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Abstract

In the Standard Model, the exact cancellation of continuous gauge anomalies is a rigid,
non-negotiable requirement for mathematical consistency. Conventionally, hypercharge as-
signments (Y = 1/6, 2/3,−1/3,−1/2,−1) are imposed phenomenologically to satisfy these
constraints. In this paper, we demonstrate that all six independent gauge anomaly condi-
tions of the SU(3)C×SU(2)L×U(1)Y group are satisfied exactly by the 45 physical fermion
states derived natively from the 8-bit Holographic Circlette encoding. The hypercharges are
not assigned by hand, but read directly from the boolean bit positions via the topological
charge relation Q = T3+Y . Utilizing exact rational arithmetic, we prove that every contin-
uous anomaly condition evaluates identically to zero. Furthermore, the structural absence
of the right-handed neutrino from the active boolean constraints naturally produces a 24-
Left / 21-Right chiral asymmetry, leaving global (B−L) symmetry explicitly anomalous by
exactly 1 unit per generation. This natively proves that full geometric closure requires quan-
tum tunnelling into the topologically excluded right-handed neutrino defect state, perfectly
validating the framework’s previously established neutrino mass-generation mechanism.

1 Introduction

The mathematical consistency of a chiral quantum field theory hinges entirely upon the cancel-
lation of continuous gauge anomalies. If the sum of the chiral charges circulating in fundamental
triangle diagrams does not evaluate exactly to zero, the gauge symmetries become mathemati-
cally anomalous, spoiling renormalisability and rendering the theory unphysical.

In the Standard Model, anomaly cancellation manifests as an unexplained numerical ”mir-
acle” intricately balancing the specific fractional hypercharges of quarks against the integer
hypercharges of leptons. These specific values (Y = 1/6, 2/3,−1/3,−1/2,−1) must be assigned
phenomenologically.

In the Holographic Circlette framework [1], the fundamental 45-state fermion generation
is derived strictly from applying error-correcting constraints to an 8-bit Boolean hypercube.
Hypercharges are not assigned; they are algebraically determined directly from the geometric
bit string via the fundamental definition Y = Q − T3, where T3 and Q track explicitly to the
(I3, LQ,C0, C1) bit positions.

In this work, we submit this geometrically derived 45-state basis to the six fundamental
anomaly equations of the Standard Model. We demonstrate that anomaly cancellation is not an
arbitrary numerical coincidence, but an exact structural consequence of the underlying Boolean
constraints.
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2 The 45-State Boolean Spectrum

Applying the established topological constraints (Rules 1–4) strictly isolates exactly 45 valid
fermion configurations [2]. The physical spectrum naturally bisects into left-handed and right-
handed states, identified by the chirality bit χ.

Sector Left-Handed (χ = 0) Right-Handed (χ = 1) Total

Leptons 6 (3νL + 3eL) 3 (3eR) 9
Quarks (SU(3) triplets) 18 (9uL + 9dL) 18 (9uR + 9dR) 36

Total 24 21 45

Table 1: The emergent 45-state fermion spectrum. The structural asymmetry (24 Left vs. 21
Right) arises directly from the topological exclusion of the right-handed neutrino.

This constitutes exactly 15 physical Weyl fermions per generation (accounting for SU(3)
colour multiplicity). The asymmetry arises purely from the topological exclusion of the right-
handed neutrino (νR), which occupies an isolated pseudocodeword space. This precisely mirrors
the physical Standard Model content.

3 Exact Evaluation of the Six Gauge Anomalies

We evaluate the six non-trivial continuous gauge anomaly conditions. All sums are performed
over left-handed Weyl fermions. Because right-handed fermions (fR) circulate in topological
loops with opposite chirality, they contribute as their left-handed conjugates (f c

R), mapping
their effective hypercharge to Yeff = −Y .

The fundamental anomaly conditions are defined as:

1. A1: [SU(3)C ]
2 × U(1)Y =⇒

∑
quarks Yeff = 0

2. A2: [SU(2)L]
2 × U(1)Y =⇒

∑
doublets Yeff = 0

3. A3: [U(1)Y ]
3 =⇒

∑
all Y

3
eff = 0

4. A4: [Gravity]2 × U(1)Y =⇒
∑

all Yeff = 0

5. A5: [SU(3)C ]
3 =⇒ n(3)− n(3̄) = 0

6. A6: Witten [SU(2)L] Global Anomaly =⇒ ndoublets mod 2 = 0

Utilizing exact fractional arithmetic across the fully expanded 45-state basis natively derived
from the Boolean constraints, the evaluation yields a perfect topological cancellation.

