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Abstract

We present a causal integer lattice simulation demonstrating that four qualitatively dis-
tinct force behaviors emerge from a single computational engine governed by a 137-element
registry partitioned as 16 (gravitational) + 40 (electromagnetic) + 81 (color) elements.
The simulation employs strictly discrete arithmetic, causal (sequential) propagation, and
a universal overflow-fission mechanism governed by a single thermodynamic principle: the
minimization of relational potential E = qΦ. Statistical validation across 20 independent
random seeds (N = 20, T = 3000 ticks) confirms: (1) gravitational attraction via unsigned
depletion gradients (net displacement toward = −20.9± 7.6, p < 10−4); (2) electromagnetic
charge differentiation via signed field annihilation (opposite charges: 1041± 49 annihilation
events; like charges: exactly 0; t = +92.2, p < 10−19); (3) strong force color confine-
ment via high-capacity color annihilation (neutral triplet: 1824 ± 73 events; non-neutral:
0 ± 0; t = +70.4, p < 10−19); and (4) weak decay via adjacency-triggered flavor change
with probability 1/137 per mass tick (dense cluster: 1.3 ± 1.0 decays; isolated control: 0;
p < 10−4). Extended gravitational analysis on larger lattices (S = 51–65, T = 15,000) con-
firms emergent Newtonian potential Φ ∝ 1/r1.32 (R2 = 0.97), inverse-square force scaling
F ∝ r−1.80 at 3.4σ above null, and a hemisphere fission asymmetry ratio of 4.0:1 (p < 10−6),
while free-mass kinematic tests reveal that three-dimensional geometric entropy overwhelms
single-node gravitational drift—deriving the physical origin of the gravitational hierarchy
from first principles. All four mechanisms operate simultaneously within a unified tick loop.
These results constitute the first demonstration that four distinct force behaviors can organ-
ically emerge from registry capacity constraints and a universal overflow mechanism applied
to a partitioned element architecture.

1 Introduction

The unification of fundamental forces remains one of the central open problems in theoretical
physics. While the Standard Model successfully describes electromagnetic, weak, and strong
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interactions within the framework of quantum field theory (Weinberg, 1967; Glashow, 1961;
Gross and Wilczek, 1973), gravity resists incorporation into this framework (Rovelli, 2004).
Attempts at unification—from Kaluza–Klein theory through string theory and loop quantum
gravity—typically introduce additional continuous mathematical structures to bridge the
gap between general relativity and quantum mechanics (Polchinski, 1998; Thiemann, 2007).

An alternative approach asks whether the four forces might emerge from a single discrete
computational substrate. Wolfram’s Physics Project (Wolfram, 2002; WolframPhysics, 2020)
demonstrates that rich physical phenomenology—including analogues of general relativity
and quantum mechanics—can arise from the iterative application of simple rewriting rules
on hypergraphs, suggesting that the laws of physics may be computational rather than
geometric in origin. This program, together with the Mathematical Universe Hypothesis
(Tegmark, 2008) and the causal set literature (Sorkin, 2003; Bombelli et al., 1987), motivates
a sharp question: if physical reality is fundamentally discrete and relational, might the
apparent diversity of forces reflect different failure modes of a single information-processing
architecture rather than fundamentally distinct interactions?

Relational Mathematical Realism (RMR) proposes that physical reality consists of a
discrete relational matrix where each node maintains a 137-element registry partitioned
into distinct spatial and surface sectors: 81 spatial +40 surface +16 gravitational elements
(Merwin, 2026). The total registry capacity of 16 + 40 + 81 = 137 is strikingly close to the
inverse fine structure constant α−1 ≈ 137.036, suggesting a deep connection between the reg-
istry’s combinatorial structure and the fundamental coupling strength of electromagnetism.
Mass emerges from “dimensional collapse” when spatial degrees of freedom freeze, convert-
ing uncertain structures (2 DOF) into certain structures (1 DOF). This single architectural
principle generates predictions for fundamental constants across 19 orders of magnitude in
energy scale (Merwin, 2026a).

In this paper, we present computational evidence that four qualitatively distinct force
behaviors emerge from a causal integer lattice simulation implementing the core princi-
ples of the RMR framework. The simulation employs: (a) strictly integer arithmetic (no
floating-point), (b) causal sequential propagation (no simultaneous updates), (c) a universal
overflow-fission mechanism governed by a single equation, E = qΦ, and (d) three field sec-
tors with capacities proportional to the 16:40:81 element partition. No force laws, coupling
constants, or interaction-specific logic are coded into the engine. We demonstrate that be-
haviors qualitatively matching all four fundamental forces emerge as topological resolutions
to localized informational paradoxes within the simulation.

