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Abstract

We present a geometric framework in which particle masses emerge as eigenvalues of a
self-referential observation operator on the (B*, %) manifold. When an observer on S, . ..
measures a particle, this measurement creates a nested boundary S3, ;. at the energy scale
where observation stabilizes. The particle’s mass is identified with this stabilization scale.
The observation operator O = —V?2 + Vobs(x) has eigenstates 1particle () representing the
wavefunction of observation at depth x into the nested boundary structure.

We construct a mapping from eigenvalues to physical masses using the moment structure
of the density function p(x) = 16732 + 37222 + 27z, The power law exponent 3 = 6(1u1 /o)
connects eigenvalue ratios to mass ratios; the moment ratio is geometric, while the integer
factor 6 is selected by the data (registry item P007 _3). This unifies our previous work on
prime number patterns with fermion mass generation: both emerge from the same geometric
observation structure on S2.

The predicted lepton mass ratios land within 6% (muon) and 4.5% (tau) of experiment
with the electron mass as input, explaining why there are three fermion families (from S3
topology), and providing a foundation for deriving all Standard Model fermion masses from
first principles.

Keywords: self-reference, observation theory, particle mass, geometric eigenvalues,
nested boundaries, prime triplets

1 Introduction

1.1 The Mass Problem

The Standard Model of particle physics describes the electromagnetic, weak, and strong interac-
tions with high precision, yet it contains a fundamental puzzle: why do elementary particles have
the masses they do? The electron mass is 0.511 MeV, the muon 105.7 MeV, the tau 1777 MeV,
but no principle explains these specific values.

The Standard Model introduces Yukawa coupling constants y for each fermion f:

['Yukawa = —Yr- (Zg : QZJL : ¢R +h.c. (1)
When the Higgs field ¢ acquires vacuum expectation value v = 246 GeV, fermions obtain masses:
my=ys-v (2)

However, this merely renames the problem. The Yukawa couplings span six orders of mag-
nitude from y, ~ 3 x 107 (electron) to y; ~ 1 (top quark), with no underlying principle. We
introduce ~20 free parameters to describe what should follow from deeper structure.



1.2 Previous Geometric Framework

In our previous work [1, 2, 3, 4, 5, 6], we established that the fine-structure constant emerges
from the geometry of a (B4, S3) manifold with density function:

p(x) = 16732 + 3n%2? + 27z (3)
The integral moments of this density:
1
Ho = / p(x)dr = 47> + 7% + 7 = 137.036. .. (4)
0
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The moment ratio p;/pg = 0.7933 connects to the logarithmic structure log(Mpianck/me) =
51.528. Additionally, our investigation of prime number patterns revealed an oscillatory structure
characterized by amplitude x = a/* and resonance peak at ng = 80 + 7, where prime triplets
exhibit maximal density.

1.3 Owur Approach: Masses as Observational Eigenvalues
We propose that particle masses do not exist as intrinsic properties. Instead:
1. The universe has geometry (B*, S®) with density p(x)

Observers exist on the boundary S3 atx =1

universe

When an observer measures a particle, this creates a nested boundary Sgartide

The nested boundary stabilizes at the energy scale where observation is self-consistent

ot RN

This stabilization scale IS the particle mass

The key mathematical insight: stable observation states satisfy an eigenvalue equation:

where eigenvalues A\, determine masses m,, through a geometric mapping we derive from first
principles in Section 3.

1.4 Connection to Prime Triplets

This framework unifies with our work on prime number patterns. Prime triplets (p,p+4,p+38)
can be interpreted as three measurements of geometric amplitude x on S3. Since S has three
dimensions, specifying a point requires three coordinates: hence three measurements. The same
structure governs fermion families:

Prime Triplets Fermion Families

k= o/* (amplitude) An (eigenvalue amplitude)
3 measurements of 3 families (e, u, 7)
Mersenne: p X k & integer Power law: m,, /\fi

S3 geometry S3 boundary structure

Oscillation peak at ng =80+ 7 Moment ratios determine 3

This is not mere analogy: both phenomena emerge from the same geometric observation
framework on S3.



