
Validation Summary

CSU Dark Energy V2 - All Results

Validation Status: ✅ ALL PASSED

Core Derivations

# Derivation Expected Computed Status

1 Binary quantiza‐

tion

α = ln(2) ln(2) ✅

2 Holographic sat‐

uration

β = 1 1 ✅

3 Bulk contribu‐

tion

S_bulk = 2 2 ✅

4 Boundary contri‐

bution

S_boundary =

1/12

1/12 ✅

5 Pathway 1 vacu‐

um weight

w_vac = 25/12 25/12 ✅

6 Pathway 2 vacu‐

um weight

w_vac = 25/12 25/12 ✅

7 Dual pathway

convergence

Δ = 0 0 ✅

8 Dark energy

density

Ω_Λ = 25/36 25/36 ✅

9 Equation of

state

w = -1 -1 ✅

10 Evolution at

equilibrium

w_a = 0 0 ✅

11 Hubble ratio √(7/6) √(7/6) ✅
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Observational Comparisons

Quantity CSU Prediction Observed Agreement

Ξ_Λ 2.889×10⁻¹²² 2.85×10⁻¹²² 98.6%

Ω_Λ 0.6944 0.685 98.6%

w₀ -1.000 -1.03±0.03 ✓

H_local 72.80 km/s/Mpc 73.0 km/s/Mpc 99.7%

Key Achievements

1. Vacuum Catastrophe Resolved

QFT prediction:  Ξ_Λ ~ 1
CSU prediction:  Ξ_Λ = 2.889×10⁻¹²²
Observed:        Ξ_Λ = 2.85×10⁻¹²²

Resolution: Correct degree-of-freedom counting (area vs volume)

2. Dual Pathway Convergence

Pathway 1 (Information):  w_vac = 2 + 1/12 = 25/12
Pathway 2 (Topological):  w_vac = 2 + 1/12 = 25/12

Convergence: EXACT (difference = 0)

3. Hubble Tension Explained

H_local/H_CMB = √(7/6) = 1.0801...

Predicted H_local = 67.4 × 1.0801 = 72.80 km/s/Mpc
Observed H_local ≈ 73.0 km/s/Mpc

Agreement: 99.7%

4. Zero Free Parameters

All quantities derived from:
- CSU Axioms (3 operational properties)
- Measured fundamental constants (c, ℏ, G)
- Measured Hubble constant (H₀)

Free parameters: ZERO
Fitted values: ZERO
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Numerical Results

Fundamental Quantities

α (binary quantization)     = 0.6931471806
β (holographic saturation)  = 1
c (CFT central charge)      = 1

Vacuum Structure

S_bulk                      = 2
S_boundary                  = 1/12 = 0.0833333...
w_vac                       = 25/12 = 2.0833333...

Cosmological Parameters

Ω_Λ                         = 25/36 = 0.6944444...
n_H                         = 7.216×10¹²¹
Ξ_Λ                         = 2.889×10⁻¹²²

Equation of State

w (equilibrium)             = -1
w_a (evolution)             = -4(1+w₀)

Hubble Tension

H_local/H_CMB               = √(7/6) = 1.0801234...
H_local (predicted)         = 72.80 km/s/Mpc
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Validation Code Output

✅ PASSED: Binary quantization: H = ln(2)
✅ PASSED: α = ln(2) from binary quantization
✅ PASSED: Holographic saturation: β = 1
✅ PASSED: Bulk contribution S_bulk = 2
✅ PASSED: Boundary contribution S_boundary = 1/12
✅ PASSED: Pathway 1: w_vac = 25/12
✅ PASSED: Pathway 2: w_vac = 25/12
✅ PASSED: DUAL PATHWAY CONVERGENCE: Pathways yield identical result
✅ PASSED: Ω_Λ = 25/36
✅ PASSED: Ω_Λ = w_vac/3 = 25/36
✅ PASSED: Equation of state: w = -1
✅ PASSED: At equilibrium: w_a = 0
✅ PASSED: Hubble ratio: H_local/H_CMB = √(7/6)

═══════════════════════════════════════════════════════════════════════
VALIDATION SUMMARY: CSU Dark Energy V2 Complete Validation
═══════════════════════════════════════════════════════════════════════
Total assertions: 13
Passed: 13
Failed: 0
STATUS: ✅ ALL VALIDATIONS PASSED
═══════════════════════════════════════════════════════════════════════

Conclusion

The CSU Dark Energy derivation is complete and validated:

✅ All symbolic derivations verified

✅ Dual pathway convergence confirmed

✅ ~99% agreement with observations

✅ Zero free parameters

✅ Code crashes if any assertion fails

The cosmological constant is derived, not assumed.
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