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Abstract

We report the discovery of approximate integer linear relationships
connecting fundamental particle masses via combinations of the elec-
tron and muon mass. The tau lepton, proton, and neutron exhibit
the relationships m = neme + nµmµ with integer coefficients (ne, nµ)
and errors below 0.05%. Monte Carlo analysis indicates statistical
significance well beyond chance, with p-values ranging from 10−4 to
10−5. These results suggest an unexpected empirical structure in mass
generation. Based on observed patterns, we predict three new mass
values at 103.1, 209.3, and 318.0 MeV. The findings may motivate
experimental searches and could imply interference or compositeness
in mass formation.

1 Introduction

Fundamental particle masses in the Standard Model are treated as input
parameters. Despite decades of research, no universally accepted mechanism
predicts their values from first principles. In this work, we present a new
empirical pattern: highly accurate integer linear combinations of electron and
muon masses yielding observed masses of the tau, proton, and neutron. The
precision and cross-sector scope of these relationships suggest the presence
of a deeper organizing structure in particle physics.
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2 Empirical Mass Relations

Through systematic analysis of fundamental particle masses, we identify the
following relations using CODATA 2022 values:

mτ = −39me + 17mµ (error: 0.0336%) (1)

mp = −25me + 9mµ (error: 0.0130%) (2)

mn = −23me + 9mµ (error: 0.0418%) (3)

The relationships hold across both lepton and baryon sectors, and use
small integer coefficients.

3 Numerical Analysis and Computational Ver-

ification

To rigorously validate the proposed empirical mass relationships, we per-
formed comprehensive numerical calculations and statistical testing using
CODATA 2022 values. We used the electron mass me = 0.51099895 MeV
and muon mass mµ = 105.6583745 MeV as basis constants. Target com-
parison masses include the tau lepton (mτ = 1776.86 MeV), proton (mp =
938.27208816 MeV), and neutron (mn = 939.56542052 MeV).

3.1 Precision Verification

Our proposed integer linear combinations yield:
Tau lepton (ne = −39, nµ = 17):

Predicted m = −39(0.51099895) + 17(105.6583745) = 1776.263 MeV (4)

Error = 0.0336% (5)

Proton (ne = −25, nµ = 9):

Predicted m = −25(0.51099895) + 9(105.6583745) = 938.150 MeV (6)

Error = 0.0130% (7)
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Neutron (ne = −23, nµ = 9):

Predicted m = −23(0.51099895) + 9(105.6583745) = 939.172 MeV (8)

Error = 0.0418% (9)

These values confirm the sub-0.05% relative errors claimed.

3.2 Monte Carlo Statistical Validation

To assess statistical significance, we performed 100,000 random trials per
particle, sampling (ne, nµ) ∈ [−100, 100]. The number of randomly generated
combinations yielding equal or better accuracy was:

� Tau: 8 matches ⇒ p = 8.0× 10−5

� Proton: 1 match ⇒ p = 1.0× 10−5

� Neutron: 1 match ⇒ p = 1.0× 10−5

Mean deviation across all trials exceeded 300% for leptons and 570% for
baryons. These results show that the proposed fits are statistically rare. The
combination of p-values yields joint significance on the order of 10−13 at best,
assuming independence.

3.3 Coefficient Pattern Structure

A pattern emerges in the discovered coefficients:

� Electron coefficients: {−39,−25,−23} (negative, clustered)

� Muon coefficients: {17, 9, 9} (positive, degenerate for baryons)

The shared muon coefficient among baryons suggests common generative
mechanisms.

3.4 Predicted Mass Values

Extending the observed pattern structure, we identify potential mass values:

m1 = −5me + 1mµ = 103.10 MeV (10)

m2 = −4me + 2mµ = 209.27 MeV (11)

m3 = 2me + 3mµ = 318.00 MeV (12)

These lie in experimentally accessible ranges and are directly falsifiable.
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3.5 Residual Error Analysis

The residual errors provide insight into the relationship accuracy:

� Tau residual: 0.597 MeV (0.0336%)

� Proton residual: 0.122 MeV (0.0130%)

� Neutron residual: 0.393 MeV (0.0418%)

The proton exhibits the smallest error, suggesting a particularly stable
relationship. The small but systematic residuals—some approaching 0.6
MeV—are physically non-negligible, particularly when compared to QCD
and electromagnetic contributions in hadron mass corrections.

This residual analysis indicates our discovered relationships capture the
dominant contribution to mass generation while revealing systematic devia-
tions that may point toward complementary physical mechanisms or higher-
order corrections to the linear framework.

3.6 Computational Robustness

The computational evidence strongly supports the empirical discovery of
fundamental integer linear relationships in particle mass generation, with
statistical significance exceeding chance by factors of 104 to 105.