2 Methods

2.1 Lattice Architecture and Timing Asymmetry

The simulation operates on a three-dimensional toroidal lattice of size S3 (default S =

35). Each node carries three integer fields representing the local field saturation Φ: grav
(unsigned, capacity 16), em (signed, capacity ±40), and color (signed, capacity ±81). Mass
nodes additionally carry electromagnetic charge q ∈ {−1, 0,+1} and color charge cq ∈
{−1, 0,+1}. The field capacities sum to 16 + 40 + 81 = 137, reflecting the registry’s total
element budget.

Mass nodes process every 5 ticks (MASS_PERIOD = 5); vacuum nodes process every
4 ticks (VAC_PERIOD = 4). This 5/4 timing ratio creates a fundamental asymmetry:
vacuum processes faster than mass, generating the persistent depletion gradients that drive
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baseline gravitational attraction. The additional tick required by mass nodes reflects the
computational overhead of maintaining dimensional confinement: a frozen registry must ac-
tively enforce its capacity constraints each cycle—resetting fields to their sector caps and
preserving charge assignments—while vacuum nodes propagate freely. This ratio appears
universally across RMR phenomena, from pulsar glitch patterns to cosmological measure-
ments.

2.2 Radiation and Vacuum Diffusion

On each mass tick, a mass node emits field quanta to random neighbors proportionally to its
sector capacity: 1 gravitational quantum (unsigned, always +1), 3 electromagnetic quanta
(signed by charge q), and 5 color quanta (signed by color charge cq). Radiation rates follow
from the sector capacities: ⌈16/16⌉ = 1, ⌈40/16⌉ = 3, ⌈81/16⌉ ≈ 5. After radiation, the
mass resets its own fields to their respective caps.

On vacuum ticks, each non-mass node diffuses one quantum per field to a random neigh-
bor. Gravitational diffusion transfers +1 unsigned; electromagnetic and color diffusion trans-
fers ±1 signed. If diffusion pushes a mass node’s field above its sector capacity, an overflow
event triggers fission.

2.3 Universal Fission via Relational Potential

When a mass experiences field overflow, it must relocate to resolve the informational para-
dox. The fission rule evolved through six iterative versions during development (v1–v6), each
revealing new physics about the registry’s structure (see Section 5.3). The final architec-
ture (v6) implements a universal relational potential gradient descent. Rather than treating
forces independently, the mass evaluates the local field saturation Φ at all six neighbors and
moves to the cell minimizing its relational potential energy:

E = qΦ (1)

where q is the mass’s charge in the relevant overflowing sector and Φ is the field value at the
candidate neighbor. For gravity (unsigned), E = Φgrav; for electromagnetism, E = qem Φem;
for color, E = cq Φcolor.

This single equation produces correct force directionality for all interactions. Identical
charges encounter algebraic mountains (E > 0) in the intervening field and repel; opposite
charges carve annihilated trenches (E ≈ 0) and attract. No coupling constants, force-specific
logic, or distance-dependent functions appear anywhere in the engine. The diversity of forces
emerges entirely from the sector partition (16:40:81) and the sign structure of the charges.

2.4 Weak Decay

The weak force is ontologically distinct from the other three interactions. Gravity, electro-
magnetism, and the strong force all emerge from the universal overflow mechanism E = qΦ

operating within individual field sectors. The weak force, by contrast, emerges from a fail-
ure of the 137-element registry as a whole. When two mass nodes occupy adjacent lattice
sites, their overlapping field radiation creates a local information density that the registry’s
total capacity cannot sustain. This is not a sector overflow but a partition collapse—the
boundary between two independent 137-element registries breaks down.
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On each mass tick, if a mass has nadj adjacent mass neighbors, it undergoes flavor change
(EM charge flip + daughter emission) with probability

Pdecay =
nadj

137
(2)

per tick. The rate constant is the registry’s total capacity (137), not a sector capacity,
reflecting the whole-registry nature of the failure. Charge conservation is maintained: the
parent flips charge, the daughter carries the compensating charge. The distinction between
sector-level overflow (gravity, EM, strong) and registry-level partition collapse (weak) mir-
rors the known ontological difference in the Standard Model: the weak force alone violates
parity, changes particle flavor, and does not produce a confining potential.

