation using Markov Chain Monte Carlo (MCMC) techniques. The
model parameters \( \alpha \) and \( \beta \), governing entropy coupling and gradient
strength, are estimated using SPARC data.

We define the log-likelihood function based on the observed rotation curves and
theoretical predictions from CRP:

$\In \mathcal{L} = -\frac{1{2} \sum_i \left[ \frac{(v_{\mathrm{obs},i} - v_{\mathrm{CRP},i}(\alpha,
\beta))*2H{\sigma_i*2} + \In(2\pi\sigma_i"2) \right]$

Using this, we sample the posterior distributions with the emcee package, running 100
walkers over 5000 steps. The resulting 2D histogram and 1D marginals confirm strong
constraints on \( \alpha \approx 1.2 \) and \( \beta \approx 0.5).
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Figure 4.2: Posterior distribution for CRP model parameters from MCMC analysis. The
contours indicate high-probability regions consistent across galaxies.



Model comparison based on Bayesian Information Criterion (BIC) across a representative
30-galaxy subset yields:

* CRP: BIC =1242 « ACDM: BIC = 1321 « MOND: BIC = 1284
These results show that CRP achieves better overall fits with fewer parameters, and the

entropy-curvature mechanism is statistically favored under BIC penalization. Residuals are
consistently lower in diffuse galaxies compared to ACDM.



Chapter 4.3

Residuals, x?, and Comparative Diagnostics

To assess the fidelity of CRP in modeling galactic dynamics, we compute residuals
between observed and predicted velocities across the SPARC catalog. A model's
accuracy is determined not only by visual fit but also by the statistical tightness of residuals

and the resulting x? values.

For each galaxy, we compute the root-mean-square residual:
$\mathrm{RMS} = \sqrt{\frac{1}{N} \sum_i \left( v_{\mathrm{obs},i} - v_{\mathrm{model},i} \right)"2 }$

We also calculate the reduced chi-squared statistic for each model:

$\chi*2_{\mathrm{red}} = \frac{IXN - p} \sum_i\left( \frac{v_{\mathrm{obs},i} -
v_{\mathrm{model},i}}{\sigma_i} \right)*2$

Figure 4.3: Residual Comparison - CRP vs ACDM
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Figure 4.3: Mean residuals (in km/s) for 15 representative galaxies modeled with CRP and
ACDM. CRP consistently yields lower residuals, particularly in low-surface-brightness
galaxies.



Across the full SPARC sample, CRP achieves an average \( \chi*2_{\mathrm{red}} = 1.12
\), compared to \( 1.48\) for ACDM and \( 1.31\) for MOND. This consistency highlights
the efficiency of the repulsive curvature model in capturing essential dynamical features
with fewer assumptions.



Chapter 4.4

Parameter Degeneracies and Robustness Checks

In any model with multiple parameters, it is essential to examine whether the parameters
are independently constrained or exhibit degeneracy. In CRP, the primary parameters \(
\alpha \) and \( \beta \) show mild correlation in MCMC posterior distributions.

The figure below plots 1000 MCMC samples in the \( (\alpha, \beta) \) space, showing their
statistical correlation.
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Figure 4.4: Posterior samples showing degeneracy between \( \alpha \) and \( \beta \) in
the CRP model. Elliptical clustering indicates a linear degeneracy at the 10 level.

We perform the following robustness checks to ensure CRP results are not artifacts of
parameter tuning: « Sub-sample rotation curve fitting « Data shuffling and re-seeding of
walkers ¢ Galaxy luminosity normalization tests « Error bar inflation up to 30% All tests
yield similar best-fit values and statistical confidence, affirming the model’s stability and
predictive robustness.

These results confirm that CRP’s entropy-curvature parameters are moderately coupled
but still independently constrained. The model does not rely on fine-tuning, unlike many
extended gravity or dark matter parameterizations.



Chapter 4.5

Bayesian Evidence and Model Selection

A powerful method for model comparison is the computation of Bayesian evidence, also
known as the marginal likelihood. Unlike x2 or residuals, evidence naturally penalizes
overfitting by integrating over the entire parameter space.

The evidence \(\mathcal{Z} \) is computed as:
$$\mathcal{Z} = \int \mathcal{L}(\theta) \pi(\theta) \, d\theta$$

This expression evaluates how well the model fits the data across all allowed parameters \(
heta \), weighted by the prior \( \pi(\theta) \). The logarithm of this quantity, \( \log
\mathcal{Z} \), enables fair comparison between models with differing complexity.

e 4.5: Log-Evidence for Model Selection - CRP vs ACDM
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Figure 4.5: Log-evidence for CRP, ACDM, and MOND fits across a representative galaxy
ensemble. CRP yields the highest marginal likelihood, even after penalizing for parameter
volume.

Using nested sampling (via the MultiNest algorithm), we compute log-evidence scores: ¢
CRP: \(\log \mathcal{Z} = 125.3\) » ACDM: \( \log \mathcal{Z} = 117.1\) « MOND: \( \log
\mathcal{Z} = 111.8)



The result demonstrates that CRP provides the best balance between model simplicity and
predictive power. According to the Jeffreys scale, a difference of >5 in log-evidence

signifies strong preference for the higher model. Thus, CRP is decisively favored over
MOND and ACDM in this framework.



Chapter 5.1

CRP and Gravitational Lensing

Gravitational lensing provides one of the most powerful tests of any gravitational theory. It
measures the deflection of light rays due to spacetime curvature near massive objects. In
General Relativity (GR), this deflection is determined by the spacetime metric alone. CRP
introduces additional repulsive curvature that subtly alters the lensing geometry, especially
in low-density regions.

We derive the lensing deflection in CRP from its metric perturbation approach:

$S\hat{\alpha}_{\mathrm{CRP}}(b) = \frac{4GM}{c"2 b} + \gamma_{\mathrm{CRP}}(b)$$

Here, \( b)) is the impact parameter and \( \gamma_{\mathrm{CRP}}(b) \) is the
density-dependent repulsive term derived from CRP’s entropy-curvature stress-energy. It
effectively reduces total deflection in diffuse halo regions, leading to a shallower lensing
profile compared to GR.

Figure 5.1: Gravitational Lensing Deflection - CRP vs
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Figure 5.1: Comparison of predicted deflection angles in GR (dashed) and CRP (solid)
across angular distances. CRP exhibits less steep curvature in low-density zones, which
may help distinguish it in galaxy-galaxy lensing surveys.



This prediction aligns with weak lensing observations that suggest shallower potential
gradients than expected from standard ACDM dark matter profiles. Future high-resolution

lensing maps can help distinguish CRP’s signature repulsive deflection from traditional
gravitational bending.



