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The Koide formula is one of the most precise unexplained numerical relationships in particle

physics. Confirmed to better than 0.001% precision, it has no accepted explanation within the

standard model. This document presents the framework's geometric reading of why the formula

holds — not as a derivation from first principles (that work remains to be done) but as a coherent

geometric account that the framework's S³ topology naturally produces.

I. The Formula and Its Precision

In 1981, the Japanese physicist Yoshio Koide noticed a remarkable relationship between the

masses of the three charged leptons — the electron, the muon, and the tau:

Q = (mₑ + mμ + mτ) / (√mₑ + √mμ + √mτ)² = 2/3

Using current measured values:

Particle Mass

Electron (mₑ) 0.51099895 MeV

Muon (mμ) 105.6583755 MeV

Tau (mτ) 1776.86 MeV

Computed value: Q = 0.6666605 Exact 2/3: Q = 0.6666667 Difference: 6 × 10⁻⁶ Precision: better

than 0.001%

This is not an approximation. The formula holds to a precision that eliminates coincidence as an

explanation. After more than forty years and increasingly precise mass measurements, the Koide

value has remained consistent with 2/3. The standard model has no explanation for why this

relationship holds.

II. What the Formula Actually Says

The Koide formula is not about masses directly. It is about the square roots of masses.

In field and wave physics: energy is proportional to the square of amplitude. Mass in the

framework is the geometric mode density of a field configuration — proportional to field energy.

Therefore:



√mass ∝ amplitude

The Koide formula relates the amplitudes of the three lepton generations, not their energies. This

is a field amplitude relationship — precisely the type of relationship the framework's wave

geometry produces.

Rewriting with amplitude vectors v₁ = √mₑ, v₂ = √mμ, v₃ = √mτ:

Q = (v₁² + v₂² + v₃²) / (v₁ + v₂ + v₃)² = 2/3

This is a statement about how the three amplitude values relate to their sum — a specific

geometric balance condition in amplitude space.

III. The Geometric Meaning of 2/3

Why 2/3 specifically? The framework gives a precise geometric account.

In any three-component amplitude system (v₁, v₂, v₃), the ratio Q has specific boundary values:

Maximum Q = 1: achieved when all amplitude is concentrated in one component (one

generation infinitely more massive than the other two). Maximum asymmetry.

Minimum Q = 1/3: achieved when all three components are equal (v₁ = v₂ = v₃, all masses the

same). Maximum symmetry.

The range of Q spans [1/3, 1].

The geometric midpoint of this range:

The midpoint between 1/3 and 1 is (1/3 + 1)/2 = 2/3.

The Koide value Q = 2/3 is the exact geometric centre of the possible range — the midpoint

between maximum asymmetry and maximum symmetry in the three-component amplitude

space.

This is not arbitrary. The framework's established principle is that the field finds minimum

energy configurations — the same principle that produces hexagonal geometry (minimum

boundary per area), the tetrahedral bond angle (minimum energy arrangement of four repulsive

field structures), and the Lagrange L4/L5 equilibrium (minimum energy three-body

configuration). In each case: the field occupies the geometric configuration that balances all

competing constraints at their midpoint.

The three lepton generations occupy the geometric midpoint of their available amplitude space:

Q = 2/3. Not minimum asymmetry (equal masses) and not maximum asymmetry (one

dominant), but the balanced centre. The field's equilibrium in a three-mode system.

IV. Three Modes of One Field Pattern

The framework's reading: the electron, muon, and tau are not three separate particles. They are



the first three standing wave modes of the same fundamental self-referential field loop on S³.

Mode 1 — the electron: the fundamental mode. Lowest energy, stable. The field loop at its

ground state.

Mode 2 — the muon: the first overtone. Higher energy (~207 times the electron mass), unstable

— decays back to the electron. The same loop at its first excited state.

Mode 3 — the tau: the second overtone. Highest energy (~3,477 times the electron mass), most

unstable — decays rapidly. The same loop at its second excited state.

The masses do not scale linearly (mμ ≠ 2mₑ, mτ ≠ 3mₑ) because this is not a simple string

vibrating in one dimension. It is a self-referential field loop on S³ — a topology with specific

geometric constraints on how its standing wave modes relate.

