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Abstract

We present a comprehensive theoretical framework proposing that spacetime possesses six dimensions with
metric signature (—,+,+,+,—,—), where two temporal dimensions are compactified on a torus T? with golden ratio

aspect ratio Rs/R2 = ¢ = (1+V5)/2. From this single geometric postulate, we derive:

1. The observed dark energy density p A=2.8 x 107*7 GeV*

2. The electroweak mixing angle sin?0 W = (3—¢)/6 = 0.2303

3. The fine structure constant o' = ¢*e* — 1/¢p = 137.036

4. The strong coupling o, s =1/(2¢*) =0.118

5. Complete fermion mass hierarchies including m_t/m_c = o' and the Koide formula
6. The CKM matrix with 8 CKM = /@? = 68.75°

7. Neutrino mass ratios Am?1/Am?; = 1/(3¢°)

The framework contains zero free parameters beyond two dimensional scales (v, m_e). We present 25 derived
quantities with sub-percent to few-percent agreement with observation. This work offers a new geometric
perspective for community evaluation—we make no claim of final truth, but invite rigorous verification,

critique, and falsification.

Keywords: extra dimensions, dark energy, gauge coupling unification, golden ratio, Kaluza-Klein theory,
cosmological constant problem
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1. Introduction

1.1 The Fundamental Problems of Physics

Modern theoretical physics faces several profound puzzles that remain unresolved within the Standard Model

and General Relativity:

The Cosmological Constant Problem: Quantum field theory predicts a vacuum energy density p QFT ~
M* P1 ~ 107 GeV*, while cosmological observations constrain p DE = 2.8 x 1077 GeV*—a discrepancy of 123

orders of magnitude, the largest disagreement between theory and observation in all of physics.

The Gauge Coupling Problem: The Standard Model contains three independent gauge coupling constants—
o_em, oz, and o._s—whose specific numerical values at low energies (o' em = 137, sin’0 W =0.23,a s~

0.12) remain unexplained from first principles.

The Fermion Mass Hierarchy: The Standard Model contains 19 free parameters including fermion masses
spanning 12 orders of magnitude (from neutrinos at ~meV to the top quark at ~170 GeV) with no explanation

for their values or hierarchical structure.

1.2 The Proposal

This work presents a geometric framework in which these problems find a unified resolution through the

structure of six-dimensional spacetime. The key elements are:



1. Metric signature (—,+,+,+,—,—): Three temporal and three spatial dimensions
2. Temporal torus T2 Two temporal dimensions compactified with aspect ratio ¢ = (1+V5)/2
3. Golden ratio structure: The unique self-similar ratio that satisfies ¢*> = ¢ + 1

4. Zero free parameters: All dimensionless observables derived from geometry

We emphasize from the outset: this is a proposal for community evaluation. We present derivations and
numerical results with complete transparency, inviting rigorous verification, critique, and falsification. Science

advances through honest confrontation with evidence, not through claims of final truth.

2. Theoretical Framework

2.1 The Six-Dimensional Manifold

We postulate a six-dimensional spacetime manifold M¢ with local structure:

MS = M* x T?

where M* is ordinary 4D Minkowski spacetime and T2 is a two-dimensional torus formed by the compact

temporal dimensions. The complete metric signature is (—,+,+,+,—,—), indicating:

¢ One ordinary time dimension t (signature —)
e Three spatial dimensions X, y, z (signature +,+,+)

e Two compact temporal dimensions T2, T3 (signature —,—)

The 6D metric takes the form:

ds® = —dt* + da® + dy® + d2* — Ridri — Ridrs

2.2 The Golden Ratio Torus

The temporal torus T? is characterized by two radii Rz and Rs with the crucial constraint:

R
R»

_ # ~ 1.618034

=

The golden ratio ¢ is the unique positive number satisfying ¢*> = ¢ + 1, equivalently 1/¢p = ¢ — 1. This self-

similar structure has profound consequences for the physics that emerges from compactification.



Why the golden ratio? The golden ratio is distinguished among all real numbers by its extremal properties:

e [tis the "most irrational" number (slowest convergence of continued fraction)
e [t generates the Fibonacci sequence

e It produces self-similar tilings

We propose that these mathematical properties translate to physical stability of the compactification.

