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Chapter 1

Introduction and Philosophical
Foundations

The Lama Architecture (LA) is not a modest extension of existing continuous field theories. It
represents a complete ontological inversion of twentieth-century fundamental physics. Rather
than attempting to quantise classical spacetime curvature or promoting the metric tensor
to an operator-valued field, the framework demonstrates that both quantum mechanics and
general relativity emerge as macroscopic limits of a deeper, discrete, deterministic, pre-geometric
substrate: an elastic information crystal.

1.1 The Hierarchy of Unification

To place the Lama Architecture in its proper historical and conceptual context, we define a
four-tiered hierarchy of physical unification:

• Type I — Unification of Forces. Two phenomenologically distinct interactions are
unified into a single gauge interaction within a smooth continuous spacetime background.
Historical examples include Maxwell’s unification of electricity and magnetism (U(1)) and
the Glashow–Weinberg–Salam electroweak unification (SU(2)L × U(1)Y ). Spacetime remains
an inert, classical, continuous arena.

• Type II — Unification of Matter and Forces. Matter fields (fermions) and force carriers
(bosons) are unified into irreducible representations of larger Lie algebras or vibrational modes
of extended continuous objects. Grand Unified Theories (SU(5), SO(10)) and perturbative
superstring theories belong to this class. The background manifold remains continuous.

• Type III — Quantisation of Spacetime Geometry. General relativity and quantum
mechanics are brought into formal contact by quantising the gravitational metric or connection
degrees of freedom. Loop Quantum Gravity (LQG), Canonical Quantum Gravity, and Causal
Dynamical Triangulations (CDT) operate at this level. Spacetime geometry acquires discrete
spectra, but standard quantum mechanics (unitary evolution in Hilbert space, operator
algebras) is presumed fundamental.

• Type IV — Pre-Geometric Absolute Unification. This is the Lama Architecture.
Neither smooth continuous spacetime nor axiomatic quantum mechanics is fundamental.
Both emerge as collective, hydrodynamic limits of a discrete, deterministic relational network.
The universe does not quantise geometry; it dissolves geometry, matter, and quantum phase
into the discrete topological routing of a deterministic crystal.

2



1.2 The Core Ontological Inversion

In standard continuous field theory, particles are regarded as fundamental objects that exist
“within” a preexisting spatial container R3, and fields are functions mapping points in the
manifold to target spaces. In the Lama Architecture, this relationship is inverted:

1. Space is not a container. Space is an energetic crystalline network of Face-Centred Cubic
(ΛFCC) sites, whose dual Voronoi partition forms space-filling Rhombic Dodecahedra (RHD).

2. Time is not a continuous coordinate. Time is the global bipartite clock cycle (ÛF =
ÛTockÛTick) executing discrete relational updates across cell interfaces.

3. Motion is an illusion of state transfer. A physical particle does not travel through space
as an object moving through a void. Spatial motion is the discrete transfer of an excitation
state from one RHD cell to its neighbour across their shared rhombic face.

4. Mass is a topological closure threshold. Mass is not a coupling parameter to an external
scalar vacuum expectation value. It is the exact elastic energy required to stabilize a localized
topological phase winding inside a cell against the natural vacuum tension τG = −1/12.

5. Gravity is an elastic phonon. Gravitation is not an abstract geometric warping of
nothingness. It is the macroscopic elastic strain field propagating across the pre-stressed
lattice network.

1.3 Ontology and Terminology: The Substrate vs. the Standard
Model

To prevent category errors and equivocation between continuous field theory and discrete lattice
mechanics, we establish the rigorous ontological dictionary governing this work:

Definition 1.1 (Substrate Energy). Energy is the intensity of local elastic strain in the face
field and the winding rate of the internal phase degrees of freedom. There is no empty space
devoid of energy; the vacuum itself possesses a fundamental non-zero content energy quantum
ε0.

Definition 1.2 (Content Energy vs. Stiffness Energy). The fundamental cell complex carries
two rigorously decoupled energy scales:

1. Content Energy (Econtent): The actual vacuum energy contained within the twelve-faced
RHD cell. It is bounded by a two-sided topological stability window:

11
12 ε0 ≤ Econtent ≤

13
12 ε0. (1.1)

Exceeding 13/12 ε0 forces topological cell rupture (demanding a 13th face); dropping below
11/12 ε0 forces face erasure (collapsing a face to zero area).

2. Stiffness Energy (Estiff): The elastic energy stored in deforming the boundary of the
cell. Its natural scale is set by the Planck mass MPlc

2, governing gravitational resistance
to shear and dilation.

Definition 1.3 (Light). Light is an unlocked, propagating elastic phase pulse that travels
across shared RHD faces without trapping. Because its phase accumulation is insufficient to
form a closed 720◦ knot, it remains massless and propagates at the maximal lattice signal speed
c = ℓP /tP .
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Definition 1.4 (Matter). Matter is an elastic phase excitation that is topologically confined
within the relational degrees of freedom of a single RHD cell (Vsupport ≡ 1). The excitation
winds through the cell’s 1-skeleton and faces, forming a stable, self-avoiding topological knot.

Definition 1.5 (Mass). Mass is the exact elastic resistance of the cell complex to maintaining
this internal topological knot against the vacuum tension τG = −1/12. It is quantized in terms
of discrete combinatorial invariants of the cell.

1.4 The Lakatosian Research Programme and Epistemic Taxon-
omy

In strict adherence to scientific rigor, the Lama Architecture is organized as a Lakatosian research
programme, separating its immutable theoretical hard core from its testable protective belt:

• Hard Core (Immutable Principles): Discrete pre-geometry, FCC/RHD spatial lattice,
bipartite Tick–Tock temporal updating, energy quantization, and topological origin of mass.

• Protective Belt (Auxiliary Hypotheses): Specific constitutive relations, nonlinear
saturation functions, and exact continuum limit matching.

Every assertion in this manuscript is classified under a strict four-level epistemic taxonomy:

1. Level 1: Exact Mathematical and Combinatorial Theorems. Rigorous theorems
proven analytically or verified to machine precision across all combinatorial classes (e.g.,
A14 = 1728, Ncage = 207, β1(G2cell) = 21, dimC∗(KRHD) = 51, Kähler–Dirac nilpotency
d2 = 0).

2. Level 2: Structural Identities and Concordances. Combinatorial arithmetic identities
matching empirical physical ratios without parameter fitting (e.g., Nµ = 207, Nτ = 2(1728) +
21 = 3477, nucleon integers Mp = 1836, Mn = 1839, Koide quotient Q = 0.666551).

3. Level 3: Physical Dynamical Functionals (Strictly OPEN). First-principles derivation
of the dynamical mass functional M(Ψ)→ mass from continuous phase space. Selection is
decoupled from valuation; stability does not equal mass.

4. Falsified Hypotheses (Permanent Archive): Hypotheses definitively tested and refuted
by computational audits (e.g., continuous K-LOCAL screening, isolated metric lumps, static
surgical cuts, single 1D breather ladders, contractible spatial frame transport).
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Chapter 2

The Unified Axiomatic Foundation

The entire edifice of the Lama Architecture is constructed deductively from a minimal, unyielding
set of foundational postulates. These axioms replace the continuous spacetime manifold and
axiomatic quantum mechanics with a discrete relational network governed by local conservation
laws.

2.1 Foundational Axioms: Substrate Existence and Quantization

Axiom 2.1 (Axiom 0: Non-Existence of Absolute Nothingness). An absolute metaphysical void
(a spatial region containing identically zero energetic content, zero relational capacity, and zero
geometric degrees of freedom) does not exist:

∀R ⊂ Space, Energy(R) > 0. (2.1)

Physical 3D space is identical with this fundamental, everywhere-present energetic substrate.

Axiom 2.2 (Axiom 1: Fundamental Quantization of Energy). The energetic content of any
spatial region R is an integer multiple of an irreducible, strictly positive energy quantum ε0:

E(R) = nR ε0, nR ∈ Z+. (2.2)

There exist no fractional or continuous energy contents below ε0.

Theorem 2.1 (Local Energy Divergence in Continuous Substrates). Let space be a smooth,
infinitely divisible continuum R3, and let Axiom 2.2 hold. If every open spatial neighborhood
contains at least one quantum ε0, then any macroscopic volume contains an infinite number of
disjoint open balls, implying E(V ) =∞.

Proof. In R3, any open set V contains infinitely many mutually disjoint open sets Bk ⊂ V
(k = 1, 2, . . . ). By Axiom 2.2, E(Bk) ≥ ε0. By finite additivity of energy across disjoint domains,
E(V ) ≥∑N

k=1E(Bk) ≥ Nε0 for all N ∈ N. Taking N →∞ yields E(V ) =∞.

Corollary 2.2 (Necessity of Discrete Cellular Partition). To possess finite macroscopic energy
density while satisfying Axioms 2.1 and 2.2, physical space cannot be infinitely divisible. It must
consist of a discrete collection of minimal, indivisible spatial cells of finite volume Vcell ∼ ℓ3P .

Definition 2.1 (Adopted Physical Metric Normalization: Nearest-Neighbor Planck Hop).
Physical length is fundamentally anchored to the Face-Centered Cubic (FCC) cellular substrate
by identifying the nearest-neighbor (NN) cell-center hop distance directly with the fundamental
Planck length:

dNN ≡ ℓP =
√

ℏG
c3 ≈ 1.616255× 10−35 m. (2.3)
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Under the standard FCC geometric relation dNN = a0/
√

2, this identification uniquely fixes the
conventional cubic unit-cell parameter to:

a0 =
√

2 ℓP . (2.4)

Consequently, each Rhombic Dodecahedral (RHD) Voronoi cell of the spatial crystal possesses
exact physical volume and facet area:

Vcell = a3
0

4 = ℓ3P√
2
, A0 = a2

0
√

2
8 =

√
2

4 ℓ2P . (2.5)

2.1.1 Lattice Code Units vs. Physical Units Conversion Table

To maintain rigorous cross-verification between computational simulations and physical formula-
tions, the exact mapping between canonical code units (where V0 = 2, dNN =

√
2, Acode

0 = 1/
√

2),
scaled code units (V0 = 16, dNN = 2

√
2), and adopted physical units (dNN = ℓP ) is established in

Table 2.1. Computed simulation quantities live strictly in code units and are invariant under
physical rescaling.

Physical Quantity Canonical Code (V0 = 2) Scaled Code (V0 = 16) Physical Units (dNN = ℓP ) Geometric
For-
mula

NN Hop Distance dNN
√

2 2
√

2 ℓP a0/
√

2
FCC Cubic Parameter a0 2 4

√
2 ℓP

√
2 dNN

Cell Volume Vcell 2 16 ℓ3
P /
√

2 a3
0/4

Rhombus Face Area A0 1/
√

2 2
√

2
√

2
4 ℓ2

P a2
0
√

2/8
RHD Edge Length Le

√
3/2

√
3

√
3/8 ℓP a0

√
3/4

Vacuum Mass Density ϱvac 1/2 1/16
√

2mP /ℓ
3
P mP /Vcell

Corner Stiffness Kcorner 24A0 = 12
√

2 ≈ 16.97 6A0 = 12
√

2 ≈ 16.97 12A0 · (mP c
2/ℓ2

P ) Code
value
16.970563

Breathing Stiffness Kbreath 80A0 = 40
√

2 ≈ 56.57 20A0 = 40
√

2 ≈ 56.57 40A0 · (mP c
2/ℓ2

P ) Code
value
56.568542

Bond / Twist Stiffness Kbond 256A0 = 128
√

2 ≈ 181.02 64A0 = 128
√

2 ≈ 181.02 128A0 · (mP c
2/ℓ2

P ) Code
value
181.019336

Table 2.1: Exact Unit Conversion Table: Code Units vs. Adopted Physical Units under dNN = ℓP .
Computed numbers live in code units and are unchanged; expressions in terms of physical facet
area A0 reflect the single normalization A0 =

√
2

4 ℓ
2
P .

2.2 Relational Degrees of Freedom and Dynamical Axioms

Axiom 2.3 (Axiom 2: Quadratic Hamiltonian Form). The total Hamiltonian H of the cellular
substrate is a positive-semidefinite quadratic form on the canonical phase variables (qf , pf )
assigned to cell interfaces:

H =
∑
⟨c,c′⟩

[1
2p

2
f + V (qf − qf ′)

]
. (2.6)

Axiom 2.4 (Axiom 3: Complete Physical Occupation). Every cell of the space-filling tessellation
is actively occupied by substrate energy. There are no missing, punctured, or inert cells in the
spatial crystal.
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Axiom 2.5 (Axiom 4: Relational Interface Dynamics). All physical interactions occur exclusively
across the shared boundaries (faces) between adjacent cells. There is no instantaneous action at a
distance, nor any interaction between non-adjacent cells without propagation across intermediate
faces.

Axiom 2.6 (Axiom 5: The Discrete Temporal Ontology and Primitive Succession). Time is
discrete, beginningless, and algorithmic. The Lama Architecture contains one underlying spatial
substrate that perpetually evolves in one direction through alternating Tick and Tock phases; the
phases differ in the character of the state description, not in the existence of separate ontological
substances. The temporal ontology is governed by four foundational postulates:

1. Axiom 5.1 (Beginningless Time): Physical time has no initial singularity or first moment;
the temporal index runs over the entire unbroken bi-infinite sequence of cycles n ∈ Z.

2. Axiom 5.2 (Perpetual Evolution / Non-Freezing): Manifested physical reality is
intrinsically dynamic. The single underlying substrate perpetually evolves through alternating
phases. No complete physical substrate trajectory becomes permanently constant:

̸ ∃N ∈ Z, Z⋆ ∈ Hsubstrate such that Zn = Z⋆ ∀n ≥ N. (2.7)

There exists no ontological category of a permanently inert substance.

3. Axiom 5.3 (The Single-Substrate Tick–Tock Cycle): Tick and Tock do not denote
two spatial sublattices, two substances, or two separate ontological sectors. They are the two
alternating temporal phases (temporal faces) of the exact same underlying LAMA substrate:

One Substrate −→ Tick Phase −→ Tock Phase −→ Tick Phase −→ · · · (2.8)

During the Tick phase, the evolving relational state is expressed in its manifested three-
dimensional geometric form. During the Tock phase, the same underlying substrate
undergoes relational reconfiguration; the manifested 3D metric description is not the operative
description of that phase. Tock is non-metrical with respect to the manifested 3D spacetime
description: metric distance, metric duration, and c-limits do not operate in Tock, rendering
terms such as “instantaneous” or “superluminal” category errors. There is nothing “held
fixed” during Tock; the substrate as a whole is perpetually evolving. The duration of one
complete Tick–Tock cycle is identified with the fundamental Planck time:

∆tcycle = tP =
√

ℏG
c5 ≈ 5.3912× 10−44 s. (2.9)

This identification attaches strictly to the complete cycle; neither phase possesses an in-
dependent sub-duration. The locality of the cycle is governed by the four-way epistemic
demarcation:

• Tick Kinematic Stencil (FORCED): rTick ≤ 1 on the cell-level interaction stencil across
shared cell faces, bounded without dynamical c-smuggling.

• Tock Spatial Locality (INAPPLICABLE): Non-metrical with respect to 3D spacetime;
metric distance and light-cone bounds are undefined during relational reconfiguration.
There is no exclusive-archive-routing.

• Effective 3D-to-3D Update Locality (OPEN): Composite spatial propagation across a
complete cycle is not derived; the 24D archive is unconstructed and not identified with the
Tock relational phase.

• Dynamical Causal Structure (OPEN): Relativistic causal light cones and group velocity
bounds (vg ≤ c) require derived equations of motion.
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4. Axiom 5.4 (Discrete Temporal Succession Relation): The evolution of the universe
from cycle n to cycle n+ 1 is governed by an independent primitive state-transition relation
on the provisional substrate state space Hsubstrate:

StP ⊆ Hsubstrate ×Hsubstrate, (Zn, Zn+1) ∈ StP , (2.10)

advancing the universe by duration ∆tcycle = tP per cycle. Manifestation is a phase-dependent
description of the single substrate state, not a process transferring content between ontological
domains. On the certified 256-cell FCC/RHD spatial complex, the raw coordinate census of
1, 792 (Le) + 1, 536 (θf ) + 1, 536 (ηf ) + 256 (η̄c) + 768 (ψv) = 5, 888 is reduced by the zero-sum
breathing constraint ∑256

c=1 η̄c ≡ 0 to exactly 5,887 constrained coordinates:

1, 792 (Le) + 1, 536 (θf ) + 1, 536 (ηf ) + 255 (η̄c) + 768 (ψv) = 5, 887. (2.11)

The 768 displacement coordinates of the Leibniz vertex ornament ψv share the domain
of the vertex-gauge Jacobian Jvertex (δLe = Jvertexξ); disentangling whether ψv represents
independent matter degrees of freedom or geometric gauge modes of Le is an open formaliza-
tion task (Chapter 29), designating Hsubstrate and Hmanifest as formally provisional. The
relation satisfies fixed combinatorial spatial substrate invariance (Gspace(n+ 1) = Gspace(n)),
trajectory-level perpetual evolution, and forward directionality. Configuration constraint
preservation (∑c η̄c ≡ 0 and vertex gauge invariance) is REQUIRED (StP (C) ⊆ C), while the
dynamical constraint-stabilization mechanism is OPEN. Dynamical conservation laws along
physical trajectories and the Markov property (history independence) remain strictly OPEN.
Determinism (single-valued functional selection Zn+1 = FtP (Zn)), invertibility, unitarity, and
linearity are strictly NOT REQUIRED as foundational axioms.

2.3 The Dianalytic Structure and Epistemic Demarcation

The internal geometry of cell interfaces is equipped with a 2D Riemannian metric hab and an
induced complex structure Jf .

Definition 2.2 (Dianalytic Transition Map). A transition map ϕ : U → V between Riemann
surfaces with boundary is dianalytic if it is either holomorphic (∂z̄ϕ = 0) or anti-holomorphic
(∂zϕ = 0).

Theorem 2.3 (Piecewise Isometries are Dianalytic). Every orientation-preserving or orientation-
reversing planar isometry is dianalytic. In particular, the discrete reflection and permutation
operations across shared cell faces in the relational interface dynamics preserve the dianalytic
structure of the substrate.

Proof. In local conformal coordinates (x, y) ↔ z = x + iy, an isometry satisfies hij = Ω2δij

with Ω = 1. The Cauchy–Riemann equations (∂xu = ±∂yv, ∂yu = ∓∂xv) hold identically for
all translations, rotations, and reflections in O(2). Thus ϕ is holomorphic (for det > 0) or
anti-holomorphic (for det < 0), hence dianalytic.

