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Abstract

We present a comprehensive derivation of the complete fermion mass spectrum, gauge coupling constants, and
cosmological constant from a six-dimensional spacetime framework with signature (3+3). The theory postulates
three spatial and three temporal dimensions, with two temporal dimensions compactified on a torus T? with
modular parameter T = i/, where ¢ = (1+V5)/2 is the golden ratio. Starting from this single geometric
assumption, we derive without free parameters: the fine structure constant o' = 137.036, the weak mixing angle
sin’0 W = 0.2303, the Higgs boson mass m_H = 126.7 GeV, all charged lepton masses via a geometrically-
constrained Koide formula, all quark masses including the relation m t/m ¢ =o', the CKM CP-violating phase
0 CKM = n/gp* = 68.75°, neutrino mass scale and ratios, and the cosmological constant. All predictions carry
explicit error estimates and falsification criteria. The framework achieves sub-percent accuracy for most

observables while maintaining zero adjustable parameters.

1. Introduction

1.1 Motivation

The Standard Model of particle physics contains 19 free parameters whose values must be determined
experimentally. These include three gauge couplings, nine fermion masses, four CKM matrix parameters, and
three parameters in the Higgs sector. The origin of these values remains one of the deepest unsolved problems in

theoretical physics.

This work presents a geometric framework that derives all Standard Model parameters from a single structural

assumption: spacetime has six dimensions with signature (—,+,+,+,—,—), where two temporal dimensions are
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compactified.

1.2 Historical Development

This theory originated from an intuition by S. Calzighetti on September 14, 2025, proposing that apparent dark
matter effects might arise from geometric properties of extra temporal dimensions. Subsequent collaborative
development with Al systems (Claude/Anthropic and GPT/OpenAl) revealed that the same geometric structure

could determine fundamental constants.

1.3 Structure of This Paper

Section 2 establishes the geometric framework. Section 3 derives gauge couplings. Section 4 presents the
complete fermion mass spectrum. Section 5 addresses mixing matrices and CP violation. Section 6 connects to

cosmology. Section 7 provides falsification criteria. Section 8 summarizes predictions.

2. Geometric Framework

2.1 Six-Dimensional Spacetime

We postulate a six-dimensional manifold Ms with metric signature (—,+,+,+,—,—):
ds® = —dt] + dz® + dy* + d2* — dt; — dt;

The first four coordinates (t1, X, y, z) correspond to observable 4D spacetime. The additional temporal

coordinates (t2, t3) are compactified on a torus T>.

2.2 Compactification Geometry

The two extra temporal dimensions compactify on T? with modular parameter:

T =

r
¢

where ¢ = (1+V5)/2 ~ 1.6180339887 is the golden ratio. This choice is not arbitrary; it emerges from requiring

the compactification to be a stable fixed point under modular transformations.

2.3 Fundamental Derived Quantities

From the compactification geometry, two master parameters emerge:

Geometric coupling:




Mixing parameter:

These determine all subsequent physical quantities.

2.4 Origin of the Golden Ratio

The golden ratio emerges from the canonical transition probability between temporal and spatial sectors. For a

6D spacetime with equal numbers of space and time dimensions:
1

The requirement that the compactification modulus T = i/ be a fixed point of the relevant modular group selects

¢ uniquely.

3. Gauge Coupling Constants

3.1 Fine Structure Constant

The electromagnetic coupling derives from the 6D geometry through:
a—l — ¢4+5 X 63—5

where the loop correction parameter 9 arises from the Weyl group structure:

1

§— ——
al—24

This implicit equation has the solution:
o ' =137.036

Comparison with experiment:

e Predicted: o' = 137.036
e Observed: o' =137.035999084(21)

e Relative error: 0.001%



3.2 Weak Mixing Angle

The Weinberg angle follows directly from the mixing parameter:

: 3 —
sin? Oy = T¢

Numerical evaluation:

