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Abstract

The Standard Model relies on a continuous Higgs field and parametrically tuned Yukawa
couplings to equate fermion inertial mass with scalar transition amplitudes. We propose
a discrete topological origin for the fermion Yukawa sector based on a quantum error-
correcting (QEC) substrate, replacing arbitrary mass matrices with at most one continuous
parameter: the lattice spectral gap γ. Identifying the Higgs VEV with the topological crys-
tallisation of the lattice’s chirality constraint (W = χ), we evaluate macroscopic couplings
via first-principles boolean matrix mechanics on the 256-dimensional codespace.

We demonstrate that the spatial shift operator drives two parallel exponential mecha-
nisms. First, the probability of virtual excursions into the penalized subspace generates the
Yukawa coupling (yf ∝ p), natively decoupling massless gauge bosons. Second, exponential
resistance to spatial hopping governs the particle’s Topological Dwell Time, generating its
inertial mass (mf ∝ τ). Because both parallel mechanisms are driven by topological frus-
tration across Cartesian bridges, they naturally scale identically, structurally deriving the
yf ∝ mf equivalence principle without double-counting. Dressing these transition elements
with kinematic cutoffs restricts top-quark transitions, initiating a decay cascade governed
by a geometric degeneracy between areal impedance (R2 = 2.25) and QEC frustration
(exp(1/2ϕ) ≈ 2.245), natively concentrating ∼ 49.2% of the bare decay width into surviving
Gen 3 channels. Computational Python proofs are provided.

Audit note (added 2026-05-31). This paper predates the framework’s methodology au-
dit of 2026-05-30. The headline “yf ∝ mf equivalence derived without arbitrary parametric
tuning” is recharacterised post-audit as Proposition tier per ANCHOR §15 item 116 and
DRIFT entry M9. The two-mechanism parallel-derivation structure (Yukawa coupling from
virtual excursion probability p; inertial mass from Topological Dwell Time τ ; both driven by
topological frustration across Cartesian bridges) is the paper’s robust structural contribution
and survives unchanged. The numerical headline “R2 = 2.25 vs exp(1/2ϕ) ≈ 2.245, 0.2%
match” is exactly the two-decimals coincidence that §16.3 search-space audit flags as needing
null-model contextualisation; the ∼ 49.2% Gen 3 cascade headline still carries a residual gap
to empirical ∼ 58/3% that is acknowledged in the body and remains an open empirical ques-
tion. Item 79 dependency: the bipartite-orthogonality structure underlying the m2

V scaling
and the massless-photon decoupling rests on the Bipartite Grassmann Trace Theorem (cur-
rently a promotion target). What survives at Locked tier: the parallel-mechanism framework;
the weight-enumerator forbidden-F argument; the qualitative substitution of one continuous
parameter (γ) for the SM’s Yukawa-matrix tuning.

∗dave@neusym.ai
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1 Introduction: The Parametric Problem of Mass
In the Standard Model (SM) of particle physics, fundamental fermions are intrinsically massless
to preserve chiral gauge symmetry. To reconcile this with physical reality, the Higgs mecha-
nism introduces a continuous scalar field that permeates the vacuum and acquires a Vacuum
Expectation Value (VEV) via spontaneous symmetry breaking [?].

This introduces a profound physical equivalence that the SM cannot explain: a fermion’s
inertial mass (its resistance to acceleration) is exactly proportional to its Yukawa coupling (its
transition amplitude with the scalar field). To match the empirical observation that Γ ∝ m2

f ,
every yf parameter is manually tuned to be strictly proportional to mf .

In this paper, we explore whether this equivalence can be structurally derived. We model the
vacuum as a discrete Z3⊗Q3 topological tensor network governed by quantum error correction
(QEC) [?]. We demonstrate that Inertial Mass and the Yukawa Coupling arise from distinct,
parallel lattice mechanisms that are inherently coupled by the underlying graph topology, de-
riving the yf ∝ mf proportionality without arbitrary parametric tuning.

2 The Vacuum as a Topological Substrate

2.1 Mass as QEC Informational Friction

The vacuum is modelled as a Z3 ⊗Q3 tensor network maintained by the logical constraints of
an [8, 4, 4] extended Hamming code [?]. Particle propagation is governed by a unitary quantum
walk operator W = S · C [?], which alternates spatial shifts (S) across macroscopic bridges with
internal QEC Coin operations (C) that evaluate and penalize invalid configurations.