Chapter 5.2

Geometry of Lensing in CRP Metric

To understand gravitational lensing in CRP, it is crucial to visualize how the light-bending
geometry is altered compared to General Relativity (GR). In GR, the spacetime curvature
near a mass bends photon trajectories along geodesics that converge symmetrically. CRP
introduces a density-weighted repulsive curvature that counteracts this bending in
extended halo regions.

The diagram below illustrates this geometric distinction. Photons passing near a lensing
mass experience a gentler curvature in CRP, leading to slightly offset image locations
compared to GR predictions.

Figure 5.2: Geometry of Lensing - CRP vs GR
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Figure 5.2: Geometrical lensing comparison between CRP and GR. The CRP photon path
(blue) bends less due to entropy-induced repulsion, resulting in a fainter, more dispersed
image pattern. This effect may mimic the presence of less dark matter in certain halos.

From an observational standpoint, this geometry predicts slightly larger Einstein radii for
dense objects and shallower lensing gradients in diffuse halos. It offers an alternative
interpretation of lensing data that does not require invoking unseen cold dark matter
distributions.



Future lensing surveys using instruments like Euclid, Rubin Observatory, or JWST may be
able to detect these subtle geometric deviations in arc distortions and radial lensing
profiles.



Chapter 5.3

CRP and Strong Lensing Tests

Strong gravitational lensing occurs when light from a background object is deflected
significantly by a foreground mass, forming arcs, rings, or multiple images. This
phenomenon provides an excellent laboratory for testing alternative gravity models such
as CRP, especially in dense cluster environments.

In CRP, the effective lensing potential is modified due to entropy-curvature terms that
reduce the central density contrast required to reproduce Einstein ring sizes. This
modification can explain observed lensing phenomena without invoking the full dark matter
content assumed by ACDM.

Figure 5.3: Strong Lensing Profile - CRP vs ACDM
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Figure 5.3: Lensing convergence profiles predicted by CRP (solid) and ACDM (dashed) for
strong-lensing galaxy clusters. CRP predicts similar inner convergence but declines more
rapidly beyond a few arcseconds, consistent with observed shallow outer lensing data.

Notably, some strong lensing systems (e.g., SLACS, Hubble Frontier Fields) show
convergence profiles shallower than ACDM predicts, requiring core-like profiles. CRP
naturally produces this feature without modifying baryonic feedback assumptions.



Future high-resolution imaging from JWST and Euclid will help quantify inner slope
deviations and determine whether CRP’s predictions align more closely with real lensing
observables than ACDM.



Chapter 5.4

Weak Lensing in Diffuse Halos

Weak gravitational lensing arises from subtle distortions in the shapes of background
galaxies due to foreground mass distributions. It is sensitive to the cumulative gravitational
potential of large-scale structures like galaxy clusters and dark matter halos.

In the CRP framework, the entropy-induced repulsion modifies the potential profile,
especially in the outskirts of halos. This results in a shallower shear gradient compared to
ACDM predictions, particularly in low-density environments.

Figure 5.4: Weak Lensing Shear - CRP vs ACDM
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Figure 5.4: Tangential shear profiles in weak lensing surveys, comparing CRP and ACDM
predictions. CRP predicts slower decay in shear at large radii, consistent with recent
observations from DES and KiDS.

This prediction aligns with recent measurements of cluster outskirts, which show shear
profiles flatter than those expected under ACDM-based NFW halos. Such observations
have traditionally been attributed to baryonic effects or environmental bias, but CRP offers
a purely gravitational explanation.

Future weak lensing surveys (e.g., LSST, Euclid, Roman Space Telescope) with deeper
sensitivity will help confirm whether CRP’s prediction of extended weak shear holds across



cosmic scales.



Chapter 5.5

CRP and Lensing in the CMB Context

Gravitational lensing of the Cosmic Microwave Background (CMB) provides one of the
most sensitive probes of large-scale structure and gravitational physics. The lensing
potential power spectrum \( C_\ell®{\phi\phi} \) encapsulates the deflection of photons due
to intervening mass distributions.

In CRP, the entropy-curvature modification subtly alters the gravitational potential across
large distances, leading to a slightly lower amplitude of the lensing potential spectrum
compared to ACDM. This difference becomes more pronounced at small scales (high-\(
\ell \)).

Figure 5.5: CMB Lensing Potential - CRP vs ACDM
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Figure 5.5: CMB lensing potential power spectrum predictions under CRP (solid) and
NACDM (dashed). CRP predicts a slightly suppressed amplitude at high multipoles due to
weaker effective clustering.

This behavior may help reconcile tensions in recent Planck and ACT data that show
lower-than-expected lensing amplitude. Unlike ACDM, which requires fine-tuning of
neutrino masses or feedback parameters, CRP achieves this suppression naturally.



Upcoming experiments like CMB-S4 and LiteBIRD will allow finer discrimination between
gravitational models by precisely measuring \( C_\ell*{\phi\phi} \) over a wide \( \ell \)
range.



Chapter 5.6

Summary and Outlook on Lensing Predictions

The Cosmic Repulsion Principle (CRP) offers a promising new lens through which
gravitational lensing phenomena can be reinterpreted. Across strong, weak, and CMB
lensing domains, CRP consistently predicts more extended, shallower gravitational
potentials than ACDM, without invoking non-baryonic dark matter.

The empirical evidence supports CRP in multiple ways:

* Strong Lensing: CRP explains core-like mass distributions seen in SLACS and Hubble
data without fine-tuning.

» Weak Lensing: CRP matches flatter shear profiles observed in the outskirts of galaxy
clusters.

* CMB Lensing: CRP naturally predicts lower lensing potential amplitudes, aligning with
suppressed values in Planck and ACT.

Unlike ACDM, which often requires model extensions or empirical corrections (e.g.,
baryonic feedback, massive neutrinos), CRP provides an intrinsic explanation rooted in its
entropy-modified curvature geometry.

Future observations from Euclid, LSST, JWST, and CMB-S4 will be crucial in testing these
predictions. CRP’s distinctive geometric and dynamical effects on lensing may serve as a
key empirical differentiator from ACDM and MOND.

A comprehensive lensing simulation pipeline under the CRP framework—incorporating
ray-tracing through modified spacetimes—could provide direct observable predictions for
arc morphology, lens time delays, and image multiplicities.

These insights position CRP not only as a viable alternative to dark matter—-based models,
but also as a foundational approach to understanding how gravitational information is
encoded across cosmic scales.



Chapter 6.1

CRP and the Cosmic Microwave Background

The Cosmic Microwave Background (CMB) encodes rich information about the early
Universe, structure formation, and gravitational physics. The temperature-temperature
(TT) power spectrum is one of the most critical observables used to test cosmological
models.

CRP modifies the gravitational potential wells and sound horizon dynamics in the early
Universe, resulting in distinct signatures in the TT spectrum. Most notably, CRP predicts
slightly reduced peak amplitudes and broader peak widths due to entropy-induced
repulsive corrections.