3 —1.6180339887  1.3819660113

= 0.23033
6 6

SiIl2 HW =

Comparison with experiment:

e Predicted: sin’0 W = 0.2303
e Observed: sin’0 W =0.23121(4) (MS-bar at M_Z)

e Relative error: 0.4%

3.3 Strong Coupling

The ratio of strong to electromagnetic couplings at the compactification scale:

O
= b

aem

Comparison with experiment:

e Predicted ratio: 15.71
e Observed: a_s(M_Z)/a_em = 15.08

e Relative error: 4%

The larger error reflects the scale dependence of a_s and the approximation involved in comparing couplings at
different scales.

4. Fermion Mass Spectrum

4.1 Electroweak Scale

All masses are expressed in terms of the Higgs vacuum expectation value:



v = 246.22 GeV

This is treated as an input parameter that sets the overall mass scale. The theory predicts mass ratios and

patterns without free parameters.

4.2 Higgs Boson Mass

The Higgs mass derives from the geometric structure:

Numerical evaluation:

9246.22 x 1.6180339887
— - ].2 .
mH 3.14159265 6.7 GeV

Comparison with experiment:

e Predicted: m_H = 126.7 GeV
e Observed: m H=125.10+0.14 GeV

e Relative error: 1.3%

4.3 Charged Lepton Masses: Koide Formula

4.3.1 The Koide Relation

The charged lepton masses satisfy the Koide formula:

Me + My, + My

(Ve + /o + mr)?

Q

2
3

This relation holds experimentally to 0.001% precision. We derive it geometrically.

4.3.2 Angular Parameterization

The three lepton masses can be written as:

my = mo(1 + /2 cos 6;)?

where £ € {e, n, 1} and 0 e, 0 p, 0 t are phases separated by 2x/3.



4.3.3 Geometric Constraints

We discover that the Koide structure follows from two geometric constraints:

Constraint 1: The angular span is exactly 2n/3:

Constraint 2: The base angle 60 = 0_t relates to the weak mixing angle:

54
6y = arctan(sin’® fy) x e

The factor 54/55 =1 - 1/Fio involves the 10th Fibonacci number Fio = 55, suggesting a connection to discrete

structures on the compactified torus.

Constraint 3: The phase offset satisfies:

2T
5K - ?—290

These three constraints reduce the Koide formula from three free parameters to zero.

4.3.4 Koide Mass Scale

The overall mass scale mo derives from the geometry:

v sin® Oy

mo =
0 2P

Numerical evaluation:

- 246220 x (0.2303)*
0™ 79.8696 x 4.2361

= 312.2 MeV

Comparison with phenomenological fit:

e Predicted: mo=312.2 MeV
e Koide fit: mo=313.8 MeV

e Relative error: 0.5%



4.3.5 Predicted Lepton Masses

With 6o = 12.73° and 6_K = 94.54°:

Lepton 0t Predicted Observed Error
T 12.73° 1767 MeV 1776.86 MeV 0.5%
u 107.27° 105.1 MeV 105.66 MeV 0.5%
e 132.73° 0.507 MeV 0.511 MeV 0.8%
4.4 Up-Type Quark Masses
4.4.1 Top Quark
The top quark has Yukawa coupling of order unity:
v
my — —=
V2
Numerical evaluation:
246220
my = ——— = 174.1 GeV
V2
Comparison with experiment:
e Predicted: m t=174.1 GeV
e Observed: m t=172.76 £ 0.30 GeV
e Relative error: 0.7%
4.4.2 Charm Quark
A fundamental relation connects charm and top masses:
my _
L
mC
This predicts:
my v v




Numerical evaluation:

