Topological Information Latency and the Emergence of
Physical Law: A Synthesis of the Holographic Circlette
Research

D. Elliman
Neuro-Symbolic Ltd, Gloucestershire, UK

May 2026

Abstract

We present a synthesis of the Holographic Circlette research program, which recontex-
tualizes the Standard Model of particle physics as the emergent output of a discrete 8-bit
guantum error-correcting code operating on the 3D Truncated Cubic Honeycomb (TCH) sub-
strate, with matter cells carrying the Z3 ® Q; register. By treating spacetime as a background-
independent quantum cellular automaton, we derive mass hierarchies, coupling constants,
and the CKM mixing matrix from the topological constraints and spectral graph theory of
an informational vacuum. This framework addresses the origin of the mass gap, the nature
of gauge symmetries, and the structural stability of physical laws as consequences of the
error-correction protocols inherent in the discrete medium.

1 Introduction

The transition from a discrete, informational substrate to the continuous symmetries and dy-
namical laws observed in macroscopic physics represents a foundational shift in theoretical
modeling. The Holographic Circlette research program provides a comprehensive framework
in which physical reality is treated as the emergent output of a discrete 8-bit quantum error-
correcting code operating on the 3D Truncated Cubic Honeycomb (TCH) substrate, with matter
cells on the Z3 ® Qs register. This approach diverges from the Standard Model's reliance on
axiomatic continuous gauge groups, instead deriving physical phenomenology from the topo-
logical constraints of a computational vacuum.

2 Foundations: TCH Substrate and the [8 4 4] Code

The structural integrity of the Holographic Circlette rests on three pillars: the dynamically-
crystallised TCH substrate (with matter cells on the Z3 ® Qs register), the algebraic integrity
of the [8, 4, 4] extended Hamming code, and the dynamical evolution governed by the walk op-
erator W = S - C (with the coin C implemented as a zero-controlled CNOT).

2.1 Geometric Substrate: The TCH and the Z? @ Q; Matter Register

The physical vacuum is the 3D Truncated Cubic Honeycomb (TCH) {4, 3,4} — a uniform 3D
Archimedean honeycomb whose cells alternate between oblate square bipyramids (the matter
sector) and truncated cubes (the gauge sector). The matter cells form the Z3 ® Qs register: a
simple cubic lattice Z3 decorated at each cubic-cell centre by three mutually orthogonal oblate
square bipyramids, whose face-adjacency graph is the hypercube Q3 = C4, 0 K,. Each bipyramid



carries 8 triangular faces holding the [8, 4, 4] register, and the internal axis index ¢ € {0, 1,2} iden-
tifies QCD colour structurally. (Regular octahedra do not tile space alone; the oblate flattening
— apex-to-apex equal to equatorial diagonal — is what makes the three orthogonal bipyramids
tile Z3 without gaps.)

The substrate is not axiomatic: it crystallises spontaneously from a 3-regular qubit network
via simulated annealing of

E(G) = —ws y_(4-cycles) —wg »_(6-cycles) + A > (deg(v) — 3)?,

which drives self-assembly into | N /8] copies of 3. At each TCH vertex exactly five cells meet
(one bipyramid + four truncated cubes), and the local 2D vertex figure is the 4.8.8 Archimedean
tiling — one square (Cy4) and two octagons (Cg) meeting at the trivalent vertex. The 4.8.8 tiling
appears here only as this vertex-level reduction, governing the local Cy,, symmetry that supplies
the minimal-coupling vertex; it is not the primary substrate. Earlier framings of this work that
treated 4.8.8 as the stage (with matter on octagonal plaquettes and gauge on square plaquettes)
are 2D slices of the full 3D theory and are recovered as the vertex-figure analysis.
Table 1 summarises the substrate-to-physics mappings at the TCH level.

Table 1: Topological mapping of TCH substrate features to physical correlates.

