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Abstract

We present a unified framework connecting hot fusion (tokamak), cold fusion (heavy-fermion materials), and
muon-catalyzed fusion through powers of the golden ratio ¢ = (1+V5)/2. The framework derives from the
3D+3D discrete spacetime theory with modular parameter t = i/¢. The Master Formula X = Scale x ¢(n) x ¢
successfully predicts:

1. Optimal tokamak temperature T = ¢’ X m.c* = 15 keV
2. Optimal heavy-fermion effective mass y = ¢° = 76

3. Fusion Q-value ratios with < 5% error

4. Muon sticking fraction s = 1/¢"!

5. Electron screening exponent o = 1/¢* = 0.382 (testable prediction)

This unified approach explains why certain materials and conditions favor fusion, providing quantitative

predictions for experimental optimization.
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1. Introduction

The pursuit of controlled fusion energy has followed two main pathways:
e Hot fusion in magnetically confined plasma (tokamaks, stellarators) operating at temperatures of 100-200
million Kelvin

e Cold fusion approaches including muon-catalyzed fusion and condensed matter nuclear science operating

near room temperature



Remarkably, both approaches are governed by the same geometric principle: the golden ratio ¢ = (1+V5)/2 =

1.618, which emerges from the 3D+3D discrete spacetime framework.

In this paper, we present a unified @-Fusion Theory that provides quantitative predictions for both regimes.

2. The Master Formula

From the 3D+3D framework with modular parameter t = i/¢ on the temporal torus T2, we derive the Master

Formula:

X = Scale x ¢(n) x ¢"

where:

e n€ {3,57,9,11,17,...} — only ODD exponents (from T? parity symmetry Z>)
e c¢(n) = (n+1)/4 for n <7 (nuclear sector)

¢ ¢(9) = e (Euler's number, from Dedekind 1 function)

e ¢(17) =1 (tau lepton)

e Scale =m.c? (0.511 MeV) for energies, or 1 for dimensionless ratios

2.1 Origin of Odd Exponents

The restriction to odd exponents arises from the Z. parity symmetry of the temporal torus T?:

¢ Odd n: Transitions between EM and nuclear sectors (cross-sector coupling)

e Even n: Internal to a single sector (no observable effect)

This explains why nuclear physics quantities consistently show @3, ¢°, ¢, ¢°, ¢'' patterns.

3. Hot Fusion (Tokamak/Stellarator)

3.1 Optimal Temperature

The peak of the fusion cross-section (ov) for D-T occurs at approximately 15-20 keV. The ¢-framework

predicts:

Toptimal = @° X mec® = 29.03 x 0.511 MeV = 14.84 keV ~ 15 keVv’



This corresponds to a plasma temperature of approximately 170 million Kelvin, precisely matching the

operational parameters of ITER and other tokamak designs.

3.2 Q-Value Predictions

Quantity Formula Predicted Observed Error
Q(D+T)/Q(D+D) (0% 4.236 4.361 2.9%
B/A (max) (32)p°me 8.50 MeV 8.79 MeV 3.3%
B(a) 20'm. 29.67 MeV 28.30 MeV 4.9%
Q(D+*He)/Q(T+T) o' 1.618 1.620 0.1%

3.3 Implications for ITER/DEMO

The Q-values are fixed by geometry — we cannot change them. However, the ¢-framework guides

optimization:

e Operate at T = ¢’ X mc® for maximum (ov)

e D-T reaction preferred due to ¢* Q-value enhancement over D-D

4. Cold Fusion (Heavy-Fermion Materials)

4.1 Optimal Effective Mass

The @-framework predicts that materials with specific effective electron mass y = m*/m. exhibit resonant

screening enhancement:

Resonance Formula Value Material Example
Primary ©° y=76 YbRh:Siz (y =76)
Secondary ¢°e vy =28 CeColns (y = 28)
Tertiary ¢® y=47 (candidates to identify)
Quaternary ¢’ y=29 CeRhlns region