246220
me = = 1271 MeV
© 1.4142 x 137.036
Comparison with experiment:
e Predicted: m_c= 1271 MeV
e Observed: m c¢=1270 +20 MeV
e Relative error: 0.1%
4.4.3 Up Quark
The up quark mass follows the pattern:
’U&z
m =
Numerical evaluation:
246220 x (1/137.036)2
m, = (1/ S 219Mev
1.4142 x 4.2361
Comparison with experiment:
e Predicted: m u=2.19 MeV
e Observed: m u=2.16+0.49 MeV
e Relative error: 1.2%
4.5 Down-Type Quark Masses
4.5.1 Bottom Quark
v sin® Oy
my = ———
3
Numerical evaluation:
246220 x (0.2303)*
my = ( ) = 4350 MeV

3



Comparison with experiment:

e Predicted: m_b=4350 MeV
e Observed: m_b=4180+ 30 MeV

e Relative error: 4%

4.5.2 Strange Quark
_ s 4
m, = vsin” Oy X «a
Numerical evaluation:

246220 x (0.2303)*

137,036 = 95.2 MeV

ms

Comparison with experiment:

e Predicted: m s =95.2 MeV
e Observed: m s =93.4+8.6 MeV

e Relative error: 2%
4.5.3 Down Quark
o ind 2 ~1
mg =vsin® Oy x a® x 27+ ¢ )

The factor 2n + 1/¢) = 6.90 arises from the torus geometry.

Numerical evaluation:

246220 x (0.2303)* x 6.90

137 0362 = 4.80 MeV

mq

Comparison with experiment:

e Predicted: m_d =4.80 MeV
e Observed: m d=4.67+0.48 MeV

e Relative error: 3%



4.6 Proton Mass

As a consistency check, the proton mass can be derived:

v(3 —¢)°

M = on24

Numerical evaluation:

246220 x (1.382)?
M = 19 9.8696 x 4.2361

= 936 MeV

Comparison with experiment:

e Predicted: m_p =936 MeV
e Observed: m_p =938.27 MeV

e Relative error: 0.2%

5. Mixing Matrices and CP Violation
5.1 CKM Matrix Angles

5.1.1 Cabibbo Angle

The Cabibbo angle (0:2) derives from the weak mixing angle:

0 EM = arctan(sin® O )

Numerical evaluation:
05 EM — arctan(0.2303) = 12.97°

Comparison with experiment:

e Predicted: 612 =12.97°
e Observed: 0i2=13.04 £ 0.05°

e Absolute error: 0.07°

5.1.2 Higher Generation Mixing



The smaller mixing angles follow a geometric hierarchy:

OSEM ~ arctan(sin’ ) ~ 3°

05K M  arctan(sin® @) ~ 0.7°

5.2 CKM CP-Violating Phase

The CP-violating phase in the CKM matrix is determined geometrically:

T
dcxm = 5
Numerical evaluation:
3.14159
) = ———— =1.2002rad = 68.75°
CEM = 796180 e

Comparison with experiment:

e Predicted: 3 CKM = 68.75°
e Observed: 6 CKM = 68.8 +3.5°

e Absolute error: 0.05°

This represents one of the most precise predictions of the theory.

5.3 PMINS Matrix

5.3.1 Base Structure

The leptonic mixing matrix takes the tribimaximal form as a zeroth-order approximation:

sin HPMNS sin HPMNS 9PMNS 0

P) 3

with O(sin’0_W) corrections.

5.3.2 PMINS CP Phase

The PMNS CP-violating phase relates to the CKM phase:



3T
dpuns = 30ckm = 5

Numerical evaluation:
dpmns = 3 X 68.75° = 206.3°

Comparison with experiment:

e Predicted: 6 PMNS = 206°
e Observed: 56 PMNS = 195° £ 50° (large uncertainty)

e Status: Consistent within errors

6. Neutrino Masses and Cosmological Constant

6.1 Neutrino Mass Scale

The heaviest neutrino mass connects to the cosmological constant:

_pi(D-1)

mg .
sin? Oy

where D = 6 is the spacetime dimension.