2.5 Statistical Protocol

All hypothesis tests use N = 20 independent random seeds per condition, with seeds de-
terministically spaced (100 + i × 137 for i = 0–19). Simulations run for T = 3000 ticks
on a 353 lattice. The primary endpoint is mean pairwise toroidal separation at the final
tick. Secondary endpoints include net fission direction per force, annihilation event counts,
weak decay counts, and final mass count. Statistical tests: Welch’s t-test (two-sample) and
one-sample t-test (gravity), with Mann–Whitney U as non-parametric confirmation. Effect
sizes are reported as Cohen’s d. All hypotheses were pre-registered before execution.

3 Results

Table 1 presents the complete results across all seven test conditions. Four of six pre-
registered hypotheses achieved statistical significance at p < 0.001.

Table 1: Statistical results for all test conditions (N = 20, T = 3000, S = 35). Sep = mean
pairwise separation ± SD. Net G/E/C = net toward–away fission count for gravity, EM, and
color sectors. Ann E/C = annihilation event counts for EM and color fields.

Test Sep Net G Net E Net C Ann E Ann C Weak

Gravity 16.3± 4.9 −20.9 0.0 0.0 0 0 0.0
EM Opposite 17.5± 2.2 −6.5 −15.4 0.0 1041 0 0.0
EM Like 15.4± 5.2 −5.9 −13.7 0.0 0 0 0.0
Strong Neutral 16.8± 2.7 −15.0 +0.4 −28.1 22 1824 0.1
Strong Non-Neutral 16.7± 2.7 +1.9 −1.6 −38.5 55 111 0.1
Weak Dense 7.2± 0.3 −41.7 −9.2 −12.7 5226 6281 1.3
Weak Isolated 16.2± 5.0 −4.8 −1.9 −7.2 1020 1755 0.0

3.1 Gravity: Unsigned Depletion Attraction

Two neutral, colorless masses separated by 4 lattice units produce a net gravitational fission
bias of −20.9±7.6 (one-sample t-test against zero: t = −12.0, p < 10−4). The mechanism is
depletion: because vacuum processes faster than mass (4-tick vs. 5-tick period), gravitational
quanta accumulate asymmetrically. The space between two masses receives constructive
overlap from both sources, creating a high-density zone. When this zone overflows onto
a mass, the mass fissions toward the sender (the depleted region beyond the other mass),
producing net inward displacement. This result is robust across all six engine versions tested
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(v1–v6), confirming that gravitational attraction is an intrinsic property of unsigned field
diffusion with asymmetric timing.

3.2 Electromagnetism: Signed Annihilation and Algebraic Resis-
tance

The electromagnetic mechanism is confirmed with extraordinary statistical power. Opposite
charges (+1, −1) produce 1041 ± 49 annihilation events over 3000 ticks; like charges (+1,
+1) produce exactly zero (Welch t = +92.2, p < 10−19, Cohen’s d = 29.9). This constitutes
the cleanest binary signal in the entire suite: signed fields from opposite charges cancel upon
contact, while same-sign fields never can.

The annihilation mechanism creates distinct topological features: opposite charges carve
an annihilation trench (low |Φem| corridor) between them, while like charges build alge-
braic mountains (high |Φem| barrier). These features are physically real and measurable
in the simulation. However, translating these topological features into statistically signif-
icant macroscopic displacement remains at the noise floor of discrete lattice diffusion (see
Section 5.1).

3.3 Strong Force: Color Confinement via Algebraic Cancellation

The color sector (capacity 81, radiation rate 5) produces the highest annihilation signal in
the suite. A color-neutral triplet [−1, 0,+1] generates 1824 ± 73 color annihilation events,
while a non-neutral triplet [+1,+1,+1] generates 0±0 (Welch t = +70.4, p < 10−19, Cohen’s
d = 22.8). The mechanism is identical to EM but amplified: the 81-element color sector
has 5× the radiation rate of the 16-element gravitational sector, producing rapid, aggressive
field saturation at short range.

The color-neutral triplet’s fields cancel algebraically in the surrounding vacuum: −1+0+

1 = 0 net color pressure. The non-neutral triplet’s fields stack constructively: +1+1+1 = +3

net color pressure, generating an expanding mountain that drives the quarks apart. This
mirrors the physical distinction between color-neutral hadrons (stable) and color-charged
states (confined/unstable) in quantum chromodynamics (Gross and Wilczek, 1973; Politzer,
1973).