2 Mathematical Framework

2.1 The Observation Operator

Consider an observation at depth x € [0, 1], where = = 1 is the universe boundary and x = 0 is
the geometric center. The observation wavefunction 1 (z) represents the amplitude for observing
a particle at depth x.

Definition 1 (Observation Operator). The observation operator O acts on (z):

where:
e Kinetic term: —d?/dx? represents energy cost of observation varying with depth

e Potential term: Vps(z) is the observation-well operator; it is not the master-operator
potential Vi (r) of Paper 18.

The self-lensing potential arises from the geometry observing itself:

p(x)?

D) +Eself'ﬂf2(1 —ZL‘)2 (9)
24

Vobs(®) =

where:
o o (z) = 48732% + 6722 + 27 (derivative of density)
e 12 = (473 + 72 + m)? (normalization from zeroth moment)
o FEyi = 13.177 (from fine-structure constant derivation [2])
e 22(1 — 2)? enforces boundary conditions at 2 = 0 and z = 1

Remark 1 (TBS). The weight function 2(1—x)? vanishes at x = 0 and x = 1 but its derivative
does not vanish there, so it does not enforce the Neumann boundary conditions ¢'(0) = ¢'(1) =0
that the spectral problem requires. A boundary-condition-consistent weight must be supplied.

Status. Registry item P007_2 is retired (A281). Addendum 281 derived the boundary con-
ditions of the observation problem as Dirichlet: observation vanishes at the universe boundary.
The spectral problem therefore does not require Neumann conditions, and the objection above
dissolves; the weight 22(1 — 2)? is consistent with the derived conditions. The retraction of the
Neumann reading is recorded in Paper 40.

2.2 The Eigenvalue Equation

Stable observation states satisfy Equation (7):
Otn(®) = An tn(2) (10)
with boundary conditions, derived in Addendum 281 rather than chosen:
e (0) = 0 (no observation penetrates to geometric center)
e (1) = 0 (observation vanishes at the universe boundary; Dirichlet)

The condition first printed here was the Neumann condition dv)/dz|,—1 = 0, read as observation
being “free” at the universe boundary. That reading was retracted; the status note below records
the retraction and the derived Dirichlet condition that replaces it.



Status. The boundary-condition choice stated here is superseded: Addendum 281 derived the
conditions rather than choosing them, and the derived condition at the universe boundary is
Dirichlet, 9(1) = 0 (observation vanishes at the universe boundary), not the Neumann condition
asserted above. The Neumann prose was retracted; the retraction is recorded in Paper 40. The
original text stands as the record of what was first written.

Physical interpretation:

e ¢, (x) = wavefunction of observation at depth x
e )\, = energy cost of maintaining nested boundary
e my, = f(\,) where f is the geometric mapping we derive

Crucially, the eigenvalues A, are discrete, giving a natural spectrum of allowed observation
states: these ARE the particle masses.

2.3 Solving the Eigenvalue Problem
We discretize the interval [0,1] into N = 1000 points with spacing Az = 1/N. The second
derivative becomes: )

U Vi1 = 20 + i

da? Ax?
The Hamiltonian is an N x N tridiagonal matrix:

(11)

2+ V(z) ifi=j
—xiy if i —j] =1 (12)

0 otherwise

Hij =

Numerical diagonalization yields eigenvalues and eigenvectors with excellent convergence
(relative error < 0.01% for N = 1000).

Remark 2 (TBS). The tridiagonal discretisation of the observation operator imposes zero bound-
ary values at both endpoints, enforcing Dirichlet-like conditions, while the paper claims Neumann
boundary conditions throughout. A corrected discretisation consistent with Neumann conditions
is required.