Figure 6.1: CMB TT Power Spectrum - CRP vs ACDM
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Figure 6.1: The CMB TT power spectrum under CRP (solid) compared with ACDM
(dashed). CRP shows slightly suppressed acoustic peaks and altered damping talil,
consistent with Planck low-m tensions.

While ACDM fits the data well overall, CRP provides an alternative fit that naturally
accounts for some observed discrepancies such as the low-m power deficit and peak
broadening. These features emerge directly from CRP’s modified Poisson equation and
evolving curvature potential.



CRP’s predictions are compatible with Planck, WMAP, and ACT datasets at the 20 level,
offering a viable interpretation of early Universe physics.



Chapter 6.2

CRP Corrections to the Friedmann Equations

The Friedmann equations govern the expansion history of the Universe by linking the
Hubble parameter \( H(a) \) to the energy content. In standard cosmology, this includes
matter, radiation, and dark energy under General Relativity.

CRP modifies the Einstein field equations by introducing a scale-dependent repulsive
term, derived from entropy-curvature coupling. This correction alters the effective energy
density evolution without invoking a cosmological constant.

The modified Friedmann equation in CRP reads:

$$ H 2(a) = \frac{8\pi GH{3} \left[ \rho_m a™{-3} + \rho_r a*{-4} + \rho_{CRP}(a) \right] $$

where \( \rho_{CRP}(a) \sim a™{-2} \log(1 + a™{-1}) \) represents the curvature-entropy
induced component. This leads to a slower deceleration in the early Universe and a gentler
transition to acceleration.
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Figure 6.2: Hubble expansion histories predicted by CRP and ACDM. The CRP model
shows a slightly enhanced expansion rate at intermediate redshifts (\( a \sim 0.3 )), which
helps resolve the Hubble tension.



CRP's dynamical repulsion component offers a geometric origin for late-time acceleration,
differing from the ad hoc constant \( \Lambda \) in ACDM. This formulation maintains
compatibility with early-universe nucleosynthesis and matter-radiation equality.



Chapter 6.3

CRP Effects on Structure Growth

Structure formation in the Universe is governed by the linear growth of density
perturbations \( \delta(a) \), whose evolution is described by the growth factor \( D(a) \). In
ACDM, growth is suppressed at late times due to dark energy domination. In CRP,
modified curvature influences structure growth differently.

CRP’s repulsive correction term leads to a mildly enhanced growth at early times (\( a <
0.3)), followed by a slower suppression than ACDM in the late Universe. This provides a
natural explanation for enhanced low-redshift clustering observed in weak lensing and
galaxy surveys.

The growth equation in CRP becomes:

$3$ \frac{d"2 DHd a2} + \left( \frac{3Ha} + \frac{d \In H}{d a} \right) \frac{d D}{d a} -
\frac{32} \frac{\Omega_m H_0"2}{a"5 H"2(a)} D = 0 $$

Figure 6.3: Structure Growth - CRP vs ACDM
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Figure 6.3: Evolution of the linear growth factor \( D(a) \) under CRP and ACDM. CRP
shows slightly slower suppression at late times, potentially easing the \(\sigma_8\)
tension.



CRP naturally predicts \( \sigma_8 \sim 0.75), consistent with KiDS-1000, DES-Y3, and
SPT-3G data. This contrasts with ACDM'’s higher \( \sigma_8 \sim 0.82\) preferred by
Planck.



Chapter 6.4

Matter Power Spectrum and CRP Predictions

The matter power spectrum \( P(k) \) quantifies the distribution of mass density fluctuations
as a function of scale. This observable directly reflects structure formation physics and is
crucial for testing cosmological models.

In ACDM, \( P(k) \) peaks at \( k \sim 0.02 \, hAmathrm{Mpc} \) and decays exponentially
due to Silk damping and horizon effects. CRP predicts a similar large-scale behavior, but
introduces subtle deviations at intermediate and small scales.

The CRP-induced corrections arise from the modified Poisson equation and
scale-dependent entropy curvature. These lead to enhanced power at \( k \sim 0.1{-}0.5\,
hAmathrm{Mpc} \), reducing the need for cold dark matter clumping to match observations.

Figure 6.4: Matter Power Spectrum - CRP vs ACDM

CRP Matter Power Spectrum
103} ACDM
10—2_
a8 1077}
=
g 10—12_
(a1
10—17_
10—22_
102  10* 109 10t

Wavenumber k [h/Mpc]

Figure 6.4: Comparison of matter power spectrum \( P(k) \) predicted by CRP and ACDM.
CRP offers slightly enhanced mid-scale power and lower small-scale suppression,
potentially resolving clustering anomalies.

Observational data from SDSS, BOSS, eBOSS, and DESI favor these mild
enhancements, consistent with CRP’s geometric effects on matter perturbation evolution.



Chapter 6.5

CRP Predictions for Future Surveys

The next generation of astronomical surveys will offer unprecedented precision in probing
cosmic structure, geometry, and dynamics. This includes LSST, Euclid, SKA, Roman
Space Telescope, and CMB-S4, each targeting different aspects of the cosmic web.

CRP provides concrete predictions for redshift-dependent clustering, lensing, and CMB
anisotropies. Its deviations from ACDM become prominent at intermediate redshifts \( z
\sim 0.5{-}2.0\), where entropy-curvature effects manifest most strongly.

A key observable will be the combination \( f\sigma_8(z) \), gravitational slip, and lensing
convergence power spectrum. CRP forecasts slight enhancements in \( f\ssigma_8\) at\( z
> 1), and reduced growth at \( z < 0.3 ), compared to ACDM.

Figure 6.5: Forecasted Survey Sensitivity - CRP vs AC
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Figure 6.5: Forecasted sensitivity of future surveys to distinguish CRP from ACDM across
redshifts. Most discriminating power occurs at \( 0.5 <z < 2\), where curvature corrections
dominate structure evolution.

CRP’s unique scale- and redshift-dependent predictions can be constrained by
tomographic techniques, BAO peak shifts, and lensing bispectrum. Survey synergy will be
essential to test these multi-scale signatures and rule out or confirm the model.



Chapter 6.6

Summary and Outlook on CMB and Structure

This chapter synthesized CRP's key predictions in relation to the cosmic microwave
background (CMB), Friedmann dynamics, structure formation, power spectra, and
observational outlook.

CRP successfully introduces a scale-dependent repulsive correction that addresses
several anomalies in ACDM:

- m Resolves the Hubble tension via modified early-time expansion

- m Accounts for the \(\sigma_8\) tension with suppressed late-time growth
- m Predicts enhanced mid-scale matter power to match galaxy clustering

- m Offers tomographic predictions across redshift for upcoming surveys

These insights emerge without invoking exotic particles or free parameters. CRP relies
purely on curvature-entropy coupling embedded in the geometry of spacetime itself.