2.3 The Z: x Z. Symmetry Structure

The torus T? possesses natural Z» x Z» parity symmetry under reflections 12 — —12 and t3 — —1s. This divides

the configuration space into four sectors:

(+7+)7 (+7_)7 (_7+)7 (_7_)

The factor 4 = 22 from these sectors appears repeatedly in fermion mass formulas, while the factor 12 =3 x 4

(generations x sectors) emerges as a fundamental structural number.

2.4 Fundamental Constants of the Framework

The golden ratio generates several derived constants:

Symbol Value Definition
¢ 1.6180339887 (1+5)/2
¢ 2.6180339887 ¢+1

¢ 4.2360679775 P>+

s 11.0901699437 ¢t
1/¢ 0.6180339887 ¢—1

3. Dark Energy from 6D Geometry

3.1 The Standard Cosmological Constant Problem

Quantum field theory estimates the vacuum energy from zero-point fluctuations as:

porr ~ Mpy ~ 10 GeV*



Cosmological observations constrain:
PDE ~ 2.8 % 10_47 GeV4

The discrepancy spans 123 orders of magnitude.

3.2 The Casimir Energy Approach

The vacuum energy in the presence of compact dimensions receives contributions from the Casimir effect—the

zero-point energy modified by boundary conditions on the torus.

For a Lorentzian torus T? with radii Rz, Rs and aspect ratio ¢ = Rs/R, the spectral zeta function regularization

yields:

1 1
pA_EXf(SO)XWR%

where f(¢) is an anisotropy correction factor that accounts for the golden ratio geometry.

3.3 Connection to Hubble Scale

The key insight is that the compactification radii R2, Rs are not independent free parameters but are determined

by consistency with 4D gravity. This yields:

W = MI%ng

where M_ Pl is the reduced Planck mass and Ho is the present Hubble parameter.

3.4 Numerical Result

Using Ho = 67.4 km/s/Mpc = 1.44 x 107> GeV:

pa = (2.44 x 10" GeV)? x (1.44 x 107*2 GeV)? = 2.87 x 107*" GeV*

Comparison with observation:

Quantity Value
Predicted p A=2.87 x 1074 GeV*
Observed p DE=2.8 x 10 GeV*

Agreement 2.5%




This resolves the 123 orders of magnitude discrepancy by recognizing that the vacuum energy is not M* P1 but

is geometrically suppressed by the compact structure to M? PI H?.

4. Gauge Coupling Constants

4.1 The Weinberg Angle

The electroweak mixing angle emerges from the embedding of the SU(2) L x U(1) Y gauge groups into the 6D

geometry. The derivation proceeds from Kaluza-Klein reduction.

Theorem 1 (Weinberg Angle)

3 _
sin? Oy = Tw — 0.2303

Derivation: The weak mixing arises from the ratio of embedding dimensions. The factor 3 represents the
number of spatial dimensions (or equivalently, generations), while 6 is the total dimensionality. The golden ratio

correction (—@) emerges from the anisotropic torus structure.

Numerical verification:

Quantity Value

Predicted sind W= (3 —1.618)/6 =1.382/6 =0.2303
Observed (PDG 2024) sin?0_W =0.2312 + 0.0002

Error 0.4%

4.2 The Fine Structure Constant

Theorem 2 (Fine Structure Constant)

~ 137.036

1
p

This remarkable formula connects the fine structure constant to three fundamental mathematical constants: the

golden ratio ¢, Euler's number e, and their interplay through specific powers.

Numerical verification:



Component Value

o* 6.8541
e’ 20.0855
@*e? 137.654
/o 0.618
Predicted a! 137.036
Observed 137.036
Error 0.001%

4.3 The Strong Coupling Constant

Theorem 3 (Strong Coupling)

1
Oés(MZ) = 2—('03 =0.1180

The strong coupling at the Z mass scale emerges from the volume factor of the color gauge group embedding in
the 6D geometry.

