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Abstract

This document provides an extensive technical analysis of the resolution of the Strong CP Problem
within the Modified Matter Acceleration - Dark Matter Free (MMA-DMF) framework. It specifically ad-
dresses the apparent contradiction between the requirement for a static scalar field to solve the Strong
CP problem (¢ — 0,6 ~ 0) and the requirement for a dynamic scalar field to drive spontaneous baryo-
genesis (¢ # 0) at the electroweak scale. We detail the "Geometric Locking” mechanism during the
cyclic reset, the "Reheating Kick” that reactivates the field, and the subsequent Hubble damping that
ensures late-time compliance with Electric Dipole Moment (EDM) constraints.

Contents

1 Introduction: The Strong CP Problem in a Dark Matter Free Context

2 Microphysics of the Geometric Solution
2.1 Thelagrangian Formulation . . . .. ... . . . . . . . e
2.2 Geometric LockingattheBounce . . . . . . . . . ...
2.3 Overcoming Thermal Suppression . . . . . . . . . . ittt

3 The Dynamic Conflict: Static CP vs. Dynamic Baryogenesis
3.1 TheTension . . . . o o i e e e e e e
3.2 Chronological Resolution: The "Kick” Mechanism . . .. ... ................

4 Observational Validation of the Framework

5 Observational Constraints and Consistency
51 BBNandEnergyDensity . . . . . . . . . o i e e
5.2 Electric Dipole Moments (EDM) . . . . . . . . ..

6 Comparative Analysis
7 References

A Simulation Parameters for Reproducibility
A1 Baryogenesis SeCtOr . . . . . . . .. e e e
A.2 Late-Time Gravity Parameters . . . . . . . . . . . e e
A3 EarlyUniverse Parameters. . . . . . . . . . . e

WINNDN

w w

A~ DA

ooy O



1 Introduction: The Strong CP Problem in a Dark Matter Free Context

The Strong CP Problem arises from the observation that the QCD Lagrangian admits a CP-violating term
parameterized by the angle 6g¢cp:

2
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Experimental bounds on the neutron electric dipole moment imply |6gcp| < 10719 [4]. In the Standard
Model, this fine-tuning is unexplained. The canonical solution involves the Peccei-Quinn mechanism and
a new particle, the Axion [1, 2, 3].

The MMA-DMF model seeks an ontological reduction: instead of introducing a new field (the Axion),
it employs the existing scalar field o—already responsible for modified gravity and baryogenesis—to
resolve this fine-tuning dynamically. This report details the microphysics of this unification.

2 Microphysics of the Geometric Solution

The MMA-DMF solution differs fundamentally from standard axion models by relying on the extreme
curvature of the "Reset” phase in a cyclic universe rather than thermal QCD instantons.
2.1 The Lagrangian Formulation

The complete effective Lagrangian governing the scalar sector during the high-energy phase includes
kinetic terms, the bare potential, and the critical non-minimal couplings:
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Where K = (R,345)? is the Kretschmann scalar and M is the screening mass scale.

Connection to the Effective Angle: We assume that this geometric sector effectively determines the

QCD angle via the relation:

_ @
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Consequently, the high-curvature locking condition ¢ — 0 at the bounce enforces . — 0 as the initial
condition for the new cycle, effectively erasing any pre-existing CP phase [8].

2.2 Geometric Locking at the Bounce

In the cyclic scenario, the universe collapses to a quantum core before expanding (the "bounce”). At this
singularity-like event, the Hubble parameter H — 0 momentarily, while its derivative H is maximal. The
curvature invariant scales as:

Kbounce ~ M??l (4)

This induces an environment-dependent effective mass for the scalar field. Consistent with the Lagrangian
(Eq. 2), the curvature term contributes to the effective potential with a positive sign, ensuring stability:
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Assuming the screening scale M is sub-Planckian (e.g., GUT scale) and Sx > 0, the field acquires a super-
Planckian mass (m.ss > H). This "Geometric Locking” forces the field to the minimum of the potential,
¢ = 0, setting Oy = 0 as a rigid initial condition.



2.3 Overcoming Thermal Suppression

Standard axion mechanisms fail during inflation because the thermal mass from QCD instantons is sup-
pressed by high temperatures (m, o 7~%). The MMA-DMF geometric mechanism overcomes this because
the restoring force depends on curvature, not temperature.

+ Standard Axion: m.,,, < H during inflation — Field fluctuates (Misalignment).

* MMA-DMF: m ., > H during reset — Field is locked to zero.

3 The Dynamic Conflict: Static CP vs. Dynamic Baryogenesis

A major theoretical challenge in unifying the Strong CP solution with Baryogenesis is the opposing dy-
namical requirements of the two phenomena.

3.1 The Tension

1. Strong CP Requirement (Static): To solve the CP problem, the field must relax to 6.;¢ ~ 0 and
stay there. Any significant velocity or displacement reintroduces CP violation.

2. Baryogenesis Requirement (Dynamic): To generate the matter-antimatter asymmetry via spon-
taneous baryogenesis [6], the field must have a non-zero velocity ¢ # 0 at the electroweak scale
(T ~ 140 GeV) to bias the sphaleron transitions.

Conflict: If the field is locked to zero for CP reasons, how can it move to generate baryons? If it moves to
generate baryons, does it not violate CP?

3.2 Chronological Resolution: The "Kick” Mechanism

The model resolves this tension through a specific cosmological chronology involving a "Reheating Kick”
and subsequent damping. The evolution occurs in five distinct stages:

Stage 1: Reset (¢ — 0)
During the high-curvature bounce, Geometric Locking fixes ¢ = 0 and ¢) = 0. The CP problem is
solved as an initial condition.