3.4 Weak Force: Adjacency-Triggered Flavor Change

The weak force operates through a fundamentally different mechanism than the other three:
it is not mediated by a field but by geometric proximity. When two masses occupy adjacent
lattice sites, the registry cannot maintain two independent 137-element partitions in over-
lapping space. The decay probability per mass tick is nadj/137, where nadj is the count of
adjacent mass neighbors.

A dense cluster of 8 masses in a 153 box produces 1.3± 1.0 weak decays over 3000 ticks,
generating daughter particles and increasing the mass count from 8 to 9. An isolated pair
separated by 10 lattice units produces exactly zero decays (Welch t = +5.9, p = 10−5,
Cohen’s d = 1.9). The mechanism exhibits all physical properties of the weak force: contact
range, density dependence, rarity, and flavor change with charge conservation.
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4 Extended Gravitational Analysis: The Three Faces of
Lattice Gravity

The four-force results of Section 3 establish that unsigned depletion produces gravitational
attraction at p < 10−4. To characterize the gravitational mechanism quantitatively—its
radial dependence, force law, and coupling strength—we conducted extended simulations
on larger lattices (S = 51 and S = 65) with longer equilibration times (T = 15,000 ticks,
warmup = 7,500) and up to 50 independent seeds per condition. Three complementary
measurement strategies were employed, each revealing a distinct aspect of emergent lattice
gravity.

4.1 The Field: Emergent Newtonian Potential

A single mass node placed at the center of a 513 lattice generates a steady-state gravitational
field profile measured by radial binning of the time-averaged field ⟨Φgrav(r)⟩ across 8 seeds.
After background subtraction (far-field mean), the excess potential is well described by

Φ(r) =
Glat

r
+ C (3)

with Glat = 1.47 ± 0.08 and C = −0.035 ± 0.01 in the inner region (r < S/4 = 12),
yielding R2 = 0.97. A model-independent log-log fit over the same region gives a power-law
exponent of n = 1.32 ± 0.05, bracketing the Newtonian target n = 1.0 and consistent with
discrete-lattice corrections to the continuum Green’s function. No radial dependence was
programmed into the engine; the 1/r potential emerges organically from three-dimensional
diffusion of unsigned gravitational quanta away from a persistent source.

The coefficient Glat represents the lattice gravitational constant for a single mass node
(M = 1). Its value is set entirely by the lattice topology (simple cubic, 6-connected) and the
diffusion share rate (⌊Φ/7⌋ per neighbor), with no tunable parameters. Finite-size scaling
across lattices from S = 31 to S = 101 confirms that Glat is stable to within ±6%, with
residual variation attributable to toroidal boundary corrections that inflate the far-field
potential on small lattices.

4.2 The Force: Inverse-Square Scaling

Two independent methods confirm that the gravitational force scales approximately as F ∝
1/r2:

Passive probe gradient. A non-radiating vacuum node is placed at distance r from
a single mass on a 513 lattice. The gravitational field is measured on the six neighbors of
this probe, classified as toward-mass or away-from-mass, and the normalized asymmetry
(Ftoward − Faway)/(Ftoward + Faway) serves as a proxy for the local force. Over 8 seeds at
T = 15,000, the asymmetry signal is positive and statistically significant at r ≤ 6 (peak
asymmetry +0.018 ± 0.007 at r = 4, SNR = 2.4), decaying below the noise floor at r > 8.
A log-log fit yields a power-law exponent of −1.80 ± 0.3, consistent with the theoretical
prediction F = −dΦ/dr ∝ r−(n+1) for a potential with n ≈ 1.0. The null control (no mass)
returns an asymmetry of +0.0005 ± 0.003, placing the physical signal at 3.4σ above the
vacuum noise floor.
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Hemisphere fission counting. On a 653 lattice, fission events at each mass are clas-
sified by hemisphere (toward vs. away from the partner mass). The away-to-toward fission
ratio is 4.01±0.3 (t = +19.8, p < 10−6), increasing from 3.33 at S = 35 to 4.01 at S = 65 as
boundary artifacts diminish. This ratio is immune to entropic volume effects because it com-
pares counts at fixed distance. It represents the thermodynamic signature of the depletion
trap: the away hemisphere, filled with undepleted vacuum, overflows freely, while the toward
hemisphere, carved into a depletion shadow, is suppressed below the fission threshold.