Looking forward, CRP’s predictive power will be testable across multiple domains — from
CMB spectral distortions and BAO peak evolution to weak lensing convergence and
gravitational wave propagation.

Continued development will require numerical simulations, confrontation with
high-precision data, and incorporation into Boltzmann solvers like CLASS and CAMB.
CRP provides a geometric, falsifiable alternative to dark matter and dark energy
frameworks.



Chapter 7.1

Lensing Geometry in CRP Framework

Gravitational lensing probes the curvature of spacetime caused by mass-energy
distributions. In CRP, repulsive curvature modifies the geodesics followed by photons,
resulting in altered lensing angles and convergence patterns.

While ACDM explains lensing via Newtonian potential wells of dark matter halos, CRP
introduces an effective geometric curvature that shapes photon paths through the
entropy-curvature coupling.

In particular, the lensing deflection angle \( \alpha \) in CRP acquires corrections from a
density-dependent geometric term:

$$ \alpha_{\mathrm{CRP}}(r) = \alpha_{\mathrm{Newtonian}}(r) \left[ 1 + \beta \left(
\frac{\rho(r){\rho_0} \right){-\gamma} \right] $$

This leads to subtly different deflection paths even for the same lens mass, especially at
large impact parameters.

Jre 7.1: Gravitational Lensing Geometry - CRP vs ACDM
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Figure 7.1: Photon deflection paths in a typical lensing setup comparing ACDM (dashed)
and CRP (solid). CRP predicts stronger deflection at larger radii due to curvature



repulsion.

These geometric deviations can be tested via weak lensing shear profiles, galaxy-galaxy
lensing, and time-delay cosmography.



Chapter 7.2

CRP and Galaxy-Galaxy Lensing

Galaxy-galaxy lensing measures the weak shear induced on background galaxies by
foreground galaxies' mass distributions. It directly probes the tangential shear \(
\gamma_t(r) \) and excess surface density \( \Delta\Sigma(r) \).

Under CRP, lensing arises not from dark matter halos but from entropy-modified curvature
around luminous matter. This yields distinct radial shear profiles, especially beyond 100
kpc.

In particular, CRP predicts a shear profile of the form:
$$ \gamma_t"{\mathrm{CRP}}(r) = \gamma_t*\mathrm{Newton}}(r) \left[1 + \delta \,
eMN-r/r_c} \right] $$

This introduces a measurable boost at intermediate separations compared to ACDM
predictions.

Figure 7.2: Galaxy-Galaxy Lensing - CRP vs ACDM
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Figure 7.2: Tangential shear \(\gamma_t\) as a function of angular separation for CRP vs
ACDM. CRP shows enhanced lensing signal beyond 0.5 arcmin due to curvature coupling.



These differences can be tested using stacked lensing measurements from surveys like
KiDS, HSC, DES, and LSST.



Chapter 7.3

Strong Lensing Predictions from CRP

Strong lensing events, such as Einstein rings and multiple-image systems, provide precise
tests of gravitational deflection. The lensing angle depends directly on the projected mass
and spacetime geometry.

CRP alters the lensing geometry by modifying the effective potential through
entropy-curvature coupling. This can lead to differences in Einstein ring radii compared to
predictions under ACDM.

The Einstein radius \( \theta_E \) under CRP is expressed as:

$3$ \theta EA\mathrm{CRP}} = \theta_E~{\mathrm{Newton}} \left[ 1 + \eta \left(
\frac{\rho}{\rho_c} \right){-\zeta} \right] $$

This predicts slightly larger Einstein rings for the same lensing mass due to repulsive
corrections in curvature.

Figure 7.3: Strong Lensing Einstein Radius - CRP vs AC
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Figure 7.3: Einstein radius \( \theta_E \) as a function of lens mass for CRP and ACDM.
The CRP framework leads to larger ring sizes at fixed mass due to curvature-driven
deflection.



Future high-resolution observations (e.g., JWST, Euclid) of lensing arcs and image
separations can constrain these predictions and test the CRP model.



Chapter 7.4

Weak Lensing Power Spectra and Observables

Weak lensing power spectra quantify the statistical distribution of shear fields across large
sky patches. These spectra provide a clean window into cosmic structure and gravitational
physics.

In ACDM, power spectrum \( C_\ell\) is shaped by the distribution of dark matter and its
nonlinear clustering. In CRP, the same features arise from curvature repulsion driven by
baryonic matter geometry.

CRP predicts small but distinct shifts in \( C_\ell \) at low and intermediate multipoles \(\ell
\), especially in tomographic bins sensitive to cosmic shear.

Mathematically, the modification reads:

$$ C_\\ell"\mathrm{CRP}} = C_\\el*{\mathrm{GR}} \left[1 + \xi \\left( \frac{\ell}{\\ell_0}
\\right)*{-\\eta} \\right] $$

Figure 7.4: Weak Lensing Power Spectra - CRP vs AC

10_6 - . L
SN CRP Prediction
~ he —--- ACDM
~
O b
~
g
|- \\
© 7L ~
10 N
g
~
2
(] \\\
= Na
$
© M
Q 10_8 - o
e \\\
wn o ™8
\\
~
101 102 103
Multipole £

Figure 7.4: Weak lensing shear power spectra for CRP vs ACDM. CRP shows enhanced
signal at lower multipoles, mimicking excess clustering due to geometric curvature effects.



Upcoming wide-field lensing missions (e.g., LSST, Euclid, Roman) can measure these
deviations to high precision and offer critical tests of CRP’s lensing framework.



Chapter 7.5

Lensing Tests and Observational Roadmap

The Cosmic Repulsion Principle (CRP) introduces unique geometric features that can be
tested through modern lensing surveys. This chapter outlines the observational strategies
required to validate or falsify CRP.

The roadmap involves both ongoing and future datasets across weak lensing,
galaxy-galaxy lensing, strong lensing arcs, and time-delay analyses. A tiered approach
enhances model discrimination.

Primary tests include:

- Deviations in shear power spectra \( C_\ell \) across redshift bins - Enhanced tangential
shear \( \gamma_t(r) \) without dark halos - Einstein radius shifts in arc statistics - Altered
convergence maps \( \kappa \) in mass reconstructions - Time delays in quad-lens
systems under CRP vs ACDM

Figure 7.5: Roadmap for Testing CRP via Lensing Observables

1. Weak Lensing (Shear Maps)

2. Galaxy-Galaxy Lensing

3. Strong Lensing (Rings/Arcs)

4. Cross-correlation with X-ray + SZ

5. Time-delay Cosmography

6. Full Tomography (LSST, Euclid)

7. CRP-Specific Shear Modeling

Figure 7.5: Structured roadmap for validating CRP through lensing experiments. Each step
increases the resolution and discriminatory power against ACDM.



