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Abstract

Within the 3D+3D theoretical framework, we demonstrate that 42 parameters of the extended Standard Model
(including neutrino sector and cosmological constant) can be derived from a single geometric input: the
modular parameter t = 1/¢ of a compactified temporal torus T2. The derivation proceeds hierarchically: from t =
1/¢ the golden ratio ¢ emerges, from ¢ the gauge couplings follow, from gauge couplings the mass spectrum is
determined, and from masses the mixing angles arise. The framework achieves an average deviation of 1.8%
across all 42 parameters with zero free parameters. All predictions are explicitly falsifiable. This paper serves as
a comprehensive summary connecting results established in Papers [-LXXII and Phases 1-8 of the research

program.

Keywords: extra dimensions, Standard Model parameters, golden ratio, Kaluza-Klein compactification,

parameter derivation

1. Introduction

1.1 The Parameter Problem in Physics

The Standard Model of particle physics, as conventionally formulated, requires experimental determination of

numerous free parameters:
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Category Count

Gauge couplings 3
Quark masses 6
Charged lepton masses 3
CKM parameters 4
PMNS parameters 6
Higgs sector 2
QCD 0-parameter 1
Neutrino masses 3
Cosmological constant 1

Including derived quantities of fundamental importance (proton mass, Koide parameters, etc.), a complete
accounting yields 42 parameters requiring explanation.
1.2 Scope of This Work

This paper summarizes how, within the 3D+3D framework's assumptions, these 42 parameters emerge from
geometric structure. We make no claim that this framework represents established physics; rather, we present it
as a falsifiable theoretical proposal for community evaluation.

1.3 Assumptions of the Framework

The 3D+3D framework rests on the following postulates:

1. Spacetime has six dimensions with signature (—,+,+,+,—,—)
2. Two temporal dimensions are compactified on a torus T>

3. The modular parameter is T = i/¢, where ¢ = (1+V5)/2

The origin of T = i/¢ from a canonical boost condition is derived in Paper A2.

1.4 Structure of the Paper
e Section 2: Geometric foundations
e Section 3: Gauge coupling derivations
e Section 4: Mass spectrum derivations

e Section 5: Mixing matrix derivations



e Section 6: Cosmological parameters
e Section 7: Complete parameter table
e Section 8: Statistical analysis

e Section 9: Falsification criteria

e Section 10: Conclusions

2. Geometric Foundations

2.1 The Modular Parameter

The central geometric input is:

r= % — 4 % 0.6180339887...

where @ = (1+V5)/2 is the golden ratio.

2.2 Emergence of Key Structures

From t =i/, the following structures are determined:

Property Derivation Result
Aspect ratio Im(t) /o
Area factor T]? 1/¢?
Dimension Instanton constraint D=6
Signature Spin group structure (3.,3)
Generations N_gen =N_time 3

2.3 The Derivation Hierarchy

-
Level 0: T = i/¢ (geometric input)
!
Level 1: D = 6, signature (3,3), T? topology
!
Level 2: Gauge couplings (o, sin’0_W, a_s)
!




Level 3: Mass spectrum (fermions, bosons)

!
Level 4: Mixing matrices (CKM, PMNS), cosmology

3. Gauge Coupling Derivations

3.1 Fine Structure Constant

Within the framework, the fine structure constant emerges as:
a—l _ ¢4+5 « 63—5

where 6 = 1/(a — 24) = 0.00885 is self-consistently determined from Weyl group structure.

Result: o' =137.036
Observed: 137.036
Deviation: 0.001%

The derivation involves:

e Exponent 4 from Weyl spinor dimension of Spin(3,3)
e Exponent 3 from rank of SL(4,R)

e Correction 6 from |W| =24 (Weyl group order)

Full derivation: Paper LIII

3.2 Weinberg Angle

The weak mixing angle follows from dimensional counting:

Ntim6_¢_3_¢
D 6

sin? Oy =

Result: sin?0 W =0.2303
Observed: 0.2312 +0.0001
Deviation: 0.4%

Full derivation: Paper I1

3.3 Strong Coupling

The QCD coupling at the Z mass scale:



D-1 5
1642  16¢2

O‘S(MZ) =

Result: o s =0.1194
Observed: 0.1179 +£0.0010

Deviation: 1.3%

Full derivation: Paper II

4. Mass Spectrum Derivations

4.1 Electroweak Scale

The Higgs vacuum expectation value:

2MPl . 6—1271'
v = ¢3

Result: v=244.5 GeV
Observed: 246.22 GeV
Deviation: 0.7%

4.2 Higgs Boson Mass

Result: m_H =126.8 GeV
Observed: 125.25 +0.17 GeV
Deviation: 1.3%

Full derivation: Paper IV

4.3 Gauge Boson Masses

3
v /359 _ 8036 Gev

mw=35Y T

mg = —W_ _ 9119 GeV
cos Oy




Deviations: 0.02%, 0.01%
4.4 Top Quark Mass

With natural Yukawa couplingy t=1:

v
m; = — = 174.1 GeV
t \/é

Observed: 172.69 + 0.30 GeV

Deviation: 0.8%

4.5 Quark Mass Hierarchy

A key prediction of the framework:

— =o' =137
me
Observed ratio: ~136
Deviation: 0.7%
Full derivation: Paper LXX
4.6 Down-Type Quark Masses
The framework predicts Fibonacci-Lucas structure:
ms
— =4 x F5 =20
mgq
m
T 4 x Ly =44
ms

where Fs =5 (5th Fibonacci) and Ls = 11 (5th Lucas number).
Deviations: ~2%

Full derivation: Paper XLVIII

4.7 Charged Lepton Masses (Koide Structure)

The Koide mass scale:

= 312.4 MeV



Observed: 313.8 MeV
Deviation: 0.44%

The Koide angle:
47 1
0p = — —arctan [ — | = 132.69°
5) )
Observed: 132.73°

Deviation: 0.03%

Full derivation: Papers XLV, XLVIII

4.8 Proton Mass
v(3 — ¢)?
m, = ————— = 937.3 MeV
P 12723
Observed: 938.27 MeV
Deviation: 0.10%
Full derivation: Paper LXX
4.9 Neutrino Mass Scale
1/4
D -1
my 3 ~ A.(2 ) ~ 50 meV
sin” Oy

Status: Consistent with Xm_v < 120 meV (cosmological bound)

5. Mixing Matrix Derivations

5.1 CKM Matrix: Cabibbo Angle

_ Ngen _
CAX Ny +¢ 1249

A = 0.2203

Observed: 0.2243 + 0.0008

Deviation: 1.8%



Full derivation: Phase 6

5.2 CKM Matrix: Wolfenstein A Parameter

A= % = 0.8090

Observed: 0.811 £ 0.006
Deviation: 0.24%

Full derivation: Phase 8

5.3 CKM Matrix: CP-Violating Phase

SokM = — = 68.75°

¢
Observed: 68.8° + 3.5°
Deviation: 0.07%
Full derivation: Paper XLVIII
5.4 CKM Matrix: Additional Elements
V. A = 0.0421
ch — 2¢2 - .
v
Vi = ~2 — 0.00379
¢5

Deviations: 2.7%, 0.8%

5.5 PMINS Matrix: Tribimaximal Base

1
sin? @15 = 3= 0.333

sin? 3 = = = 0.500

Observed: 0.307, 0.545

Deviations: ~8%



5.6 PMINS Matrix: Reactor Angle

Observed: 8.57° +£0.12°

Deviation: 3.1%

Full derivation: Phase 6

5.7 Neutrino Mass Ratio

Observed: 0.0307 + 0.0009
Deviation: 2.1%

1
913 = arctan (ﬁ) = 8.30°

Am3 1

= = 0.0301
Am?,  3¢°

6. Cosmological Parameters

6.1 Cosmological Constant

Result: p A=2.87 x 10 GeV*
Observed: 2.80 x 107 GeV*

Deviation: 2.5%

Full derivation: Paper LXIV

6.2 Number of Generations

Status: Exact (topological)

pr = $V2 x MEHH}

Ngen = Niime = 3

7. Complete Parameter Table

7.1 Gauge Sector (3 parameters)



# Parameter Formula Predicted Observed Deviation
1 o o™ {4+3}e"{3-6} 137.036 137.036 0.001%
2 sin’ W (B—)/6 0.2303 0.2312 0.4%
3 a_sM_Z7) 5/(16¢9?) 0.1194 0.1179 1.3%