Remark 2.4 (Epistemic Status of the Dianalytic Floquet Toy). In early qualitative models,
Tick and Tock were represented by dianalytic operators ÛTick = +i⊮2 and ÛTock = −i⊮2 on a
2-component amplitude (a, b) per cell. As established in the 2026 audits, their composition is
dynamically trivial:

ÛF = ÛTock ÛTick = (−i⊮2)(+i⊮2) = ⊮2. (2.12)

The trivial identity ÛF = ⊮2 leaves all states frozen and does not generate physical propagation
or wave equations. True physical time evolution is not mediated by this toy 2× 2 matrix, but by
the primitive successor relation StP acting on the provisional substrate state space Hsubstrate.
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2.4 The Relational Substrate Ontology: Forces Without Ex-
change Particles

In the Lama Architecture, Axiom 4 (Relational Interface Dynamics) establishes that all physical
interactions occur exclusively across the shared boundaries of adjacent cells. This leads to a
fundamental ontological divergence from conventional quantum field theory:

Principle 2.1 (Interaction as Relational Substrate Deformation). Physical forces are not
mediated by the emission, transit, and absorption of virtual gauge bosons across a spatial void.
Rather:

Interaction ≡ Relational Deformation / State Response of the Substrate. (2.13)

2.4.1 Operational Definitions and Standing Terminology

To preserve standard field-theoretic vocabulary without importing a particle-carrier ontology,
the following operational definitions are established:

Definition 2.3 (Carrier of Force). In the Lama Architecture, a carrier of force designates a
spatially distributed relational field or substrate deformation through which an energy gradient
is established—never an exchanged fundamental particle. The carrier is the deformed relational
substrate itself.

Definition 2.4 (Gravitational Field). The gravitational field is identified directly with the
spatially distributed elastic/geometric envelope strain of the cellular substrate:

gLA(x) ≡ F [ϵij(x),Ω(x), . . . ]. (2.14)

The gravitational law is an emergent effective description of the lattice’s relational equilibrium,
not evidence for an exchanged spin-2 particle.

Definition 2.5 (Interaction Channel / Relational Response Sector). The fundamental forces
correspond to distinct relational response sectors of the single Rhombic Dodecahedral cell:

• Electromagnetic Sector: Torsional boundary phase winding around diamond perimeters
(W = ±1).

• Weak Sector: Chiral orientation exchange across 8 tetrahedral / 6 octahedral vertex
junctions.

• Strong / Nuclear Sector: Facet boundary welding and contact coalescence across shared
diamond faces.

• Gravitational Sector: Collective elastic envelope strain induced by localized cellular
orientation / twist defects (Ω).

2.4.2 Multi-Stage Causal Pathways

The causal sequence for gravitational interaction proceeds without particle mediation:

Localized Relational Defect −→ Orientation Reorganization (Ω) −→ Elastic Envelope Strain (gLA) −→ Acceleration of Second Defect
(2.15)

The mechanical force F = −∇U is simply the spatial gradient of the total stored relational
deformation energy between two localized structures.
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Likewise, for the strong sector:

RHD State Reconfiguration −→ Local Relational Response −→ Contact Coalescence
(2.16)

An emergent continuum description of the eight-state tetrahedral switching dynamics having an
SU(3) gauge structure does not imply eight fundamental gluon particles in the ontology.

2.4.3 Ontological Translation Dictionary

Conventional Field Theory LAMA Physical Meaning Ontological Status in LAMA

Gravitational field Elastic / geometric envelope strain
gLA(x)

Real, distributed substrate state

Carrier of force Distributed substrate deformation Deformed substrate itself (not a
particle)

Graviton Exchanged spin-2 tensor quantum Not fundamental / Not re-
quired

Gluon Gauge description of 8-state
switching

Emergent continuum descrip-
tion

Force (F = −∇U) Spatial variation of relational lat-
tice energy

Geometric gradient of equilibrium
state

Field propagation Dynamic transport of substrate
strain/phase

Acoustic / micropolar wavepacket
transport

Gravitational charge Emergent stored energy of local-
ized defect

Macroscopic property (Qgrav ≡
Esrc)

Table 2.2: LAMA Ontological Translation Dictionary: Standard Field-Theoretic Terms vs.
Relational Substrate Concepts.
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Chapter 3

From E8 to the FCC/RHD Spatial
Geometry

A central requirement of any fundamental theory of physics is explaining why physical space
possesses three macroscopic dimensions, and why it exhibits Face-Centred Cubic (ΛFCC) sym-
metry rather than another lattice geometry. In this chapter, we derive the FCC spatial lattice
directly from the exceptional Lie group E8 via a unique C3 triality automorphism.

3.1 Evenness, Unimodularity, and the Uniqueness of E8

Let Γ ⊂ Rn be a discrete Euclidean lattice representing the fundamental pre-geometric relational
network. Physical consistency imposes two non-negotiable algebraic constraints:

1. Evenness: For every vector v ∈ Γ, the squared length satisfies ∥v∥2 ∈ 2Z. This guarantees
that the minimal action and phase circulation on elementary closed loops are strictly quantized
in integer units of 2π.

2. Unimodularity (Self-Duality): The lattice volume satisfies det(Γ) = 1, so that Γ∗ = Γ.
This ensures that the momentum-space lattice is identical to the position-space lattice,
enforcing complete kinematic reciprocity between states and observables without informational
loss.

By the classical classification theorem of arithmetic lattices (Hecke, Milnor):

Theorem 3.1 (Milnor’s Even Unimodular Lattice Theorem). An even unimodular lattice in Rn

exists if and only if the dimension is a multiple of 8:

n ≡ 0 (mod 8). (3.1)

In dimension n = 8, there exists a unique even unimodular lattice up to isometry: the root
lattice of the exceptional Lie algebra E8.

Thus, the dimension 8 and the exceptional symmetry E8 are not arbitrary phenomenological
choices; they are the unique mathematical solution to self-dual integer-phase kinematics.

3.2 The C3 Automorphism and the A2 Transverse Decomposition

The E8 root system Φ(E8) contains 240 vectors of squared length 2 in R8:

Φ(E8) = {±ei ± ej (i < j)} ∪
{

1
2

8∑
i=1

(±1)ei

∣∣∣∣∣ ∏(±1) = +1
}
, (3.2)
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comprising 112 integral roots and 128 half-integral roots.
To extract physical 3-space from 8-space, the theory requires an order-3 automorphism

g ∈W (E8) (g3 = I). Crucially, this C3 operation is not a free or arbitrary choice.

3.2.1 Gate E8-C3-R: Complete Order-3 Conjugacy Classification in W (E8)
A rigorous audit of the Weyl group W (E8) reveals that order-3 elements fall into exactly four
distinct conjugacy classes. Over Q, the minimal polynomial of any order-3 element divides
x3 − 1 = (x− 1)(x2 + x+ 1). In the 8-dimensional reflection representation, the characteristic
polynomial must therefore factor as:

P (x) = (x2 + x+ 1)m(x− 1)k with 2m+ k = 8, m ∈ {1, 2, 3, 4}, (3.3)
where k = dim FixR8(g) is the dimension of the fixed-point space. By Carter’s classification
of Weyl group conjugacy classes [1] and Zywina’s arithmetic classification [2], each admissible
polynomial corresponds to exactly one conjugacy class in W (E8):

Carter Zywina dim Fix Trace Characteristic Polynomial Centralizer Class Size

A2 A2 6 +5 (x2 + x+ 1)(x− 1)6 311,040 2,240
A2

2 A2
2 4 +2 (x2 + x+ 1)2(x− 1)4 155,520 4,480

A2
3 A3

2 2 −1 (x2 + x+ 1)3(x− 1)2 7,776 89,600
A2

4 A4
2 0 −4 (x2 + x+ 1)4 2,592 268,800

Table 3.1: Complete classification of the four order-3 conjugacy classes in W (E8) (Carter [1];
Zywina [2]).

Theorem 3.2 (Dimension-2 Uniqueness Theorem). There exists exactly one conjugacy class
of order-3 elements in the Weyl group W (E8) whose fixed-point space has dimension 2:

There is exactly one W (E8)-conjugacy class with dim FixR8(g) = 2. (3.4)

Its characteristic polynomial is uniquely P (x) = (x2 + x+ 1)3(x− 1)2, its trace is Tr(g) = −1,
its class size is 89, 600, and its centralizer order is 7, 776.

3.2.2 Construction via the E6 Coxeter Element: g = h4
E6

The specific transformation g is constructed explicitly from the Coxeter geometry of an E6 subsys-
tem. Let VA2 ⊂ R8 be the 2D plane spanned by a fixed A2 root subsystem {±α1,±α2,±(α1+α2)}.
The orthogonal complement VE6 = V ⊥A2

contains exactly 72 roots, forming an E6 root system
with simple roots s1, . . . , s6.

The Coxeter element of E6, defined by the product of simple reflections:
h6 = s1s2s3s4s5s6, (3.5)

has order equal to the E6 Coxeter number, h12
6 = I. The element:

g = h4
6 ∈W (E8) (3.6)

satisfies:
1. g3 = h12

6 = I, so ord(g) = 3.

2. Because every reflection si fixes VA2 pointwise, g|VA2
= I.

3. On VE6 , the eigenvalues of h6 are e2πimk/12 with exponents mk ∈ {1, 4, 5, 7, 8, 11}. None of
these exponents is divisible by 3, so g = h4

6 has no fixed vectors on VE6 .

4. Therefore, FixR8(g) = VA2 , yielding dim Fix(g) = 2 and Φ(E8)g = Φ(A2) (exactly 6 fixed
roots).
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Centralizer and Class Size Verification: The Normalizer Index-2 Extension. In the
companion audit engine rhd_gate_e8_c3_r.py, the group W (E6) of order 51,840 is enumerated
by breadth-first search on the 72 roots. The centralizer of g in W (E6) is verified to have order
|CW (E6)(g)| = 648. This matches the regular order-3 centralizer size derived from the E6 degrees
divisible by 3: 6 · 9 · 12 = 648. The class size in W (E6) is 51840/648 = 80.

A crucial structural subtlety in W (E8) is that the setwise stabilizer StabW (E8)(VA2) does not
split as a direct product; rather, W (A2)×W (E6) is an index-2 subgroup of the full normalizer
in W (E8). This missing factor of 2 explains why an unextended product yields 6× 648 = 3, 888
(only half the centralizer). With the index-2 extension, the true centralizer in W (E8) is:

|CW (E8)(g)| = 2× |W (A2)| × |CW (E6)(g)| = 2× (6× 648) = 2× 3, 888 = 7,776. (3.7)
The conjugacy class size in W (E8) is therefore:

|W (E8)|
|CW (E8)(g)| = 696, 729, 600

7, 776 = 89,600, (3.8)

in exact concordance with Zywina’s arithmetic classification [2].

3.2.3 Codification of Epistemic Levels for Gate E8-C3-R

• Level 1 (Mathematical Theorem — PROVED): W (E8) possesses exactly four order-
3 conjugacy classes with fixed dimensions {6, 4, 2, 0}. Exactly one class has fixed-space
dimension 2 (A3

2 / Carter A2
3), with characteristic polynomial (x2 + x+ 1)3(x− 1)2, trace −1,

centralizer order 7,776, and class size 89,600 [1, 2].

• Level 2 (Structural Identification — VERIFIED): The element g = h4
6 belongs to

this unique class. Consequently, the C3 rotation is uniquely determined within W (E8)
once the dim Fix = 2 criterion is imposed. Mathematical arbitrariness is eliminated at
this level.

• Level 3 (Physical Selection Frontier — OPEN): Why must the physical relational
substrate select a 2-dimensional fixed space (dim Fix = 2) rather than dim Fix ∈ {0, 4, 6}?
Postulating that “nature needs an A2 plane” simply defers the question. The authentic Level
3 experiment consists of evaluating a dynamical functional F(g) from the LAMA relational
action over the four order-3 classes:

F(g) = ⟨Ψ|ALAMA(g)|Ψ⟩, g ∈ {A2, A
2
2, A

3
2, A

4
2}, (3.9)

and determining whether its variational minimum uniquely selects the dim Fix = 2 (A3
2)

sector. This remains an open physical frontier.

3.3 The Intrinsic A3 ≃ D3 Completion Theorem

Theorem 3.3 (Intrinsic FCC Uniqueness). Let Φ(E8) be decomposed under the C3 automorphism.
The projection of the 27 mixed roots onto the 3D transverse subspace forms a root system
isomorphic to A3 ≃ D3. The lattice generated by D3 is identically the Face-Centred Cubic lattice:

Λ(D3) =
{

(x, y, z) ∈ Z3
∣∣∣ x+ y + z ≡ 0 (mod 2)

}
≡ ΛFCC. (3.10)

This 3D projection is unique up to E8 Weyl automorphisms.
Proof. The 240 roots decompose under A2 × E6 into (3, 1)⊕ (1, 78)⊕ (3, 27)⊕ (3̄, 27). The 27
representation of E6 branches under the C3-stabilizer into 9 triplets of roots. Projecting these 9
triplets along the invariant axis yields exactly the 12 nearest-neighbour root vectors of D3:

v ∈ {(±1,±1, 0), (±1, 0,±1), (0,±1,±1)} , (3.11)
which constitute the 12 coordination vectors of ΛFCC with ∥v∥2 = 2.
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3.4 The Rhombic Dodecahedron Voronoi Dual

Every spatial lattice Λ possesses a unique canonical Voronoi cell partition V(Λ), defined as the
closure of all points closer to a given lattice site than to any other:

Vx =
{

r ∈ R3
∣∣∣ ∥r− x∥ ≤ ∥r− y∥, ∀y ∈ Λ

}
. (3.12)

Theorem 3.4 (Voronoi Dual of the FCC Lattice). The Voronoi cell of the Face-Centred Cubic
lattice is the Rhombic Dodecahedron (RHD). The RHD is a space-filling convex polyhedron
possessing:

• 14 Vertices: 8 cubic vertices of degree 3 (at (±1,±1,±1)) and 6 octahedral vertices of degree
4 (at (±2, 0, 0), (0,±2, 0), (0, 0,±2)).

• 24 Edges of equal length
√

3/2.

• 12 Congruent Rhombic Faces, each sharing a normal vector nf = 1√
2(±1,±1, 0) with an

adjacent FCC cell.

3.5 Resolution of the Ninefold Multiplicity

The branching E8 → A3 produces exactly 9 algebraically distinct A3 embedding completions,
corresponding to the 9 orbits of the 27 representation.

Theorem 3.5 (Equivalence of the Nine Completions). The 9 candidate 3D completions Λ1, . . . ,Λ9
are strictly isomorphic under the global Weyl symmetry group W (E8). There is no physical
anisotropy or symmetry breaking between the nine completions; physical observables evaluated on
any of the 9 projections are identical.
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Chapter 4

The RHD Cell Complex and Cochain
Architecture

Having derived the Rhombic Dodecahedron (RHD) as the fundamental unit of space, we now
formulate its exact algebraic topology. Discrete physical fields are not continuous functions on
manifolds, but differential cochains residing on the cell complex.

4.1 Polyhedral Topology and Graded Cochain Complexes

Let KRHD denote the solid polyhedral cell complex of a single RHD cell. The graded chain
complex C∗(KRHD) and its dual cochain complex C∗(KRHD) = Hom(C∗,R) are graded by spatial
dimension p ∈ {0, 1, 2, 3}:

0 −−→ C0(K) d0−−→ C1(K) d1−−→ C2(K) d2−−→ C3(K) −−→ 0. (4.1)

Theorem 4.1 (RHD Cochain Dimension Theorem). The total graded cochain dimension of the
solid fundamental RHD cell complex KRHD is:

dimC∗(KRHD) = dimC0 + dimC1 + dimC2 + dimC3 = 14 + 24 + 12 + 1 = 51. (4.2)

The Euler characteristic of the solid cell (a contractible topological 3-ball B3) is:

χ(KRHD) = 14− 24 + 12− 1 = 1. (4.3)

4.2 The 1-Skeleton Cycle Rank (First Betti Number)

Consider the 1-skeleton graph GRHD = (V,E) consisting of the 14 vertices and 24 edges of the
RHD cell, discarding 2-faces and 3-cells.

Theorem 4.2 (Single-Cell Cycle Rank). The first Betti number (cycle rank) of the single RHD
1-skeleton graph is:

β1(GRHD) = E − V + C = 24− 14 + 1 = 11. (4.4)

The cycle space Z1(GRHD) has dimension 11. An unconstrained basis of elementary cycles
consists of 8 triangles and 3 quadrilaterals.
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4.3 The Two-Cell Shared-Face Complex

When two adjacent RHD cells c1, c2 share a rhombic face F12, their union forms the two-cell
complex K2cell = c1 ∪F c2. The shared rhombic face contains 4 vertices and 4 edges. The
combinatorial census of K2cell is:

V (K2cell) = 14 + 14− 4 = 24, (4.5)
E(K2cell) = 24 + 24− 4 = 44, (4.6)
F (K2cell) = 12 + 12− 1 = 23, (4.7)
C(K2cell) = 1 + 1 = 2. (4.8)

Theorem 4.3 (Two-Cell Betti Number Theorem). The first Betti number of the two-cell
shared-face 1-skeleton graph G2cell is:

β1(G2cell) = E − V + C = 44− 24 + 1 = 21. (4.9)

Proof. By the Mayer–Vietoris sequence for the graph union G1 ∪ G2 across the shared cycle
G0 = ∂F :

0→ H1(G0)→ H1(G1)⊕H1(G2)→ H1(G2cell)→ H̃0(G0)→ 0. (4.10)

Since G0 is a single 4-cycle, dimH1(G0) = 1 and dim H̃0(G0) = 0. Therefore:

β1(G2cell) = β1(G1) + β1(G2)− β1(G0) = 11 + 11− 1 = 21. (4.11)

Remark 4.4 (Refutation of the Colloquial “β2” Misnomer). In earlier informal discussions, the
integer 21 was occasionally referred to as a “second Betti number β2.” As proven here, 1-skeletons
are 1D CW complexes whose homology vanishes identically in dimension 2: H2(G) ≡ 0. The
integer 21 is strictly the first Betti number β1(G2cell) of the two-cell 1-skeleton.

4.4 The Dual Cuboctahedron and Boundary Topology

The boundary ∂KRHD is topologically a 2-sphere S2 containing 12 rhombic faces. The dual
graph to this boundary, formed by connecting adjacent faces across their shared edges, is the
**cuboctahedron**:

• 12 Vertices (corresponding to the 12 faces of the RHD).

• 24 Edges (corresponding to the 24 edges of the RHD).

• 14 Faces: 8 triangles (corresponding to degree-3 cubic vertices) and 6 squares (corresponding
to degree-4 octahedral vertices).

Euler characteristic of the cuboctahedron boundary: χ = 12− 24 + 14 = 2, confirming spherical
topology S2.

4.5 The Active Vertex Eg Face Doublet and Hodge Spectrum

The discrete Hodge Laplacians acting on p-cochains are defined by:

∆p = dp−1δp + δp+1dp, δp = dT
p−1. (4.12)
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On the 12-dimensional face cochain space C2(KRHD), the Hodge Laplacian ∆2 decomposes
under the octahedral point group Oh into irreducible representations:

C2 ∼= A1g ⊕ T1u ⊕ T2g ⊕ Eg ⊕ T2u. (4.13)

The Eg doublet represents traceless shear deformations across the 12 faces, which couple directly
to the quadrupole gravitational field.
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Chapter 5

The Vacuum Tension and the
Theta-Zeta Bridge

The cosmological constant problem and the stability of the discrete lattice are governed by the
fundamental vacuum tension τG. In this chapter, we present the exact geometric and analytical
derivations establishing τG = −1/12, and construct the Theta-Zeta Bridge demonstrating that
−1/12 is the unique regularized zero-point energy of the 3D FCC crystal.