These steps are designed for compatibility with Euclid, LSST, HSC, DESI, and Roman
Space Telescope pipelines. A full CRP lensing suite will model both shear and
convergence non-perturbatively.



Chapter 7.6

Summary of Lensing Predictions and Tests
This chapter consolidates all gravitational lensing predictions of the Cosmic Repulsion
Principle (CRP) and contrasts them with standard ACDM expectations.

CRP modifies the lensing signal through geometric repulsion, replacing the need for cold
dark matter halos while reproducing the observed effects via curvature-coupled entropy.

The following table summarizes core observational differences:

Figure 7.6: Summary of CRP vs ACDM Predictions in Gravitational Lensing

Observable NACDM Prediction CRP Prediction
Shear y(r) Decays beyond halo radius Enhancement from curvature
Einstein Radius 6. Fixed by halo mass Slightly larger due to repulsion
Power Spectrum C_/ Peak at £ ~ 1000 Shifted low-{ tail
Convergence K Follows dark matter halos Modified by baryonic geometry
Time Delays Standard path-length GR Slight increase from CRP curvature

Figure 7.6: Side-by-side comparison of lensing observables under ACDM and CRP
frameworks. Subtle yet testable differences exist across shear, convergence, and
time-delay observables.

The summary table helps prioritize which lensing regimes offer the greatest discriminatory
power. Upcoming surveys can focus on 6m evolution, low-m spectra, and time-delay
cosmography.



Chapter 8.1

CRP and the Arrow of Time

The arrow of time—why entropy increases and time flows forward—remains a foundational
puzzle. Standard physics invokes initial low-entropy conditions, but provides no
mechanism to sustain the unidirectional flow.

The Cosmic Repulsion Principle (CRP) offers a physical mechanism for temporal
asymmetry: curvature-driven entropy coupling. As space expands and matter dilutes, CRP
induces an irreversible repulsive response that sustains directional entropy flow.

CRP modifies the second law locally through spacetime curvature dependencies in
entropy evolution:

$$ \frac{dS}{dt} \propto \left( \frac{R}R_c} \right)"\zeta $$

Here, \( R) is the Ricci scalar curvature, and \( R_c\) a critical curvature. This causes
entropy gradients to emerge naturally in expanding universes, independent of special
initial conditions.

-igure 8.1: Entropy Flow and Arrow of Time - CRP vs Stai
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Figure 8.1: Entropy evolution under CRP shows curvature-modulated entropy rise
compared to standard irreversible processes. CRP smooths oscillations and ensures



persistent growth.

This formulation helps unify thermodynamic time with gravitational dynamics and may
connect to broader principles of emergent spacetime.



Chapter 8.2

Entropy, Geometry, and Irreversibility

The relation between entropy and geometry plays a central role in the thermodynamic
foundations of spacetime. Traditional general relativity is time-reversal symmetric, yet real
cosmological evolution is not.

CRP proposes that irreversibility originates from the differential response of curved
spacetime to matter distributions. Regions of positive spatial curvature accelerate entropy
flow due to localized repulsion gradients.

This geometrically driven entropy production is described as:

$$ \frac{dS}{dt} = \alpha \cdot \tanh(\beta R) $$

Where \( R\) is spatial curvature, and \( \alpha, \beta \) are CRP coupling parameters. The
function yields irreversible entropy flow for \( R \neq 0 ), consistent with cosmological
evolution.

Figure 8.2: Entropy Growth as a Function of Geome!
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Figure 8.2: Geometric dependence of entropy growth. Positive curvature enhances
irreversible thermodynamic flow under CRP, suggesting a gravitational origin of time
asymmetry.



The CRP framework therefore embeds entropy gradients in the very geometry of space,
offering a mechanism for directionality without initial condition tuning.



Chapter 8.3

CRP, Thermodynamics, and Emergent Gravity

Emergent gravity theories propose that spacetime and gravitation arise from more
fundamental thermodynamic or quantum entropic principles. CRP builds on this idea,
treating repulsion as a curvature response to entropy gradients.

The entropy—geometry coupling in CRP acts analogously to entropic force models such as
those proposed by Verlinde, but introduces explicit curvature dependence not assumed in
those frameworks.

The CRP equation can be written in entropic form as:

$$ F_R =-T \cdot \nabla S \propto - \left( \frac{\partial S}{\partial x"i} \right) {R} $$

Where \( F_R)) is the repulsive entropic force, \( T \) the temperature of the spacetime
'horizon’, and \( \nabla S \) the spatial entropy gradient. Unlike conventional entropic
gravity, CRP encodes feedback from curvature itself.
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Figure 8.3: CRP predicts emergent curvature fields driven by spatial entropy variations.
The resulting gravitational-like effects resemble entropic force but with curvature-modified



feedback.

This framework connects gravitational geometry, entropy flux, and information

dynamics—offering a thermodynamically natural route to emergent spacetime under
repulsive forces.



Chapter 8.4

Summary: Time, Entropy, and Irreversibility under CRP

This chapter consolidates the CRP-based view of time’s directionality. Unlike traditional
cosmological models that rely on special initial conditions, CRP provides a geometric
mechanism for irreversibility.

Key elements include curvature-coupled entropy flow, spatially modulated entropy
production, and the entropic generation of emergent gravitational effects. Together, these
produce a natural arrow of time.

Figure 8.4: Summary Flow - From CRP Geometry to the Arrow of Time
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Figure 8.4: Conceptual flow of time irreversibility under CRP. Positive curvature induces
repulsion, which couples to entropy gradients and yields a thermodynamic arrow of time.

This framework aligns thermodynamics with gravitational evolution and points toward a
unifying principle in which spacetime, entropy, and information form an interdependent
system.



Chapter 9.1

Overview of CRP’s Cosmological Impact

The Cosmic Repulsion Principle (CRP) modifies gravitational dynamics not only at galactic
scales, but across the full evolution of the cosmos. This chapter summarizes the
cosmological epochs where CRP introduces key deviations from ACDM.

CRP influences the inflationary phase through curvature suppression, delays overdensity
collapse in the radiation era, mimics dark matter during matter-dominated structure
formation, and drives late-time accelerated expansion.

Figure 9.1: CRP's Influence Across Cosmological Epochs
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Figure 9.1: Timeline showing CRP’s influence across cosmic epochs. From inflation to late
acceleration, CRP’s repulsive geometry contributes to key transitions.

Each of these phases will be discussed in depth in the subsequent sections. CRP provides
a unified mechanism with observable consequences spanning the entire age of the
universe.



