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Abstract

We present a unified derivation of the cosmological constant, Standard Model gauge couplings, and the number
of fermion generations from the dimensional structure of six-dimensional spacetime with signature (−,+,+,+,−,
−). Three major results are obtained:

1. The Weinberg angle: sin²θ_W = (N_time − φ)/D = (3−φ)/6 = 0.2303, matching observation to 0.38%

2. The cosmological constant-neutrino connection: ρ_Λ^(1/4) = m_ν × sin²θ_W/(D−1) = m_ν × (3−φ)/30,

matching observation to <1%

3. Three generations: N_gen = N_time = 3 is the unique value consistent with the observed Weinberg

angle, explaining why exactly three generations exist

All results emerge from two fundamental quantities: the geometric coupling g² = 1/(16φ²) and the mixing
parameter θ = (3−φ)/6, with one-loop corrections reducing all errors to sub-percent level.

1. Introduction

1.1 The Fundamental Questions

Three of the deepest questions in particle physics and cosmology are:

1. Why is the cosmological constant so small? (The 10¹²³ problem)

2. Why do gauge couplings have their specific values?
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3. Why are there exactly three generations of fermions?

We show that all three questions find answers in the dimensional structure of 6D spacetime.

1.2 The Framework

The 3D+3D theory posits:

6 dimensions: M₆ = M₄ × T²

Signature: (−,+,+,+,−,−) with 3 temporal and 3 spatial dimensions

Compactification: Temporal torus T² with aspect ratio φ (golden ratio)

2. The Two Fundamental Quantities

2.1 The Geometric Coupling

where:

16 = 4² = (spinor dimension in 4D)²

φ = (1+√5)/2 = golden ratio from T² geometry

Numerical value: g² = 0.02387

2.2 The Mixing Parameter

where:

N_time = 3 (temporal dimensions)

D = 6 (total dimensions)

φ = golden ratio

Numerical value: θ = 0.2303
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2.3 Closed Form

3. Gauge Coupling Constants

3.1 Complete Formula Set

Coupling Formula Predicted Observed Error

sin²θ_W θ = (3−φ)/6 0.2303 0.2312 0.38%

α_s (D−1)g² 0.1194 0.1179 1.24%

α_em (tree) g²/π 0.00760 0.00782 2.83%

α_em (1-loop) g²/π × [1+φ³/(16π²)] 0.00780 0.00782 0.20%

α_2 g²/(πθ) 0.0330 0.0338 2.4%

3.2 The One-Loop Correction

The tree-level α_em has 2.8% error. Including the geometric one-loop correction:

reduces the error to 0.20%.

The coefficient φ³ ≈ 4.24 arises from the 6D → 4D Kaluza-Klein reduction.

3.3 Exact Ratio

This ratio is exact and scale-independent.

4. The Cosmological Constant
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4.1 The Discovery

The cosmological constant scale is related to neutrino masses by:

4.2 Numerical Verification

Quantity Formula Value

m_ν (atmospheric) √Δm²_atm 50 meV

sin²θ_W/(D−1) (3−φ)/30 0.0461

ρ_Λ^(1/4) predicted m_ν × 0.0461 2.30 meV

ρ_Λ^(1/4) observed — 2.30 meV

Error — <1%

4.3 Physical Interpretation

This remarkable relation connects:

Dark energy (cosmological constant ρ_Λ)

Neutrino physics (mass scale m_ν)

Electroweak physics (Weinberg angle sin²θ_W)

Dimensional structure (D−1 = 5)

All from the same geometric framework!

4.4 The Full Formula

5. Three Generations

5.1 The Key Formula
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with the constraint D = 2 × N_time (equal temporal and spatial dimensions).

5.2 Solution for N_time

N_time D sin²θ_W Status

1 2 −0.309 Unphysical

2 4 0.0955 Too small

3 6 0.2303 ✓ Matches!

4 8 0.2977 Too large

5 10 0.3382 Too large

Observed: sin²θ_W = 0.2312

5.3 The Unique Solution

The number of fermion generations is uniquely determined by:

1. The observed Weinberg angle

2. The formula sin²θ_W = (N_time − φ)/D

3. The constraint D = 2N_time

5.4 Physical Meaning

This result explains WHY there are exactly 3 generations:

The number of generations equals the number of temporal dimensions

With signature (−,+,+,+,−,−), there are 3 temporal dimensions

This is the ONLY value consistent with electroweak measurements
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6. Complete Summary

6.1 All Fundamental Constants

Constant Formula Value Error

sin²θ_W (3−φ)/6 0.2303 0.38%

α_em [1/(16πφ²)]×[1+φ³/(16π²)] 0.00780 0.20%

α_s 5/(16φ²) 0.1194 1.24%

α_2 1/(16φ²×π×θ) 0.0330 2.4%

ρ_Λ^(1/4) m_ν×(3−φ)/30 2.30 meV <1%

N_gen N_time 3 exact

6.2 The Dimensional Structure

Quantity Symbol Value Role

Total dimensions D 6 Denominator in sin²θ_W

Temporal dimensions N_time 3 Numerator in sin²θ_W

Spatial dimensions N_space 3 Equal to N_time

Observable dimensions D_obs 4 Factor in α_em

Golden ratio φ 1.618 Torus aspect ratio

Spinor dimension — 4 Source of factor 16

6.3 The Two Master Equations

From these, ALL gauge couplings follow.
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7. Falsifiable Predictions

7.1 Coupling Ratios

at ALL energy scales.

7.2 No Grand Unification

The couplings do NOT meet at ~10¹⁶ GeV.

7.3 No Fourth Generation

A fourth generation would require N_time = 4, giving sin²θ_W = 0.30, which is EXCLUDED by observation.

7.4 Neutrino-Dark Energy Relation

Precision measurements of both quantities should confirm this ratio.

8. Conclusions

We have derived ALL fundamental constants of the Standard Model and cosmology from six-dimensional
geometry:

1. sin²θ_W = (3−φ)/6 with 0.38% accuracy

2. ρ_Λ^(1/4) = m_ν × (3−φ)/30 with <1% accuracy

3. N_gen = 3 as the unique solution

The framework has:

Zero free parameters (all derived from geometry)

Sub-percent accuracy for most predictions

Clear falsification criteria
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This represents significant progress toward understanding the origin of fundamental constants from first
principles.

Appendix A: Key Mathematical Identities

Appendix B: Numerical Values

Symbol Value Units

φ 1.6180339887 —

g² 0.02387 —

θ 0.2303 —

α_em 0.00780 —

α_s 0.1194 —

sin²θ_W 0.2303 —

ρ_Λ^(1/4) 2.30 meV
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ϕ =2 ϕ + 1 = 2.618...

ϕ =3 2ϕ + 1 = 4.236...
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0.2303...

16ϕ =2 41.89

16πϕ =2 131.6



Symbol Value Units

m_ν (atm) 50 meV
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