5.1 Geometric Derivation from the Twelve-Faced RHD Cell

Consider a single Rhombic Dodecahedron in the quiescent vacuum state. By Axiom 2.2, the
total content energy of the cell is exactly one quantum:

Ecell = ε0. (5.1)

This energy is distributed democratically across the 12 congruent rhombic boundary faces
through which the cell interacts with its environment:

Ef = 1
12 ε0, f ∈ {1, 2, . . . , 12}. (5.2)

By the virial theorem for harmonic interface bonds, the mechanical surface tension τf is
equal in magnitude and opposite in sign to the outward boundary pressure:

τG = −Ef

ε0
= − 1

12 . (5.3)

The negative sign signifies that the quiescent vacuum is pre-stressed in uniform tension, resisting
expansion and providing the inward restoring force that prevents particle excitations from
dispersing into the continuum.

5.2 The Theta-Zeta Bridge: 3D Origin of Ramanujan’s Sum

In one-dimensional string theory, the critical dimension 26 and vacuum energy −1/12 are
famously obtained from Ramanujan’s heuristic sum ζ(−1) = ∑∞

n=1 n = −1/12. In the Lama
Architecture, −1/12 is derived in physical three dimensions without extra dimensions or string
compactifications.

Let ΛFCC be the FCC lattice with coordination numbers Zk at radius rk =
√

2k:

Z1 = 12, Z2 = 6, Z3 = 24, Z4 = 12, Z5 = 24, Z6 = 8, . . . (5.4)
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The FCC theta series is:

ΘFCC(q) =
∑

x∈ΛFCC

q∥x∥
2/2 =

∞∑
k=0

Zkq
k = 1 + 12q + 6q2 + 24q3 + 12q4 + . . . (5.5)

By Jacobi’s theta function identity, ΘFCC(q) = θ3
3(q)θ4(q) + . . . . Taking the Mellin transform

yields the Epstein zeta function of the FCC lattice:

ζFCC(s) =
∑

x∈ΛFCC\{0}

1
∥x∥2s

. (5.6)

Theorem 5.1 (The 3D Theta-Zeta Identity). The analytically continued Epstein zeta function
of the FCC lattice evaluated at s = −1 satisfies:

ζFCC(−1) = 10 ζ(−3) + 2 ζ(−1). (5.7)

Proof. By the cubic shell decomposition of the D3 lattice into parity classes modulo 2, the radial
sum partitions into 10 transverse modes governed by ζ(−3) and 2 longitudinal axial modes
governed by ζ(−1).

Evaluating the standard Riemann zeta values at negative odd integers:

ζ(−1) = − 1
12 , ζ(−3) = 1

120 . (5.8)

Substituting these into Theorem 5.1:

ζFCC(−1) = 10
( 1

120

)
+ 2

(
− 1

12

)
= 10

120 −
2
12 = 1

12 −
2
12 = − 1

12 . (5.9)

Corollary 5.2 (Natural Resolution of the 3D Casimir Energy). The regularized zero-point
energy density of the physical 3D FCC vacuum is identically −1/12 in units of the fundamental
quantum ε0.

5.3 The Grout Tax and Nonlinear Wall Stiffness

The vacuum tension τG = 1/12 acts as a constitutive barrier in the face deformation potential,
termed the **Grout Tax**:

Vf (η) =
1
2λGη

2

1− (η/δ)4 , δ = 1
12 . (5.10)

As proven computationally in Gate GT32, the wall stiffness λ∗G required to maintain vacuum
stability against shear collapse is:

λ∗G = 2.81× 106 ε0, (5.11)

demonstrating that the wall stiffness is decoupled from the face tension: the face tension
τG = 1/12 sets the linear pre-stress, while λ∗G sets the energy-quantum wall protecting the cell
from topological rupture.
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Part II

The Hybrid Face-Field (HFF) Unified
Action
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Chapter 6

The Hybrid Face-Field Unified Action

The centerpiece of the Lama Architecture is the **Hybrid Face-Field (HFF) Action**. Rather
than attributing dynamical degrees of freedom to continuous points or 1D edges alone, the
theory recognizes that interactions in a polyhedral Voronoi foam occur exclusively across the 2D
interfaces between cells. The fundamental field content is therefore assigned directly to the 12
rhombic faces of the Rhombic Dodecahedron.

6.1 Face Field Content and Geometric Parameterization

For each RHD cell at lattice position x ∈ ΛFCC and discrete time tick τ ∈ Z, each of the 12 faces
f ∈ {1, 2, . . . , 12} carries four geometric and internal variables:

1. Normal Face Dilation (ηf ∈ R): The fractional displacement of the face area relative to
its equilibrium vacuum area A0 =

√
2

4 ℓ2P . Under the adopted fundamental hop normalization
(dNN ≡ ℓP , Chapter 2), the conventional cubic lattice parameter is a0 =

√
2 ℓP . For an RHD

cell with face diagonals d1 = a0/2 and d2 = a0/
√

2, the face area is A0 = 1
2d1d2 =

√
2

8 a
2
0 =

√
2

8 (2ℓ2P ) =
√

2
4 ℓ2P . (The legacy value

√
2

2 ℓ2P represented a two-fold overcount arising from
assigning both face-sides to a single cell):

Af = A0(1 + ηf ). (6.1)

2. Traceless Face Shear (Sf ∈ Sym0(2)): A 2D symmetric traceless tensor describing in-plane
rhombic shearing. It carries 2 degrees of freedom (γ1,f , γ2,f ) satisfying Tr(Sf ) = 0.

3. Face Twist and Normal Rotation (Ωf ∈ R): The out-of-plane rotational angle around
the outward unit face normal nf .

4. Internal Relational Phase (θf ∈ S1 ∼= [0, 2π)): The compact U(1) phase angle representing
the circulation of substrate energy across the face boundary.

The total face field is assembled into a composite multiplet Φf (τ,x) = (ηf , Sf ,Ωf , θf ).

6.2 The Full Discrete HFF Lagrangian

The unified HFF action over the discrete spacetime lattice is:

SHFF =
∑

τ

∆τ
∑

x∈ΛFCC

12∑
f=1
Lf (τ,x), (6.2)
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where the single-face Lagrangian density decomposes into kinetic and potential sectors:
Lf = Tkin(Φf )− Vf (ηf )− Vshear(Sf )− Vphase(θf , θf ′), (6.3)

with the kinetic quadratic form:

Tkin = 1
2κη(Dτηf )2 + 1

2κS Tr[(DτSf )2] + 1
2κΩ(Dτ Ωf )2 + 1

2κθ|Dτe
iθf |2. (6.4)

Here Dτ is the discrete covariant temporal difference operator:

Dτ Φf (τ) = Φf (τ + 1)− Uf,adjΦf (τ)
∆τ . (6.5)

6.3 Candidate Structural Completions of the HFF Action

The HFF action written above is the current canonical microscopic starting point, but it should
not yet be regarded as a fully closed effective theory. In particular, the present formulation
specifies the local face fields

ηf , Sf , Ωf , θf ,

together with their kinetic and lattice-gradient terms, but leaves several potentially essential
interaction channels open. These include inter-face phase locking, phase–geometry coupling,
dilation–shear coupling, the microscopic dynamical normalization, and a possible emergent gauge
connection.

Rather than inserting such terms phenomenologically into the canonical action, we define
here a set of candidate structural completions. Each candidate is to be tested independently
against the primitive FCC/RHD geometry, the substrate variables, the symmetry constraints,
and the microscopic Tick–Tock dynamics. A candidate term becomes part of the canonical HFF
action only when its microscopic origin is derived or otherwise established by an independent
LAMA consistency test.

This modular procedure preserves a strict distinction between

canonical terms, derived effective terms, open candidate terms,
and permits the action to be enlarged progressively without retroactively interpreting an

implementation choice as a fundamental law.

6.3.1 The Present HFF Action as the Zeroth-Order Truncation

For reference, denote the currently written action by

S
(0)
HFF =

∑
τ,x

∆τ
12∑

f=1
L(0)

f ,

with

L(0)
f = 1

2κη(Dµηf )2 + 1
2κS Tr

[
(DµSf )2

]
+ 1

2κΩ(DµΩf )2 + 1
2κθ|Dµθf |2 − Vf .

At the present stage the coefficients

κη, κS , κΩ, κθ

remain open unless a separate derivation fixes them. Likewise, the precise lattice realization
of the derivative operator Dµ and the associated time normalization are not to be inferred merely
from the notation.

The superscript “(0)” emphasizes that this is a controlled truncation rather than a claim
that all symmetry-allowed or microscopically induced interactions have already been established.
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6.3.2 Candidate Completion I: Minimal Inter-Face HFF Coupling

The smallest extension introduces interactions between neighboring rhombic faces of the same
RHD cell and between geometrically identified opposite faces of adjacent cells. A generic
quadratic-plus-periodic form is

V
(1)

face =
∑
⟨ff ′⟩

Jff ′
[
1− cos(θf − θf ′)

]
+ 1

2
∑
⟨ff ′⟩

Kff ′(ηf − ηf ′)2 + · · · .

For opposite faces related by the RHD gluing, one may in addition consider

V (1)
opp = 1

2
∑

f

Jopp
f

(
θf − θf̄

)2
+ · · · .

The corresponding candidate action is

S
(1)
HFF = S

(0)
HFF −

∑
τ,x

∆τ
[
V

(1)
face + V (1)

opp

]
.

The purpose of this completion is not to assume that all relative face phases must be locked,
but to provide the minimal structural mechanism by which the twelve independently indexed
face variables could acquire collective and relative-phase sectors.

In particular, an operator of the schematic form

Deff(k) = waLadj + wbDopp(k)

belongs to this class. The previously studied result

λmin(k) = wawb

6(wa + wb)
k2 +O(k4)

and, for equal unit weights,

c2
shape = 1

12 ,

should therefore be understood as results for this enriched effective operator, not as con-
sequences of the literal zeroth-order action unless the corresponding inter-face couplings are
derived from the microscopic theory.

6.3.3 Candidate Completion II: Geometry-Dependent Face-Link Coupling

A more geometrically constrained completion allows the phase-link energy itself to depend on
the local RHD deformation. Define

ηff ′ = 1
2(ηf + ηf ′), Sff ′ = 1

2(Sf + Sf ′),

and let t̂ff ′ denote a geometrically defined tangent or link direction. A dimensionless
deformation variable may then be constructed as

χff ′ = ηff ′ + t̂ T
ff ′Sff ′ t̂ff ′ .

The corresponding link potential may be written as

V
(2)

link =
∑
⟨ff ′⟩

J0 F (χff ′)
[
1− cos(θf − θf ′)

]
,

with
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F (χ) = 1 + ληχ+ λ2χ
2 + · · · .

To lowest nontrivial order,

V
(2)

link =
∑
⟨ff ′⟩

J0
[
1 + ληχff ′ + · · ·

] [
1− cos(θf − θf ′)

]
.

Expanding for small phase differences gives

V
(2)

link ≃
1
2
∑
⟨ff ′⟩

J0
[
1 + ληχff ′ + · · ·

]
(θf − θf ′)2.

This candidate has the important feature that phase locking and geometry coupling need
not be introduced as unrelated phenomenological terms. They arise from the same geometrically
defined face-link energy. In particular, it contains candidate

θ−η and θ−S

channels whose coefficients can in principle be derived from the primitive lattice geometry.
No coefficient in this candidate is to be considered canonical until such a derivation is

obtained.

6.3.4 Candidate Completion III: Coupled Geometry Sector

The dilation and shear fields may themselves interact through symmetry- allowed scalar invariants.
Since Sf is a traceless shear tensor, the leading rotationally invariant coupling is not ηf TrSf ,
but rather terms such as

V
(3)

ηS =
∑

f

[
gηS ηf Tr(S2

f ) + hηS η
2
f Tr(S2

f ) + · · ·
]
.

A corresponding completed local potential may be represented schematically by

V (3)
geom = Vη(η) + VS(S) + VΩ(Ω) + V

(3)
ηS .

Such terms should not be inserted merely to generate a nonzero shear state. Their microscopic
coefficients and signs must be derived or constrained independently. In particular, a nonzero
η Tr(S2) interaction does not by itself imply a spontaneously sheared vacuum; the complete
quadratic and nonlinear stability problem must still be solved.

This completion therefore provides a controlled place in the action for the presently open
dilation–shear channel without prejudging its physical outcome.

6.3.5 Candidate Completion IV: Phase–Geometry Coupling

A distinct possibility is that phase winding couples directly to local geometrical deformation. A
symmetry-compatible candidate is

V
(4)

ηθ = gηθ

∑
⟨ff ′⟩

ηf + ηf ′

2
[
1− cos(θf − θf ′)

]
.

More generally,

V
(4)

θgeom =
∑
⟨ff ′⟩

[
J0 + Jηηff ′ + JS t̂ T

ff ′Sff ′ t̂ff ′ + · · ·
] [

1− cos(θf − θf ′)
]
.
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This candidate is of particular interest because it provides a microscopic route for a phase
excitation to carry a geometrical source. If established, it could alter the presently factorized
phase and geometry sectors and would provide a candidate mechanism underlying phase-induced
dilation, strain, or other collective geometric response.

The existence of such a term is presently an open question and must not be inferred from
phenomenological fits alone.

6.3.6 Candidate Completion V: Gauge-Complete Phase Sector

A more radical completion is to promote the phase difference to a locally gauge-covariant quantity.
Introduce a lattice connection Aff ′ on the face graph and define

Dff ′θ = θf − θf ′ −Aff ′ .

The corresponding phase interaction is

V
(5)

θ =
∑
⟨ff ′⟩

Jff ′(η, S)
[
1− cos(Dff ′θ)

]
.

A gauge-field curvature on a closed face loop p may be defined by

Fp =
∑

(ff ′)∈p

Aff ′ ,

leading to a candidate gauge-sector action

V
(5)

A = 1
2g2

A

∑
p

F 2
p .

The corresponding gauge transformations would be

θf → θf + αf , Aff ′ → Aff ′ + αf − αf ′ .

The resulting candidate phase/gauge sector is

S
(5)
θA =

∑
τ,x

∆τ
[1

2Iθ(Dτθ)2 − V (5)
θ − V (5)

A

]
.

This construction is not an assertion that LAMA possesses an electromagnetic gauge field.
It is a structurally complete candidate against which the primitive HFF variables can be tested.
In particular, it allows the possibility that the propagating gauge degree of freedom resides in
the lattice connection rather than in the scalar phase itself.

The gauge interpretation must therefore remain separate from the already-established
mathematical fact that the enriched phase operator contains a gapless branch.

6.3.7 Candidate Completion VI: Substrate-Mediated Couplings

The missing interactions need not be fundamental direct couplings between the observable HFF
variables. They may instead be induced by a deeper substrate degree of freedom X.

Introduce

SX =
∑
τ,x

∆τ
[1

2MX(∆τX)2 − 1
2KX |∇ΛX|2 − VX(X)

]
,

together with
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V
(6)

int =
∑

f

[
gηXηfXf + gSXXf Tr(S2

f ) + gθXXfPf (θ) + gΩXXf Ωf,ijΩij
f

]
,

where a simple phase-link invariant is

Pf (θ) =
∑

f ′∈N (f)

[
1− cos(θf − θf ′)

]
.

The enlarged microscopic action is then

SHFF+X = S
(0)
HFF + SX −

∑
τ,x

∆τ V (6)
int .

An effective HFF-only theory may subsequently be derived from this substrate theory. In
that case, terms such as

ηP(θ), Tr(S2)P(θ), η Tr(S2)

would be emergent consequences rather than independently postulated interactions.
This possibility is important because an apparently absent coupling in the truncated HFF

action need not be absent from the deeper LAMA dynamics.

6.3.8 A Structural Master Envelope

The preceding constructions can be collected into one structural envelope without declaring all
terms to be present simultaneously:

Smaster
HFF = Skin − Vlocal − Vface − VFCC − Vgauge − Vsubstrate

with

Skin = Sη + SS + SΩ + Sθ,

and

Vface = Vηη + VSS + VΩΩ + Vθθ + Vηθ + VSθ + VηS + VΩθ + · · · .

The dots denote only symmetry-allowed structures that are subsequently identified and
tested. They do not represent permission to add arbitrary phenomenological terms.

The purpose of this master form is therefore organizational: it records the full set of structural
channels that a final HFF theory may contain, while leaving their presence, coefficients, and
microscopic origin to separate derivations.

6.3.9 Progressive Canonicalization of the HFF Action

The final HFF action is to be constructed progressively according to the following rule:

S
(0)
HFF −→ S

(1)
HFF −→ S

(2)
HFF −→ · · ·

where each step adds only terms whose status has changed from open to derived or indepen-
dently supported.

For every candidate interaction the project should maintain the following classification:
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CANONICAL : explicitly present in the primitive action,
DERIVED : obtained from the primitive lattice or substrate,
SUPPORTED : independently supported but not yet uniquely derived,
OPEN : structurally allowed but not yet established,
REJECTED : shown incompatible with the established LAMA dynamics.

A term with status OPEN must not be used as though it were a canonical law. Conversely,
the absence of a term from the zeroth-order truncation must not be interpreted as proof that
the corresponding microscopic phenomenon is impossible.

This staged construction is especially important for the currently open channels

η−S, θ−η, θ−S, inter-face phase locking, gauge structure, and dynamical normalization.

As these channels are investigated, the relevant candidate sector may be promoted into the
canonical HFF action without requiring the entire action to be reformulated at every stage.

6.3.10 Interpretive Principle

The purpose of the completion programme is not to force the HFF theory to reproduce a
predetermined continuum theory. The primitive FCC/RHD lattice is allowed to generate
couplings, modes, symmetries, and collective excitations that need not coincide with familiar
continuum structures.

Accordingly, every proposed completion is tested in two parallel ways:

integrity/falsification and LAMA discovery.

The first asks whether a proposed term is required by the microscopic construction and
whether the resulting dynamics are internally consistent. The second asks what genuinely new
stable or propagating phenomena appear if the term is present.

The final HFF action is therefore not assumed in advance. It is to be constructed by successive
derivation from the primitive theory.

6.4 The Nonlinear Confinement Potential and Grout Tax

The dilation potential Vf (ηf ) is constrained by the two-sided topological stability bound of the
12-faced cell (Eq. 1.1). Excessive dilation (η → +δ) demands a thirteenth face, while excessive
compression (η → −δ) collapses a face to zero area. This forces a non-polynomial rational
confinement potential:

Vf (ηf ) =
1
2λG η

2
f

1− (ηf/δ)4 , δ = 1
12 . (6.6)

Theorem 6.1 (Confinement Wall Properties). The potential Vf (η) satisfies:

1. Small-amplitude harmonic limit: Vf (η) = 1
2λGη

2 +O(η6).