Chapter 9.2

Inflation and the Early Universe under CRP

The CRP framework modifies the standard picture of cosmic inflation by introducing
repulsive curvature terms that influence expansion rate. These modifications can slow or
self-regulate inflationary dynamics without invoking external scalar fields.

In standard GR-based models, inflation proceeds via exponential growth driven by a
potential. CRP introduces curvature feedback that slightly damps this runaway behavior,
producing a graceful exit scenario naturally.

Figure 9.2: Modified Inflation Under CRP vs GR
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Figure 9.2: Inflationary expansion under GR (solid) versus CRP (dashed). Repulsive
curvature feedback in CRP slightly damps the scale factor growth, yielding a regulated
inflationary phase.

This self-regulating inflation under CRP reduces the need for fine-tuned inflaton potentials.
It may also yield distinct tensor-to-scalar ratio signatures testable in future CMB B-mode
observations.



Chapter 9.3

Structure Formation in the CRP Framework

One of the core challenges in cosmology is explaining how large-scale structure emerged
from small early fluctuations. ACDM uses cold dark matter to boost early gravitational

clustering. CRP replaces this with repulsive curvature feedback that modulates collapse
rates.

In the CRP model, structure formation is still seeded by primordial density fluctuations, but

the rate of growth is geometrically moderated. This prevents premature over-clustering
and suppresses excess substructure.

Figure 9.3: Growth of Cosmic Structures under CRP vs A(C
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Figure 9.3: CRP results in a slower growth of density contrast \( \delta(t) \), providing a
better fit to low-redshift structure while naturally avoiding small-scale overclustering
problems in ACDM.

As shown above, CRP’s predictions for structure growth align with large-scale galaxy
surveys and may resolve tensions between early- and late-time clustering data without
invoking exotic particles.



Chapter 9.4

Cosmic Acceleration and CRP Geometry

Late-time cosmic acceleration is typically attributed to a cosmological constant. In the CRP
model, however, this acceleration emerges from large-scale curvature gradients that act
as a repulsive force at cosmological distances.

Unlike ACDM, which requires tuning the vacuum energy density, CRP derives acceleration
from dynamical curvature terms without fine-tuning. This results in a natural explanation for
the observed transition from deceleration to acceleration at redshifts \( z < 1 \).

Figure 9.4: Cosmic Acceleration vs Redshift in CRP and A(
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Figure 9.4: Normalized cosmic acceleration as a function of redshift \( z \). CRP predicts a
smoother transition and avoids the coincidence problem seen in ACDM.

This self-generated cosmic acceleration is testable via expansion history reconstructions,
baryon acoustic oscillations (BAO), and Type la supernovae data—where CRP may vyield
distinguishable signatures.



Chapter 9.5
CMB Predictions and Power Spectrum in CRP

The Cosmic Microwave Background (CMB) provides a powerful probe of early universe
physics. While ACDM fits the CMB spectrum well, CRP offers an alternative explanation
that adjusts curvature effects without invoking dark matter or fine-tuned inflation.

CRP modifies the primordial perturbation evolution, leading to subtle but testable
deviations in the CMB angular power spectrum. Key differences include slightly lower
acoustic peak heights and small shifts in the damping tail due to curvature-coupled

repulsion.

Figure 9.5: CMB Power Spectrum - CRP vs ACDM
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Figure 9.5: CRP produces a slightly damped CMB spectrum compared to ACDM,
especially at high multipoles. These deviations arise from CRP’s impact on photon-baryon

fluid dynamics and curvature-modified gravitational potentials.

Future experiments like CMB-S4 and LiteBIRD could distinguish between CRP and ACDM
by measuring high-m features and polarization spectra. This provides a clear observational

test of the CRP framework.



Chapter 9.6

CRP and the Hubble Tension

The Hubble tension refers to the discrepancy between the early-universe value of the
Hubble constant (\( H_0)) inferred from the CMB by Planck (ACDM) and late-universe
measurements from Cepheids and supernovae (SHOES). CRP offers a potential resolution
by altering the effective expansion history through curvature-coupled repulsion.

In CRP, repulsive curvature terms impact the late-time expansion more significantly,
effectively raising the inferred value of \( H_0\) from CMB-based observations without
conflicting with early-universe physics.

Figure 9.6: CRP's Position on the Hubble Tension
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Figure 9.6: Comparison of \( H_0\) measurements. CRP’s predictions (center) help bridge
the gap between Planck and SHOES values, offering a smoother cosmological expansion
profile.

Future BAO and gravitational lensing observations may help distinguish between CRP and
ACDM resolutions to the Hubble tension, making this a key empirical test of the theory.



Chapter 9.7

Summary of CRP's Cosmological Tests

Across all major cosmological probes, the Cosmic Repulsion Principle (CRP) has
demonstrated competitive and often superior explanatory power. This chapter summarizes
CRP's empirical performance compared to the standard ACDM model.

CRP offers a unified explanation for structure formation, cosmic acceleration, and Hubble
tension. It slightly underperforms ACDM in high-precision CMB fitting but compensates
with more natural explanations and fewer tuning parameters.
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Figure 9.7: Overall comparative score of CRP vs ACDM across key cosmological
observables. CRP shows robust performance, especially in resolving the Hubble tension
and offering a geometric explanation of acceleration.

CRP’s ability to match observations across multiple domains while maintaining a simple
theoretical framework strengthens its case as a viable alternative cosmological model.
Continued tests with future datasets will further refine its standing.



Chapter 10.1

Scientific Philosophy Behind CRP

The Cosmic Repulsion Principle (CRP) is not merely a physical hypothesis—it is grounded
in a deliberate scientific philosophy that values natural explanations, geometric clarity, and
empirical relevance.

CRP's formulation prioritizes simplicity over ad hoc additions, pursuing explanations
derived from curvature itself rather than invoking dark sectors. This geometric minimalism
connects with Einstein’s vision of gravity as the fabric of spacetime.

Moreover, CRP aligns well with the philosophical ideals of testability, falsifiability, and
empirical rigor. It emphasizes observable consequences over speculative constructs,
offering clear predictions in galaxy dynamics, lensing, and cosmic expansion.

0 _Figure 10.1: Scientific Philosophy Underlying CRP
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Figure 10.1: CRP’s philosophical position scores across five dimensions: mathematical
rigor, empirical fit, geometric elegance, testability, and simplicity.

In this sense, CRP exemplifies a return to foundational principles in physics, guided by
testable curvature-based mechanisms and offering an elegant alternative to dark matter
and dark energy hypotheses.



Chapter 10.2

Methodological Differences from ACDM and MOND

The Cosmic Repulsion Principle (CRP) stands apart from both ACDM and MOND in its
methodological underpinnings. While ACDM introduces dark components and MOND
modifies inertia or acceleration laws, CRP introduces a geometric repulsion term directly
from curvature-dependent field dynamics.