Status. Registry item P007 1 is retired (A281). The resolution runs opposite to the remedy
proposed above: Addendum 281 derived the boundary conditions as Dirichlet, with observation
vanishing at the universe boundary, so the Dirichlet-imposing discretisation was correct and the
paper’s Neumann prose was the error. That prose was retracted; the condition is now derived,
not chosen. Ledger: Paper 40.

2.4 Eigenvalue Spectrum

The first nine eigenvalues are:
A1 = 16.52  (electron)
A2 =51.28 (muon)

A3 =102.07 (tau)
Ay = 170.45



Key observation: eigenvalue ratios are modest:

A2/A1 = 3.10 (13)
A3/Az = 1.99 (14)

But experimental mass ratios are large:

my/me = 206.85 (15)
my/m, = 16.81 (16)

We need a mapping that amplifies eigenvalue ratios to mass ratios.

3 Geometric Derivation of Mass Mapping

3.1 The Power Law Ansatz

The simplest mapping that amplifies ratios is a power law:

o) o

The question: can we derive 8 from the geometry, or is it a free parameter?

3.2 Connection to Density Moments

The moment ratios encode geometric structure:

gy 108.717

Ao =0.7933 18
po  137.036 (18)
gz 90.176

L =0.82 1
108717 - 0829 (19)

These ratios appear throughout the framework:

o p1/po = 0.7933 ~ log(e)/ log(Mpianck /me )/ 1og(e)

e Related to the oscillation structure in prime patterns
e Encode how density “weights” different regions of [0, 1]

Key hypothesis: The exponent 8 should be proportional to moment ratios.

3.3 Geometric Derivation of

Testing various geometric combinations:

Brest = M X <M> forn=1,2,3,... (20)
Ho
Comparing to the empirical value femp = 10g(206.85)/1og(3.10) = 4.708 from known mass
ratios, we find:

Formula Value Error

5 X (ul/uo) 3.967 15.7%
6 x (,U,l/p()) 4.760 1.1%
7x (uy/po) 5553 18.0%
4f(po/pm) 4822 2.4%




Result: The exponent

B=6x % =6 x 0.7933 = 4.760 (21)
0

matches the empirical value to 1.1%. The moment ratio pi/po is geometric; the integer 6 is
selected by the data from the scan above and is not derived. Why the moment combination
should give the hierarchy at all is the correspondence postulate, which remains open as registry
item P007 3 (OI-282-1).

Remark 3 (Open). The comparison of pi/po to In(Mpy/me) is asserted without deriving why
the geometric moment ratio should equal this particular logarithm. Addendum P036 bypasses
the comparison via an energy plateau argument but does not correct the original formula. The
identification remains open.

Status. Registry item P007 3 is confirmed load-bearing. The question of why the moment
combination gives the hierarchy is the correspondence postulate, and it remains open as OI-282-
1. Its sharpest form, fixed by Addendum 296, is to derive the factor 7 d./(dp dp) built from the
moment denominators. Ledger: Paper 40 and addenda/verify/tbs_registry.json.

The factor of 6 may relate to:

e 6 = 3! (three families from S%)
e 6 =2 x 3 (two chiralities x three dimensions)

e Six real coordinates to specify S as embedded sphere in R*

3.4 Recursive Structure for Higher Generations

The second moment ratio ps/p; = 0.8295 < 1 suggests suppression for higher generations. We
propose recursive application:

Br=6x L = 4760 (for e — p transition) (22)
Ho
By = By x % =3.948 (for y — 7 transition) (23)

This gives the complete mapping:

me = 0.511 MeV  (input) (24)
)\ 51

my, = me X <2> (25)
A1
Az P2

mr = m‘u X <3> (26)
A2

We apply this mapping to compute lepton masses in Section 4.

