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Abstract

We present a comprehensive analysis of matter-antimatter asymmetry within the 3D+3D discrete spacetime
framework. The key insight is that CP violation emerges geometrically from the asymmetry between
compactification radii (λ₂ ≠ λ₃), while CPT violation arises from asymmetric time arrow selection during
dimensional compactification. We derive the baryon-to-photon ratio η_B ≈ 6 × 10⁻¹⁰ from first principles,
matching observations without fine-tuning. The mechanism naturally solves the Strong CP problem (θ_QCD →
0) and provides testable predictions for neutron EDM, B-meson physics, and gravitational wave signatures from
the electroweak phase transition.

1. The Antimatter Mystery

1.1 The Fundamental Question

Why does the universe contain matter at all?

According to standard cosmology, the Big Bang should have produced equal amounts of matter and antimatter.
When they met, they should have annihilated completely:

The universe should be filled only with photons — no stars, no planets, no life.

e +− e →+ γ + γ

p + →p̄ γ + γ + π s′



1.2 The Observed Asymmetry

Instead, we observe a tiny but crucial excess:

This means: for every billion antimatter particles, there were a billion and ONE matter particles.

That "one extra" particle per billion is why we exist.

1.3 The Standard Model Failure

The Standard Model contains all ingredients for baryogenesis (Sakharov conditions), but:

This is 8 orders of magnitude too small!

The SM CP violation (from CKM matrix) is insufficient. New physics is required.

2. Sakharov Conditions in 6D

2.1 The Three Conditions

Andrei Sakharov (1967) identified three necessary conditions:

 

Condition Physical Meaning SM Status 3D+3D Status

B violation Baryon number not conserved ✓ (sphalerons) ✓ (same)

C and CP violation Matter ≠ antimatter ✗ (too weak) ✓ (geometric)

Non-equilibrium Irreversible processes ✗ (crossover) ✓ (Q-field transition)

2.2 How 3D+3D Satisfies All Three

Condition 1: B Violation Same as SM — electroweak sphalerons violate B+L while conserving B-L.

Condition 2: CP Violation ← NEW MECHANISM Geometric origin from λ₂ ≠ λ₃ (compactification
asymmetry).

Condition 3: Non-equilibrium ← NEW MECHANISM Q-field phase transition during electroweak epoch
provides strong first-order transition.
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3. Geometric CP Violation

3.1 The Key Insight

In 4D spacetime, CP violation must be "put in by hand" through complex Yukawa couplings.

In 6D with signature (−,+,+,+,−,−), CP violation emerges from geometry.

3.2 The Asymmetric Compactification

The two extra temporal dimensions have different compactification radii:

The ratio is:

3.3 CP-Odd Terms from Geometry

The most general Q-field potential from 6D reduction includes:

CP-even terms:

CP-odd terms (from R₂ ≠ R₃):

where:
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3.4 Derivation of ε_CP

When Q-fields acquire VEVs proportional to compactification scales:

The CP violation parameter is:

Numerical calculation:

This is HUGE compared to SM CKM CP violation (~10⁻³)!

3.5 Why the Sign Matters

The negative sign means:

Q₃ dominates over Q₂

The larger temporal dimension "wins"

This selects matter over antimatter

If λ₂ > λ₃, antimatter would dominate. The geometry determines which survives!

4. CPT Violation from Time Arrow Selection

4.1 CPT in 4D vs 6D

4D CPT Theorem: In any local, Lorentz-invariant QFT with positive energy:

Particles and antiparticles have exactly equal masses and lifetimes.
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6D Situation: The full CPT operator is:

where T₃ reverses ALL three temporal dimensions:

4.2 Spontaneous CPT Breaking

During compactification, the universe "selects" one time direction (t) to remain large.

This is a spontaneous symmetry breaking:

The effective 4D theory inherits an apparent CPT violation:

4.3 Physical Interpretation

Before compactification: All three times are equivalent — no preferred direction.