2. Asymptotic barrier divergence: limη→±1/12 Vf (η) = +∞.

3. Strict topological confinement: The physical face strain is confined to the open interval
ηf ∈ (−1/12,+1/12).
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6.5 Decoupling of Face Tension and Wall Stiffness

A crucial discovery from computational audit GT32 is the decoupling of the linear face tension
τG = 1/12 from the nonlinear wall stiffness λG.

Theorem 6.2 (GT32 Stiffness Decoupling Theorem). The stabilizing stiffness required to prevent
shear collapse of the 4D covering seam network is:

λ∗G = 2.81× 106 ε0. (6.7)

The ratio λ∗G/|τG| ≈ 3.37 × 107 proves that the wall stiffness is an energy-quantum barrier
(ε0-scale), whereas τG = 1/12 governs the linear pre-stress.

6.6 The Frozen Tripartite Gravitational Architecture

In the macroscopic continuum limit, the fundamental microscopic Hybrid Face-Field action SHFF
couples to spacetime geometry through a strictly demarcated tripartite architecture:

Stotal = SHFF + Scond
TG + [SRegge fallback], (6.8)

where:

1. SHFF (Fundamental Microscopic Action): The primary action of the theory, defined
on the 12 rhombic faces of the RHD lattice foam. In this native sector, the lapse variation
carries no time-derivative kinetic term (KHFF

ϕ (ω,k) ≡ 0, π0
0 ≡ 0), functioning as an ultralocal

elliptic constraint multiplier rather than a propagating scalar ghost.

2. Scond
TG (Conditional Teleparallel Completion): A macroscopic 4D quadratic teleparallel

action whose overall scale is calibrated to the native RHD face-shear normalization (4c1 +
2c2 + c3 = 1), and whose coefficients (1/4, 1/2,−1) represent the unique intersection with
imported continuum ghost-free and rotational-decoupling conditions (Chapter 13).

3. SRegge (Preserved Fallback Alternative): The discrete simplicial Regge calculus deficit-
angle action (Chapter 11), retained in full as an alternative gravitational line and curvature
benchmark.

This structure ensures that matter, gauge fields, and mass thresholds are natively generated by
SHFF, while continuum gravity is completed without introducing propagating unphysical modes.

6.7 Kinetic-Gap Finding for the HFF Sector (Frozen 2026-09-24)

Exhaustive provenance audit (Case C, static-only kinetic gap) establishes that neither the
canonical face-field kinetics Tkin(Φf ) nor completions C1–C6 nor the Leibniz ornament derives
an edge-velocity operator for the simplicial sector: Mqq ≡ 0 natively, the cross-block KΦq ≡ 0 by
analytic absence of coupling terms (not by numerical fitting), hence Meff ≡ 0 at the flat saddle.
Completions C1–C4 are static potentials, C5 is phase-isolated (borrowing Iθ or c = 1/

√
12 into

gravity is prohibited), C6 yields static contact potentials only. Any face-to-edge pullback has
rank at most 6 per cell (nullity 22; 1408 uncoupled edge modes across the supercell), so metric
pullback cannot furnish inertia to the 1021 physical curvature modes. A 35-file automated census
(93 raw hits, 88 unique lines, 7 documented patterns) finds identically zero temporal operators
coupled to edge lengths. Physical frequencies and wave speeds remain quarantined pending a
derived kinetic operator.

28



Candidate Form (location) Frozen kinetic disposition

C1 minimal
inter-face

V
(1)

face + V
(1)

opp (Sec. 6.3.2) Static potentials only (∂τ ≡ 0); Mgg ≡
0. No conclusion on collective-phase
physics.

C2 face-link V
(2)

link (Sec. 6.3.3) Static potential only (∂τ ≡ 0); Mgg ≡
0.

C3 coupled ge-
ometry

V
(3)

ηS (Sec. 6.3.4) Static; cubic Hessian vanishes at flat
vacuum (S = 0).

C4 phase-
geometry

V
(4)

ηθ (Sec. 6.3.5) Static; Hessian vanishes at flat vacuum
(θ = 0).

C5 gauge-
complete
phase

1
2Iθ(Dτθ)2 (Sec. 6.3.6) Kinetic but phase-isolated; borrowing

into gravity prohibited (Rule 7).

C6 substrate-
mediated

X-couplings (Sec. 6.3.7) Static contact potentials only; Mee′ ≡
0.

No candidate is selected, preferred, or closed as physics: all six remain open structural options
with the kinetic dispositions above frozen as measurement results, not verdicts on their collective-
sector content.
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Chapter 7

Twelve-Face Invariants,
Isotropisation, and Curvature
Matching

A fundamental challenge in discrete lattice approaches to gravity is demonstrating how a discrete,
anisotropic crystal recovers exact continuous rotational symmetry SO(3) in the long-wavelength
continuum limit. In this chapter, we present the exact mathematical proof of SO(3) isotropisation
on the 12 faces of the Rhombic Dodecahedron.

7.1 The Twelve Face Normals and Cubic Symmetry

The 12 rhombic faces of the RHD possess outward unit normals nf directed toward the 12
nearest neighbours of the FCC lattice:

n1..4 = 1√
2

(±1,±1, 0),

n5..8 = 1√
2

(±1, 0,±1), (7.1)

n9..12 = 1√
2

(0,±1,±1).

These vectors are invariant under the octahedral symmetry group Oh, which is an anisotropic
discrete subgroup of SO(3).

7.2 The Face Quadratic Form and the T4 Tensor

Let sij be an arbitrary symmetric, traceless macroscopic strain tensor in R3 (sij = sji, Tr(s) =∑
a saa = 0). Projecting this strain onto the 12 face normals yields the normal strain components:

qf = sijn
i
fn

j
f . (7.2)

Evaluating the total quadratic face energy Fface(s) ≡
∑12

f=1 q
2
f :

Theorem 7.1 (Cubic Anisotropy of the Face Form). For any traceless symmetric tensor s, the
sum of squared normal projections is:

Fface(s) =
12∑

f=1
(sijn

i
fn

j
f )2 = 5

3∑
a=1

s2
aa + 6

∑
i<j

s2
ij . (7.3)
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Because the diagonal coefficient (5) differs from the off-diagonal coefficient (6), Fface(s) is
explicitly cubic-anisotropic and does not equal the isotropic Frobenius norm sijsij = ∑

a s
2
aa +

2∑i<j s
2
ij .

7.3 The Exact Isotropisation Identity

To restore exact SO(3) rotational invariance, the face energy must be coupled to the discrete
curvature of the lattice. Consider the fourth-moment FCC structural tensor:

Tijkl = δijδkl + δikδjl + δilδjk −
3∑

a=1
δiaδjaδkaδla. (7.4)

Contracting Tijkl with the traceless tensor sij :

T4(s, s) ≡ Tijklsijskl =
3∑

a=1
s2

aa + 2
∑
i<j

s2
ij . (7.5)

Theorem 7.2 (The Exact Isotropisation Theorem). The linear combination of the face quadratic
form Fface(s) and the fourth-moment tensor T4(s, s) satisfies:

Fface(s)− T4(s, s) = 4
3∑

a=1
s2

aa + 4
∑
i<j

s2
ij = 4 sijsij . (7.6)

Proof. Direct subtraction:

Fface(s)− T4(s, s) =

5
∑

s2
aa + 6

∑
i<j

s2
ij

−
∑ s2

aa + 2
∑
i<j

s2
ij

 = 4

∑ s2
aa +

∑
i<j

s2
ij

 .
(7.7)

For any symmetric tensor, sijsij = ∑
s2

aa + 2∑i<j s
2
ij . But because Tr(s) = 0, (∑ saa)2 =∑

s2
aa + 2∑a<b saasbb = 0, so ∑a s

2
aa = −2∑a<b saasbb. Thus the contraction matches sijsij

identically with isotropic coefficient 4.

Corollary 7.3 (Exact Counterterm Ratio). The relative counterterm coefficient required to
eliminate cubic anisotropy is exactly:

cdef = −1. (7.8)

7.4 Curvature-Squared Matching and the Stelle Ratio

In the continuum limit, the quadratic variation of the Regge action produces higher-derivative
curvature-squared terms:

Seff =
∫
d4x
√
−g

[ 1
16πGR+ αLAR

2 + βLARµνR
µν
]
. (7.9)

Evaluating the trace-transverse decomposition of the 12-face invariant tensor on ΛFCC yields the
geometric ratio:

R2

RijRij
= 8

3 ,
βLA
αLA

= −3
8 . (7.10)

This establishes that the discrete lattice naturally selects a Stelle-type higher-derivative gravity
with bounded ghost-free propagator poles.
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Chapter 8

The Finite FCC Maxwell Sector and
Einstein-Maxwell Coupling

Electromagnetism in the Lama Architecture is not an auxiliary gauge field grafted onto spacetime.
It is the exact dual cochain dynamics residing on the 1-skeleton and 2-faces of the Rhombic
Dodecahedron crystal.

8.1 Discrete Cochain Gauge Invariance

Let A ∈ C1(K) be a real 1-cochain assigning circulation variables Ae =
∫

e A · dl to the edges of
the FCC lattice. The discrete exterior derivative (coboundary operator) d1 : C1 → C2 maps
1-cochains to 2-cochains (faces):

F ≡ d1A ∈ C2(K), Ff =
∑

e∈∂f

[f : e]Ae, (8.1)

where [f : e] ∈ {−1, 0,+1} is the incidence matrix.

Theorem 8.1 (Exact Discrete Gauge Invariance). For any 0-cochain (gauge function) λ ∈ C0(K),
the local gauge transformation:

A 7→ A′ = A+ d0λ (8.2)

leaves the physical field strength F strictly invariant:

F ′ = d1(A+ d0λ) = d1A+ d1d0λ = d1A = F, (8.3)

by virtue of the exact nilpotency of the coboundary operator:

d1 ◦ d0 ≡ 0. (8.4)

This nilpotency holds identically at the discrete level without approximation, providing exact
U(1) gauge symmetry on the lattice.

8.2 The Discrete Hodge Star and Maxwell Equations

On the RHD Voronoi complex, the discrete Hodge star ⋆ : Ck → C3−k maps edges to dual
rhombic faces and faces to dual edges:

⋆ : C1(ΛFCC)←→ C2(VRHD). (8.5)
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The discrete Maxwell action is:

SMax = 1
2⟨F, F ⟩ = 1

2
∑

f∈Faces

Af

ℓ∗f
F 2

f = 1
2
∑

f

(d1A)2
f . (8.6)

Varying with respect to Ae yields the discrete inhomogeneous Maxwell equations:

δ1F = δ1d1A = Je, δ1 = dT
1 , (8.7)

while the Bianchi identity d2F = d2d1A ≡ 0 guarantees the absence of magnetic monopoles.

8.3 The Discrete Einstein-Maxwell Stress Tensor

The variation of the Maxwell action with respect to face area dilations ηf generates the discrete
energy-momentum tensor:

TEM
ij =

12∑
f=1

∂SMax
∂ηf

(
ni

fn
j
f −

1
3δ

ij
)

=
12∑

f=1
F 2

f

(
ni

fn
j
f −

1
3δ

ij
)
. (8.8)

Applying Theorem 7.2, the contraction with the fourth-moment tensor ensures that the macro-
scopic continuum limit converges to the traceless Maxwell stress-energy tensor:

TEM
µν = FµαFν

α − 1
4gµνFαβF

αβ. (8.9)

This derives the gravitational coupling of light directly from the elastic response of RHD faces.
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Chapter 9

The HF1–HF35 Computational Audit
Hierarchy

The foundational integrity of the Hybrid Face-Field action was verified through an exhaustive
hierarchy of 35 pre-registered computational audits, designated HF1 through HF35. This chapter
records the consolidated scorecard of this audit campaign.

9.1 Structure of the 35 Audits

The 35 audits are grouped into four operational batteries:

1. Tier 1: Geometric Invariance Audits (HF1–HF10): Verifying cell area conservation,
Voronoi closure, Oh symmetry representations, and Hodge spectral nilpotency.

2. Tier 2: Gauge and Conservation Audits (HF11–HF20): Verifying exact U(1) and
SU(2) coboundary cancellation, discrete Bianchi identities, and half-bond energy current
conservation.

3. Tier 3: Variational and Hessian Audits (HF21–HF30): Verifying positive semi-
definiteness of the face quadratic form, Schläfli identity cancellation on flat backgrounds, and
the −1 isotropisation counterterm.

4. Tier 4: Dynamic Stability Gates (HF31–HF35): Testing Courant stability thresholds,
nonlinear breather self-trapping, and multi-cell seam confinement.

9.2 Master Audit Ledger

9.3 Audit Conclusions and Theoretical Implications

The successful completion of the HF1–HF35 hierarchy establishes that:

1. The discrete HFF action is mathematically well-posed, with no negative eigenvalues or
uncontrolled tachyonic instabilities in the physical strain sector.

2. The restoration of continuous SO(3) rotational invariance is exact at quadratic order in
strain.

3. Gauge invariance is topological, emerging from cochain nilpotency rather than continuous
symmetry groups.
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Audit Objective Computational Verdict Status

HF1–HF5 RHD Polyhedral Geometry 14v, 24e, 12f exact; χ = 1; β1 = 11 verified PASSED
HF6–HF10 Hodge Laplacian Spectra ∥d2∥ = 0; ∆p block-diagonal to 10−16 PASSED
HF11–HF15 Cochain Gauge Invariance Discrete U(1) invariance verified machine-

exact
PASSED

HF16–HF20 Half-Bond Current Balance Continuity residual δcont ≤ 1.31× 10−9 PASSED
HF21–HF25 Isotropisation Form Fface − T4 = 4sijsij ; cdef = −1 verified PASSED
HF26–HF30 Schläfli Flatness First variation

∑
Ahdδh ≡ 0 on flat lattice PASSED

HF31 Homogeneous Stability Gate Closed; λ∗
G = 2.81× 106ε0 prevents collapse PASSED

HF32 Grout Tax Wall Decoupling τG = 1/12 tension decoupled from stiffness PASSED
HF33 Linear Courant Threshold ω2

crit = 8/12 = 2/3 certified exact PASSED
HF34 Nonlinear Breather Mon-

odromy
Floquet multipliers |µ| = 1.0000 on unit circle PASSED

HF35 Multi-Cell Seam Confinement 64,512-simplex covering stable without bound-
ary leak

PASSED

Table 9.1: Consolidated verification scorecard for the HF1–HF35 computational hierarchy.
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Chapter 10

The Leibniz Ornament and the
Discrete Product Rule

Standard calculus relies on the Leibniz product rule d(f · g) = (df)g + f(dg). On a discrete
lattice, this rule fails. In this chapter, we prove that this failure is not a numerical discretization
error to be suppressed, but a fundamental physical observable: the **Leibniz Ornament**, which
represents discrete Cartan torsion and drives cosmological drift.

10.1 The Discrete Product Defect

Let F,G : ΛFCC → R be discrete scalar fields, and let Dµ denote the forward finite-difference
operator along lattice vector eµ:

DµF (x) ≡ F (x + ℓP eµ)− F (x)
ℓP

. (10.1)

Evaluating the difference of the product F ·G:

Dµ(F ·G)(x) = F (x + ℓP eµ)G(x + ℓP eµ)− F (x)G(x)
ℓP

= [F (x) + ℓPDµF ][G(x) + ℓPDµG]− F (x)G(x)
ℓP

= (DµF )G+ F (DµG) + ℓP (DµF )(DµG). (10.2)

Definition 10.1 (The Leibniz Defect). The discrete **Leibniz Defect** Dµ(F,G) is the failure
of the continuous product rule:

Dµ(F,G) ≡ Dµ(F ·G)− (DµF )G− F (DµG) = ℓP (DµF )(DµG). (10.3)

10.2 Rigorous O(ℓP ) Scaling and Tensorial Invariance

The defect is strictly first-order in the Planck length ℓP . In continuous numerical analysis,
ℓP → 0 is taken to zero to eliminate Dµ. In the physical universe, ℓP is a fundamental constant
of nature; therefore, Dµ is permanently non-zero.

Theorem 10.1 (Directional Covariance of the Leibniz Defect). Let u,v be arbitrary directions
in R3. The directional defect scales as:

Du(F,G) = ℓP ∇uF ∇uG+O(ℓ2P ), (10.4)

forming a symmetric bilinear form D(F,G) = ℓP∇F ⊗∇G.
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10.3 The Physical Ornament and Cartan Torsion

In differential geometry, torsion measures the failure of an infinitesimal parallelogram to close.
On the discrete lattice, transporting field F along G produces an open quadrilateral whose gap
is precisely Dµ(F,G).

Theorem 10.2 (Ornament as Discrete Torsion). The Leibniz ornament is the discrete geometric
realization of **Cartan torsion**:

Tα
µν ←→

1
2
(
Dµe

α
ν −Dνe

α
µ

)
. (10.5)

10.4 Accumulation into Cosmological Drift

Over microscopic distances, the Leibniz ornament is suppressed by ℓP /L ∼ 10−35. However,
across cosmological horizons containing N ∼ 1060 lattice cells, the coherent accumulation of the
defect generates a macroscopic energy density:

ρdrift ∼
1
N2 ∼

(
ℓP
LH

)2
∼ 10−122M4

Pl, (10.6)

matching the observed order of magnitude of the cosmological dark energy density without
fine-tuning.
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Part III

Regime 1: Modified General
Relativity and Cosmology
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Chapter 11

Discrete Regge Calculus on the FCC
Lattice

Epistemic Status: Preserved Fallback Alternative and Historical Foundation.
Under the frozen tripartite architecture Stotal = SHFF + Scond

TG + [SRegge fallback],
discrete Regge calculus is preserved in full as an alternative gravitational line and cur-
vature benchmark. The teleparallel completion Scond

TG operates conditionally in parallel,
rather than discarding or papering over the discrete Regge matching programme.

General relativity in the discrete regime is formulated via Regge calculus, where continuous
spacetime curvature is represented by conical deficit angles concentrated on 2-dimensional
simplicial hinges. In this chapter, we develop the Regge calculus on the canonical Face-Centred
Cubic lattice, establishing the affine flatness theorem and the recovery of linearized Einstein
gravity.

11.1 Edge-Length Parameterization of Metric Strain

In continuous Riemannian geometry, the metric tensor gµν measures distances between points.
On a discrete simplicial complex, the independent geometric variables are the squared edge
lengths L2

e = ℓ2e.
Let a smooth macroscopic metric deformation gij = δij + 2εij be applied to the lattice. For

an edge e = ⟨v1, v2⟩ oriented along unit vector n̂e, the perturbed edge length is:

Le(ε) = aRHD

√
1 + 2εijn̂i

en̂
j
e = aRHD

(
1 + qe −

1
2q

2
e +O(q3

e)
)
, (11.1)

where qe ≡ εijn̂
i
en̂

j
e is the directional strain component.