Fermions manifest as topological defects (frustrated codewords) on the 8-vertex Q3 face-
adjacency graph. The local geometric frustration acts as an error syndrome:

F =
∑

(i,j)∈Q3

(ci ⊕ cj) (1)

In our discrete framework, we identify the scalar SM Higgs VEV with the physical crystalli-
sation of the spatial lattice. The lattice’s phase transition mathematically enforces the code’s
“Constraint R2”: the exact logical locking of the chirality bit (χ) to the weak bit (W ). The SM
Higgs VEV and the rigidity of the W = χ topological constraint are identical order parameters
viewed from continuous and discrete frameworks, respectively.

3 Microscopic Couplings (yf): Virtual Excursions

3.1 The Microscopic Transition Probability (p)

We mechanically model a macroscopic scalar excitation (the 125 GeV Higgs analog) as a lo-
calized, transient relaxation of the W = χ constraint. The internal physics is governed by the
256-dimensional penalty Hamiltonian: Hcode = Hbase + λHR2, where HR2 acts as a boolean
projector applying an energy penalty exactly when W 6= χ. The physical Coin operator is
C(λ) = exp(−iHcode).

The single-tick transition probability p of a fermion state |ψ〉 interacting with this scalar
fluctuation is rigorously governed by the Feynman-Hellmann identity:

p = 〈ψ| iC†∂C
∂λ

|ψ〉 = 〈ψ|HR2 |ψ〉 (2)

Because HR2 is a boolean projector, p ∈ [0, 1]. It represents the exact probability of finding
the particle in the penalized broken-chirality state during a single tick of the quantum clock.
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Computational evaluation of this matrix element under the true spatial walk operator (Appendix
A) reveals two profound structural proofs:

1. Massless Decoupling (F = 0 =⇒ p = 0): For an unfrustrated state, the spatial
shift operator S never forces the bits to break the W = χ lock. The algorithm natively
evaluates p = 0.000, structurally deriving the foundational SM rule that the scalar sector
does not couple to massless vector bosons at tree-level.

2. Dynamic Virtual Excursions (F > 0 =⇒ p > 0): For massive states, the spatial
shift (S) drags the topological defect across Cartesian bridges, scrambling the bits. This
physical movement forces virtual excursions into the penalized W 6= χ subspace. The
transition probability is dynamically generated entirely by QEC friction.
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Figure 1: Microscopic Transition Probability p(F ) via Virtual Excursions. Evaluation
of the Feynman-Hellmann transition matrix elements on the 256D codespace. The symmetric
log scale explicitly demonstrates the decoupling of massless states (F = 0 =⇒ p = 0).
For massive states, virtual excursions dynamically generate an overlap envelope that scales
exponentially with topological frustration. The wide vertical scatter at fixed F illustrates that
interaction probability depends strictly on the geometric alignment of errors relative to the
spatial bridge, providing the necessary structural degrees of freedom for flavour mixing. Note:
Missing frustration values (F ∈ {1, 2, 10, 11}) are structurally forbidden by the formal weight
enumerator of the [8, 4, 4] parity code.

As shown in Figure ??, the virtual excursion probability p is not flat. The dynamic scram-
bling of bits causes p to scale exponentially from ∼ 10−3 at F = 3 to ∼ 100 at F = 12.
Consequently, the framework generates a native scalar interaction coupling that scales expo-
nentially with topological frustration: yf ∝ p ≈ exp(αF ), where α ≈ ln(104)/12 ≈ 0.77.
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4 Inertial Mass (mf): Topological Dwell Time
In parallel to the scalar interaction, we must determine the particle’s Inertial Mass (mf ), defined
by its physical resistance to movement across the discrete lattice. This resistance is quantified
by the particle’s Topological Dwell Time (τ).

Translating a defect across the Z3 lattice requires physically flipping the coordinate bits that
differ between adjacent spatial nodes. We define Topological Inertia as the Hamming distance
(H) required to execute a spatial hop.

Theorem 1. For any codeword on the Q3 graph, the average Hamming distance required for a
Cartesian spatial hop is exactly Havg = 2

3F .

Proof. Let the 8 vertices of Q3 be indexed by (z, y, x). A spatial hop across the x-axis bridge
corresponds to the Cartesian permutation Px(z, y, x) = (z, y, x ⊕ 1). The Hamming distance
required is Hx =

∑
v(cv ⊕ cPx(v)).

This evaluates the XOR differences along the 4 edges of Q3 parallel to the x-axis. Because
Px is an involution, each parallel edge is traversed twice (once from u → v and once from
v → u). Thus, Hx = 2Fx. By symmetry, Hy = 2Fy and Hz = 2Fz. Summing these distances
over all three spatial directions counts every frustrated edge exactly twice: Hx+Hy+Hz = 2F .
Dividing by the 3 spatial dimensions yields Havg = 2

3F .