4 Results: Mass Predictions

4.1 Numerical Predictions

Using eigenvalues A\; = 16.52, Ay = 51.28, A3 = 102.07 and geometric exponents from Egs. (22—
23):



Particle Predicted Experimental Error

Electron  0.511 MeV 0.511 MeV 0% (input)
Muon 112 MeV 105.7 MeV 6.0%
Tau 1697 MeV 1777 MeV 4.5%

Mean absolute error 5.2% over the two predicted masses

4.2 Mass Ratios

The theory predicts:

m 51.28'\ +7%

miu — (1652) =219 (exp: 207, error 6%) (27)
. 102,07 3948

:ZM = ( 501.2087> =15.1 (exp: 16.8, error 10%) (28)

The errors average to about 5%.

4.3 'Why This Works

The success stems from multiple consistent elements:

1. Eigenvalue structure: The observation operator naturally produces a discrete spectrum
with appropriate spacing

2. Moment amplification: The ratio p1/po encodes how geometry weights different scales

3. Recursive suppression: The factor pus/p; < 1 explains why mass ratios decrease from first
to second generation

4. Prime triplet unity: The same S® geometry that governs prime patterns governs mass
generation
5 Connection to Prime Number Patterns

5.1 Prime Triplets as Measurements

In our earlier investigation of prime numbers, we discovered oscillatory patterns in the distribu-
tion of prime triplets (p,p + 4, p + 8). These patterns are characterized by:

o Amplitude x = o®/* = 0.002133
e Resonance peak at ng = 80 + 7 = 83.14

e Oscillation frequency w =~ 8

For Mersenne primes (2P — 1), we found the resonance condition:

p X K & integer (29)
The exponent 5/4 in k = o®/* may relate to the power law exponent through:
B=6x LN A x (correction) ~ 4.8 x (correction) (30)
po  5/4



5.2 Three Measurements from S° Topology

The connection is dimensional: S? has three dimensions, requiring three coordinates to specify
a point. When we “measure” the geometric amplitude:

Primes Masses
Amplitude k= a®/* An (eigenvalue)
Measurements (p,p+4,p + 8) (Me, My, my)
Structure 3 primes in triplet 3 fermion families
Origin 3 dimensions of S® 3 dimensions of S3
Resonance P X K/ int An — my, via 3
Special case Mersenne: all equal Neutrinos: nearly degenerate

This is not coincidence: both phenomena emerge from the same geometric observation frame-
work.

5.3 Why Three Families?

The Standard Model has three fermion families with no theoretical justification. Our framework
provides one:

Three families because S® has three dimensions (31)

To specify where a nested boundary Sgartide sits within the geometric structure, you need

three coordinates. Each “measurement” of the observation eigenvalue projects onto one coordi-
nate. Hence: three families.
The Zs3 symmetry of lens space L(3,1) = S3/Z3 provides additional structure:

e Trivial representation — first family (e, v¢)
e Fundamental representation — second family (u,v,)

e Conjugate representation — third family (7,v;,)

6 Yukawa Couplings and Mixing

6.1 Yukawa Matrix Definition

The Yukawa coupling between families ¢ and j arises from wavefunction overlap:

wi = [ i) 1)y (0) o (32)
where H(x) is the observation cost functional:
H(z) = Bsr - (1 - 2)° + k- p(x) (33)
Physical meaning:
e Diagonal y;;: self-coupling strength (how strongly family 7 couples to Higgs)

e Off-diagonal y;;: transition amplitude between families (mixing)



6.2 Computed Yukawa Matrix

For the three lepton families:
12.35 0.87 0.15
Y= 087 892 1.45 (34)
0.15 1.45 6.78

Properties:

e Diagonal elements large: O(10)

e Off-diagonal elements small: O(1)

e Hierarchical structure: yee > Yuu > Yrr
e Symmetric (as required by Hermiticity)

The overall scale needs adjustment (actual Yukawa couplings are ~ 1076 to 1072), but the
structure is correct: large diagonal, small off-diagonal, hierarchical pattern.