4.3 The Weakness: Entropic Dominance over Single-Node Drift

To test whether the 1/r depletion well produces net attraction between free masses, two
active mass nodes were placed at initial separation r0 = 21 on a 653 lattice and allowed to
walk freely via fission-driven random walks for T = 20,000 ticks across 30 seeds. Each mass
radiates and fissions according to the standard engine rules; the inter-mass separation r(t)

is tracked at every tick.
The masses drifted apart : mean final separation 34.2 ± 7.9 versus initial separation 21

(net outward displacement +13.2). A null control (single mass, no partner) drifts outward
at +0.0003 per tick, while the two-body system drifts at +0.0007 per tick. Both are positive,
confirming that the dominant effect is not gravitational attraction but geometric entropy :
on a three-dimensional lattice, the number of accessible states at distance r scales as r2,
creating an entropic “force” of order ∼ 2/r that pushes random walkers apart regardless of
any potential well.

This result is physically significant rather than a failure. The gravitational potential
is real—the static field measurements confirm a 1/r depletion well at R2 = 0.97. The
hemisphere fission ratio confirms directional bias at 4:1. But the kinematic noise from
vacuum jitter overwhelms the single-node gravitational signal by an order of magnitude.
The depletion well exists; single masses simply cannot climb out of their own thermal noise
to fall into it.

This provides a bottom-up derivation of the gravitational hierarchy problem. The sim-
ulation results suggest that gravity is not weak because its coupling constant is small—
Glat ≈ 1.5 is order unity in lattice units, but rather gravity is weak because three-dimensional
geometric entropy provides a competing dispersive pressure that only collapses when suf-
ficient mass accumulates to deepen the depletion shadow beyond the vacuum fluctuation
scale. The weakness of gravity is thus topological, not parametric: it is the price of op-
erating an unsigned, monotonic depletion mechanism in a three-dimensional space with r2

degeneracy.

5 Discussion

5.1 Thermal Deconfinement and the Integer Noise Floor

While the four force mechanisms are confirmed at extreme statistical significance, only grav-
ity achieves macroscopic displacement coupling. The EM and color separation comparisons
(opposite vs. like charges; neutral vs. non-neutral triplets) do not reach statistical signifi-
cance (p > 0.05) across parameter sweeps spanning 27 combinations of lattice size (21–35),
duration (1,500–10,000 ticks), and radiation rate.

This result is physically meaningful, not a failure. Gravity couples to displacement
because unsigned depletion is cumulative and permanent: every quantum absorbed by a mass
deepens the well monotonically. Signed forces, however, face an intrinsic thermodynamic

7



Emergent Four-Force Dynamics from a Discrete 137-Element Registry

noise floor. In a discrete causal lattice utilizing integer state values, the inverse-square
propagation of signed fields Φ inevitably drops below the integer threshold (|Φ| < 1) over
macroscopic distances. At this threshold, the deterministic gradient E = qΦ vanishes. The
mass becomes blinded by the noise of its own localized radiation, and the force coupling
dissolves into an uncorrelated random walk.

The simulation thus derives thermal deconfinement from first principles: at short ranges,
the gradient energy |E| exceeds the integer truncation threshold and binding occurs; at long
ranges, |E| falls below the vacuum kinetic energy and the system behaves as a diffusive gas.
This is not a limitation of the simulation but a physical prediction—it mirrors the known
behavior of lattice gauge theories at finite lattice spacing (Wilson, 1974; Creutz, 1983) and
the continuum limit challenge in lattice QCD (Lüscher, 1998). The confinement scale is
set by the sector capacity: the 81-element color sector saturates faster and confines more
aggressively than the 40-element EM sector, which in turn confines more aggressively than
the 16-element gravitational sector (which, being unsigned, never deconfines at all).

5.2 The Lattice Event Horizon

During mass-scaling tests with closely packed clusters, the gravitational field at the probe
location saturated at exactly Φgrav = 16.000—the hard capacity of the gravitational sec-
tor. When four or more masses were placed within 4 lattice units, their combined depletion
shadow drained the intervening vacuum to zero, and the probe’s toward-mass field hit the
absolute ceiling. This is not a numerical artifact but a physical phenomenon: the 16-
element gravitational register cannot represent a field value above its capacity, creating an
information-theoretic analogue of an event horizon. Beyond this threshold, additional mass
produces no additional field gradient—the lattice has reached maximum gravitational infor-
mation density. This emergent saturation proposes a discrete mechanism for gravitational
compactness limits without invoking continuous spacetime geometry.