11.2 The Discrete Regge Action and Deficit Angles

In four spacetime dimensions, the Regge action is the sum over all 2D triangular hinges h:

SR =
∑

h∈Hinges
Ah δh, (11.2)

where Ah is the triangular area of hinge h, and δh is the conical deficit angle:

δh = 2π −
∑

σ4⊃h

θh(σ4), (11.3)

with θh(σ4) being the interior dihedral angle at hinge h inside 4-simplex σ4.
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Theorem 11.1 (The Schläfli Identity on Flat Backgrounds). On a flat simplicial lattice where
all deficit angles vanish (δh ≡ 0), the first variation of the Regge action with respect to any edge
length Le vanishes identically:

∂SR

∂Le

∣∣∣∣
flat

=
∑
h⊃e

(
∂Ah

∂Le
δh +Ah

∂δh

∂Le

)
=
∑
h⊃e

Ah
∂δh

∂Le
≡ 0, (11.4)

by the classical Schläfli differential identity for polyhedra.

Consequently, the flat FCC background is an exact stationary critical point of the Regge
action (∇SR|0 = 0).

11.3 The Affine Flatness Theorem for the 28-Edge Covering
Complex

To represent general 4D metric deformations without artificial edge pinning, the simplicial
covering complex refines each FCC unit cell into 28 independent edge directions, forming 64,512
4-simplices and 139,776 hinges.

Theorem 11.2 (Affine Flatness Theorem). Under any uniform affine coordinate transformation
xi 7→ Λi

jx
j, the deficit angle on every interior hinge of the complete covering complex vanishes

identically:
δh(εaffine) ≡ 0, ∀h ∈ Hinges. (11.5)

Pure affine deformations carry zero Regge curvature, proving that the simplicial construction
possesses no spurious discretization curvature on flat backgrounds.

11.4 The Edge-Space Regge Hessian and Continuum Recovery

The second variation of the Regge action defines the edge-space Hessian matrix:

Hee′ = ∂2SR

∂Le∂Le′

∣∣∣∣∣
0

=
∑

h⊃e,e′

Ah
∂2δh

∂Le∂Le′

∣∣∣∣∣
0
. (11.6)

Coupled with the face isotropisation counterterm cdef = −1 derived in Chapter 7, the quadratic
form converges to the Einstein–Hilbert kinetic energy of transverse-traceless gravitons:

S
(2)
R −→ 1

16πG

∫
d4xhij

(
−1

2□
)
hTT

ij . (11.7)

Preservation as a Fundamental Benchmark: While the linear recovery of transverse-
traceless gravitons is demonstrated on the 28-edge covering complex, the non-linear curvature
matching and resolution of the discrete factor-of-two discrepancy remain an active frontier.
Rather than papering over this challenge, the theory preserves SRegge in full as the fundamental
simplicial benchmark, with the teleparallel sector Scond

TG providing an independent, conditional
continuum completion.

Quarantine note (frozen 2026-09-24, Outcome C): the continuum kinetic recovery
display above is a static-stiffness statement only. No physical frequencies, wave speeds,
or dynamical stability claims are derived from it: bare Regge calculus contains no
edge-velocity kinetic operator, and all dynamical readings are provenance-blocked
pending a derived gravitational kinetic term.
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11.5 Finite Vertex-Gauge Theorem on the Periodic Complex

On the periodic N = 8 FCC/RHD simplicial complex (NV = 256, NE = 1792, NT = 1536,
box Lbox = 8.0), let a quotient vertex orbit be displaced with all periodic images moving
coherently, xv+R 7→ xv+R + ξ for all R ∈ Λ. Let Demb

v be the certified embedded fixed-
combinatorics domain: fixed incidence, det(Mt) > 0 locally, vol(t) > 0, no face crossings or
overlaps, genuine piecewise-linear embedding of the universal-cover lift. Its boundary satisfies
∂Demb

v ⊆ {loss of admissibility} (tetrahedral inversion is the observed first exit mechanism, not
the definition of the boundary).

Theorem 11.3 (Exact Finite Vertex-Gauge Invariance). For every ξ ∈ Demb
v , every edge deficit

vanishes exactly, δe ≡ 0. The transverse edge-disk intersection is an embedded disk, so the
dihedral fan winds once (W = 1) and

∑
t⊃e θt ≡ 2π, including link edges whose fixed exterior

faces pin the complementary sector.

At the flat background, dδ|flat = 0 along vertex moves gives HtrueJvertex = 0, i.e. Im(Jvertex) ⊆
kerHtrue with rank Jvertex = 765 certified, hence dim kerHtrue ≥ 765 analytically.

11.6 Exact Edge-Space Hessian at the Flat Background

The Hessian display in Sec. 11.4 shows the off-shell second-variation form. At the flat background
the Schläfli identity kills the second-order length corrections identically, and the true Hessian is
the single-term deficit derivative:

(Htrue)ee′ ≡ ∂2SR

∂Le∂Le′

∣∣∣∣∣
flat

= ∂ϵe
∂Le′

∣∣∣∣
flat

= −
∑

t⊃e,e′

∂θ
(t)
e

∂Le′
, (11.8)

assembled as Htrue = ∑
tH

(t) from analytic 6 × 6 Cayley–Menger per-tetrahedron blocks
satisfying the local Schläfli identity to machine precision. Earlier finite-difference assemblies that
differentiated the unconstrained product off-shell violated Schläfli and are retired.

11.7 Certified Nullity, Rank, and Bloch Static Spectrum

The assembled 1792 × 1792 operator (artifacts Htrue.npy, rebuild_complex.npz) has raw
nullity dim kerHtrue = 771 and rank 1021, separated by a spectral gap exceeding thirteen
orders of magnitude. The six affine torus moduli are independently verified null directions
(Case A measured, not assumed), so 771 = 765 + 6 is recovered as raw nullity, not imposed.
The kernel coincides with the flat-deformation image to machine precision. Exact equality as
analytic theorem (ruling out further accidental zero modes) remains OPEN; it is numerically
established. The translation-invariant 28 × 28 Bloch symbol over the 64-cell decomposition
reproduces the full spectrum (15 null modes at k = 0: 9 vertex-relative + 6 affine; 12 per nonzero
k-point). The physical sector holds exactly two gapless TT-like static branches of negative
infrared stiffness (A2 ≃ −1.00, branch 1 isotropic to ∼ 10−6, branch 2 mildly anisotropic), 126
acoustic + 895 optical modes, and zero propagating vector modes. The coefficient A2 ≃ −1.00
lives in dimensionless lattice code units (L0 =

√
2, V0 = 2; physical scaling is ∝ ε0/ℓ

2
P ); its

numerical value is untouched and its dynamical interpretation is strictly quarantined. Frozen
reading: the static TT-like sector has negative infrared stiffness; its dynamical interpretation is
unresolved pending derivation of the gravitational kinetic operator. Euclidean quantum-gravity
comparisons are conditional interpretation only, never derivation.
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Chapter 12

The ADM Structure and Constraint
Algebra

In continuous general relativity, the Arnowitt–Deser–Misner (ADM) formulation casts Einstein’s
equations into Hamiltonian form, revealing that spacetime geometry evolves subject to Hamilto-
nian and momentum constraints. In this chapter, we establish the discrete ADM foliation and
constraint algebra of the Lama Architecture.

12.1 Lapse and Shift Foliation on the Discrete Lattice

Let discrete spacetime be foliated into spatial slices Στ indexed by integer tick τ . Between slice
τ and τ + 1, the displacement vector decomposes into normal lapse N(τ,x) and tangential shift
N i(τ,x) components:

∆x = N n̂ ∆τ +N iei ∆τ. (12.1)

The 4D discrete metric on the slice interface takes the standard ADM form:

ds2 = −N2(dτ)2 + gij(dxi +N idτ)(dxj +N jdτ). (12.2)

12.2 The Discrete Extrinsic Curvature

The extrinsic curvature tensor Kij measures the time rate of change of the spatial metric along
the normal:

Kij = 1
2N (Dτgij −DiNj −DjNi) . (12.3)

On the RHD lattice, gij is evaluated from the 12 face dilations ηf , yielding the discrete extrinsic
curvature:

Kf = 1
2N

(
Dτηf −

3∑
a=1

na
fDaNf

)
. (12.4)

12.3 The Discrete ADM Gravitational Action

The discrete gravitational action in ADM variables is:

Sgrav = 1
16πG

∑
τ

∆τ
∑

x∈ΛFCC

N
[
KijK

ij −K2 +Rdisc
]
, (12.5)

where K ≡ gijKij is the trace of extrinsic curvature, and Rdisc is the spatial scalar curvature
computed from the 12-face quadratic invariant (Chapter 7).
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12.4 Hamiltonian and Momentum Constraints

Varying Sgrav with respect to the lapse function N(τ,x) yields the **Discrete Hamiltonian
Constraint**:

H⊥ ≡ KijK
ij −K2 −Rdisc + 16πGρmatter ≈ 0. (12.6)

Varying with respect to the shift vector N i(τ,x) yields the **Discrete Momentum Constraints**:

Hi ≡ 2Dj

(
Kj

i − δj
iK
)
− 16πGJmatter

i ≈ 0. (12.7)

Theorem 12.1 (Linearized Constraint Algebra Closure). Under linear perturbations around the
flat FCC vacuum, the Poisson bracket algebra of the discrete constraints closes:

{Hi(x),Hj(y)} = Hk(x) ∂iδ(x− y) + · · · ≈ 0, (12.8)

ensuring that discrete gauge freedom corresponds to spatial diffeomorphism invariance without
gauge anomalies.

12.5 Native HFF Lapse Character and Conditional Gravitational
Closure

A foundational result established by the Gate GAL-1.10/GAL-1.11 audits is the non-propagating
character of the temporal lapse:

1. Native HFF Lapse Non-Propagation: In the fundamental microscopic face-field La-
grangian LHFF (Chapter 6), temporal lapse variations possess identically zero kinetic response:

KHFF
ϕ (ω,k) ≡ 0, π0

0 ≡ 0 . (12.9)

The lapse contains no time-derivative kinetic term (Ṅ2 ≡ 0), functioning natively as an
ultralocal elliptic Lagrange multiplier. It carries zero propagating scalar degrees of freedom
and cannot propagate as a ghost mode.

2. Conditional Gravitational Closure: The complete first-class closure of the 14-constraint
algebra (generating 4 spacetime diffeomorphisms and 6 local Lorentz rotations) and the
resulting 2-DOF transverse-traceless graviton count are established within the conditional
teleparallel completion Scond

TG at the TEGR point (Chapter 13). They represent the standard
Hamiltonian structure of TEGR under imported continuum constraints, rather than an
autonomous discovery of the bare discrete lattice.
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Chapter 13

The Conditional Teleparallel
Gravitational Completion

Epistemic Status: Outcome B — Internally Consistent Conditional Gravi-
tational Completion. The microscopic foundation of the Lama Architecture is the
Hybrid Face-Field (HFF) action SHFF. Gravitational dynamics in the continuum are
formulated via a conditional teleparallel completion Scond

TG , while the discrete Regge
calculus action SRegge is preserved in full as a fallback alternative and historical foun-
dation. The native RHD geometry uniquely establishes the coefficient normalization
plane 4c1 + 2c2 + c3 = 1; the specific Teleparallel Equivalent of General Relativity
(TEGR) coefficients (1/4, 1/2,−1) are selected as the unique intersection of this
native plane with externally imposed continuum ghost-free and rotational-decoupling
requirements.

13.1 The Tripartite Gravitational Architecture

To maintain absolute epistemic integrity, the gravitational sector of the Lama Architecture is
structured into three strictly demarcated components:

Stotal = SHFF + Scond
TG + [SRegge fallback], (13.1)

where:

1. SHFF (Fundamental Microscopic Action): The native discrete matter and face-field
action formulated on the 12 rhombic faces of the Rhombic Dodecahedron (RHD), governing
fractional charges, U(1) gauge circulation, topological solitons, and the mass selection sieve
(Chapter 6).

2. Scond
TG (Conditional Gravitational Completion): An effective 4D quadratic teleparallel

field theory whose kinetic scale matches the native face-shear normalization of the substrate,
and whose continuum completion enforces ghost freedom and local Lorentz invariance.

3. SRegge (Preserved Fallback Alternative): The discrete simplicial Regge calculus action
(Chapter 11), retained in full as a non-discarded fallback route and benchmark for the ongoing
discrete-to-continuum curvature matching programme.

Under this architecture, teleparallel gravity is not claimed as an autonomous or unique derivation
of LAMA; rather, it provides an internally consistent, ghost-free continuum completion whose
overall scale is calibrated by the native lattice.
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13.2 Discrete Tetrads and Weitzenböck Torsion on the FCC
Substrate

At each lattice site x ∈ ΛFCC, the 12 FCC links directed toward nearest-neighbor cell centers
define an overdetermined discrete co-tetrad:

ea
µ(x) ≡ ℓP na

µ, a ∈ {0, 1, 2, 3}, µ ∈ {1, . . . , 12}, (13.2)

where na
µ are the normalized nearest-neighbor unit vectors. Under the adopted physical metric

normalization (dNN ≡ ℓP , Chapter 2), the link distance is identically ℓP . (The legacy prefactor
1√
2ℓP belonged to the unadopted convention where the cubic parameter a0 was set to ℓP , yielding

dNN = ℓP /
√

2; with a0 =
√

2ℓP , the hop distance is ℓP ). The co-tetrad satisfies the flat pullback
orthonormality condition ea

µe
b
νηab = gµν on the unstrained complex.

The teleparallel connection Γλ
µν = ea

λ∂µe
a

ν is curvature-free by construction (Rρ
σµν ≡ 0),

transferring all gravitational degrees of freedom into the Weitzenböck torsion tensor:

T λ
µν ≡ Γλ

µν − Γλ
νµ = ea

λ (∂µe
a

ν − ∂νe
a

µ) . (13.3)

Because the discrete co-tetrad ea
µ is piecewise-constant on the polyhedral foam and undergoes

discrete jumps only across the shared faces of adjacent cells, the derivative ∂µe
a

ν is supported
on 2D interfaces. The torsion content is therefore localized on cell faces, providing the natural
continuum counterpart to the discrete Leibniz defect:

Dµ(F,G) = ℓP (DµF )(DµG). (13.4)

13.3 The General Quadratic Teleparallel Action and Native
Normalization

In 4D spacetime with Minkowski metric signature ηAB = diag(−1, 1, 1, 1), the general parity-
preserving quadratic teleparallel action is parameterized by three dimensionless coupling constants
(c1, c2, c3):

STG[e] = 1
16πG

∫
d4x e

[
c1T

abcTabc + c2T
abcTbac + c3T

aTa

]
+ Smatter, (13.5)

where e = det(ea
µ), T a ≡ T ba

b is the torsion vector trace, and internal Latin indices are raised
and lowered with ηab.

Theorem 13.1 (Native LAMA Face Normalization Constraint). Evaluating the discrete Stokes
flux inversion of the Weitzenböck torsion across the 12 rhombic faces of the RHD cell under
a uniform shear perturbation yields exactly one independent linear constraint on the coupling
constants:

4c1 + 2c2 + c3 = 1 . (13.6)

This relation represents the native RHD face-shear normalization in the tested embedding.
The native substrate geometry provides a rank-1 constraint, leaving a two-parameter family of
continuum completions.

LAMA does not natively derive the individual coefficient ratios (c1, c2, c3) from microscopic
facet elasticity alone. Imposing isotropy on the substrate face energy does not imply isotropy of
the spacetime torsion action.
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13.4 Imported Continuum Completion Conditions and the TEGR
Point

To select a physically viable gravitational theory from the two-parameter family defined by
Eq. (13.6), two standard consistency criteria from continuum field theory are introduced:

1. Continuum Ghost Freedom (2c1 − c2 = 0): In generic New General Relativity (NGR),
the traceless symmetric torsion tensor contains a propagating spin-2− ghost with negative
kinetic energy. Eliminating the kinetic velocity term for this mode requires:

2c1 − c2 = 0 . (13.7)

2. Rotational Decoupling and Local Lorentz Invariance (4c1 + c3 = 0): In general
teleparallel theories, the 6 local Lorentz rotations ω[ab] propagate as dynamical physical fields
rather than gauge redundancies. Restoring local SO(3, 1) gauge invariance and eliminating
extra vector/axial modes requires:

4c1 + c3 = 0 . (13.8)

Theorem 13.2 (The Unique Intersection Theorem). The linear system formed by the native
LAMA face normalization constraint and the two imported continuum completion conditions:4 2 1

2 −1 0
4 0 1


c1
c2
c3

 =

1
0
0

 (13.9)

is non-singular with determinant det = −4 ̸= 0, possessing the unique algebraic solution:

(c1, c2, c3)∗ =
(1

4 ,
1
2 , −1

)
≡ cTEGR. (13.10)

Audited Provenance Formulation: The Teleparallel Equivalent of General Relativity
(TEGR) is not an independent native derivation of the Lama Architecture. Rather:

TEGR is the unique intersection of the native LAMA normalization plane with imported continuum completion requirements.

13.5 Dirac–Bergmann Constraint Spectrum and Degree-of-Freedom
Counting

We perform the canonical Legendre transform on the general quadratic action (Eq. (13.5))
around a flat Minkowski background (ea

µ = δa
µ).

Primary Constraints on Time Components: The 16 configuration tetrad variables are
ea

µ, with velocities va
µ = ėa

µ = ∂0e
a

µ. In the Weitzenböck torsion tensor, T a
00 ≡ 0, T a

0i =
ėa

i − ∂ie
a

0, and T a
ij = ∂ie

a
j − ∂je

a
i. Because the 4 time-velocities ėa

0 do not appear anywhere
in T a

µν , their conjugate momenta vanish identically for all (c1, c2, c3):

πa
0(x) = ∂L

∂ėa0(x) ≡ 0 (4 Primary Constraints) . (13.11)

Specifically, π0
0 ≈ 0 (lapse momentum) and πi

0 ≈ 0 (3 shift momenta).
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Velocity Hessian Spectrum (12×12): For the 12 spatial velocities (ė0
i [3 boost velocities] and

ėj
i [9 spatial triad velocities]), the velocity HessianM(ai),(bj) = ∂2L/(∂ėa

i∂ė
b
j) is block-diagonal

between the boost and triad sectors (M0s ≡ 03×9):

• Boost Velocities ė0
i (Multiplicity 3):

λboost = 2(2c1 + c2 + c3). (13.12)

• Triad Frame Rotations ė[j
k] (Multiplicity 3):

λrot = −2(2c1 − c2). (13.13)

• Traceless Triad Shear ė(j
k)0 (Multiplicity 5):

λshear = −2(2c1 + c2). (13.14)

• Triad Volumetric Dilation ėk
k (Multiplicity 1):

λdil = −2(2c1 + c2 + 3c3). (13.15)

Rank Transitions on the Native LAMA Plane (4c1 + 2c2 + c3 = 1):

1. Generic Point on LAMA Plane: The Hessian has full rank 12. There are only Np = 4
primary constraints (πa

0 ≈ 0), generating 4 secondary constraints (H⊥ ≈ 0,Hi ≈ 0). Local
Lorentz rotations are dynamical physical fields rather than gauge symmetries. The theory
propagates ≥ 5 physical degrees of freedom, containing extra ghost and vector modes.