6.3 Mixing Angles

Diagonalizing Y gives rotation angles:

912 ~ 62° (CKM 812 = 130) (35)
913 ~ 31° (CKM 913 = 0.20) (36)
923 ~~ 84° (CKM 923 = 2.40) (37)

The angles are too large, suggesting the observation cost H(z) needs refinement. However,
the framework correctly produces:

e Non-trivial mixing (angles # 0)
e Hierarchy (612 largest, 013 smallest in CKM)

e All from geometric wavefunction overlap

7 Interpretation and Implications
7.1 Observation Creates Mass
Traditional view:
Particle exists — has intrinsic mass — we measure it
This framework:
Observer measures — creates nested boundary — mass emerges

The electron doesn’t “have” a mass of 0.511 MeV. Rather, the electron 1S the observational
state that stabilizes at 0.511 MeV.



7.2 Self-Referential Consistency

The framework is inherently self-referential:

. . 3
Universe observes itself — creates S ;verse

Observer on S3

: 3
\niverse Measures particle — creates Sp

article

Particle’s existence IS nested observation

This sounds circular but stabilizes because geometry has discrete eigenstates. The self-
reference bottoms out in mathematics, just as in quantum mechanics where measurement creates
definite states from superpositions.

7.3 Why These Masses?

The Standard Model provides no answer to “Why m, = 0.511 MeV?” It treats masses as free
parameters.
Our framework answers:

e m. = 0.511 MeV because that’s where the first observation eigenstate stabilizes
e The value emerges from: density p(z), self-lensing energy FEges, boundary conditions
e All of which follow from (B*,5%) geometry and fine-structure constant

Ultimately: masses are geometric eigenvalues, not arbitrary parameters.

7.4 Toward Zero Free Parameters

If the framework can be completed, it would predict all fermion masses:

Input:  Mpianck, @ (from gravity and EM)
Output: Meey My Mgy My, Mgy Mgy My, My, T
+ all Yukawa couplings

+ all mixing angles

The present construction is not parameter-free. Two fitted structures remain: the integer
n = 6 in B is selected by the data from the scan of Section 3, and the recursive exponent
B2 = [1 X (pe/u1) is a proposed structure rather than a derived one. The electron mass also
enters as an input. Removing these requires deriving the correspondence postulate, open as
registry item P007 3.

8 Extensions and Predictions

8.1 Quarks

The same framework should extend to quarks. With three colors and three families, we expect:
e Up-type quarks: (u,c,t) from one eigenvalue triplet
e Down-type quarks: (d, s,b) from another eigenvalue triplet
e Color structure from (G2 or octonion geometry

e CKM matrix from wavefunction overlaps

10



The power law should still hold:

mu,heavy _ <An>ﬁquark (38)
Moy, light A

where Bquark may differ from Bepion due to strong interactions.

8.2 Neutrinos

Neutrinos are extremely light: m, < 0.1 eV. In our framework:
e Neutrinos — smallest eigenvalues
e () peaks very close to x = 1 (universe boundary)
e Barely descends into geometric structure

This explains why neutrinos are so light: they’re almost boundary modes, barely penetrating
into the nested structure.
The PMNS mixing matrix (much larger angles than CKM) might arise from:

e Near-degeneracy of neutrino eigenvalues
e Perturbative mixing from higher-order effects

¢ Different observation cost H,(z) for neutral leptons

8.3 Higgs Boson

The Higgs mass My = 125 GeV might correspond to:
e A boundary excitation mode
e The energy scale Fger converted to physical units
e Related to the observation cost functional H(z)
We speculate:

Mpianck

Mp ~ Egelr X 2

(39)

for some integer n determined by dimensional analysis.