After compactification:

t continues to infinity

τ₂ cycles with period T₂ ≈ 30 years

τ₃ cycles with period T₃ ≈ 19 years

The asymmetric "fate" of the temporal dimensions breaks CPT spontaneously.

4.4 Observable Consequences

 

Observable SM Prediction 3D+3D Prediction Current Limit

m(K⁰) - m(K̄ ⁰) 0 ~10⁻¹⁸ GeV < 10⁻¹⁸ GeV

τ(μ⁺) - τ(μ⁻) 0 ~10⁻²⁰ < 10⁻⁵

g(e⁺) - g(e⁻) 0 ~10⁻²⁵ < 10⁻¹²

Predictions are far below current limits — consistent but not yet testable.
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5. The Q-Field Baryogenesis Mechanism

5.1 Timeline of Events

 

Time after Big Bang Temperature Event

10⁻³⁶ s 10²⁸ K Inflation ends, Q-fields activated

10⁻¹² s 10¹⁵ K Electroweak transition begins

10⁻¹¹ s 10¹⁴ K Q-field oscillations maximum

10⁻¹⁰ s 10¹³ K Sphalerons active, B generated

10⁻⁶ s 10¹² K QCD transition, B frozen

380,000 yr 3000 K CMB decoupling

Today 2.7 K η_B measured

5.2 The Q-Higgs Coupling

The Q-fields couple to the Higgs through:

This modifies the Higgs effective potential:

5.3 First-Order Phase Transition

The SM electroweak transition is a crossover (no bubbles, no latent heat).

With Q-Higgs coupling, the transition becomes first-order if:

Evidence from Q-field dynamics:

This satisfies the condition!

5.4 Baryon Number Generation

During the first-order transition:
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1. Bubbles nucleate — regions of broken electroweak symmetry

2. Bubble walls move — sweeping through the plasma

3. CP violation at walls — Q-field gradient creates chemical potential

4. Sphalerons inside bubbles — convert chemical potential to baryon number

The baryon chemical potential at the wall:

where v_w ~ 0.1c is the wall velocity.

5.5 Final Calculation of η_B

The baryon-to-entropy ratio:

where:

g_* = 106.75 (SM degrees of freedom)

κ_sph ≈ 10⁻² (sphaleron suppression)

ε_CP = 0.76 (from geometry)

Δφ/T_c ≈ 1 (phase transition strength)

Calculation:

Converting to η_B using s/n_γ ≈ 7.04:

With proper numerical factors from detailed calculation:
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THIS MATCHES OBSERVATIONS!

6. Solution to the Strong CP Problem

6.1 The Problem

QCD allows a CP-violating term:

Experimentally: θ_QCD < 10⁻¹⁰

Why is it so small? This is the Strong CP Problem.

6.2 The 3D+3D Solution

In our framework, any effective θ-term is induced by Q-field CP violation:

With m_Q ~ 10⁻²⁶ eV and Λ_QCD ~ 200 MeV:

θ_QCD is naturally tiny — no fine-tuning required!

6.3 Why This Works

The key insight: CP violation is "sequestered" in the Q-sector.

Baryogenesis uses Q-field CP violation at electroweak scale

QCD sector only feels it suppressed by (m_Q/Λ_QCD)²

The ultra-light Q-field mass provides natural suppression
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7. Testable Predictions

7.1 Neutron Electric Dipole Moment

 

Experiment Current Limit Future Sensitivity

nEDM@PSI < 1.8 × 10⁻²⁶ 10⁻²⁷

nEDM@SNS — 10⁻²⁸

n2EDM — 10⁻²⁸

Status: Prediction is 4 orders of magnitude below future sensitivity.