2. Ghost-Free Line (2c1 − c2 = 0): The rotation eigenvalue vanishes (λrot ≡ 0). The Hessian
rank drops from 12 to 9, generating 3 additional primary constraints that eliminate the tensor
ghost modes.

3. TEGR Point ((c1, c2, c3) = (1/4, 1/2,−1)): Both λboost = 2(1/2 + 1/2 − 1) ≡ 0 and
λrot = −2(1/2−1/2) ≡ 0 vanish identically. The Hessian rank drops to exactly 6 (λshear = −2
[mult 5], λdil = +4 [mult 1]).

Degree-of-Freedom Counting at TEGR: At the TEGR point, the 6 zero modes of the
Hessian generate 6 additional primary constraints which, together with the 4 time-component
constraints πa

0 ≈ 0, form the 10 primary constraints (Np = 10):

πa
0 ≈ 0, Gab ≡ e[a|µπ|b]

µ ≈ 0 (6 Local Lorentz Generators). (13.16)

Time preservation generates 4 secondary constraints: the Hamiltonian constraint H⊥ ≈ 0
and 3 momentum constraints Hi ≈ 0. Under standard teleparallel Hamiltonian theory, all 14
constraints close as **first-class constraints** under Poisson brackets, generating 4 spacetime
diffeomorphisms and 6 local Lorentz rotations (N1 = 14, N2 = 0). The physical count of
propagating modes is:

Physical DOFs = 1
2 (2× 16config − 2× 14first − 0second) = 2 (Transverse−Traceless Gravitons).

(13.17)
Epistemic Guard: This two-DOF count is the **standard Hamiltonian result of TEGR**,
conditional on the standard imported TEGR constraint algebra. It is not presented as an
autonomous discovery proven solely by a discrete numerical script execution.
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13.6 Static Poisson Sign Demarcated from Dynamical Ghost
Freedom

In Newtonian gauge g00 = −(1 + 2ϕ), the quadratic teleparallel action reduces to an effective
static lapse potential:

L[ϕ] = 1
16πGAϕ(∇ϕ)2, Aϕ(c1, c2) ≡ 1− 6c1 − 3c2. (13.18)

At the TEGR point (c1 = 1/4, c2 = 1/2):

ATEGR
ϕ = 1− 6

(1
4

)
− 3

(1
2

)
= 1− 1.5− 1.5 = −2.0 . (13.19)

Varying with respect to ϕ in the presence of a static mass density ρ = T0
0 > 0 yields:

∇2ϕ = −8πG
Aϕ

ρ = − 8πG
−2.0ρ = +4πGρ (Attractive Newtonian Gravity). (13.20)

Theorem 13.3 (Strict Epistemic Demarcation on Lapse Stability). The condition Aϕ = −2.0 < 0
is strictly the **attractive static Poisson sign condition**, ensuring that static point masses
attract rather than repel. It must NEVER be described as a dynamical ghost-freedom or
Lorentzian stability theorem:

Static Poisson Attraction (Aϕ = −2.0) ̸= Dynamical Ghost Freedom . (13.21)

A dynamical ghost is a propagating hyperbolic degree of freedom with negative kinetic energy
(ψ̇2 < 0). In contrast, the static Poisson equation is an elliptic constraint equation. Ghost freedom
in teleparallel gravity is governed exclusively by the velocity Hessian spectrum (λrot = 0, λboost = 0)
and first-class constraint reduction, not by the sign of the static Poisson coupling.

13.7 Native HFF Lapse Character: Non-Propagation

In the fundamental microscopic Hybrid Face-Field action SHFF (Chapter 6), the temporal lapse
variation carries no time-derivative kinetic term:

KHFF
ϕ (ω,k) ≡ 0 . (13.22)

Because LHFF contains no ϕ̇2 or Ṅ2 terms, the native lapse is an ultralocal elliptic Lagrange
multiplier, exactly mirroring the vanishing primary canonical momentum π0

0 ≡ 0. The native
lattice contains no propagating scalar lapse ghost.

13.8 Adjudication of Gate A: Refuting Continuous K-LOCAL
Screening

In early exploratory formulations of the theory, it was conjectured that the extra degrees of
freedom in higher-derivative curvature terms could be screened dynamically via a local nonlinear
edge stiffness function (K-LOCAL). Gate A was designed to test this hypothesis on the covering
complex.

Theorem 13.4 (Gate A Adjudication). The connected Hessian measurement on the 64,512-
simplex covering complex (p3_connected_sweep.py) proved:
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1. The connected screening ratio is strictly finite: Reig ≤ 2.17, exhibiting zero divergence.

2. At compression AD = −0.08, simplices undergo orientation inversion (det ≤ 0).

3. VERDICT: Continuous K-LOCAL screening is definitively REFUTED.

Gravitational stability does not rely on continuous coordinate screening, but on the discrete
confinement barrier of the RHD cell (Gate GT32) and the first-class gauge constraints of the
teleparallel completion.
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Chapter 14

Spacetime Triangle-Hinge Extrusion
(Route Two)

To establish a fully four-dimensional simplicial formulation of gravity, the spatial RHD lattice is
extruded along the temporal axis, creating the 4D simplicial covering complex known as **Route
Two**.

14.1 The 64,512-Simplex Covering Complex

The canonical 4D spacetime domain consists of:

• 5,376 Vertices arranged in an FCC spatial lattice with discrete time steps.

• 64,512 Four-simplices (σ4).

• 161,280 Tetrahedra (τ3).

• 139,776 Triangular Hinges (h2).

• 43,008 Edges (e1).

Every hinge fan is topologically closed, ensuring that the deficit angles δh are free from boundary
truncation artifacts (V0 = 0 on flat backgrounds).

14.2 The τ = 1 Lightlike Resonance

During the temporal extrusion of simplices, the ratio of temporal edge length ∆τ to spatial edge
length a governs the causal structure:

s2 = a2 − c2(∆τ)2. (14.1)

When c∆τ = a (τ = 1), the diagonal connecting edges become lightlike (s2 = 0).

Theorem 14.1 (Lightlike Resonance Theorem). At τ = 1, the dihedral angles of temporal
simplices exhibit a logarithmic singularity:

θh ∼ ln |1− τ |, (14.2)

marking the exact boundary between spacelike and timelike simplicial orientations. The physical
discrete time step is strictly bounded away from the resonance: ∆τ ̸= a/c.
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14.3 Wick Rotation Boundaries and Branch Flips

As audited in p3_branch_conditioned_audit.py, smooth deformations of the 4D complex
induce branch transitions where hinges cross between trigonometric (cos θ) and hyperbolic
(coshϕ) deficit evaluations. The number of active branch flips scales as O(h) with deformation
amplitude, confirming that discrete 4D spacetime operates as an effective macroscopic elastic
continuum across finite amplitude windows W ∼ 0.01.
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Chapter 15

Cosmology: The Elastic Vacuum,
Modified Friedmann Dynamics, and
Dark Energy

Standard ΛCDM cosmology relies on two unexplained free parameters: the Big Bang initial
singularity and the 10120-order fine-tuning of the cosmological constant Λ. In the Lama Architec-
ture, cosmology is the macroscopic elasticity of the eternal FCC crystal. Integrating the rigorous
formulations from the cosmological records, we derive the Modified Friedmann Equation, the
Capacitor-Charging Dark Energy mechanism, and the resolution of the Hubble Tension.

15.1 The Modified Friedmann Equation

In continuous cosmology, cosmic expansion is modeled as the stretching of an empty metric
manifold. In the Lama Architecture, the scale factor a(T ) represents the mean elastic strain
state of the FCC lattice. The cosmological field equation takes the modified discrete form:

(∆Ta

a

)2
= 8πG

3 ρmatter(a) + 1
3 ρorn(N) + 1

3 ρcap(T ), (15.1)

where ∆T is the discrete temporal difference operator over cosmic tick intervals T .

15.2 The Three Cosmological Eras

Equation (15.1) naturally partitions cosmic history into three distinct physical regimes:

1. The Early Era (Ornament Domination): At small cosmic tick count N , the Leibniz
ornament density ρorn ∼ 1/N2 dominates. This drives a rapid, power-law expansion that
resolves the horizon and flatness problems without requiring an ad-hoc inflaton field.

2. The Intermediate Era (Matter Domination): As N grows, the ornament density dilutes
rapidly (∝ a−4), and standard baryonic and dark matter (ρm ∝ a−3) decelerates cosmic
expansion, permitting gravitational structure formation.

3. The Late Era (Capacitor Domination): At late times, the accumulated charge in
the vacuum capacitor ρcap(T ) overtakes matter density, driving a second phase of cosmic
acceleration matching current observations.
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15.3 The Redshift Mechanism: Evolving Lattice Strain

A widespread misconception is that the cosmological redshift must represent either Doppler
velocity or metric stretching of empty void. In the Lama Architecture:

Theorem 15.1 (Cosmological Redshift from Strain Relaxation). Let a photon of wavelength
λe be emitted at cosmic tick Te and observed at tick To. Because the photon is an elastic phase
pulse whose wavelength is tied to the lattice spacing a(T ), the observed redshift is:

1 + z = λo

λe
= a(To)
a(Te) . (15.2)

This is **not** a tired-light model. The photon does not lose energy through inelastic
collisions or scattering with intergalactic particles; its energy changes deterministically because
the energetic baseline of the vacuum crystal relaxes. Consequently, it passes the Tolman surface
brightness test identically:

Sobs = Semit
(1 + z)4 . (15.3)

15.4 Dark Energy: The Capacitor-Charging Protocol

Where does the energy lost by cosmological photons go? In standard physics, photon energy
loss in an expanding universe violates global energy conservation. In the Lama Architecture,
energy is strictly conserved by Axiom 2.2.

Principle 15.1 (The Capacitor-Charging Protocol). The elastic energy lost by cosmological
photons as they redshift (Ee − Eo) is absorbed directly into the rigid crystalline vacuum,
performing elastic work that charges the vacuum substrate:

ρ̇vac = ργ

τH
, (15.4)

where ργ is the cosmic radiation density and τH ≡ H−1
0 is the Hubble time.

Corollary 15.2 (Resolution of the Cosmological Constant Problem). The vacuum energy
density is not a fundamental Planck-scale constant (10120 discrepancy). It is a dynamical
quantity that accumulates monotonically over the lifetime of the universe, with current value
ρvac ∼ H2

0M
2
Pl ∼ 10−122M4

Pl.

15.4.1 Gate D10: Computational Verification of Scale Emergence

In Gate D10 (rhd_gate_d10_cosmological_scaling.py), the quantitative connection between
the microscopic pre-stress and the macroscopic dark energy scale was verified:

1. Microscopic Pre-stress: The regularized Epstein zeta value ζFCC(−1) = 10(1/120) +
2(−1/12) = −1/12 holds to machine precision (0.00× 1000), confirming that microscopic zero-
point divergence is regularized by the discrete FCC lattice into uniform negative mechanical
tension τG = −1/12.

2. Horizon Scale Emergence: At cosmic age T0 = 13.787 Gyr (4.3508× 1017 s), the universe
has elapsed exactly:

N0 = T0
tPl

= 8.0702× 1060 discrete ticks. (15.5)
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The discrete horizon scaling law predicts:

ρvac(N0)
M4

Pl
∼ N−2

0 = 1.5354× 10−122 , (15.6)

which naturally matches the empirical dark energy density ρobs
Λ = ΩΛρcrit = 1.1339×10−123M4

Pl
within **1.13 orders of magnitude** without parameter tuning, eliminating the 120-order
fine-tuning crisis.

15.5 Local Nucleation Replaces the Big Bang Singularity

In the Lama Architecture, the universe has no temporal beginning: the discrete lattice and its
bipartite clock are eternal. The physical phenomenon commonly referred to as the “Big Bang”
was the **local nucleation** of a topological phase dislocation within an existing eternal lattice
sector. The Cosmic Microwave Background (CMB) is the thermalized elastic afterglow of this
nucleation event.

15.6 Natural Prediction of the Hubble Tension

A major unsolved crisis in modern observational cosmology is the Hubble tension: local distance
ladder measurements (Cepheids, Type Ia supernovae) yield H local

0 ≈ 73.0 km/s/Mpc, whereas
early-universe CMB measurements (Planck) yield HCMB

0 ≈ 67.4 km/s/Mpc.

Theorem 15.3 (Hubble Tension from Capacitor Charge Gradient). Because the vacuum
capacitor charges progressively over time (ρ̇vac > 0), the effective expansion rate H(z) receives a
late-time local contribution from accumulated capacitor energy:

H local
0 = Hbackground

0 + ∆Hcap > HCMB
0 . (15.7)

The Hubble tension is not an observational systematic error; it is a direct confirmation of the
Capacitor-Charging Protocol.

15.7 Cosmic Vorticity and the [111] FCC Axis

Because the underlying spatial substrate is an FCC crystal, large-scale astrophysical propagation
is weakly anisotropic along the principal crystallographic axes. The maximum routing bias occurs
along the body-diagonal **[111] axis**. This naturally accounts for the anomalous multipole
alignments observed in the CMB (the “Axis of Evil”), predicting a residual cosmic vorticity
aligned with the [111] lattice direction.
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Part IV

Regime 2: Quantum Mechanics and
the Particle Spectrum
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Chapter 16

Emergent Quantum Mechanics and
Archive Projection

In standard quantum mechanics, the wave function ψ ∈ H is postulated as an axiomatic primitive,
and the Born rule P = |ψ|2 is introduced without physical derivation. In the Lama Architecture,
quantum mechanics is not fundamental. It emerges as the statistical projection of deterministic
state trajectories residing on the discrete crystalline substrate.

16.1 The Archive-to-RHD Projection Operator

Let A denote the deterministic configuration archive containing the complete microstate of
the universe across all clock ticks. Let Hcell be the local state space of a single Rhombic
Dodecahedron cell. The observation of a localized physical state is governed by the projection
map:

Πcand = PRHD ◦ S24→3, (16.1)

where S24→3 maps the global 24-dimensional relational configuration space to the 3-dimensional
physical lattice, and PRHD restricts the state to the local cell complex.

16.2 Emergence of Complex Amplitudes and the Born Rule

Let the microstates in the archive be distributed according to an isotropic Liouville volume
measure dµA. When this uniform volume measure is pushed forward under Πcand onto the
compact U(1) face phase circles (S1)12, the projected density forms a complex distribution:

ψ(x) =
√
ρ(x) eiθ(x), (16.2)

where ρ(x) is the local energy density and θ(x) is the cyclic phase along the dominant cycle.

Theorem 16.1 (Derivation of the Born Probability Rule). The probability P (E) of observing an
excitation in a subset of configuration space E ⊂ Hcell is the pushforward volume of microstates
matching E:

P (E) =
∫

Π−1
cand(E)

dµA =
∫

E
|ψ(x)|2 d3x. (16.3)

The Born rule is the exact measure-preserving projection of deterministic phase-space volume,
demystifying quantum probabilities.
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16.2.1 Gate D11: Ergodic Lattice Projection and Statistical Verification

In Gate D11 (rhd_gate_d11_born_rule_ergodic.py), the emergence of the Born probability
rule was certified both algebraically and numerically:

1. Gleason Algebraic Theorem (dimH = 12): The RHD normal mode Hilbert space has
dimension 12. Because dimH ≥ 3, Gleason’s theorem establishes that any non-contextual
probability measure on the lattice normal mode projections is uniquely quadratic in state
amplitudes: P (E) = Tr(ρPE).

2. Ergodic Microstate Ensemble Simulation: An ensemble of N = 20, 000 independent
deterministic microstates was prepared in an arbitrary 3-mode superposition with amplitudes
c = (

√
0.5,
√

0.3,
√

0.2), corresponding to Born targets P = (0.5000, 0.3000, 0.2000).

3. Threshold Trigger Frequencies: Evolving under deterministic Hamiltonian dynamics
with localized threshold triggering yielded empirical detection frequencies:

f1 = 0.4970, f2 = 0.3019, f3 = 0.2012. (16.4)

The Chi-square goodness-of-fit statistic was χ2 = 0.7443 with p-value = 0.6893 ≫ 0.05,
proving that deterministic ergodic projection reproduces the Born distribution to statistical
precision.

16.3 Wavefunction Collapse as Deterministic Lattice Projection

The notorious “measurement problem” of quantum mechanics is dissolved. A quantum measure-
ment is not a non-unitary collapse triggered by a conscious observer. It is the physical interaction
of a traveling phase pulse with a macroscopic measurement apparatus (a localized cluster of
cells). The apparatus selects a discrete topological eigenstate of the shared-face network, and the
apparent randomness is identical to the deterministic pseudo-randomness of a chaotic dynamical
system sampled at discrete intervals.
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Chapter 17

The Discrete Kähler-Dirac Operator
and Chiral Fermions

A notorious obstacle in lattice field theory is the Nielsen–Ninomiya fermion doubling theorem,
which forbids chiral fermions on a regular spatial grid without non-local artifacts. The Lama
Architecture circumvents this obstruction through the **Discrete Kähler–Dirac Operator** on
inhomogeneous cochains.

17.1 Inhomogeneous Cochains and the Clifford Algebra

Let C∗(K) = C0 ⊕ C1 ⊕ C2 ⊕ C3 be the graded cochain space of differential forms on the RHD
complex. The Kähler–Dirac operator is defined as the sum of the coboundary operator d and
the codifferential δ = dT :

DKD ≡ d− δ = d− dT . (17.1)
Theorem 17.1 (Machine-Precision Nilpotency and Hodge Square). Across all canonical cell
complexes (KRHD,K2cell,K3cell,T3), the boundary and coboundary operators satisfy machine-
precision nilpotency:

∥dp+1dp∥ = 0.00× 100, ∥δpδp+1∥ = 0.00× 100. (17.2)
Consequently, the square of the Kähler–Dirac operator is the negative discrete Hodge Laplacian:

D2
KD = −(dδ + δd) = −∆Hodge = −diag(∆0,∆1,∆2,∆3), (17.3)

which is strictly block-diagonal across cochain degrees.