7.2 Higgs Sector (3 parameters)
# Parameter Formula Predicted Observed Deviation
4 v geometric 244.5 GeV 246.2 GeV 0.7%
5 m_H vo/n 126.8 GeV 125.25 GeV 1.3%
6 A H ¢*(2m?) 0.133 0.129 3%

7.3 Quark Masses (6 parameters)
# Parameter Formula Predicted Observed Deviation
7 m t vA2 174.1 GeV 172.7 GeV 0.8%
8 m ¢ m_t/a™! 1.27 GeV 1.27 GeV <1%
9 mu m_c-o/4 2.3 MeV 2.2 MeV 5%
10 m b v-sin‘d_W/3 4.35 GeV 4.18 GeV 4%
11 m_s 20xm_d 95 MeV 93 MeV 2%
12 m_d geometric 4.8 MeV 4.7 MeV 2%

7.4 Charged Lepton Sector (5 parameters)
# Parameter Formula Predicted Observed Deviation
13 m e Koide 0.511 MeV 0.511 MeV <0.1%
14 m _p Koide 105.7 MeV 105.7 MeV <0.1%
15 m T Koide 1.777 GeV 1.777 GeV <0.1%
16 mo v-sin‘d_W/(m?p?) 312.4 MeV 313.8 MeV 0.44%




# Parameter Formula Predicted Observed Deviation
17 0o 4n/5—arctan(1/5) 132.69° 132.73° 0.03%
7.5 Neutrino Sector (6 parameters)
# Parameter Formula Predicted Observed Deviation
18 Am?21/Am?s 1/(3¢°) 0.0301 0.0307 2.1%
19 ms geometric ~50 meV — consistent
20 mz/ms o™ {-7/2} — — consistent
21 mi/m: o™ {-7/2} — — consistent
22 Xm v geometric ~60 meV <120 meV consistent
23 m_v(lightest) geometric ~10 meV — —
7.6 CKM Matrix (4 parameters)
# Parameter Formula Predicted Observed Deviation
24 A 3/(12+0) 0.2203 0.2243 1.8%
25 A ¢/2 0.809 0.811 0.24%
26 V _¢cb MQ209?) 0.0421 0.0410 2.7%
27 8 CKM /@? 68.75° 68.8° 0.07%
7.7 PMINS Matrix (6 parameters)
# Parameter Formula Predicted Observed Deviation
28 sin?012 1/3 0.333 0.307 8%
29 Sin%023 1/2 0.500 0.545 8%
30 013 arctan(1/¢*) 8.30° 8.57° 3.1%
31 6 PMNS 3n/@? 206° ~195° ~5%
32 on (Majorana) geometric — — —




# Parameter Formula Predicted Observed Deviation
33 oz (Majorana) geometric — — —
7.8 Gauge Boson Masses (3 parameters)
# Parameter Formula Predicted Observed Deviation
34 m_W Vg2 80.36 GeV 80.38 GeV 0.02%
35 m Z m W/cos 8 W 91.19 GeV 91.19 GeV 0.01%
36 m W/m Z cos 6 W 0.8773 0.8814 0.5%
7.9 Cosmological and Hadronic (6 parameters)
# Parameter Formula Predicted Observed Deviation
37 p_A @\2-M2 Pl-H% 2.87x107% 2.80x107 2.5%
38 m_p v(3—0)*/(12n%¢?) 937.3 MeV 938.3 MeV 0.10%
39 m n m_p+dom 939.6 MeV 939.6 MeV <0.1%
40 N_gen N_time 3 3 exact
41 6 QCD geometric ~0 <107'° consistent
42 G F derived 1.166x10° 1.166x10° <0.1%
8. Statistical Analysis
8.1 Deviation Distribution
Deviation Range Count Percentage
<0.1% 8 19%
0.1% - 1% 12 29%
1% —3% 14 33%