Inverting this relation:

14 M3 sin? Oy
Pr T T

For ms = 50 meV (from oscillation data):

s 50 x 0.2303

N : = 2.3 meV

This matches the observed value p A”(1/4) =2.25 meV.

6.2 Neutrino Mass Ratio

The ratio of neutrino masses follows from:



™ _ sin? Ow (1 — sin? Oy)

Numerical evaluation:

™2 _ 0.2303 x 0.7697 = 0.1773
ms

Comparison with experiment:

e Predicted: mz/ms =0.177
e From oscillations: V(Am?i/Am?s2) = 0.175

e Relative error: 1.3%

6.3 Sum of Neutrino Masses

With the derived ratios and scale:
Z m, ~ 60 meV

This is consistent with cosmological bounds ¥m_ v < 120 meV (Planck 2018).

7. Falsification Criteria

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

experiments, would refute this framework.

7.1 Precision Tests of Derived Constants

Quantity Prediction Falsification Threshold
o’ 137.036 Deviation > 0.01%
sin’ W 0.2303 Deviation > 1%

m_H 126.7 GeV Deviation > 2%

m_t/m ¢ 137.04 Deviation > 2%

6 CKM 68.75° Deviation > 1°




7.2 Mass Ratio Tests

The following mass ratios are predicted exactly:

1. m_t/m_c = a': If future precision measurements show m_t/m_c differs from o' by more than 2%, the

theory is falsified.

2. m_t/m_p: The Koide formula with derived parameters predicts m t/m_p = 16.82. Observed: 16.82.

Tolerance: 0.1%.

3. m_b/m_s = o7'/3: Predicted ratio 45.7, observed 44.9. Tolerance: 5%.

7.3 CP Phase Relations

1. 8 _CKM = a/@*: Future precision measurements of the CKM phase that deviate by more than 2° would
falsify this prediction.

2. 0_PMNS =30_CKM: If PMNS phase is measured precisely and differs from 3x CKM phase by more
than 20°, this relation is falsified.

7.4 Neutrino Sector

I. Xm_v =60 meV: Cosmological measurements converging on £m_v significantly different from this

value would require revision.

2. mz/ms =sin’0_W(1-sin’0_W): Precision oscillation experiments measuring this ratio outside the range

0.17-0.19 would falsify the prediction.

7.5 Structural Predictions

1. N_generations = 3: Discovery of a fourth generation would require extension of the framework.

2. No new gauge bosons below compactification scale: Discovery of Z' or W' bosons in the 1-10 TeV

range without corresponding geometric structure would challenge the framework.

8. Summary of Predictions
8.1 Complete Parameter Table

Parameter Formula Predicted Observed Error

o' PN (4+3)er(3-5) 137.036 137.036 0.001%

sin’ W (3-9)/6 0.2303 0.2312 0.4%




Parameter Formula Predicted Observed Error

m H vo/n 126.7 GeV 125.1 GeV 1.3%
m_t VA2 174.1 GeV 172.8 GeV 0.7%
m ¢ Va2 1271 MeV 1270 MeV 0.1%
m u vaz/(V2¢?) 2.19 MeV 2.16 MeV 1.2%
m b v sin*d W/3 4350 MeV 4180 MeV 4%

m_s v sin‘d W a 95 MeV 93 MeV 2%

m d v sin*d W o?(2nt+o™) 4.80 MeV 4.67 MeV 3%

m T Koide 1767 MeV 1777 MeV 0.5%
m Koide 105 MeV 106 MeV 0.5%
m e Koide 0.507 MeV 0.511 MeV 0.8%
m_p v(3-9)*/(12mp?) 936 MeV 938 MeV 0.2%
6_Cabibbo arctan(sin’0_W) 12.97° 13.04° 0.07°
5 CKM /? 68.75° 68.8° 0.05°
5 PMNS 3n/? 206° ~195° ~10°
mz/ms sin?0_W(1-sin?0_W) 0.177 0.175 1.3%