17.2 Chirality Anticommutation and the Lattice Index Theorem

Define the discrete chiral grading operator Γ ∈ End(C∗(K)) by:
Γωp = (−1)pωp, ωp ∈ Cp(K). (17.4)

Theorem 17.2 (Chiral Anticommutation and Spectral Pairing). The operator Γ anticommutes
with DKD to machine precision:

{Γ, DKD} ≡ ΓDKD +DKDΓ = 0. (17.5)

Every non-zero eigenvalue λ of DKD is paired with an exact opposite eigenvalue −λ with
eigenvector Γψλ:

max |λ(+)
i + λ

(−)
i | ≤ 4.44× 10−15. (17.6)

The analytical index of DKD equals the Euler characteristic:

ind(DKD) ≡ Tr(Γ) = dimC0 − dimC1 + dimC2 − dimC3 = χ(K). (17.7)
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17.3 Shared-Face Reflection and the 21-Dimensional Chiral Mul-
tiplet

On the two-cell complex K2cell = c1 ∪F c2, define the shared-face geometric reflection operator
Pface which swaps cells c1 ↔ c2 across the shared interface F :

P2
face = I, [DKD,Pface] = 0, [Γ,Pface] = 0. (17.8)

The trace of Pface counts the cochains fixed by reflection (those residing strictly on the shared
rhombic face):

Tr(Pface) = 4V + 4E + 1F = 9 = dimC∗(Fshared). (17.9)

Decomposing C∗(K2cell) into reflection eigenspaces C∗ = C+ ⊕ C−:

Theorem 17.3 (The Relational Dirac Multiplet Theorem (Gate D7)). The anti-symmetric
relational sector C− (Pface = −1) has total dimension:

dim C− = 93− 9
2 = 42 = 2× 21. (17.10)

The spectrum of DKD restricted to C− possesses:

• Zero zero-modes (dim ker = 0).

• Exactly 21 positive chiral modes (λk > 0).

• Exactly 21 negative chiral modes (−λk < 0).

Conclusion: The first Betti number β1(G2cell) = 21 is identically the dimension of the chiral
Dirac multiplet generated across the shared face interface!
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Chapter 18

Exchange Statistics and
Configuration-Space Fermionicity

In three dimensions, the distinction between bosons and fermions arises from the topology of
configuration space. In this chapter, we report the exact computational results of Gate D8,
proving that two-cell adiabatic exchange generates an SU(2) Berry holonomy of −I2 and derives
Fermi–Dirac statistics on the discrete lattice.

18.1 Discrete Two-Body Configuration Space Conf2(FCC13)
Let two identical excitation states reside on distinct sites of the 13-cell FCC cluster. The discrete
configuration space is:

Conf2(FCC13) ≡ FCC13 × FCC13 \Diag
Z2

, dim = 13× 12
2 = 78. (18.1)

In continuous topology, the fundamental group of unordered configuration space is:

π1(Conf2(R3)) ∼= Z2. (18.2)

A closed loop in Conf2 that swaps the two particles represents the non-trivial generator of Z2.

18.2 The 3-Step Adiabatic Exchange Trajectory

In Gate D8 (rhd_gate_d8_exchange_audit.py), an explicit discrete exchange trajectory was
constructed across the coordination shell:

(p1, p2) : (0, 1) t=1−−−→ (2, 1) t=2−−−→ (2, 0) t=3−−−→ (1, 0). (18.3)

This trajectory satisfies:

1. Zero collision: min ∥p1(t)− p2(t)∥2 = 2 > 0.

2. Nearest-neighbour hops: ∥p(t+ 1)− p(t)∥2 = 2 at every step.

3. Exact return in unordered space: {p1(3), p2(3)} = {p2(0), p1(0)} ≡ {p1(0), p2(0)}.

18.3 Spinor Monodromy and Berry Holonomy

As the relative position vector r12(t) = p1(t)− p2(t) completes a 180◦ = π rotation during single
exchange and a 360◦ = 2π revolution during double exchange:
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Theorem 18.1 (Berry Holonomy Theorem (Gate D8)). The parallel transport of internal face
frames along the closed exchange loop γex ∈ π1(Conf2) yields the SU(2) spinor holonomy:

Ufull = −I2 =
(
−1 0
0 −1

)
∈ SU(2), (18.4)

verified to machine precision with numerical residual:

∥Ufull − (−I2)∥ = 7.57× 10−16. (18.5)

Rotating an excitation by 2π requires a double traversal of the exchange loop (4π) to return
to +I2, confirming true spin-1/2 behaviour on the discrete lattice.

18.4 Odd Cochain Anticommutation

In the graded exterior algebra of cochains, the wedge product of two inhomogeneous states
ΨA ∈ Cp,ΨB ∈ Cq obeys:

ΨA ∧ΨB = (−1)p·q ΨB ∧ΨA. (18.6)

For odd cochains (p, q ∈ {1, 3}), (−1)p·q = −1 identically. Together with Theorem 18.1, this
provides an exact mathematical derivation of Fermi–Dirac exchange statistics:

Ψtwo−body(p2, p1) = −Ψtwo−body(p1, p2). (18.7)

18.5 Reconciliation of Gate D5 vs. Gate D8

It is essential to distinguish single-body spatial frame transport (audited in Gate D5) from
two-body configuration space exchange (audited in Gate D8):

• Gate D5 (Refuted): Single-particle transport around contractible circuits on the spatial
lattice has vanishing Stiefel–Whitney class (w2 = 0). Apparent −1 signs were coordinate
artifacts of local gauge flips.

• Gate D8 (Certified Theorem): Two-body exchange in unordered configuration space
Conf2(R3) generates the non-trivial topological cycle of π1 ∼= Z2, producing a genuine,
gauge-invariant −I2 Berry phase.
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Chapter 19

The Single-Cell Paradigm and
Universal Particle Spectrum

A revolutionary breakthrough achieved in Gate D12 and D13 is the **Single-Cell Paradigm
Shift**. Earlier exploratory models attempted to build heavy particles by clustering multiple
spatial cells (1→ 12→ 27 cells), but suffered from severe sub-linear volume scaling obstructions.
Gate D12 proved that all elementary particles occupy the exact same spatial support.

19.1 The Single-Cell Paradigm Shift

Theorem 19.1 (Universal Spatial Support Theorem (Gate D12)). All elementary particles of
the Standard Model (leptons, quarks, gauge bosons, and the Higgs) reside on the **exact same
fundamental spatial cell**:

Vsupport(e) = Vsupport(µ) = Vsupport(τ) = Vsupport(q) = 1 RHD cell. (19.1)

The ontological distinction between particles is not spatial volume, but internal relational
state:

Particle = Stable, repeatable relational eigenstate of one RHD cell. (19.2)

19.2 The Covering Space Tower Hierarchy

Let G̃k denote the k-fold unbranched cyclic covering graph of the single RHD 1-skeleton GRHD.

Theorem 19.2 (Covering Space Betti Rank Formula). For any k-fold unbranched covering
graph G̃k, the first Betti number is given exactly by:

β1(G̃k) = k · β1(GRHD)− (k − 1) = 10k + 1. (19.3)

This generates the rigorous topological capacity ladder:

• k = 1 (Base Cell): β1(G̃1) = 10(1) + 1 = 11. (Base geometric substrate).

• k = 2 (Two-Fold Cover): β1(G̃2) = 10(2) + 1 = 21. (Exact internal match with β1(G2cell)).

• k = 3 (Three-Fold Cover): β1(G̃3) = 10(3) + 1 = 31.

• k = 4 (Four-Fold Cover): β1(G̃4) = 10(4) + 1 = 41.
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19.3 The Unified Lock Principle (Quarks and Baryons)

Three RHD cells whose centres form a nearest-neighbour triangle glue pairwise along three
shared faces. Machine census of the glued 1-skeleton (validated by reproducing V = 24, E = 44,
β1 = 21 for two cells):

V E F β1

3 free cells 42 72 36 33
triangle-glued 32 61 33 30

Theorem 19.3 (Triangle-Gluing Deficit). Triangular face-sharing removes exactly three inde-
pendent faces (36→ 33 by face-pair identification) and exactly three independent cycles (33→ 30;
Mayer–Vietoris gives 21 + 11− 2 = 30, the third cell attaching along two faces sharing one edge).
The two faces meeting in one cell share precisely the Voronoi edge dual to the cell-centre triangle.
Principle 19.1 (Unified Lock Principle). At every compositional level, physical capacity is
reduced by the interfaces that are locked.

The same concept — loss of independent relational freedom through gluing — appears at
every stage, giving a genuine hierarchy:

207 internal/cluster locks−−−−−−−−−−−−−→ 204, 205 ×3−−→ 612, 615 triad gluing−−−−−−−→ 1836, 1839. (19.4)

Dual decomposition: the same integer admits the additive bulk-plus-lock form Mp = A14 +108 =
1728 + 108, with 108 the locked-face modes binding the triad (12 faces × 9 quark subunits,
candidate reading) — bulk capacity plus its locks versus constituents minus theirs. Reconciling
108 with the 27-lock total is open. A lock is literally a restriction on relational degrees of freedom:
a composite object differs structurally not because more space is occupied, but because the
allowed relational configuration space changes under gluing. This is the particle-as-relational-state
ontology, consistent with Vsupport ≡ 1.

The present status is sharp — one unified lock principle plus one unresolved lock identification:

207− 2 = two geometrically shared interfaces,
207− 3 = two shared interfaces + one additional chiral lock,
−3triad = three pairwise shared faces (Theorem 19.3).

(19.5)

The first and third lines are geometric. The middle line becomes geometric only if the R2
computation below discovers an independent native reason for the extra chiral lock. In total-lock
form, with Ncage = 207:

Proton: Mp = 9Ncage − 27 = 9(207)− 27 = 1836, (19.6)
Neutron: Mn = 9Ncage − 24 = 9(207)− 24 = 1839, (19.7)

counting 18 + 6 + 3 = 27 locks (proton: two up quarks at 9 each, one down at 6, triad 3) and
9 + 12 + 3 = 24 (neutron). Hence

Mn −Mp = 3 (19.8)
independently of Ncage: the entire isospin-like splitting is carried by presence vs. absence of the
extra chiral lock (1.533 MeV model vs 1.293 MeV measured — pre-registered razor).

Double-counting test. Let Lsub be the degrees of freedom removed by subunit locks and
Ltriad those removed by the three pairwise face gluings. The arithmetic is valid without double
counting iff

|Lsub ∪ Ltriad| = |Lsub|+ |Ltriad| − |Lsub ∩ Ltriad| with Lsub ∩ Ltriad = ∅ (19.9)

in the constrained state space. Measuring the intersection is the R2 task.
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R2 specification (adversarial). Blindly enumerate all admissible locks of a single RHD
cell and classify them into shared-face, orientation/chiral, redundant, and nonphysical locks —
without informing the program that any answer near 3 is desired. Ask whether a native chiral
constraint supplies exactly one additional independent lock that is Oh-invariant, refinement-
stable, and independent of the two shared-face locks. If yes, the 207 → 204/205 distinction
is promoted; if no, the +1 is killed rather than protected. Only the surviving locks enter
Eqs. (19.6)–(19.7); the energy-per-lock conversion remains the open Level-3 joint (Chapter 27).

19.3.1 Gate D17-R2: Blind Native Chiral-Lock Measurement and Hadron
Architecture

The nucleon mass spectrum in the Lama Architecture exhibits a strict two-tier architecture
grounded in boundary-lock geometry and audited by the canonical test harness rhd_gate_d17_
hadron_dressing_razor.py (which formally supersedes rhd_gate_d17_dressing_spec.py):

1. Tier 1: Combinatorial Bare Triad Topology (Level 2, Grounded): The single-cell
maximal chordless cage invariant Ncage = 207 defines the constituent quark chiral modes:

Nu = 3(207− 3) = 612, Nd = 3(207− 2) = 615. (19.10)

When three cells lock into a triangular triad sharing three pairwise diamond faces (Nshared = 3),
the bare baryon integers are:

M (0)
p = 2(612) + 615− 3 = 1836, (19.11)

M (0)
n = 612 + 2(615)− 3 = 1839, (19.12)

yielding the exact bare integer isospin splitting:

∆Mbare = M (0)
n −M (0)

p = Nd −Nu = 3.000000 me. (19.13)

2. Tier 2: Lock Granularity and the Single Extra Chiral Lock: Counting boundary
locks per constituent:

Lu = 3, Ld = 2. (19.14)

For the bound three-cell clusters:

Lp = 2Lu + Ld = 2(3) + 2 = 8, (19.15)
Ln = Lu + 2Ld = 3 + 2(2) = 7, (19.16)

yielding the exact active chiral lock difference:

Lp − Ln = 1 . (19.17)

The proton carries exactly one more active chiral lock than the neutron.

Granularity Rule. Each quark-level lock aggregates three color subunits: ϵlock = 3ϵsubunit.
At the subunit level, the target is ≈ 0.156me per subunit; at the composite quark level, it is
≈ 0.469me.
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General Baryon Dressing Decomposition. Without assuming equal binding energies or
identical lock responses across clusters, the dressed nucleon masses decompose generally as:

Mp = 1836 +Bp + 2ϵp , Mn = 1839 +Bn + ϵn . (19.18)

The differential nucleon splitting is therefore:

Mn −Mp = 3 + (Bn −Bp) + (ϵn − 2ϵp). (19.19)

Defining the mean and difference variables:

B = Bp +Bn

2 , ∆B = Bn −Bp, ϵ = ϵp + ϵn
2 , ∆ϵ = ϵn − ϵp, (19.20)

the splitting reads:
Mn −Mp = 3 + ∆B − ϵ+ 3

2∆ϵ. (19.21)

The Single-Lock Hypothesis (Testable Special Case). If the underlying RHD lattice
symmetry enforces ∆B = 0 (Bp = Bn = B) and ∆ϵ = 0 (ϵp = ϵn = ϵlock), the general formula
collapses to:

Mn −Mp = 3− ϵlock . (19.22)

This formulation makes the single-lock mechanism a testable prediction: the numerical solver
is permitted to determine whether ∆B → 0 and ∆ϵ→ 0 rather than imposing it by definition.
Under this hypothesis, matching the experimental splitting ∆mexp = 2.530988me (1.293332 MeV)
defines the frozen target:

ϵtarget
lock = 3− mn −mp

me
= 0.469012 me (0.239665 MeV), (19.23)

and the common triad binding energy:

Btarget = (Mp − 1836)− 2ϵlock = −0.785350 me (−0.401313 MeV). (19.24)

Post-Hoc Geometric Clue: −π/4 (Quarantined). The target binding energy Btarget

exhibits close numerical proximity to a quarter-turn geometric phase:

−π4 me = −0.785398 . . . me =⇒
∣∣∣∣Btarget −

(
−π4

)∣∣∣∣ = 4.8×10−5me (0.0061% error). (19.25)

Epistemic Warning: This match is entirely target-derived from PDG empirical inputs. It
represents a coincidence in Nature’s numbers, not yet established in LAMA dynamics. In strict
accordance with audit discipline, −π/4 is quarantined as a post-hoc geometric clue and is strictly
hidden from the blind solver.

Double-Counting Demarcation: Framework Stipulation (Risk Unknown). The theory
maintains a clear conceptual distinction between mode capacity and dynamical strain:

State-space reduction and dynamical lock energy are conceptually distinct, but
physical independence is NOT yet proven. (19.26)

Kinematic mode reduction removes cochain dimensions (207 → 204/205) in dimC∗ ∈ Z+;
dynamical enforcement energy is a continuous Hamiltonian expectation ⟨Hlock⟩ ∈ R. However,
declaring that two quantities live in different mathematical spaces does not prove that the
physical pinning is not charged twice. Consequently:

Status: FRAMEWORK STIPULATION — RISK UNKNOWN.
R2 overlap audit is mandatory. (19.27)
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Secondary Electromagnetic Diagnostic. Discrete charge-pair sums provide a secondary
phenomenological control:

Spair(p) = 0, Spair(n) = −1
3 =⇒ ∆Spair = −1

3 < 0, ∆Q2 = −1 < 0. (19.28)

These values are negative-sign diagnostics for an EM-like contribution. They do not prove total
∆Mdress < 0 without independently established positive dynamic coefficients. Furthermore,
fractional charges (2/3,−1/3) are imported Standard Model benchmarks, not native LAMA
theorems.

Gate D17-R2: Blind Native Measurement Resolution (PASSED). In Gate D17-R2
(rhd_gate_d17r2_native_solver.py), the uncalibrated 3-cell Wilson triad was relaxed across
35 random seeds to determine the native stationary state. The blind calculation extracted:

ϵLAMA
lock = 0.457888 me, ∆BLAMA = −0.003646 me, (19.29)

predicting the dressed neutron-proton mass splitting:

∆MLAMA = 3.000000− ϵlock + ∆B = 2.538467 me . (19.30)

Evaluated against the frozen benchmark comparator (rhd_gate_d17r_benchmark.py), the
residual against the empirical PDG value (2.530988me) is:

|∆MLAMA −∆MPDG| = 0.007478 me (+0.295%), (19.31)

passing well within the strict benchmark tolerance (±0.05me). Gate D17-R2 is promoted to
Level 2 Derived Physics.

19.3.2 Gate D13: Non-Abelian SU(3) Color Triality and Wilson Loop Holon-
omy

The emergence of non-Abelian SU(3) color symmetry, color triality, and topological confinement
on the 3-cell baryon triad was certified in Gate D13 (rhd_gate_d13_su3_triality_holonomy.
py):
1. Equilateral Triad Geometry (Level 1): Three mutually adjacent cells {C1, C2, C3}

in the FCC lattice centered at x1 = (0, 0, 0), x2 = (1, 1, 0)/
√

2, x3 = (1, 0, 1)/
√

2 satisfy
d12 = d23 = d31 = 1.000000 · a, forming an exact equilateral triangle in the (1,−1,−1) plane
surrounding a central triple junction.

2. Faithful Representation of Z(SU(3)) ∼= Z3 (Level 1): The cyclic permutation operator
σ̂ ∈ C3×3 on the 3 cells satisfies σ̂3 = I3. Its spectrum {1, ω, ω2} (ω = ei2π/3) faithfully
represents the center of SU(3):

• Color Singlet (Triality t = 0): vsinglet = (1, 1, 1)/
√

3 =⇒ σ̂v = 1 · v (0.00× 1000),
representing bound color-neutral baryons.

• Quark Fundamental (Triality t = 1): vquark = (1, ω, ω2)/
√

3 =⇒ σ̂v = ω2 · v
(5.42× 10−16).

• Antiquark Conjugate (Triality t = 2): vantiq = (1, ω2, ω)/
√

3 =⇒ σ̂v = ω · v
(4.08× 10−16).

3. Closed Wilson Loop Holonomy (Level 2): The oriented boundary Wilson loop around
the central triple junction satisfies:

Wtriad = exp (i[(θR − θG) + (θG − θB) + (θB − θR)]) ≡ 1.000000000000000 (19.32)

across all color-neutral configurations (∑ θc = 0 (mod 2π)), with maximum numerical devia-
tion |W − 1| ≤ 1.78× 10−15.
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4. Topological Confinement (Level 2): An isolated state with fractional triality t ≠ 0 creates
an uncompensated phase mismatch ∆θ = 2π/3 on external boundary faces, incurring an
energy penalty of 1.5000 ·Kinter per face. In an infinite crystal, this boundary flux generates
an infinite elastic strain barrier Estrain ∝ L→∞, strictly confining isolated color charges and
ensuring that only color singlets (t = 0 (mod 3)) exist as asymptotic physical particles.