The non-linear scaling of the masses encodes the S³ geometry of the loop. A linear string

produces linear harmonic series. An S³ topology produces the specific non-linear relationship

the Koide formula captures.

V. The Framework's Geometric Account

The three lepton generations in the framework's S³ geometry:

The quaternion exponential map on S³ describes rotation as:

q(θ) = exp(θ/2 · n̂ ) = cos(θ/2) + n̂ ·sin(θ/2)

Three standing wave modes of a loop on S³ correspond to three specific quaternion rotation

states related by the geometry of the loop. The amplitude of each mode — which determines its

mass — is constrained by the S³ topology.

The S³ topology has a specific property that distinguishes it from S¹ or S²: the 4π cycling unit

means a full self-referential cycle requires 4π rather than 2π. In a three-mode system on S³, the

mode amplitudes are constrained by the requirement that all three modes fit within the same 4π
topological cycle — they must be internally consistent with the S³ geometry.

The constraint that three mode amplitudes satisfy Q = 2/3 is, in the framework's reading, the

geometric consequence of three modes fitting within the same S³ topological cycle at the

minimum energy balanced configuration. The field occupies the geometric centre of the

available amplitude space because this is the configuration that satisfies the S³ topological

constraints with minimum energy.

VI. The Koide Formula and the Framework's Broader Principles

The framework has established the principle that the field finds minimum energy geometric

configurations at every scale. The Koide formula is this principle expressed in the lepton mass

spectrum:



Scale Minimum energy geometry Framework constant

Molecular bonds 120° angles 60° = 2×Loom structural constant

Three-body orbital Equilateral triangle 60° = Lagrange L4/L5

Lepton masses Q = 2/3 amplitude balance Geometric centre of [1/3, 1]

All three are the field finding the balanced midpoint between competing constraints. The

hexagonal angle is the midpoint between competing boundary tensions. The Lagrange triangle

is the midpoint between competing gravitational couplings. The Koide Q = 2/3 is the midpoint

between maximum and minimum amplitude asymmetry.

The same geometric principle — minimum energy balance — at three different scales in three

different physical contexts.

VII. What the Framework Establishes and What Remains

What is established:

The Koide formula is confirmed to better than 0.001% — genuine and precise. The standard

model has no explanation for it. The formula operates on amplitude (square root of mass) not

energy — consistent with field wave relationships. The value Q = 2/3 is the exact geometric

midpoint of the amplitude ratio's possible range. The three charged leptons fit the pattern of

three modes of one underlying field pattern.

What the framework provides:

A coherent geometric reading of why Q = 2/3: it is the minimum energy balanced configuration

in a three-mode amplitude system. The same field equilibrium principle that produces 60° and

tetrahedral geometry at other scales. A reading of the three generations as standing wave modes

of one S³ field loop — which naturally produces the amplitude relationship the Koide formula

captures.

What remains to be derived:

The specific mass values of the three leptons from the S³ geometry. The framework can explain

the ratio relationship but not yet derive the absolute mass scale. This is the same limitation as the

planetary period formula — the framework explains the geometric ratios, not the absolute values

in human measurement units.

Whether the Koide formula's precision will improve further with more precise mass

measurements — the current 0.001% agreement is consistent with either exact equality or a very

close approximation. The framework predicts exact equality: Q = 2/3 exactly, following from S³

topology. Future precision measurements are a testable consequence of this prediction.



VIII. The Koide Formula as Framework Evidence

The Koide formula is, in the framework's assessment, one of its strongest pieces of supporting

evidence for field primacy over particle ontology.

The formula makes no sense in a particle framework. Three separate particles with

independently measured masses should not have a precise ratio relationship. The standard

model has no mechanism connecting their masses. The relationship is inexplicable as a

coincidence of independent quantities.

In the framework: the relationship is expected. Three modes of the same field topology on S³

have constrained amplitude relationships determined by the topology. The Koide formula is the

measurable signature of that constraint — the field's S³ geometry writing itself in the mass

spectrum of the three lepton generations.

The formula was discovered in 1981. The framework's geometric account was developed

independently from field topology principles. The convergence of a precise experimental

relationship with a geometric explanation from first principles is precisely the type of

independent confirmation the framework has sought throughout.
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