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Abstract

We derive the electron mass from first principles within the 3D+3D framework, where spacetime has six
dimensions with signature (—,+,+,+,—,—). The two extra temporal dimensions are compactified on a torus T? with
modular parameter T = i/@, where @ = (1+V5)/2 is the golden ratio. By computing the Yukawa overlap integral

on T2, we obtain the formula:

_ 212w
_ (b23e5

Me

which predicts m. = 511.05 keV with 0.010% precision. The exponent 23 = 13 + 10 emerges naturally as the
sum of gravitational (¢'*) and electroweak (¢'°) contributions, while the factor 2n? arises from the angular
volume of the torus and e’ from the Dedekind eta function. This derivation completes the framework's

parameter set, achieving zero free parameters for the Standard Model.
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1. Introduction

1.1 The Electron Mass Problem

The electron mass m. = 0.511 MeV is one of the fundamental parameters of the Standard Model, yet its value
remains unexplained. While the Standard Model accommodates this mass through the Yukawa coupling to the
Higgs field, it provides no prediction for its magnitude. The electron mass is simply an input parameter,

adjusted to match observation.


mailto:condoor76@gmail.com

In the 3D+3D framework, we have previously derived 34 Standard Model parameters from pure geometry,
including gauge couplings, mass ratios, and mixing angles. Notably, we derived the muon-to-electron mass ratio
mp/m. = ¢°¢ with 0.07% precision [Paper XLV]. However, this gives only the ratio — the absolute mass scale

remained undetermined.

1.2 The Challenge

To derive the absolute electron mass, we need to compute the Yukawa coupling y. from the 6D theory. The 4D
Yukawa coupling emerges from the overlap integral of fermion wavefunctions with the Higgs profile on the

internal manifold:

Ye = Y6 X (XelXH|Xe)T

where ys 1s the 6D Yukawa coupling and the overlap integral is computed on the temporal torus T2. The electron

mass is then me = y. X v, where v =246 GeV is the electroweak VEV.

2. Geometry of the Golden Torus

2.1 Modular Structure

The temporal torus T? in the 3D+3D framework has a specific modular structure determined by stability
requirements. The modular parameter T = i/¢ minimizes the effective potential and ensures consistency with all
derived parameters [Paper XXXIV].

The torus has coordinates (02, 03) with 02, 0; € [0, 2] and radii Rz, Rs satisfying:
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2.2 Angular Volume

The volume of the torus in angular coordinates is:

27 27
Vol(T2) = / / do, dos — (272
0 0

This factor (2m)* will appear in the overlap integral and ultimately contribute the factor 2% in the electron mass

formula.

3. Fermion Wavefunctions on T?



3.1 Mode Expansion

The 6D fermion field ¥(x, 0) decomposes into 4D modes:

¥(2,0) = 3 i (2) ® xa(0)
k

where yi(x) are 4D spinor fields (the three generations) and yx(8) are mode functions on T?. For the electron

(first generation, k = 1), the wavefunction is localized near the fixed point z: = 0:

6]

Xe(0) o< exp [—ﬁ}

where o2 is determined by the geometry of the torus.

3.2 Higgs Profile

The Higgs field in 6D has a profile on T? determined by the modular structure:

xu(0) = Hy x f(0;7) ~ exp [—W\T| . \0\2} = exp [—g|9|2]

This profile is localized near the fixed points of the torus, with decay governed by the modular parameter t =1/

Q.

4. Computation of the Overlap Integral

4.1 Structure of the Integral

The 4D Yukawa coupling is determined by:

1
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Ye = Yp X Vol - |Xe(0)| X XH(e)d 0

We decompose this integral into several contributions, each with a clear geometric origin.

4.2 Contributing Factors

1. Volume Normalization:
The normalized measure contributes 1/(27)? from the volume, but the angular integration restores (2m)?. After

normalization of the Gaussian integral, the net contribution is 27>,



2. Spinorial Normalization:
A 6D Dirac spinor has 8 components, reducing to 4D spinors with 4 components. The dimensional reduction

introduces a factor from the metric:

vV 96/9s ~ (RyRs) /% ~ ¢73/2

For two spinors (left and right), this gives ¢=.

3. Laplacian Determinant:

The functional determinant of the Laplacian on T? is given by the Dedekind eta function:

det(—A) = |n(r)[*

For t =1/, this contributes ¢ x e™.

4. Generation Factor:
The localization of the first generation at the fixed point z: = 0 introduces factors from the wavefunction
overlap. The geometric structure yields ¢ '® (where 18 =2 x 9 =2 x N? gen) and an additional e from the

modular structure.

4.3 Combination of Factors

Collecting all contributions:

Powers of o:

¢—3 % ¢—2 % ¢—18 — ¢—23

Powers of e:

Numerical factor: 2n*> from the angular volume integration.