If γ < 1 is the native single-bit tunneling parameter (the spectral gap), the macroscopic
spatial hopping amplitude is exponentially suppressed by the required bit-flips: thop ∝ γ2F/3.
Highly frustrated particles are trapped at the local void for a macroscopic Dwell Time τ ∝
1/thop ∝ γ−2F/3. Therefore, the inertial mass of the particle scales as:

mf ∝ τ ∝ exp

(
2

3
| ln γ|F

)
(3)

4.1 The Equivalence Principle of the Higgs Mechanism

We can now derive the fundamental yf ∝ mf equivalence of the Standard Model.
In the SM, the proportionality between the Yukawa coupling and inertial mass is set by

hand. In our discrete framework, they arise from two distinct, parallel physical observables:
1. Yukawa Coupling (yf): Driven by the probability of virtual excursions into the broken-
chirality subspace during a spatial shift (yf ∝ p ≈ exp(0.77F )). 2. Inertial Mass (mf):
Driven by the particle’s macroscopic resistance to that exact same spatial shift (mf ∝ τ ∝
exp(23 | ln γ|F )).

Because both the coupling and the inertia are generated by the exact same physical act—the
spatial shift operator S dragging F topological errors across the lattice bridges—they are math-
ematically locked to the same underlying geometric variable F . By setting the lattice spectral
parameter to γ ≈ exp(−3/4ϕ) ≈ 0.297, the inertial slope (0.81) flawlessly matches the native
virtual coupling slope (0.77).

The lattice framework structurally guarantees yf ∝ mf without artificially multiplying the
mechanisms (which would incorrectly yield mass squared) or introducing independent, tuned
parameter matrices. The Standard Model decay width naturally follows as Γ ∝ p2 ∝ m2

f .

5 Macroscopic Kinematics and the Decay Cascade
While bare transition matrix elements are defined by topological mechanics, physical macro-
scopic decay widths are bounded by kinematic phase space: Φkin =

(
1− 4m2

f/M
2
H

)3/2
. For a

125 GeV resonance, transitioning into the heaviest Gen 3 state (the top quark proxy) violates
macroscopic energy conservation, strictly annihilating the channel.
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By kinematically truncating the mass hierarchy, the decay cascade is governed by the spatial
routing impedance of the lattice. This impedance scales with the areal radius R2 of the required
dissipation shells. This is structurally forced by the framework’s strict generation origin bits
(G0, G1):

• Gen 1 (G0 = 0, G1 = 0): No geometric block; dissipates locally (R = 1).

• Gen 2 (G0 = 0, G1 = 1): Forces routing to the nearest-neighbor shell (R = 2).

• Gen 3 (G0 = 1, G1 = 0): Non-contractible error at the geometric origin blocks local
routing entirely, forcing dissipation to the global boundary (R = 3).

Evaluating this cascade reveals a remarkable approximate geometric coincidence. The
macroscopic areal impedance ratio between Gen 3 and Gen 2 is strictly rational (R2 = 9/4 =
2.25). The discrete exponential mass multiplier is irrational (exp(1/2ϕ) ≈ 2.245). Because
these constants agree to within 0.2%, an allowed F = 7 Gen 3 state possesses an almost identical
kinematically-dressed transition amplitude to an F = 8 Gen 2 state. This structural degeneracy
splits the bare decay width almost equally: ∼ 49.2% branching to surviving Gen 3 states and
∼ 47.1% to Gen 2.

6 Conclusion and Open Targets
We have demonstrated that the fermion Yukawa sector can be structurally derived by identi-
fying the Higgs VEV with the W = χ crystallisation constraint. We formally derived the SM
Equivalence Principle: a particle’s scalar coupling (driven by virtual excursions) and its iner-
tial mass (driven by Topological Dwell Time) natively share proportional exponential scalings
because both are simultaneously forced by the geometric shifting of topological errors across
Cartesian bridges.

However, the bare ∼ 49/47 topological cascade split reveals exactly what is required to
complete the model phenomenologically. In the SM, fermion branching overwhelmingly favours
Gen 3 (H → bb̄ ≈ 58%) over Gen 2 (H → cc̄ ≈ 3%). To bridge this empirical gap, the frame-
work must formally invoke explicit Electroweak Isospin (I3). As shown in Figure ??, the wide
vertical scatter at a fixed F proves that the lattice natively possesses the geometric degrees of
freedom needed for complex flavour mixing, as interaction probability heavily depends on edge-
orientation relative to the shift. Breaking the structural up/down degeneracy to dynamically
suppress the Gen 2 channels represents the immediate analytical target for the scalar sector.