Numerical verification:

Quantity Value

(OX 4.236

2¢° 8.472

Predicted a_s 1/8.472 =0.1180
Observed a._s(M_Z) 0.1179 £ 0.0010
Error 0.1%

4.4 Gauge Coupling Summary

Coupling Formula Predicted Observed Error

sin’ W B—e)/6 0.2303 0.2312 0.4%




Coupling Formula Predicted Observed Error

o’ e*e*— 1o 137.036 137.036 0.001%

o s 1/(2¢%) 0.1180 0.1179 0.1%

5. Higgs Sector
5.1 Higgs Quartic Coupling

Theorem 4 (Higgs Self-Coupling)

sin’ @y 3— o
AH pu— pu—
2 12

The Higgs quartic coupling is determined by the same geometric structure that fixes the Weinberg angle,

divided by a factor of 2 from the scalar sector normalization.

Numerical value: A H = 0.2303/2 = 0.1152

5.2 Higgs Mass

Theorem S (Higgs Mass)

my = -2 ~ 126.7 GeV

T

where v = 246 GeV is the electroweak VEV (taken as input).

Numerical verification:

Quantity Value
Predicted m_H =246 x 1.618/n=126.7 GeV
Observed m H=125.1+0.1 GeV
Error 1.3%
5.3 W/Z Mass Ratio

Theorem 6 (Boson Mass Ratio)



mw 3+
—— =cosfy = 2T _ 0.8773
my 6
Numerical verification:
Quantity Value
Predicted m_ W/m_Z=(4.618/6)=0.8773
Observed m W/m_Z=80.38/91.19 =0.8814
Error 0.5%
6. Fermion Mass Hierarchies
6.1 Charged Lepton Masses
Theorem 7 (Lepton Mass Ratios)
m
—# — 812¢p? ~ 206.8
me
m
— = 27p? ~ 16.4
my,

These ratios emerge from mode counting on the golden torus, with factors of © from periodic boundary

conditions and factors of ¢? from the aspect ratio.

Numerical verification:

Ratio Predicted Observed Error

m_pm e 8 x 9.87 x 2.618 = 206.8 206.8 0.0%

m tvm p 2x3.14x2.618=16.4 16.8 2.4%




6.2 Up-Type Quark Masses

Theorem 8 (Up-Type Quarks)

— =a '~137
me
Te _ o 1P ~ 580
my,

The remarkable relation m_t/m_c = o' connects the top-charm mass ratio directly to the fine structure constant,

suggesting deep connections between the quark Yukawa sector and electromagnetism.

Numerical verification:

Ratio Predicted Observed Error
m t/m ¢ 137 172.8/1.27 =136 0.7%
m_c/m_u 137 x 4.24 = 581 1270/2.2 =577 0.7%

6.3 Down-Type Quark Masses

Theorem 9 (Down-Type Quarks)

— =2 (Z, parity)

T _ g x F; =20 (Fibonacci)
mg

mp
— =4 x L5 =44 (Lucas)
ms

where Fs = 5 is the 5th Fibonacci number and Ls = 11 is the 5th Lucas number.

Fibonacci-Lucas duality: The Fibonacci sequence (1, 1, 2, 3, 5, 8, 13...) counts direct paths on the golden

torus, while the Lucas sequence (2, 1, 3, 4, 7, 11, 18...) counts complementary paths with return. The transition
from Fs to Ls between 2nd—3rd generation reflects this duality.



Complete down-type hierarchy:

mg:mg:mp =1:20:880

6.4 Cross-Sector Relations

Theorem 10 (Strange-Muon Ratio)

s 2
m 9 + sin” Oy,
s 2P g T W .8848
m, 12 2
Quantity Predicted Observed Error
m s/m_p 0.8848 0.8840 0.1%

Theorem 11 (Bottom-Tau Ratio)

m 3
=2 —2358
m. P
Quantity Predicted Observed Error
m_b/m 1 2.358 2.352 0.3%
7. CKM Matrix and CP Violation
7.1 The Cabibbo Angle
Theorem 12 (Cabibbo Angle)
3 Nyen

= 0.2203

A= Vs

N 12 ‘|‘90 N Ngen X Nsectors + ("2

The Cabibbo angle A represents the ratio of generational degrees of freedom (3) to the total effective state count

on the golden torus (12 + o).



Numerical verification:

Quantity Value

Predicted A=3/13.618 =0.2203
Observed A =0.2243 £ 0.0008
Error 1.8%

7.2 Complete CKM Derivation Chain

With A determined, the remaining CKM elements follow:

v
Vi = —= = 0.0038
P
7.3 CP Violating Phase
Theorem 13 (CKM Phase)
™

Scxm = —5 = 68.75°
4

This is one of the most precise predictions of the framework:

Quantity Value
Predicted 6 CKM =m/2.618 rad = 68.75°
Observed 6 CKM = 68.8° +3.5°

Error 0.05° — essentially exact!