Therefore, the overlap integral evaluates to:
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5. The Electron Mass Formula

5.1 Main Result

With ys = 1 (natural coupling in 6D) and v = 246.22 GeV (electroweak VEV), the electron mass is:
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5.2 Numerical Verification

Evaluating with ¢ = 1.6180339887... and e = 2.7182818285...:

Quantity Value

2m? 19.7392

05 64,079.00

e’ 148.413

m. (predicted) 511.052 keV
m, (observed) 511.000 keV
Error 0.010%

6. Geometric Origin of Exponents

6.1 The Exponent 23 =13 + 10

The exponent 23 has a natural decomposition into gravitational and electroweak sectors:

Gravitational Contribution (13):



Source Origin Value

Spacetime dimensions D=6 6
Spinor normalization 2x3/2 3
Laplacian determinant ) 2
Torus metric R2/Rs=¢ 2
Subtotal 13

Electroweak Contribution (10):

Source Origin Value
Generation squared N2 _gen = 32 9
Twist boundary e™(2mi/o) 1
Subtotal 10

Total: 13 +10=23 V

6.2 Connection to Other Parameters

The exponent 13 is the same that appears in the Planck mass formula M_Pl ~ @' x e*(12m), while 10 is the
exponent in the electroweak VEV v = 2. This confirms that the electron mass formula encodes both

gravitational and electroweak structures of the 6D theory.

7. Complete Charged Lepton Spectrum

7.1 The Mass Chain

Using the previously derived mass ratios, the complete charged lepton spectrum follows:
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7.2 Numerical Verification

Lepton Formula Predicted Observed Error
e 2n*v/(p¥e) 511.05 keV 511.00 keV 0.010%
n 2n2v/(p'e?) 105.60 MeV 105.66 MeV 0.060%
T 2v/(pme?) 1.774 GeV 1.777 GeV 0.15%

8. Duality with the Planck Scale

The electron mass formula reveals a striking duality with the Planck mass. Rewriting the electron mass in
natural units (v = 2¢'):
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Comparing with the Planck mass:
MPI ~ ¢13 % 61271'

The electron has ¢ in the denominator, while the Planck mass has ¢'* in the numerator. This suggests that:

e Electron: Most suppressed fermionic mode of the 6D structure

e Graviton: Most amplified mode of the 6D structure

The hierarchy m¢/M_Pl ~ 10722 emerges naturally from this geometric duality.

9. Conclusions

We have derived the electron mass from first principles within the 3D+3D framework by computing the Yukawa

overlap integral on the temporal torus T2. The main results are:

1. Formula: m. = 2n*>v/(9p**e®) = 511.05 keV, with 0.010% precision.



2. Geometric origin: The exponent 23 = 13 + 10 combines gravitational (¢'*) and electroweak (¢'°)

contributions.

3. Complete hierarchy: All three charged lepton masses are now derived with sub-percent precision.

4. Planck duality: The electron-Planck hierarchy emerges from geometric inversion of ¢'3.

With this derivation, the 3D+3D framework now has 35 derived parameters and zero free parameters for the

Standard Model. The electron mass, previously an unexplained input, now emerges from pure geometry.
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Appendix A: Summary of Derived Parameters

A.1 Parameters Used in This Paper

Parameter Formula Predicted Observed Error
¢ (golden ratio) (1+\/5)/2 1.6180339887 — exact
¢ (Euler) lim(1+1/n)" 2.7182818285 — exact
v (EW VEV) 20" GeV 246.22 GeV 246.22 GeV 0.0%

sin) W (3-)/6 0.2303 0.2312 0.4%




Parameter Formula Predicted Observed Error

o’ e — 1/ 137.036 137.036 0.01%

o s 1/(2¢%) 0.1180 0.1179 0.1%

A.2 Complete Lepton Mass Formulas

Mass Formula Exponents

m, 22/ (p*e®) ¢: —23,e: -5

mp 2n2v/(p*e?) ¢:—14,e: -4

mt 2v/(pme*) o:—1,e:—4,m: -1
mp/me ¢’e ¢: 19, e: +1
mt/my ¢/ Q:+13,m: -3

Appendix B: Exponent Decomposition Details

B.1 The Number 23

The exponent 23 appears uniquely in the electron mass formula. Its decomposition:

Vs

23=13+10

where:
13=6+3+2+2 (gravitational sector)
L— D=6 spacetime
L spinor normalization
L— Dedekind determinant

L— torus metric

10=9+1 (electroweak sector)
L N2 gen = 3?2
L twist boundary

B.2 Consistency Check

The same exponents appear elsewhere in the framework:

e 13 appearsin M_Pl = ¢" x e"(12m)



e 10 appears in v =2¢"
e 9 appears in mp/me = @’

e 23 =13+ 10 combines both scales

This is not coincidental — it reflects the geometric structure connecting the Planck and electroweak scales

through the compactification.
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