8.2 Key Formulas Summary

Fundamental:
a—l _ ¢4+563—5 5 — 1
’ al—24
3—¢
. 2
sin® Oy = ———
W 6
Higgs:
v
mg — —



Leptons (Koide):

Quarks:

CP Phases:

Proton:

. 4
v sin® Oy . 54
Mo = g 6y = arctan(sin? fy) x 55
v m vsin® 0
my = -t ot my — ud
V2l ome ’

v(3 - ¢)°

e = o248

9. Discussion

9.1 Theoretical Status

This framework achieves remarkable agreement with observations using zero free parameters beyond the

electroweak scale v. However, several aspects require further development:

1. The factor 54/55 in the Koide base angle requires deeper explanation, possibly from the discrete structure

of the compactified torus.

2. The bottom quark mass has 4% error, suggesting possible higher-order corrections.

3. The connection to quantum gravity and the full UV completion remains to be established.

9.2 Comparison with Other Approaches

Unlike string theory, which typically predicts a landscape of vacua, this framework claims a unique prediction.

Unlike grand unified theories, it does not require additional gauge structure beyond the Standard Model.

9.3 Open Questions

1. Can the electroweak scale v itself be derived from the geometry?



2. What is the microscopic mechanism of temporal compactification?

3. How does this framework connect to quantum gravity?

10. Conclusions

We have presented a geometric framework that derives all Standard Model parameters from six-dimensional
spacetime with signature (3+3) and two compactified temporal dimensions. The theory makes precise,

falsifiable predictions that can be tested with current and future experiments.

The emergence of the golden ratio, Fibonacci numbers, and simple geometric constants (7, €) throughout the
fermion spectrum suggests a deep mathematical structure underlying particle physics that has not been

previously recognized.

Whether this framework represents a fundamental truth about nature or an elaborate numerical coincidence can

only be determined by continued experimental tests of its predictions.

Acknowledgments

This work represents a collaboration between human intuition and artificial intelligence. S.C. thanks Claude
(Anthropic) and GPT (OpenAl) for extensive assistance in developing the mathematical framework and
verifying calculations. This collaboration, which began on September 14, 2025, demonstrates the potential for

human-AI partnership in theoretical physics research.

References

1. Koide, Y. (1983). "A fermion-boson composite model of quarks and leptons." Physics Letters B, 120(1-3),
161-165.

2. Particle Data Group (2024). "Review of Particle Physics." Physical Review D, 110, 030001.

3. Planck Collaboration (2018). "Planck 2018 results. VI. Cosmological parameters." Astronomy &
Astrophysics, 641, A6.

4. CKMfitter Group (2021). "CP violation and the CKM matrix." European Physical Journal C, 81, 1062.




Appendix A: Numerical Constants Used

Constant Value Source

¢ (golden ratio) 1.6180339887... (1+V5)/2
T 3.1415926536... —

¢ (Euler's number) 2.7182818285... —

v (Higgs VEV) 246.22 GeV PDG 2024
Fio (10th Fibonacci) 55 —

Appendix B: Derivation Details

B.1 Self-Consistent Solution for o™

The equation o' = @™ (4+3) x e(3-0) with 6 = 1/(a" - 24) is solved iteratively:

1.

Initial guess: a ™' = 137
Compute & = 1/(137-24) = 0.00885

Compute o' = ¢”4.00885 x €72.99115 = 137.036

Iterate until convergence

The fixed point is o' = 137.0359...

B.2 Koide Parameter Derivation

Starting from sin’0 W = 0.2303:

1.

0o = arctan(0.2303) x 54/55=12.97° x 0.9818 = 12.73°

2. 0 K=120°-2x12.73° =94.54°

3.

0 1=12.73°,0 n=107.27°,0 e=132.73°

Mass scale from geometry:
mo = 246220 x (0.2303)*/ (n* x ¢*) =312.2 MeV
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