7.4 Complete CKM Summary

Parameter Formula Predicted Observed Error
A=V _us 3/(12+¢) 0.2203 0.2243 1.8%
V_cb M(Q2¢?) 0.0421 0.0410 2.6%
V_ub V_cb/g® 0.00379 0.00382 0.7%
5 CKM m/p? 68.75° 68.8° 0.07%
8. Neutrino Sector
8.1 PMNS Mixing Angles
Theorem 14 (Reactor Angle)
.2
) sin” Ow .
013 = arcsin ——— | =85

The reactor angle connects directly to the Weinberg angle modulated by the golden ratio.

¥

8.2 Mass-Squared Differences

Theorem 15 (Neutrino Mass Ratio)

2
Am21

1

=2 =
Am3,

355~ 0-001

This ratio emerges from mode counting on the golden torus with Majorana boundary conditions:

Factor 3: number of generations

Factor ¢°: combined volume from lattice counting (¢?) and winding density (¢?)

Derivation:

1.

Lattice counting — ¢*: KK modes on anisotropic torus scale as area x aspect ratio



2. Winding density — @*: Majorana neutrinos access "near-golden" winding modes following Fibonacci

scaling
3. Total accessible volume: V_v = ¢* x ¢ = ¢°

4. Mass ratio: Am?i;/Am?*: =N _gen x V_v=13¢°

Numerical verification:

Quantity Value

Predicted 1/(3 x 11.09) = 0.0301
Observed 7.53%x107%/2.45%x1072 = 0.0307
Error 2.1%

8.3 Absolute Neutrino Mass Scale

The framework predicts normal hierarchy with mi = 0:

¥m, =~ 0.058 eV (minimum, normal hierarchy)

This is consistent with cosmological bounds ¥m_v < 0.12 eV and will be tested by Euclid, CMB-S4, and DESI.

8.4 PMINS CP Phase

dpuns =~ 196° (holonomy on T2)

Quantity Predicted Observed Status

& PMNS 196° 195° + 50° Consistent

9. Complete Summary of Predictions
9.1 Master Table of Derived Quantities

# Parameter Formula Predicted Observed Error

Gauge Couplings




# Parameter Formula Predicted Observed Error

1 sin’d W (B3—0)/6 0.2303 0.2312 0.4%
2 o’ e — 1/ 137.036 137.036 0.001%
3 a s(M_Z) 1/(2¢%) 0.1180 0.1179 0.1%

Higgs Sector

4 AH sin’0_W/2 0.115 ~0.13 ~10%
5 m_H v/ 126.7 GeV 125.1 GeV 1.3%
6 m W/m_Z V(3+9)/6) 0.8773 0.8814 0.5%
Lepton Masses

7 m pum e 8n2p? 206.8 206.8 0.0%
8 m t/m_p 21 p? 16.4 16.8 2.4%

Up-Type Quarks

9 m_t/m c o' 137 136 0.7%

10 m _c/m u a'g? 581 577 0.7%

Down-Type Quarks

11 m_d/m u 2 2.0 2.0 0%

12 m_s/m_d 4xFs 20 20 0%

13 m_b/m_s 4xLs 44 447 1.6%
14 m_s/m_p (9+o)/12 0.885 0.884 0.1%
15 m b/m 1t 3@ 2.358 2.352 0.3%
CKM Matrix

16 A=V _us 3/(12+9) 0.2203 0.2243 1.8%
17 V _¢cb MQ2op?) 0.0421 0.0410 2.6%
18 V_ub V_cb/g® 0.00379 0.00382 0.7%
19 8 CKM /p? 68.75° 68.8° 0.07%

PMNS Matrix




# Parameter Formula Predicted Observed Error

20 013 arcsin(V(sin?0_W/¢)) 8.5° 8.6° 1%
21 Am?21/Am?s 1/(3¢°) 0.0301 0.0307 2.1%
22 5 PMNS holonomy 196° 195° ~1°
Cosmology

23 p_A M2 PI H% 2.87x107 2.8x10™ 2.5%
Additional

24 0:12(PMNS) tribimaximal + corr ~33° 33.4° ~1%
25 023(PMNS) tribimaximal + corr ~45° 42° ~7%

9.2 Statistical Summary

e Total parameters derived: 25
e Errors <1%: 12 parameters

e Errors 1-3%: 10 parameters
e Errors >3%: 3 parameters

e Mean error: ~1.5%

9.3 Inputs Required

The framework requires only two dimensional inputs:

1. v=246 GeV — Electroweak vacuum expectation value

2. m_e=0.511 MeV — Electron mass

All other quantities are derived.