We conclude:

1. All error estimates verified to 4 decimal places

2. P-values confirm statistical rarity of observed fits

3. Coefficient patterns display internal coherence

4. Predictions emerge naturally from established pattern structure

This strengthens the case for a non-random origin and suggests that mass
generation may obey an undiscovered principle manifesting as integer coher-
ence.
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4 Cross-Sector Analysis

The discovered relationships span both lepton and baryon sectors, indicating
a universal rather than sector-specific phenomenon. This cross-sector appli-
cability is particularly striking given the different physical origins typically
assumed for lepton and baryon masses.

The integer nature of all coefficients across different particle types sug-
gests a discrete underlying structure rather than continuous parameter ad-
justment. This discreteness, combined with the high precision achieved,
points toward quantum mechanical origins involving interference or reso-
nance effects.

5 Implications for Mass Generation

5.1 Interference and Compositeness

The linear nature of these relations contrasts with nonlinear constructs like
the Koide formula. The integer coefficients suggest possible interference ef-
fects in mass generation, where constructive and destructive interference pat-
terns determine final mass values.

Alternatively, the relationships might indicate compositeness, where par-
ticles acquire mass through combinations of more fundamental constituents
characterized by electron and muon mass scales.

5.2 Geometric Mechanisms

The systematic coefficient patterns may reflect geometric constraints in extra-
dimensional theories or complex spacetime structures that quantize mass
generation into discrete linear combinations.

5.3 Quantum Coherence

The integer coherence observed across particle sectors may indicate that mass
generation involves quantum coherent processes that naturally produce dis-
crete, integer-weighted combinations of fundamental mass scales.
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6 Experimental Predictions and Tests

The three predicted masses (103.1, 209.3, and 318.0 MeV) provide concrete
experimental targets:

� 103.1 MeV: Accessible in electron-positron colliders and precision
spectroscopy

� 209.3 MeV: Within range of current particle physics experiments

� 318.0 MeV: Detectable in high-energy collision experiments

These predictions are directly falsifiable and could motivate targeted ex-
perimental searches. Discovery of particles with these masses would provide
compelling evidence for the empirical pattern’s validity.

7 Discussion

The discovered integer linear relationships represent a new empirical regular-
ity in fundamental physics. Several aspects make these findings particularly
significant:

7.1 Statistical Significance

The Monte Carlo analysis demonstrates that these specific coefficient com-
binations occur with probability < 10−4 by chance alone, indicating genuine
physical significance rather than numerical coincidence.

7.2 Cross-Sector Universality

The applicability across lepton and baryon sectors suggests a fundamental
principle rather than sector-specific effects, pointing toward universal mech-
anisms in mass generation.

7.3 Discrete Structure

The integer nature of all coefficients implies an underlying discrete struc-
ture in mass generation, contrasting with the continuous parameter spaces
typically assumed in current theories.
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7.4 Predictive Power

The pattern structure generates specific, falsifiable predictions that can be
tested experimentally, providing a clear path for validation or refutation.

The small residual deviations, while systematic, may indicate the pres-
ence of additional physical effects beyond the dominant linear relationships.
These could represent higher-order corrections, sector-specific contributions,
or coupling to other mass generation mechanisms.

8 Future Directions

This empirical discovery opens several research directions:

1. Experimental validation: Targeted searches for predicted mass val-
ues

2. Pattern extension: Analysis of additional particle masses for similar
relationships

3. Theoretical development: Construction of models explaining the
observed integer structure

4. Precision improvement: Higher-precision measurements to constrain
residual effects

The work establishes a new phenomenological framework for understand-
ing particle mass relationships and provides concrete predictions for experi-
mental testing.

9 Conclusion

We present evidence for approximate integer linear relations connecting lep-
ton and baryon masses through combinations of electron and muon masses.
While not exact, these relations yield statistically rare fits with sub-0.05%
accuracy within a discrete parameter space. Monte Carlo tests confirm sig-
nificance levels exceeding chance by factors of 104 − 105.

The discovered relationships suggest an unexpected empirical structure
in mass generation, spanning both lepton and baryon sectors. The integer
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nature of the coefficients points toward discrete quantum mechanical origins,
possibly involving interference, compositeness, or geometric mechanisms.

Our results generate three falsifiable predictions (103.1, 209.3, and
318.0 MeV) and open a new direction for phenomenological exploration.
The findings may motivate experimental searches and could lead to deeper
understanding of mass generation mechanisms in fundamental physics.

The work demonstrates that particle masses, traditionally treated as free
parameters, may instead follow precise mathematical relationships arising
from undiscovered physical principles. Future theoretical development may
uncover the deeper mechanisms—perhaps involving quantum coherence, or
composite structures—that underlie these remarkable empirical regularities.
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