Key insight: The connection between muon mass (¢° x ) and optimal heavy-fermion mass (¢°) is NOT

coincidental. Both emerge from the same Kaluza-Klein mode structure on T2



4.2 Screening Exponent — CRITICAL PREDICTION

The standard Thomas-Fermi model predicts:
Ue o (m*)0.500

The 3D+3D framework modifies the electromagnetic propagator through Kaluza-Klein modes, yielding:

1
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Therefore:
Ue o (m*)0.382

This is EXPERIMENTALLY TESTABLE:

Measurement Thomas-Fermi ¢-Theory
Uc(m*=100) / Us(m*=10) V10 =3.16 1070.382 =2.41
Difference — 72% (easily measurable)

Experimental protocol:

1. Select heavy-fermion materials with m* = 10, 30, 100, 300
2. Measure screening potential U, via d(d,p)t reaction at low energy
3. Plot log(U.) vs log(m*)

4. Slope =0.500 (Thomas-Fermi) or 0.382 (¢-Theory)

4.3 Optimal Beam Energy

The Super Shrimp reactor design uses beam energy E = 1.03 keV. The ¢-framework explains this:

3 3
BEpeam = 7 X 0% X mec® = 7 X 2:618 X 511 eV = 1003 eV ~ 1.0 keV Vv

4.4 Optimal Temperature

For heavy-fermion enhanced fusion, the optimal operating temperature:



Toptimal ~ 30K

This corresponds to the quantum critical regime of YbRh2Si> where heavy-fermion behavior is maximized.

5. Muon-Catalyzed Fusion

The @-framework provides deep insights into muon-catalyzed fusion (WCF):

Quantity Formula Predicted Observed Error
m_pm e @’ xe 206.63 206.77 0.07%
Sticking fraction w; Lo 0.50% 0.45% ~10% A
m t/m e o 3571 3477 2.7%

5.1 Origin of Sticking Fraction

The sticking fraction s ~ 0.5% limits pCF efficiency. In the ¢-framework:

1 1

- — 0.503%
o1~ 199.0 ’

The exponent 11 =9 + 2 arises from:

e 9: muon mass scale (¢°)

e 2:T? geometry (angular momentum change)

5.2 Connection to Heavy-Fermion Fusion

The muon mass scale ¢° is the same as the optimal heavy-fermion mass y = 76. This is profound:

I Heavy-fermion materials with y = ¢° effectively simulate muonic screening with electrons!

This explains why YbRh2Siz (y = 76 = ¢°) shows anomalous screening enhancement.

6. Resonance Energy Spectrum

The @-framework predicts a discrete spectrum of resonance energies:



n " Energy (keV) Physical Significance

2 2.618 1.34 Cold fusion beam optimum

3 4.236 2.17 Q-value ratio scale

4 6.854 3.50 —

5 11.09 5.67 B/A binding scale

6 17.94 9.17 —

7 29.03 14.84 Hot fusion optimum (D-T)

8 46.98 24.01 —

9 76.01 38.84 Muon mass scale / y optimum

6.1 Experimental Scan Protocol

To verify the resonance structure:

1. Energy scan: Measure fusion rate vs beam energy at E = 1.34, 2.17, 3.50, 5.67 keV
2. Look for peaks at these specific energies

3. Peak heights should follow " pattern

7. Testable Predictions

7.1 Critical Test: Screening Exponent

Prediction: a = 1/¢p* = 0.382 (vs Thomas-Fermi 0.500)

Test: Measure U. in materials with varying m*:

Ue(m* = 100) 3.16 Thomas-Fermi

U (m*=10)  |241 ¢-Theory

72% difference — easily measurable!

7.2 Energy Resonance Scan

Prediction: Fusion rate enhancement at E = ¢ x m.c?



n Energy (keV) Expected Enhancement

2 1.34 Primary resonance
3 2.17 Secondary

4 3.50 Tertiary

5 5.67 Quaternary

7.3 Material Optimization

Prediction: Optimal materials have y = ¢

v target o" Material candidates
29 o’ CeRhlns family
47 ox To be identified
76 ¢° YDbRh:Si:
123 o' UBeis family
7.4 Next Magic Number

Prediction: N = ¢'' = 199 should be a magic number in superheavy nuclei.