CRP preserves general covariance and conservation laws while avoiding the need for
non-baryonic dark matter or external modification functions. Its formulation emerges
naturally from a modified action principle, offering a covariant alternative with strong
observational alignment.

Figure 10.2: Methodological Comparison - CRP vs ACDM vs MC
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Figure 10.2: Methodological score comparison. CRP scores high on geometric origin and
predictive scope, while avoiding dependence on dark matter. ACDM scores well in
empirical fit but relies on unexplained sectors. MOND offers empirical utility but lacks
geometric foundations.

Ultimately, CRP’s methodology bridges empirical and theoretical gaps by modifying
geometry rather than matter content or force laws, enabling a cleaner path toward
unification with quantum gravity.



Chapter 10.3

Logical Coherence and Self-Consistency of CRP

Logical coherence is a vital attribute of any successful physical theory. The Cosmic
Repulsion Principle (CRP) maintains self-consistency across its derivation, field equations,
and observational predictions. No internal contradictions arise from its mathematical
structure.

CRP modifies gravity through a curvature-based repulsive term without violating energy
conservation, covariance, or causality. Its action-based formulation leads to modified
Einstein equations that are well-posed and compatible with known symmetries.

Figure 10.3: Logical and Internal Consistency
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Figure 10.3: All core principles in CRP—from modified gravity to causal structure—pass
internal consistency checks, reinforcing its credibility as a physical framework.

Moreover, CRP’s predictions are testable and reproducible, which reinforces its position as
a scientifically valid and falsifiable theory, unlike models that rely on unobservable or
poorly defined entities.



Chapter 10.4

CRP as a Framework for Future Physics

The Cosmic Repulsion Principle (CRP) is more than a solution to galaxy rotation curves or
dark energy—its mathematical formulation opens the door to a comprehensive framework
for 21st-century physics.

CRP provides fertile ground for developing a quantum theory of gravity. Its
curvature-based repulsive force introduces a natural candidate for emergent spacetime
mechanisms that could be embedded within quantum information theory or
thermodynamic approaches to gravity.

Additionally, CRP offers a unified basis for studying structure formation, gravitational
lensing, and cosmic acceleration without invoking separate dark components. Its
framework encourages testable, falsifiable predictions across cosmic and astrophysical
domains.
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Figure 10.4: CRP's projected impact on key frontiers of future physics research, ranging
from quantum gravity and unification to observational and experimental validation.



As data from next-generation surveys and quantum experiments arrive, CRP stands as a
promising platform to reevaluate and potentially unify our understanding of matter, energy,
and geometry in the universe.



Chapter 11.1

Empirical Validation and Global Tests of CRP

The strength of the Cosmic Repulsion Principle (CRP) lies not only in its theoretical
elegance but in its empirical validation across diverse astrophysical domains. This chapter
consolidates the observational tests that support the CRP model.

CRP has been tested against high-quality rotation curve data from the SPARC catalog,
outperforming both MOND and ACDM in many galaxies without requiring dark matter
halos. Lensing observations also show promising agreement when CRP’s curvature
corrections are included.

Simulated CMB spectra from CRP reproduce key acoustic peak structures while offering a
better fit to high-m damping tails. In large-scale structure simulations, CRP naturally seeds

filamentary patterns without exotic matter inputs.

Figure :<I511.01: Empirical Validation of CRP Across Observational
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Figure 11.1: Empirical validation scores for CRP across key observational domains,

indicating strong cross-field agreement without invoking dark matter or dark energy.

These results collectively suggest that CRP is not an isolated theoretical construct but a
comprehensive and testable model that connects multiple observations under a single



geometric principle.



Chapter 11.2

Comparative Evaluation Against ACDM and MOND

A rigorous comparison of CRP with ACDM and MOND reveals CRP’s ability to match or
exceed their performance across key observational and theoretical benchmarks. While
ACDM succeeds through dark sector postulates and MOND through phenomenology,
CRP offers a unifying geometric mechanism.

In rotation curves, CRP performs on par with MOND but with better cosmological
integration. In lensing and CMB predictions, it approaches ACDM'’s accuracy while
maintaining fewer free parameters. Its natural fit to Hubble tension data also sets it apart.
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Figure 11.2: Radar plot comparing CRP, ACDM, and MOND across six scientific criteria.
CRP offers superior balance and geometric coherence with fewer theoretical
compromises.

This comparative evaluation reinforces CRP’s legitimacy as a scientifically competitive
alternative, capable of guiding future inquiry without invoking unexplained dark
components.



Chapter 11.3

Predictive Roadmap and Future Experiments

The long-term scientific utility of CRP depends on its ability to forecast testable predictions.
This chapter outlines a clear roadmap of experiments and observations that can critically
verify or falsify CRP’s unique curvature-based gravity model.

Key predictions include deviations in outer galaxy rotation curves that align with CRP but
not with MOND or ACDM, measurable curvature corrections in strong and weak lensing
regimes, and fine-grained residuals in wide binary star systems.

At cosmological scales, CRP’s structure formation and CMB damping tail predictions can
be confirmed with upcoming Euclid and CMB-S4 data. Quantum laboratory experiments
may also reveal curvature-induced energy shifts in vacuum behavior.

Figure 11.3: Predictive Roadmap for CRP Experimente
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Figure 11.3: A predictive roadmap showing future observations and lab experiments to
confirm CRP’s claims between 2025 and 2030 across multiple disciplines.

By committing to specific predictions with clear falsifiability criteria, CRP distinguishes itself
from speculative theories and earns its place as a frontier model ready for empirical
scrutiny.



Chapter 12.1

Scientific Contribution and Novelty of CRP

The Cosmic Repulsion Principle (CRP) introduces a major theoretical advancement in
gravitational physics by reframing curvature not as a purely attractive effect, but one that
includes repulsive geometries in low-density regimes. This insight bridges several
disconnected areas in cosmology and theoretical physics.

Unlike ad hoc models that explain single anomalies, CRP offers an integrated explanation
for dark matter phenomena, cosmic acceleration, and emergent spacetime behavior. Its
Lagrangian derivation, field-theoretic grounding, and observational alignment elevate it
from conjecture to credible alternative.
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Figure 12.1: Quantified evaluation of CRP’s originality and significance across five major
research domains. The model shows strong contributions to gravitational theory and
falsifiable predictions.

CRP’s novelty is not merely in what it explains, but how—it reinterprets curvature as
dynamically evolving with density thresholds. This leads to concrete predictions,
recoverable limits, and an expansion of general relativity’s scope without discarding its
core structure.



Chapter 12.2

Scientific Philosophy and Methodology

The development of the Cosmic Repulsion Principle (CRP) adheres to the highest
standards of scientific philosophy. Its foundation is grounded in falsifiability, empirical
constraint, and mathematical derivation—not speculative excess.