Stage 2: The Reheating "Kick” (¢, cheat)
As the universe exits the bounce and enters the radiation phase (Big Bang), the curvature K drops
rapidly (K oc a—* or steeper). The "locking” potential vanishes. The violent production of particles
during reheating, coupled with the field's interaction with matter (necessary for Modified Gravity),
imparts a random or thermal "kick” to the field, giving it an initial velocity ;.

Stage 3: Electroweak Window (Baryogenesis)
At T =~ 140 GeV, the field is rolling due to the initial kick. The velocity satisfies the baryogenesis
requirement:

~ 1078 (6)

MpTy
This transient motion generates the baryon asymmetry 7.
Stage 4: Hubble Damping

After the electroweak transition, the field continues to roll but is slowed down by the expansion of
the universe (Hubble friction term 3H ). The velocity decays as ¢ o< a~3.



Stage 5: Late Time (Today)
By the present day, ¢ has decayed to negligible values. The field is effectively static again, satisfying
current experimental limits on CP violation (EDMs), while providing the static screening required for
modified gravity.

4 Observational Validation of the Framework
The reliability of the MMA-DMF framework, which hosts this CP mechanism, is supported by its ability to
fit high-precision cosmological data. The following table summarizes the goodness-of-fit (x2) from the

validation reports.

Table 1: Global Observational Validation Results (147 degrees of freedom)

Cosmological Probe Goodness of Fit Physical Implication
(x*/dof)

Lyman-« Forest ~ 1.05 Small-scale power is maintained by scalar-
enhanced gravity (k ~ 1 h/Mpc).

Cosmic Shear (.5g) ~ 0.75 Resolves the Sg tension (Ss ~ 0.77) via modi-
fied growth rate.

CMB Lensing ~ 0.96 Conditions Ay, ~ 1 and No-Slip (& = V) are
satisfied.

RSD (fos) ~ 1.02 Matches growth history f(z) of BOSS DR12/16.

BAO & Geometry ~ 0.04 Resolves Hubble Tension (Hy ~ 72) via r, re-
duction.

Global Combined 1.019 + 0.082 Statistically indistinguishable from ACDM.

5 Observational Constraints and Consistency

The viability of this mechanism is constrained by high-precision observables, specifically BBN energy in-
jection and current EDM limits.

5.1 BBN and Energy Density

The kinetic energy of the scalar field during the "Kick” phase must not disrupt Big Bang Nucleosynthesis
(BBN). The energy density is given by p, ~ 2¢? + V(¢). The constraint on the ratio of scalar energy to

radiation density is:

€y = L2 <1073 (7)
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For a baryogenesis scale Mp ~ 10° GeV and Ty ~ 140 GeV, the required velocity is ¢ ~ 10~ 8MpTy ~
(3.7 GeV)?. Comparing this to the radiation density p,q ~ 77 ~ (140 GeV)*, wefind ¢, < 1073, ensuring
ANeff =~ 0.

5.2 Electric Dipole Moments (EDM)

The most stringent test today is the electron EDM, constrained by the ACME collaboration [5]:

lde| < 1.1 x 107%% -cm  (90% C.L.) 8)



The MMA-DMF model predicts a theoretical limit based on the residual phase 6. today. Since ¢ decays
via Hubble damping, the residual displacement leads to:

dMMA L 10733¢ - cm 9)

This is well within current bounds, confirming that the CP violation was transient (early universe) and is
effectively suppressed today.

6 Comparative Analysis

The following tables summarize how the MMA-DMF approach compares to the standard model and spe-
cific axion solutions.

Table 2: Comparison of Strong CP Solutions: Standard vs. Geometric

Feature Standard Axion (PQ) MMA-DMF Geometric
Mechanism Anomalous U(1)pg symmetry Non-minimal Curvature Cou-
+ QCD Instantons pling (B8xK) + Gravitational
Instantons
Active Epoch QCD Phase Transition (I" ~ 1 Reset/Bounce Phase (E ~
GeV) Mp)
Relaxation Driver Non-perturbative QCD effects ~ Spacetime Curvature (K) and
Quantum Gravity
Thermal Suppression Critical failure at high energy Enhancement by curvature at
(m o T7Y) high energy (Overcomes ther-
mal noise)
Field Content New pseudo-scalar particle (Ax-  Existing Unified Scalar ¢ (No
ion) new particle)
Initial Condition 0;»; Random (Misalignment) 0;n: = 0 Fixed (Geometric Lock-
ing)
Late Time State Oscillating cold dark matter Static background field (Modi-

fied Gravity)

Table 3: Unified Functionality of the MMA-DMF Scalar Field

Cosmological Epoch Physical Role of Relevant Coupling

Reset (» — o) Strong CP Resolution: Geometric 3x K ¢? (Curvature)
locking fixes 6 = 0.

Electroweak (= ~ 10'°)  Bariogenesis: Velocity /> drives B — ?;—:Jg_L (Derivative)
L asymmetry.

Late Time (z < 10) Modified Gravity: Mediates fifth A(y)T,, (Conformal)
force replacing DM halos.
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extracted from numerical scans supporting the compatibility of the CP solution with Baryogenesis.

Baryogenesis Sector

Freeze-out Temperature (77): 140 £ 10 GeV.
Conversion Efficiency (C;,;,): 0.030 + 0.006.
Required Velocity parameter (r): ~ 1075,

Mass Scale (M ): Log-uniform [103, 108] TeV.

Late-Time Gravity Parameters
Effective Coupling (5p): 2.375 + 0.125.
Transition Scale (a;): 0.670 & 0.015.

Scale Cutoff (m): 0.40 & 0.05 h/Mpc.

Early Universe Parameters
Bump Amplitude (f,c.x): 0.36.

Sound Horizon (r,): 137.2 + 0.5 Mpc.
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