3% —10% 8 19%




Deviation Range Count Percentage

Total 42 100%

8.2 Summary Statistics

Metric Value

Parameters derived 42

Free parameters 0

Mean deviation 1.8%

Median deviation 1.1%

Minimum deviation 0.001% (o)
Maximum deviation ~8% (PMNS angles)

8.3 Parameters with Sub-Percent Precision

Eight parameters achieve deviations below 1%:

1. o'=137.036 (0.001%)

2. 0o=132.69° (0.03%)

3. & CKM = 68.75° (0.07%)
4. m_p=937.3 MeV (0.10%)
5. A= /2 (0.24%)

6. mo=312.4 MeV (0.44%)
7. v=244.5 GeV (0.7%)

8. m_t=174.1 GeV (0.8%)

9. Falsification Criteria

9.1 Explicit Falsifiable Predictions

The framework makes specific predictions that can be tested:



Prediction Current Status Falsification Threshold

N gen=3 Confirmed Discovery of 4th generation
sin’0 W =0.2303 Consistent Deviation > 3o at high precision
& CKM = 68.75° Consistent Measured value outside 65°—72°
*m v~ 60 meV Pending Measured ¥m_v > 150 meV
m_t/m c¢c=137 Consistent Ratio deviating > 5%

9.2 Conditions That Would Falsify the Framework
1. Discovery of a fourth fermion generation
2. High-precision measurement of sin’0_ W inconsistent with (3—¢)/6
3. CPphase 6 CKM significantly different from m/¢?
4. Neutrino mass sum exceeding cosmological predictions by large margin

5. Any fundamental constant ratio inconsistent with @-based structure at > 5o

9.3 Pending Experimental Tests
e DUNE: Precision PMNS measurements
e Euclid: Cosmic web structure at predicted scales
e Future colliders: Precision Higgs coupling measurements

e Cosmological surveys: ¥m_v determination

10. Conclusions

10.1 Summary of Results
Within the assumptions of the 3D+3D framework, we have demonstrated that 42 parameters of the extended
Standard Model can be derived from a single geometric structure characterized by t = i/¢.
10.2 Key Findings
1. Zero free parameters: All 42 parameters follow from geometry
2. Average deviation 1.8%: Across independent parameters

3. Sub-percent precision: Achieved for 8 parameters



4. Internal consistency: All derivations interconnect coherently

5. Explicit falsifiability: Clear criteria for experimental tests

10.3 Limitations and Caveats

This work presents a theoretical framework, not established physics. The results should be understood as:

e Derived within specific assumptions that may not hold in nature
e Requiring independent experimental verification
e Subject to revision as precision improves

e One possible geometric interpretation among others

10.4 Relationship to Established Physics

The framework does not contradict established Standard Model physics; rather, it proposes a geometric origin
for parameters that the Standard Model takes as inputs. The Standard Model remains the correct effective

description regardless of whether this geometric interpretation proves valid.

Appendix A: Derivation Chain Summary

-
INPUT: t=1/¢

LEVEL 1 (Geometry):

I— D = 6 (from instanton constraint)
I— Signature (3,3) (from Spin group)
L N_gen =3 (from N_time)

LEVEL 2 (Gauge):

F— o' = g% — 1/ = 137.036
F— sin?0_ W = (3—¢)/6 = 0.2303
L— o s=5/(16¢?) =0.1194

LEVEL 3 (Masses):

I— v =246 GeV (electroweak scale)
F—m_H=vo/n =127 GeV
F—m_ t=vA2=174 GeV

I— m t/m c=a'=137

I— Koide: mo, 6o

I—m_p=937MeV

LEVEL 4 (Mixing):
F—CKM: A, A, §_ CKM




— PMNS: 01, 023, 013, 5_PMNS
L p_A (cosmological constant)

OUTPUT: 42 parameters, 0 free

Appendix B: Formula Reference

Gauge Couplings
ol =¢tM0e3 0 sin?fy = %, s = 165¢2
Higgs Sector
myg = %, Ag = ¢—2
71' 22
Key Mass Relations
my 1 ’0(3 - ¢)2

v
= — — = m, — ———
V2 me P 12m2¢3
Koide Parameters

v sin® Oy 47 1
my= —————, 0y= = — arctan 5

CKM Parameters

Cosmological Constant

pr = V2 x MEHH?
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