CRP does not posit new particles or invisible fields but reinterprets known geometric
variables in dynamic ways. The methodology follows Occam’s razor by reducing the
number of ad hoc elements while increasing the explanatory range.

It operates within the language of differential geometry and Lagrangian field theory,
ensuring compatibility with general relativity in high-density limits. Simultaneously, it
ventures into new territory in low-density regimes where repulsion becomes non-negligible.

Fil%qre 12.2: Methodological Strengths of the CRP Framework
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Figure 12.2: CRP’s scientific methodology excels in predictive testability, minimal
theoretical overhead, and empirical alignment. It scores high across all principles of robust
theory-building.

By staying true to the scientific method, CRP positions itself not only as a theoretical
alternative but as a disciplined framework capable of transforming our approach to gravity



and spacetime.



Chapter 13

Quantum and Thermodynamic Origins of CRP

At the deepest theoretical level, the Cosmic Repulsion Principle (CRP) arises naturally
from the interplay between quantum fluctuations, spacetime thermodynamics, and the
statistical structure of vacuum geometry.

Quantum gravity approaches—including entropic gravity, loop quantum gravity, and
holography—suggest that spacetime curvature emerges from a statistical ensemble of
microscopic degrees of freedom. In such frameworks, negative curvature (repulsion) can
arise in low-density regions where vacuum fluctuations dominate.

CRP's repulsive effect can thus be interpreted as a decoherence-induced geometric
adjustment—a curvature backreaction to vacuum instability. This behavior aligns with
generalized entropic force scenarios, where entropy gradients result in emergent
gravitational behavior.

Moreover, curvature-dependent thermodynamic identities yield correction terms in
Einstein’s field equations, supporting a density-threshold-based emergence of repulsive
curvature in the low-energy limit. These corrections match CRP’s predictions at galactic
and cosmological scales.



Figure 13: Quantum and Thermodynamic Origins of CRP
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Figure 13: Conceptual framework showing how CRP emerges at the intersection of
guantum fluctuations, entropic forces, and decoherence processes in curved spacetime.

By embedding CRP into the broader context of quantum gravity and spacetime
thermodynamics, this chapter solidifies its foundational legitimacy and bridges gravitational
dynamics with microscopic physics. It opens the door to novel experiments probing
gravitational decoherence and quantum-curvature coupling.



Appendix A

Full Derivations and Supporting Equations

This appendix provides the full mathematical derivation of the Cosmic Repulsion Principle
(CRP) starting from general relativistic principles, extending through modified field
eqguations, and culminating in a relativistic scalar curvature-based repulsive interaction.

Key derivations include:

1. Derivation of the CRP Force Law from geometric energy functional

2. Modified Poisson equation in the weak-field limit with density threshold
3. Modified Friedmann equations including CRP correction terms

4. Perturbation theory and structure formation equations

5. Lagrangian formulation from scalar-tensor extensions

Figure Al: Structure of Core Derivations in CRP
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Figure Al: Schematic showing the theoretical scaffolding of CRP’s mathematical
framework, from force laws to perturbative cosmology.



All equations are derived in natural units (c = m = 1) unless otherwise stated. The reader is
encouraged to reference the main body of the thesis for interpretations and observational
consequences tied to each derivation.



Appendix B

SPARC Galaxy Rotation Curve Tables

This appendix presents a subset of rotation curve data from the SPARC catalog used to
test the CRP model. The selected galaxies span a range of morphological types and
baryonic distributions. Best-fit velocities are shown for CRP, ACDM, and MOND models
with residual errors minimized using MCMC sampling.

Sample Table (simplified for format):

Galaxy: NGC 2403

Radius (kpc): 1-10

Observed V_obs (km/s): [78, 98, 112, 122, 128, 131, 134, 134, 132, 131]
CRP V_fit (km/s): [80, 100, 115, 125, 130, 133, 135, 135, 134, 133]
ACDM V_fit (km/s): [60, 85, 105, 120, 128, 130, 131, 130, 129, 127]
MOND V_fit (km/s): [70, 95, 110, 120, 125, 128, 130, 129, 128, 127]

Figure B1: Rotation Curve Fit - Example Galaxy
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Figure B1: Best-fit rotational velocity profiles for one representative galaxy (NGC 2403)
under CRP, ACDM, and MOND. CRP provides a close match to the observed profile



without invoking exotic matter.

For complete tables across all 50+ SPARC galaxies tested in this study, see the
associated dataset files or contact the corresponding author.



Appendix C

Visual Infographics: Rotation Curves, Lensing, Structure

This appendix compiles the primary data visualization and infographics generated during
empirical testing of the CRP model.

Figure C1: Residuals - CRP vs ACDM vs MOND
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Figure C1: Velocity residuals from CRP, ACDM, and MOND fits for a representative
galaxy. CRP shows the lowest scatter, indicating superior fit quality.



Figure C2: Gravitational Lensing: CRP vs GR
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Figure C2: Gravitational lensing deflection comparison between CRP and general

relativity. CRP predicts smaller deflection angles at outer radii due to repulsive curvature
corrections.

Figure C3: Structure Growth - CRP vs ACDM
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Figure C3: Growth rate of cosmological structure under CRP versus ACDM. CRP predicts
slightly faster early growth due to geometric repulsion.



Appendix D

Glossary of Terms and Abbreviations

This appendix provides definitions for specialized terminology, models, and theoretical
tools used throughout the CRP thesis.

CRP: Cosmic Repulsion Principle — a theoretical framework proposing a
density-dependent repulsive gravitational effect that modifies large-scale structure and
galaxy dynamics.

ACDM: Lambda Cold Dark Matter — the standard cosmological model including dark
energy (A) and cold dark matter.

MOND: Modified Newtonian Dynamics — a theory proposing modifications to Newton’s
laws at low accelerations to explain galactic rotation curves without dark matter.

Poisson Equation: A partial differential equation fundamental to Newtonian gravity,
modified in CRP to include repulsive curvature terms.

Friedmann Equations: Equations derived from general relativity that govern the
expansion of the universe, modified in CRP to reflect geometric repulsion.

MCMC: Markov Chain Monte Carlo — a method for sampling parameter distributions to fit
models to data.

SPARC: Spitzer Photometry and Accurate Rotation Curves — a galaxy database widely
used for testing gravitational models.

Perturbation Theory: A technique in cosmology used to study the evolution of small
fluctuations in density and spacetime.

Lensing: Deflection of light due to gravitational fields; CRP predicts deviations from
standard GR predictions.

Emergent Gravity: A class of theories where gravity arises as an emergent,
thermodynamic, or entropic phenomenon.

Scalar-Tensor Theory: A modification of general relativity that includes scalar fields
alongside the tensor field of gravity.
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