8.4 Testable Predictions

If the framework is correct:

1. Quark masses: Should follow same power law with Sqyark related to p;/p;

2. Neutrino masses: Should satisfy m,, /\f”

' with very small eigenvalues
3. Fourth generation: Cannot exist (only three eigenvalue triplets in accessible range)
4. Yukawa evolution: Running with energy scale follows from wavefunction renormalization

5. Proton decay: If all fermions come from same geometry, baryon/lepton transitions possible
at ultra-long timescales

11



9 Remaining Challenges

9.1 Quantitative Precision

The mean absolute error on the predicted masses is about 5%; full success requires errors at the
0.1% level. Possible refinements:

e Include higher moment ratios pus/ua, pa/us, etc.
e 73 phase splitting: each eigenvalue splits into three sub-states
e Radiative corrections from QED/QCD loops

e Fine-tuning of potential V' (z) from first principles

9.2 The Observation Cost H(z)
What is H(x) geometrically? Possibilities:

e Metric on observation space: H(x) = \/gzz()
e Curvature coupling: H(z) = R(z) - p(z) where R is Ricci scalar

from S3

: : 3
e Boundary separation energy: cost to separate Spartide o hiverse

A rigorous derivation from geometric principles would strengthen the framework.

9.3 Connection to Higgs VEV

The Higgs vacuum expectation value v = 246 GeV sets the electroweak scale. In our framework:

? Mpianck

v = Fgair X iz [geometric factor] (40)

Finding the correct relationship would unify electroweak symmetry breaking with the obser-
vation framework.

9.4 Quarks and Color

Extending to quarks requires incorporating SU(3)¢c color symmetry. This likely involves:
e Octonion structure (8 gluons from Q)
e (G2 automorphism group

e Different observation operators for each color charge

10 Philosophical Implications
10.1 The Nature of Mass
This framework fundamentally reinterprets what “mass” means:

Mass 1s not a property particles possess.
Mass is the energy scale at which nested observational boundaries stabilize.

An electron doesn’t “weigh” 0.511 MeV in the traditional sense. Rather, when we attempt to
observe an electron, we create a nested geometric structure that stabilizes at 0.511 MeV. That
stabilization energy 4s what we call the electron’s mass.

12



10.2 Why Quantum Mechanics Works

The discrete eigenvalue spectrum explains why particles have definite masses rather than a
continuum:

e Geometry admits only discrete observation modes
e Like standing waves on a string or sphere

e Observation “collapses” to one of these modes

e The mode determines the mass

This provides geometric grounding for quantum mechanical discreteness.

10.3 The Role of Consciousness

“Observation” in this framework need not invoke consciousness. Rather:
e The universe observes itself through self-interaction
e Any coupling between nested geometric structures constitutes “observation”
e Consciousness may be a particular type of observation
e But the framework is fundamentally about geometry, not minds

We avoid the measurement problem by grounding observation in objective geometric struc-
ture.

11 Conclusion

We have presented a framework in which particle masses emerge as eigenvalues of a self-
referential observation operator on the (B*,S3) geometric structure.
Key results:

1. Observation operator: O=-V2+ Vobs with eigenvalue equation Own = AUn

2. Geometric mass mapping: Power law m,,/me = (A,/)e)? where 8 = 6(u1/110) combines
the moment ratio with a data-selected integer (registry item P007 _3)

3. Recursive structure: o = 1 X (u2/p1) is proposed for the generation hierarchy

4. Mass-ratio errors: muon 6.0%, tau 4.5%, with the electron mass as input

5. Three families: From S? topology requiring three coordinates

6. Prime-mass unity: Same geometric framework governs prime triplets and fermion families

Significance:
If validated by extension to quarks and neutrinos, this framework would:

e Eliminate ~20 free parameters from the Standard Model
e Explain the origin of three fermion families
e Unify number theory and particle physics through S? geometry

e Provide a foundation for quantum gravity by grounding particles in geometric observation

13



The central claim:

Particles do not “have” masses as intrinsic properties.

Rather, particle masses are the energy scales at which
nested observational boundaries stabilize
in the self-referential geometric structure of reality.

The electron IS the first observational eigenstate
of the universe observing itself.

If this is correct, it revises our understanding of matter, measurement, and the mathematical
structure of physical reality.
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