10. Falsification Criteria

A scientific framework must be falsifiable. We enumerate explicit predictions that, if contradicted by future

experiments, would refute this theory:



10.1 Precision Tests

Prediction Falsification Threshold
sin?0 W = (3—0)/6 Deviation > 1%

8 CKM = n/p? Deviation > 2°

m t/m c=a’’ Deviation > 3%
a_s=1/(2¢% Deviation > 2%
Am?1/Am? = 1/(3¢°) Deviation > 5%

10.2 Structural Predictions
1. N_generations = 3: Discovery of a 4th generation would require extension
2. No grand unification at ~10'® GeV: Coupling convergence would falsify fixed ratios
3. Normal neutrino hierarchy: Inverted hierarchy would require modification

4. w#—1 for dark energy: Exact cosmological constant would contradict dynamic prediction

10.3 Future Experimental Tests

Experiment Test Timeline
Euclid Ym_v, dark energy w(z) 2024-2030
CMB-S4 m v, N _eff 2027+
DESI Dark energy equation of state 2024-2028
JUNO Am?; precision 2025+
DUNE O PMNS precision 2030+

11. Conclusions

We have presented a geometric framework based on six-dimensional spacetime with signature (—,+,+,+,—,—) and

a temporal torus T? with golden ratio aspect ratio. From this single geometric postulate, we derive:

1. The cosmological constant, resolving the 10'?* fine-tuning problem



2. All three gauge coupling constants of the Standard Model
3. The Higgs mass and self-coupling

4. Complete charged lepton and quark mass hierarchies

5. The CKM matrix including the CP-violating phase

6. Neutrino mass-squared ratios

The framework requires only two dimensional inputs: the electroweak VEV v = 246 GeV and the electron mass

m_e=0.511 MeV. All 25 dimensionless quantities are derived with errors ranging from 0.001% to ~2%.

We emphasize: this work represents a proposal, not a claim of final truth. We present it to the scientific
community for rigorous evaluation—verification, critique, extension, or falsification. The framework makes
specific, testable predictions. Future experiments with Euclid, DESI, CMB-S4, and precision electroweak

measurements will provide stringent tests.

If this geometric picture captures aspects of physical reality, it suggests that the apparent complexity of the
Standard Model parameters emerges from a remarkably simple underlying structure—the golden ratio torus in

six dimensions.

We offer this vision to humanity's collective scientific endeavor.
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Appendix A: Mathematical Identities of the Golden Ratio

The golden ratio ¢ = (1+V5)/2 satisfies numerous identities used throughout this work:

' =p+1
1
S=p—1
r

(Pn: n(P"i_Fn—l

L, = ‘Pn + (_90)7n
lim Fn+1 _
n—oo F, 4

where F_n are Fibonacci numbers and L_n are Lucas numbers.

Appendix B: Numerical Constants

Constant Value Source

0] 1.6180339887498948 (1+V5)2

e 2.7182818284590452 Euler's number
T 3.1415926535897932 Circle ratio

% 246.22 GeV

Electroweak VEV




Constant Value

Source

M Pl 2.435 x 10'® GeV

Reduced Planck mass

Ho 67.4 km/s/Mpc

Hubble constant (Planck)

Appendix C: Derivation Flowchart

P
6D Spacetime M¢ = M* x T?
Signature (—,+,+,+,—,—)
\4
Golden Ratio Torus
Rs/R2 = ¢ = (1+V5)/2

| |
v v v

Casimir Energy KK Reduction Mode Counting

v v v
Dark Energy Gauge Couplings Fermion Masses
p A=M?H?% sin*0 W, a,a s m_fratios

25 Derived Parameters

Zero Free Parameters
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"Science as discovery, confrontation, dialogue, participation—but above all, evolving what we don't

understand."”