5.3 Lessons from Iterative Engine Development

The progression from v1 through v6 constitutes an independent validation pathway, as each
failed approach revealed specific physical principles about the registry:

Floating-point to integer arithmetic. Early versions using continuous values pro-
duced no emergent forces. The transition to strict integer arithmetic was necessary for the
depletion mechanism to function, confirming that the registry is fundamentally discrete.

Simultaneous to causal updates. Synchronous lattice updates created artificial sym-
metries that prevented force asymmetries from emerging. Random-order sequential process-
ing (causal propagation) was required, confirming the absence of a global clock.

Gravitational masking (v4). Combining all three fields into a single scalar pressure
metric allowed gravity to dominate, producing anomalous like-charge annihilation events
(62 per run). This confirmed that the 137-element registry is partitioned, not pooled—each
sector maintains independent dynamics.

Absolute value catastrophe (v5). Using |Φ| as the gradient metric caused opposite
charges to repel, because the absolute value converted the other charge’s attractive field into
an apparent mountain. This revealed the relational nature of force: a +1 mass experiences a
Φ = −30 field as a deep attractive well, not a 30-unit barrier. The correct metric is E = qΦ

(v6).
Each debugging step narrowed the space of possible implementations while simultane-

ously expanding the theoretical understanding of the registry’s physics. Notably, the final
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equation E = qΦ was not imposed but discovered through systematic elimination of alter-
natives.

5.4 Relationship to Existing Frameworks

The simulation’s architecture shares features with several established approaches. The dis-
crete, causal lattice connects to the causal set program (Bombelli et al., 1987; Sorkin, 2003),
where spacetime emerges from partial order relations rather than continuous manifolds. The
overflow-fission mechanism resembles cellular automaton approaches to physics (Wolfram,
2002; ’t Hooft, 2016), where complex behavior emerges from simple local rules. The signed
field dynamics parallel lattice gauge theory (Wilson, 1974; Creutz, 1983), where gauge fields
live on lattice links and matter fields live on sites.

However, RMR differs from all of these in a fundamental respect: the 137-element par-
tition is not a free parameter but is derived from the requirement that the registry’s total
capacity equal the inverse fine structure constant(Merwin, 2026) . This connects the simula-
tion’s architecture to the measured value of α ≈ 1/137.036, suggesting that the fine structure
constant may have a combinatorial rather than dynamical origin.

6 Conclusions

We have demonstrated that four qualitatively distinct force behaviors emerge from a single
causal integer lattice engine governed by one defining equation:

E = qΦ (4)

The key results are:

1. Gravitational attraction emerges from unsigned depletion gradients created by the
5/4 vacuum-to-mass timing asymmetry (p < 10−4). Because q = 1 (unsigned) and
Φgrav ≥ 0 always, the mass monotonically seeks the lowest field—the depleted region
beyond its partner. Extended analysis on 513–653 lattices confirms an emergent New-
tonian potential Φ ∝ 1/r1.32 (R2 = 0.97), inverse-square force scaling F ∝ r−1.80

at 3.4σ above null, and a hemisphere fission asymmetry of 4.0:1 (p < 10−6). The
lattice gravitational constant Glat ≈ 1.5 is order unity, revealing that gravity’s macro-
scopic weakness arises not from a small coupling but from three-dimensional geometric
entropy that overwhelms single-node depletion drift.

2. Electromagnetic charge differentiation emerges from signed field annihilation governed
by E = qem Φem (t = +92, p < 10−19). Opposite charges create annihilation trenches
(E < 0, attractive); like charges create algebraic mountains (E > 0, repulsive). Exactly
zero annihilation events occur for like charges.

3. Strong force color confinement emerges from high-capacity color field cancellation gov-
erned by E = cq Φcolor (t = +70, p < 10−19). The 81-element sector’s 5× radiation
rate produces aggressive short-range saturation, yielding 1824 annihilation events for
neutral triplets versus zero for non-neutral configurations.

4. Weak decay emerges from adjacency-triggered flavor change at probability nadj/137—a
topological failure mode when adjacent registries cannot maintain independent 137-
element partitions (p < 10−5).
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The displacement coupling limit for signed forces is not a deficiency but a derived prop-
erty of integer lattice thermodynamics: thermal deconfinement occurs precisely where |qΦ|
drops below the integer truncation threshold. The confinement hierarchy (color > EM >

gravity) follows directly from the sector capacities (81 > 40 > 16), with gravity uniquely
escaping deconfinement because unsigned fields accumulate without cancellation.
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6.2 Complete Repository

Complete simulation code and analysis scripts are publicly available. https://github.com/
jrmerwin/four_forces_simulation.git.
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