Appendix A: First-Principles Transition Probability
The dynamic generation of the microscopic transition probability p via virtual excursions is
verified using the full 256-state Hamiltonian evaluation. Because Sraw is the symmetric sum of
three involutory Cartesian permutation matrices, the resulting physical shift S = exp(−iθSraw)
is strictly unitary.

Listing 1: Extracting the (F, p) Feynman-Hellmann Transition Probabilities
import numpy as np
import scipy.linalg as la
from collections import defaultdict

PHI = (np.sqrt(5) - 1) / 2.0
Q3_EDGES = [(0,1), (0,2), (0,4), (1,3), (1,5), (2,3), (2,6), (3,7), (4,5), (4,6),

(5,7), (6,7)]

def get_bits(i): return [int(x) for x in format(i, '08b')]
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H_base = np.zeros(256)
H_R2 = np.zeros(256)
F_vals = np.zeros(256)

for i in range(256):
bits = get_bits(i)
F_vals[i] = sum(bits[u] ^ bits[v] for u, v in Q3_EDGES)

p = 0.0
if bits[0] == 1 and bits[1] == 1: p += 2.0
if bits[2] == 0 and (bits[3] != 0 or bits[4] != 0): p += 2.0
if bits[2] == 1 and bits[3] == 0 and bits[4] == 0: p += 2.0
H_base[i] = p

if bits[7] != bits[6]: H_R2[i] = 1.0 # R2 Penalty (W != chi)

# S_raw is a sum of symmetric involutions , making it Hermitian
P_x = [4, 5, 0, 1, 6, 7, 2, 3]
P_y = [2, 0, 6, 4, 3, 1, 7, 5]
P_z = [1, 3, 0, 2, 5, 7, 4, 6]

S_raw = np.zeros((256, 256))
for i in range(256):

bits = get_bits(i)
S_raw[int("".join(str(bits[p]) for p in P_x), 2), i] += 1.0
S_raw[int("".join(str(bits[p]) for p in P_y), 2), i] += 1.0
S_raw[int("".join(str(bits[p]) for p in P_z), 2), i] += 1.0

# S_shift is rigorously Unitary
S_shift = la.expm(-1j * 0.1 * S_raw)

C = np.diag(np.exp(-1j * (H_base + 2.0 * H_R2)))
W = S_shift @ C

evals, evecs = la.eig(W)
FH_op = np.diag(H_R2) # p = <psi|H_R2|psi>

results = []
valid_indices = np.where(H_base == 0)[0]
for i in range(256):

psi = evecs[:, i]
if np.sum(np.abs(psi[valid_indices])**2) > 0.8:

# Determine dominant F for this eigenvector
dom_idx = valid_indices[np.argmax(np.abs(psi[valid_indices])**2)]
dom_F = F_vals[dom_idx]
p_coupling = np.real(np.vdot(psi, FH_op @ psi))
results.append((dom_F, p_coupling))

# Demonstrates p=0 for F=0, and configuration -dependent scaling for F>0
grouped = defaultdict(list)
for f, p in results: grouped[f].append(p)
for f in sorted(grouped.keys()):

ps = grouped[f]
print(f"F={f}: mean p={np.mean(ps):.5f}, min={np.min(ps):.5f}, max={np.max(ps)

:.5f}")

Appendix B: Topological Inertia Geometric Identity
The exact geometric invariant Havg = 2

3F is algorithmically proven:
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Listing 2: Topological Inertia and Geometric Identity Evaluation
import numpy as np
Q3_EDGES = [(0,1), (0,2), (0,4), (1,3), (1,5), (2,3), (2,6), (3,7), (4,5), (4,6),

(5,7), (6,7)]
def get_bits(i): return [int(x) for x in format(i, '08b')]

# Spatial Permutations (Cartesian bridge routing)
P_x = [i ^ 4 for i in range(8)]
P_y = [i ^ 2 for i in range(8)]
P_z = [i ^ 1 for i in range(8)]

for i in range(256):
bits = get_bits(i)
F = sum(bits[u] ^ bits[v] for u, v in Q3_EDGES)

# Calculate Hamming distance required for spatial hop
bits_x = [bits[p] for p in P_x]
bits_y = [bits[p] for p in P_y]
bits_z = [bits[p] for p in P_z]

H_x = sum(b1 ^ b2 for b1, b2 in zip(bits, bits_x))
H_y = sum(b1 ^ b2 for b1, b2 in zip(bits, bits_y))
H_z = sum(b1 ^ b2 for b1, b2 in zip(bits, bits_z))

H_avg = (H_x + H_y + H_z) / 3.0
assert np.isclose(H_avg, (2.0/3.0) * F) # Exact verification
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