Substrate Feature Topological Role Physical Correlate

Oblate square bipyramid (Qs cell) 8-bit matter register Fermion internal space
Truncated cube + bridge edges Gauge link / bridge U(1) gauge boson

TCH vertex (5 cells meet) Qubit / interaction locus  Point-like interaction node
TCH vertex figure (4.8.8 tiling) Cy, reduction Minimal-coupling vertex
Line graph L(TCH) Multi-band photon space Chiral +7/4 phasing, C = —1
Macroscopic dual (Simple Cubic)  SC gauge web Long-wavelength QED

2.2 Algebraic Integrity: The [8, 4, 4] Extended Hamming Code

The logical content of each octagonal register is governed by an [8,4,4] extended Hamming
code. This code maps 4 data bits into an 8-bit codeword with a minimum Hamming distance of
d = 4, allowing for the detection of up to 3-bit errors and the correction of single-qubit corrup-
tions. The 8-bit register {Gy, G1, LQ, Cy, C1, I3, x, W} encodes the essential quantum numbers
of the Standard Model.

3 The Fermion Spectrum and the Z, Theorem

The derivation of the Standard Model fermion spectrum from the [8,4, 4] code isolates exactly
48 valid codewords by applying three strict Boolean constraints:

- R1: Gy - G; # 1 (Limits to 3 generations).
- R2: W = x (Forces left-handed weak interactions).
- R3: LQ = 0= C = 0,0 (Ensures leptons are colorless).

A profound result is the Z; Theorem, which proves that the bit G is exactly conserved by the
single-particle walk operator W = S - C across the infinite lattice:

[Go, W] =0
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(Calligraphic W here denotes the walk operator, distinct from the weak-charge bit W in the 8-bit
register.) This theorem partitions the fermions into two topologically isolated sectors: Sector 0
(Go =0, generations 1 and 2) and Sector 1 (Gy = 1, generation 3).

4 Emergent Gauge Symmetry and Electrodynamics

Gauge symmetry is an emergent geometric shadow cast by the lattice’s point-group symmetry.
At rest (the I'-point of the TCH vertex figure; see 82.1), the Bloch Hamiltonian possesses exact
Cy, symmetry — the 2D reduction of the full O, symmetry of the cubic-cell point group. The
scalar branch (4,) represents massive matter, while the vector branch (F) represents gapless
gauge bosons.

When a wavepacket acquires finite crystal momentum (k # 0), the symmetry reduces to Cs,
forcing state mixing. The matrix element M assumes the form:

=——sin(k) = —=k
M 2 (k) 2

This reproduces the standard QED minimal coupling vertex H;,: « i(p - A), where the vector

branch E acts as the potential A.

5 Hadronic Sector: Spectral Graph Theory

The derivation of the p(770) meson mass is a zero-parameter prediction. Using the Line Graph
Theorem, the gauge dynamics of the meson flux tube are governed by the line graph L(P5) = P;.
The leading eigenvalue is the full Golden Ratio ¢ = (1 ++/5)/2 ~ 1.618 (the reciprocal ¢ = 1/¢ ~
0.618 governs the mass hierarchy elsewhere in this framework; see DRIFT 8N1 for the symbol
convention).

The bare mass of the p meson is derived in quadrature:

mire = \/(Aqen)? + (BAgen)? = V2 é Aqep

Using Agcp = 332 MeV, the predicted bare mass is mfﬂre ~ 760 MeV, within 2% of the experi-
mental 775 MeV peak.

6 CKM Mixing as Error-Correction Failure
The CKM matrix is interpreted as the error-correction hierarchy of the vacuum’s [8, 4, 4] code.

Flavour-changing corruptions are leakage rates through the error-correction barrier, as shown
in Table 2.

Table 2: CKM elements as code failure modes.

Element Code Failure Mode Theoretical Scaling Exp. Value
|Vis] Single-void correctable A}, 0.224

Ve Two-void correlated prs 0.041

[Vao| Correlated + Rotated pL 0.0038




7 Conclusion

The Holographic Circlette recontextualizes the laws of nature as the logical requirements of
an information-processing substrate. From the mass of the p meson to the hierarchy of quark
mixing, every parameter is traced back to the TCH substrate, the Z3® Q3 matter-cell register, and
the [8, 4, 4] code. The “Universal Constant” is ultimately the requirement of maximal information
persistence.
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