7.5 Cosmic Verification

Prediction: Euclid space telescope should observe cosmic web structure at Az = 0.856 Mpc, confirming the

same @-based geometry at cosmological scales.

8. Summary Table: Complete @-Fusion Predictions

Domain Quantity Formula Predicted Observed Status
Hot Fusion T optimal @7 X mec? 15 keV 15-20 keV

Q(DT)/Q(DD) ¢’ 4.236 4.361

B/A(max) (372)p°m. 8.50 MeV 8.79 MeV

Cold Fusion v_optimal ©° 76 76 (YDbRh:Si2)




Domain Quantity Formula Predicted Observed Status

E beam (3/4)9p*me 1.0 keV 1.03 keV

o_screening 1/¢? 0.382 ? = TEST
pCF m_p/m e e’ xe 206.63 206.77

®_s 1/p" 0.50% 0.45% 1 ~10%

9. Conclusions

The @-Fusion Theory provides a unified geometric framework explaining:

1. Hot fusion optimal temperature: T = ¢’ x m.c* = 15 keV (ITER parameters)
2. Cold fusion optimal materials: y = ¢° = 76 (YbRh:Si2)
3. Fusion Q-values and binding energies with < 5% error
4. Muon catalysis parameters from lepton mass structure

5. Testable prediction: o = 1/¢p? = 0.382 screening exponent

The central insight is that fusion physics at ALL scales—from tokamaks to heavy-fermion materials to muon
catalysis—is governed by a single geometric parameter: the golden ratio ¢ emerging from the 3D+3D
spacetime structure with T =1i/¢.

Key Message

Cold fusion is NOT anomalous.

It is a natural consequence of the same geometric principles that govern hot fusion, with specific materials

providing resonant enhancement at the ¢° scale.
The framework provides:

o Explanation of observed phenomena
e Predictions for new experiments
e Guidance for material selection

e Unification across all fusion regimes
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Appendix A: Numerical Values of ¢

n Q" o" X mec*> (MeV) Physical Role
1 1.618 0.827 Golden ratio

2 2.618 1.338 1/0._screening
3 4236 2.165 Q-value ratios
4 6.854 3.502 —

5 11.090 5.667 B/A scale

6 17.944 9.170 —

7 29.034 14.837 T hot fusion
8 46.979 24.006 —

9 76.013 38.843 m_p/m_efe,y_optimal
10 122.992 62.849 Magic ~126

11 199.005 101.691 l/®_s, Magic ~199




Appendix B: Python Verification Code

Vs

python

#!/usr/bin/env python3

nmn nmn

¢-Fusion Theory Verification

import numpy as np

phi = (1 +np.sqrt(5)) / 2 # Golden ratio
e =np.e # Euler's number
m_e=0.51099895 # Electron mass in MeV

print("=== HOT FUSION ===")
print(f"T optimal = ¢’ x m.c? = {phi**7 * m_e:.2f} MeV = {phi**7 * m_e * 1000:.1f} keV")
print(f" (Observed: 15-20 keV) v'")

print("\n=== COLD FUSION ===")
print(f'"y optimal = ¢ = {phi**9:.1f}")
print(f" (YbRh2Siz: y=76) V")
print(f"o_screening = 1/¢* = {1/phi**2:.4f}")
print(f" (Thomas-Fermi: 0.500)")

print("\n=== MUON CATALY SIS ===")
print(f'm_p/m e = @°xe = {phi**9 * e:.2f}")
print(f" (Observed: 206.77) V")

print(f"m_s = 1/ = {1/phi**11 * 100:.2f}%")
print(f" (Observed: 0.45%)")

print("\n=== Q-VALUES ===")

print(f"Q(DT)/Q(DD) = ¢* = {phi**3:.3f} (obs: 4.361, err: 2.9%)")
print(f"B/A = (3/2)p°m. = {1.5*phi**5*m_e:.2f} MeV (obs: 8.79, err: 3.3%)")
print(f'B(a) = 2¢0"m. = {2*phi**7*m_e:.2f} MeV (obs: 28.30, err: 4.9%)")
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