# Anomaly Condition Evaluated Sum Status

A1 [SU(3)C ]
2 × U(1)Y 0 Exact

A2 [SU(2)L]
2 × U(1)Y 0 Exact

A3 [U(1)Y ]
3 0 Exact

A4 [Gravity]2 × U(1)Y 0 Exact
A5 [SU(3)C ]

3 18− 18 = 0 Exact
A6 Witten [SU(2)L] 12 (mod 2) = 0 Exact

Table 2: The fundamental anomaly cancellation scorecard. Every condition evaluates to exactly
zero identically within each generation, driven purely by the discrete encoding structure.
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4 Additional Sum Rules and (B − L) Symmetry

Beyond the continuous gauge anomalies, the structural encoding rigorously satisfies classical
Standard Model sum rules. The sum of the fundamental electric charge evaluates to exact
macroscopic neutrality (

∑
Q = 0), and the square sum naturally replicates the standard geo-

metric limit (
∑

Q2 = 16).
Because Quantum Electrodynamics (QED) strictly operates as a vector-like macroscopic

force, the corresponding QED anomaly requirement is the chiral difference between states.
Evaluating the discrete graph natively yields

∑
Q3

L = −2/9 and
∑

Q3
R = −2/9 per generation,

guaranteeing exactly zero chiral electromagnetic anomaly:∑
Q3

L −
∑

Q3
R = 0 (1)

Crucially, however, evaluating the global Baryon minus Lepton number,
∑

(B − L), across
the complete 45-state active generation yields a non-zero residual:∑

all

(B − L) = +3 (+1 per generation). (2)

This mathematically strict non-zero result is a massive physical success of the discrete geometry.
The residual (B − L) balance mathematically proves that global geometric closure requires
exactly one additional Weyl state per generation possessing B = 0, L = 1 =⇒ (B − L) = −1.

This points exclusively to the right-handed neutrino (νR). Because the fundamental boolean
rules topologically forbid the νR from populating the 45-state physical active basis to preserve
optimal error-correction distance [1], the continuous gauge theory mathematically registers its
absence. This formalises the geometric proof that generating fully unified symmetries dynam-
ically requires quantum tunnelling into the geometrically excluded νR defect state, providing
rigorous structural consistency with the Feshbach resonant tunnelling mechanism natively used
to derive neutrino mass scales within the framework [3].

5 Conclusion

The cancellation of continuous gauge anomalies is inherently automatic within the Holographic
Circlette encoding. The required U(1)Y hypercharge values are not parametrised, but natively
emerge from the geometric distribution of the topological bits. Because the 8-bit constraints
identically cancel all six fundamental anomaly conditions via exact fractional arithmetic, the
Boolean code’s topological framework is mathematically proven to generate a rigorously self-
consistent, anomaly-free continuous gauge field theory in the macroscopic limit.

Furthermore, the generation-universal (B−L) remainder structurally proves the intentional
defect topology of the right-handed neutrino, closing the loop between geometric gauge consis-
tency and dynamical mass generation.
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A Computational Appendix

The exact algebraic cancellation of the anomaly conditions can be instantaneously verified
using the following Python logic, which evaluates the effective chiral hypercharges of the 15
valid circlette Weyl states per generation using exact rational arithmetic.

from fractions import Fraction

def evaluate_anomalies():

# Format: (Multiplicity, Is_SU2_Doublet, Q, T3, B, L)

# Left-Handed States (chi = 0)

lh_states = [

("nu_L", 1, True, Fraction(0), Fraction(1,2), Fraction(0), Fraction(1)),

("e_L", 1, True, Fraction(-1), Fraction(-1,2), Fraction(0), Fraction(1)),

("u_L", 3, True, Fraction(2,3), Fraction(1,2), Fraction(1,3), Fraction(0)),

("d_L", 3, True, Fraction(-1,3), Fraction(-1,2), Fraction(1,3), Fraction(0))

]

# Right-Handed States (chi = 1, treated as LH conjugates). T3 = 0.

rh_states = [

("e_R", 1, False, Fraction(-1), Fraction(0), Fraction(0), Fraction(1)),

("u_R", 3, False, Fraction(2,3), Fraction(0), Fraction(1,3), Fraction(0)),

("d_R", 3, False, Fraction(-1,3), Fraction(0), Fraction(1,3), Fraction(0))

]

A1, A2, A3, A4, B_minus_L = [Fraction(0)] * 5

sum_Q3_L = Fraction(0)

sum_Q3_R = Fraction(0)

# Evaluate Left-Handed States

for name, qty, is_dbl, Q, T3, B, L in lh_states:

Y_eff = Q - T3

A1 += qty * Y_eff if qty == 3 else 0

A2 += qty * Y_eff if is_dbl else 0

A3 += qty * (Y_eff ** 3)

A4 += qty * Y_eff

B_minus_L += qty * (B - L)

sum_Q3_L += qty * (Q ** 3)

# Evaluate Right-Handed States (Y_eff = -Y)

for name, qty, is_dbl, Q, T3, B, L in rh_states:

Y_eff = -(Q - T3)

A1 += qty * Y_eff if qty == 3 else 0

A2 += qty * Y_eff if is_dbl else 0

A3 += qty * (Y_eff ** 3)

A4 += qty * Y_eff

B_minus_L += qty * (B - L)

sum_Q3_R += qty * (Q ** 3)

print("--- EXACT RATIONAL ANOMALY EVALUATION (1 GENERATION) ---")

print(f"A1 (SU(3)^2 x U(1)_Y) : {A1} [Req: 0]")
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print(f"A2 (SU(2)^2 x U(1)_Y) : {A2} [Req: 0]")

print(f"A3 (U(1)_Y^3) : {A3} [Req: 0]")

print(f"A4 (Grav^2 x U(1)_Y) : {A4} [Req: 0]")

print(f"\n--- MACROSCOPIC SUM RULES ---")

print(f"Chiral Q^3 Difference : {sum_Q3_L - sum_Q3_R} [Req: 0]")

print(f"Total B - L remainder : {B_minus_L} [Proof of excluded Right-Neutrino]")

if __name__ == "__main__":

evaluate_anomalies()
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