7.2 Gravitational Waves from Phase Transition

First-order electroweak transition produces GW background:

Detectable by: LISA, DECIGO, BBO

Spectrum shape: Provides information about:

Transition temperature T_c

Wall velocity v_w

Q-field coupling ξ

7.3 B-Meson Physics

CP asymmetry in B → J/ψ K_S:

where β_Q ~ 10⁻¹⁰ (too small to measure currently).

7.4 Cosmological Signatures

 

Observable Prediction Current Data

η_B 6 × 10⁻¹⁰ (6.10 ± 0.04) × 10⁻¹⁰ ✓

θ_QCD < 10⁻⁷⁰ < 10⁻¹⁰ ✓

ΔN_eff 0.05 0.3 ± 0.3 ✓

d ​ ≈n
3D3D 10  e\cdotpcm−32

Ω ​h ∼GW
2 10  at f ∼−12 10  Hz−3

S ​ =J/ψK sin(2β ​ +CKM 2β ​)Q



8. Comparison with Alternative Mechanisms

8.1 Comparison Table

 

Mechanism CP Source Non-equilibrium η_B Strong CP

SM only CKM Crossover 10⁻¹⁸ ✗ Problem

SUSY Soft terms MSSM transition ~10⁻¹⁰ ✓ Axion needed

Leptogenesis Heavy ν ν decay ~10⁻¹⁰ ✓ Axion needed

Affleck-Dine Flat directions Coherent osc. ~10⁻¹⁰ ✓ Axion needed

3D+3D Geometry Q-field trans. ~10⁻¹⁰ ✓ Automatic

8.2 Unique Advantages of 3D+3D

1. No new particles — only Q-fields from compactification

2. No new parameters — CP violation from λ₂/λ₃ ratio

3. Strong CP solved automatically — no axion needed

4. Testable — GW from phase transition

9. Summary and Conclusions

9.1 Key Results

 

Quantity Derivation Value Status

ε_CP (λ₂² - λ₃²)/(λ₂² + λ₃²) -0.76 GEOMETRIC

η_B First principles 6 × 10⁻¹⁰ MATCHES OBS

θ_QCD ε_CP × (m_Q/Λ_QCD)² < 10⁻⁷⁰ SOLVES STRONG CP

d_n 10⁻³² e·cm Below limits CONSISTENT

9.2 Physical Picture

Why does matter exist?

1. The universe has 6 dimensions, not 4

2. Two temporal dimensions compactified with different radii

3. This asymmetry (λ₃ > λ₂) breaks CP geometrically

4. During the electroweak epoch, Q-field oscillations + sphalerons converted this asymmetry into baryons

5. The ratio ~10⁻⁹ is determined by geometry, not fine-tuning



The universe contains matter because spacetime itself is asymmetric.

9.3 Falsification Criteria

The mechanism would be falsified by:

1. Discovery of large θ_QCD (> 10⁻¹⁰)

2. No GW signal from electroweak epoch in LISA band

3. Discovery of BSM CP violation in B physics at predicted level

4. Measurement of η_B incompatible with geometric ε_CP

9.4 Future Work

1. Detailed GW spectrum — calculate precise shape for LISA

2. Lattice QCD — verify sphaleron rate with Q-field coupling

3. Connection to inflation — Q-field role in early universe

4. Dark matter production — could Q-fields also explain DM relic density?

10. The Deeper Question

10.1 Why This Geometry?

We have shown that given λ₂ = 4.30 kpc and λ₃ = 11.7 kpc, baryogenesis works.

But why these values?

In Paper XXXVII, we showed these emerge from:

6D Planck scale

Golden ratio structure

Consistency with galactic dynamics

The compactification radii are not free parameters — they are derived.

10.2 The Ultimate Answer

Why does the universe contain matter?

Because spacetime has the geometry it has. The same 6D structure that explains:

Galaxy rotation curves (Paper III)

Gravitational lensing (Paper IV)



Pulsar timing (Paper XI)

Also explains why matter exists at all.

One geometry. One theory. All observations.
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The universe exists because geometry is asymmetric.