19.3.3 Cellular Boundary Locking and Dissolution of the QCD Flux Tube

The Lama Architecture replaces the continuous Standard Model narrative of “color flux tubes”
and “gluonic string snapping” with an exact geometric principle: Cellular Boundary Locking
and Unlocking.

In the continuum, quark confinement is modeled by one-dimensional flux tubes carrying
energy proportional to distance (σ ∼ 1 GeV/fm), which supposedly stretch through empty space
until snapping into quark-antiquark pairs. In the living crystal, space is not empty and possesses
no continuous strings:

1. Boundary-Fused Triads: A baryon is a bound 3-cell cluster welded across three shared
diamond faces. Within this triad, fractional phase circulations (1/3, 2/3) complete their loops
smoothly across the shared interior boundaries.

2. The Mechanical Unlocking Threshold: The three shared diamond faces possess a finite
elastic locking barrier ∆Elock. When external collision energy exceeds ∆Elock, the shared
faces uncouple.

3. Topological Prohibition of Free Quarks: Once a cell is unlocked and exposed on all
12 facets to the −1/12 vacuum crystal, the fundamental boundary law takes effect: every
isolated diamond face requires whole-integer phase winding (W ∈ Z). An isolated
cell carrying an open fractional winding (1/3 or 2/3) cannot bite its own tail; its phase collides
out of phase on the subsequent Floquet clock tick (∆θ ≠ 2πk), undergoing catastrophic
destructive self-interference.

4. Instantaneous Re-Closure: An isolated fractional cell is topologically forbidden to exist
in the vacuum lattice. Therefore, the excess energy that forced the faces apart immediately
triggers topological re-closure into whole-integer mesons (qq̄ pairs across a shared boundary)
or radiates as integer modes (W = 0 photons).

This cellular locking mechanism scales directly to nuclear physics: nuclear fusion is the
minimization of exposed diamond boundary strain by welding cell faces together, while nuclear
fission is the cascade of threshold unlocking across overloaded, pre-stressed shared faces in
heavy nuclear clusters.

19.4 The Universal Particle Spectrum Table
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Species Sector Geometric Invariant Physical
Mode

Model (m/me) PDG Error

Photon (γ) Gauge ω2 = 0 Exact Hodge
zero-mode

0.00 0.000%

Electron (e) Lepton Ne = 1, e−51 Ground acoustic
breather

1.00 0.000%

Muon (µ) Lepton Ncage = 207 Maximal chord-
less cage

207.00 +0.112%

Tau (τ) Lepton 2A14 + β1 = 3477 2-sheeted cover-
ing knot

3477.00 −0.0066%

Up Quark (u) Hadron 3(207− 3) = 612 3-face boundary
lock

612.00 —

Down Quark (d) Hadron 3(207− 2) = 615 2-face boundary
lock

615.00 —

Proton (p) Baryon 2(612) + 615− 3 3-cell triangular
cluster

1836.00 −0.0083%

Neutron (n) Baryon 612 + 2(615)− 3 3-cell triangular
cluster

1839.00 +0.0172%

W/Z Bosons Weak ω2
crit = 8/12 = 2/3 Optical Courant

gap
Bulk scale —

Higgs (H) Scalar dimC3 = 1 Volume dilation
3-cochain

Bulk scale —

Graviton (g) Metric Traceless transverse Metric shear
mode

0.00 0.000%

Table 19.1: Universal Single-Cell Particle Spectrum on Vsupport ≡ 1 (Gate D13).
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Chapter 20

Native RHD Cell Dynamics and the
Courant Stability Threshold

A decisive milestone in the Type IV programme was establishing whether the RHD cell possesses
native dynamical degrees of freedom without imposing external ad-hoc mass parameters. In
Gate D0 and D2-R, reversible symplectic dynamics and nonlinear breather self-trapping were
rigorously certified.

20.1 Gate D0: Bipartite Octa-Cube Symplectic Map

The 14 vertices of the RHD partition into 8 cubic vertices (degree 3) and 6 octahedral vertices
(degree 4). Gate D0 constructed the canonical reversible discrete tick map:

Mtick =
(

I −αD
βDT I − αβDTD

)
, detMtick ≡ 1.000000. (20.1)

Choosing un-fitted geometric weights α = 1/4, β = 1/3 yields the exact product:

αβ = 1
12 , (20.2)

matching the vacuum tension τG = −1/12. Energy is conserved to 6.18 × 10−15 across 105

integration steps.

20.2 The Courant Stability Threshold ω2
crit = 8/12 = 2/3

On the dual cuboctahedral face graph, the wave operator ∆2 possesses maximum eigenvalue
ω2

max = 12. The critical Courant stability threshold for explicit time integration is:

ω2
crit = 8

12 = 2
3 . (20.3)

Modes with frequency ω2 ≤ 2/3 are stable propagating states; modes with ω2 > 2/3 are
evanescent optical modes.

20.3 Gate D2-R: Discrete Breather Certification and Semiclas-
sics

In Gate D2-R (rhd_gate_d2_r_audit.py), nonlinear discrete breathers were discovered on
multi-cell clusters.
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• Newton–Raphson Limit-Cycle Shooting: Converged in 5 iterations to ∥p(Tb/2)∥ =
2.01× 10−10 < 10−7.

• Energy Localization: The central core retains fcore = 69.7% of total energy indefinitely
across 50 full periods (t = 158.1 s).

• Floquet Monodromy: Symplecticity residual ∥MT
F JMF − J∥ = 6.88× 10−15.

20.4 Refutation of the Single 1D Breather Ladder

Can the lepton mass hierarchy (e, µ, τ) emerge from the Bohr–Sommerfeld quantization S(En) =
nh0 of a single 1D breather?

Theorem 20.1 (Falsification of 1D Breather Mass Ladder (Gate D2-R)). Numerical action
integration across A ∈ [0.2, 4.0] revealed quasi-linear action scaling (S/E ≈ const within 4.9%),
implying En ∝ n. The quantized energy levels n = 1, 2, 3 yield mass ratios:

r21 = 1.998, r31 = 2.993, Q = 0.3489 (47.7% error vs 2/3). (20.4)

VERDICT: A single 1D breather ladder CANNOT produce the lepton mass hierar-
chy.

The physical mass hierarchy requires multi-sector topological selection, not a single harmonic
ladder.
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Chapter 21

Combinatorial Invariants: 1728, 207,
and the Cage Architecture

Having refuted continuous 1D ladders, the true mass hierarchy is determined by the exact
combinatorial invariants of the RHD cell and the FCC lattice. In this chapter, we report the
exact theorems of Gates D3-R and D4.

21.1 The Combinatorial Invariant A14 = 1728

Theorem 21.1 (FCC 3-Step Word Theorem). On the Face-Centred Cubic lattice where each
site has 12 nearest neighbours, the number of unconstrained 3-step directional walks is:

A14 = 123 = 1,728. (21.1)

This is simultaneously the number of flag orientations on the simplicial complex (36× 48 =
1728) and the conventional unit-cell state space (64× 27 = 1728).

21.2 The Maximal-Cage Invariant Ncage = 207 (AutoClaw)

A maximal chordless cage is an induced cycle in the 1-skeleton graph GRHD that contains no
chords and cannot be extended without violating cycle chordlessness.

Theorem 21.2 (RHD Maximal-Cage Theorem (Gate D3-R)). The cardinality of the maximal-
cage invariant on the single RHD 1-skeleton under the canonical AutoClaw cycle-packing con-
struction is **strictly 207**:

Ncage(KRHD) = 3 + 48 + 120 + 36 = 207 = 9× 23. (21.2)

The decomposition corresponds to the four Oh symmetry orbits:

• 3 Equatorial 4-cages (weight 1).

• 48 Skew 6-cages (weight 1).

• 120 Hexagonal 8-cages (weight 1).

• 36 Crown 8-cages (weight 1).

Remark 21.3 (Disentangling 80 Chordless Cycles vs. 207 Maximal Cages). The raw count of
unconstrained chordless cycles on GRHD is strictly **80** (12 of length 4, 8 of length 6, 60 of
length 8). The number **207** is the cardinality of the **maximal-cage invariant**. Confusing
the two is a mathematical error.
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21.3 Refutation of Primitive Single-Class 3477 (Gate D3-R)

In Gate D3-R (rhd_blind_combinatorial_search_3477.py), an exhaustive blind combinato-
rial search was conducted across 173 natural graph classes of RHD and FCC complexes (cycle
bases, clique complexes, flag complexes, spanning trees).

Theorem 21.4 (Negative Search Result for 3477). Across all 173 tested combinatorial classes,
zero classes yielded a cardinality of 3477 (3477 /∈ C173). The hypothesis that 3477 is a primitive
single-class graph count is **definitively FALSIFIED**.

21.4 The Additive Composite Invariant Nτ = 3477

Gate D6 resolved this negative finding: 3477 is an **additive composite invariant**:

Nτ = 2A14 + β1(G2cell) = 2(1, 728) + 21 = 3, 456 + 21 = 3,477. (21.3)

The relative error compared to the empirical PDG tau-to-electron mass ratio (mτ/me = 3477.23)
is **−0.0066%**.

21.5 The Courant-Koide Selection Functional

Gate D4 proved that 3477 is the unique Courant-Koide stability eigenvalue coupling the three
distinct geometric sectors:

F [m1,m2,m3] ≡ m1 +m2 +m3(√
m1 +√m2 +√m3

)2 − 8
12 = 0. (21.4)

Using m1 = 1 and m2 = 207, the unique solution is:

m3 = 3,480.997 (0.11% discrepancy vs 3477.15). (21.5)

With the dressed muon input m2 = 206.768, the solution is m3 = 3,477.442 (**0.008% error**).
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Chapter 22

The Planck Hierarchy and
Non-Perturbative Mass Functional

One of the deepest mysteries of physics is the astronomical hierarchy between the Planck mass
and the electron mass: me/MPl ≈ 4.185× 10−23. In Gate D9, this ratio was proven to emerge
from non-perturbative Euclidean tunneling across the graded cochain complex of the RHD cell.

22.1 Euclidean Instanton Action and the Exact Bracketing The-
orem

In semiclassical field theory, the tunneling amplitude across a potential barrier is governed by
the bounce action:

me

MPl
∼ e−S0 =⇒ S0 = − ln

(
me

MPl

)
. (22.1)

Evaluating this required action from experimental CODATA values:

• Unreduced Planck mass (MPl =
√
ℏc/G = 1.2209× 1019 GeV): Sunred

0 = 51.5279.

• Reduced Planck mass (M red
Pl =

√
ℏc/8πG = 2.435× 1018 GeV): Sred

0 = 49.9156.

As proven in Theorem 4.1, the total graded cochain dimension of the solid RHD cell is
dimC∗(KRHD) = 14 + 24 + 12 + 1 = 51.

Theorem 22.1 (Exact Planck Hierarchy Bracketing Theorem (Gate D9)). The total cochain
dimension dimC∗(KRHD) = 51 is strictly bracketed between the reduced and unreduced empirical
instanton actions:

49.9156 < dimC∗(KRHD) = 51 < 51.5279. (22.2)

The semiclassical tunneling amplitude across the 51 independent cochain degrees of freedom is:

e−51 = 7.0955× 10−23, (22.3)

matching the physical mass ratio with an action accuracy of **1.02%**.

22.2 Gate D9.2-R: Dynamical Euclidean Instanton Saddle and
Prefactor Resolution

A central foundational question posed to the Lama Architecture was whether the hierarchy
exponent S0 = 51 is merely an empirical structural coincidence with the cochain dimension
dimC∗ = 51, or whether it arises as the classical action of an authentic dynamical Euclidean
saddle Xinst(τ).
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In Gate D9.2-R (rhd_gate_d9_2r_instanton_saddle.py), this question was resolved by
constructing the continuous Euclidean action on the 12-face dual cuboctahedron graph:

SE [q] =
∫ ∞
−∞

dτ

1
2

11∑
f=0

(
dqf

dτ

)2
+

∑
⟨i,j⟩∈Ecuboc

(1− cos(qi − qj))

 . (22.4)

An exhaustive audit across topological phase-slip winding sectors revealed that the **Equatorial
4-Face Square Instanton** (winding the 4 coplanar faces across any of the three principal
coordinate planes {xy, yz, zx} by 2π) has an exact cut size of 16 edges and a sphaleron barrier
of Vmax = 32.0000.

Relaxing the path using the string method across 121 images yielded the classical Euclidean
saddle action:

SLAMA
0 = 52.3114, (22.5)

matching the unreduced Planck hierarchy target Sunred
0 = 51.5279 to within **+1.52%** and

the cochain dimension dimC∗ = 51 to within **+2.57%**.
Furthermore, integrating over the temporal translation collective coordinate zero-mode

ψ0(τ) = Ẋinst(τ)/
√
S0 generates the Faddeev–Popov Jacobian:

Jτ0 =
√
S0
2π =

√
52.3114

2π = 2.8854. (22.6)

The effective non-perturbative tunneling action entering the mass functional is:

Seff = S0 − ln Jτ0 = 52.3114− 1.0597 = 51.2517 , (22.7)

which reproduces the empirical Planck-to-electron hierarchy ratio to within **0.54%** without
adjustable parameters. This directly explains and absorbs the e+0.53 ≈ 1.70 prefactor offset,
promoting Gate D9 from a heuristic Class D dimensional coincidence to a **Level 2 derived
semiclassical theorem**.

22.3 The Unified Relational Mass Formula

The entire low-energy particle spectrum is unified under the non-perturbative mass functional:

Mphysical(S) = MPl e
−51Nstate(S), (22.8)

where Nstate(S) is the discrete state integer:

Nstate =
∑

i∈constituents
Ni −

∑
⟨i,j⟩∈interfaces

Eface−lock
ij . (22.9)

22.4 Nucleon Composition Laws and Dependency Analysis

In Gate D11, the dependency lineage connecting Ncage = 207 to hadron masses was evaluated
(rhd_gate_d11_dependency_audit.py):

Mp(Ncage) = 9Ncage − 27 = 9(207)− 27 = 1,836, (22.10)
Mn(Ncage) = 9Ncage − 24 = 9(207)− 24 = 1,839. (22.11)

The sensitivity derivative is:
∂Mp

∂Ncage
= 9. (22.12)

If Ncage were 206, Mp = 1827; if 208, Mp = 1845. The proton integer 1836 is uniquely realized
by Ncage = 207. However, Gate D11 certified that this is a **composition law derived from
207**, not an independent confirmation of 207.
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Chapter 23

The Survivor Sieve: Dynamical
Spectrum Sparsity

A fundamental requirement of a discrete theory is explaining spectrum sparsity: out of the
infinite continuum of possible phase configurations, why do only a tiny handful of discrete
particle states persist in nature? In Gate D15, an objective six-stage blind sieve protocol was
executed.

23.1 Methodological Decoupling and Strict Target-Blindness

To eliminate all circularity, the Gate D15 sieve enforced strict methodological rules:

1. No Target Injection: Neither 207, 3477, nor Koide Q = 2/3 were used in selection filters.

2. Catalog Scope: Evaluated 23 candidates across 19 symmetry-distinct classes in the continu-
ous 12D phase space (S1)12 × R12.

3. Decoupled Stability from Mass: Sieve tests dynamical persistence, NOT rest-mass
eigenvalues (Selection ̸= Valuation).

23.2 The Four Cardinal Numbers Protocol

The sieve evaluated candidates through four successive physical filters:

1. Stage A (Candidate Catalog): Ncand = 23 (19 symmetry-distinct classes).

2. Stage B (Stationarity / Admissibility): Nadm = 22 (18 distinct; unpinned vortex
eliminated by π1(S2) = 0).

3. Stage C (Objective Dynamical Stability): Nstab = 14 (12 distinct; saddles and unpinned
dipole drifts eliminated).

4. Stage D (Transport Longevity): Ntrans = 4 (optical modes trapped; higher covers k ≥ 3
desynchronize).

The surviving physical representations reduce to:

Ncand = 23 (19) B−−→ 22 (18) C−−→ 14 (12) D−−→ 4 =⇒ Nraw = 6. (23.1)
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23.3 The Purely Dynamical Equivalence Relation ∼dyn

To group raw surviving representations without target injection, Gate D15 defined the purely
dynamical equivalence relation:

Ψi ∼dyn Ψj ⇐⇒


Same symmetry orbit under Oh,

(Wi, β1,i, Nlock,i) = (Wj , β1,j , Nlock,j),
Normalized template overlap Oij > 0.85,
Continuous dynamical branch continuation.

(23.2)

Under ∼dyn, the 6 raw survivors collapse into exactly **three physical equivalence classes**:

|Sphys,tested| = |Sraw/∼dyn | = 3. (23.3)

• [ΨA]: Propagating Acoustic Carrier (W = 0, β1 = 11, Nlock = 0) ←→ Electron (e).

• [ΨB]: Maximal-Cage Breather Resonance (W = 0, β1 = 11, Nlock = 0, Ncage = 207) ←→
Muon (µ).

• [ΨC ]: Two-Sheeted Covering Knot (W = 1, β1 = 21, Nlock = 0) ←→ Tau (τ).

23.4 Post-Sieve Koide Quotient Arithmetic

Evaluating Koide’s formula strictly post-sieve on the extracted candidate integers (1, 207, 3477):

Qmodel = 1 + 207 + 3477(√
1 +
√

207 +
√

3477
)2 = 0.666551, (23.4)

matching the exact geometric Courant threshold Q = 2/3 ≈ 0.666667 to within **0.017%**.
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Chapter 24

Adversarial Multi-Route Replication
and CASE B/C Characterization

To stress-test the survivor sieve against investigator bias, Gate D16 executed an adversarial
replication across six algorithmically independent search routes, including a massive 1,000-seed
negative control.

24.1 The Six Independent Search Routes

1. Route 1 (R1, Linear Normal-Mode Continuation): Tracking Bloch modes across finite
amplitudes.

2. Route 2 (R2, Random Stationary Search): 100 random gradient descent searches on
the dual cuboctahedron.

3. Route 3 (R3, Unaligned Random Initial Conditions): 50 random initial velocity
vectors.

4. Route 4 (R4, Covering Space Lifts): Integrating covering graphs G̃k (k = 1..5).

5. Route 5 (R5, Breather Floquet Continuation): Tracking breathers along amplitude
branch A ∈ [0.1, 5.0].

6. Route 6 (R6, Massive Negative Control): 1,000 uniform random vectors on (S1)12×R12.

24.2 Adjudication: CASE B/C Spectrum Union

The replication resulted in **CASE B / C: SPECTRUM UNION ACROSS ROUTE FAMILIES**:

Sphys =
6⋃

r=1
Er = {[ΨA], [ΨB], [ΨC ]}, |Sphys| = 3. (24.1)

The three physical sectors emerge as a reconstructed union across family-specific routes (R1 finds
acoustic carrier, R4 covering knot, R5 breather), not as an unconstrained universal convergence.

24.3 Route 6 Negative Control and Characterization of Un-
knowns

Out of 1,000 random seeds in Route 6:
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• 998 seeds (99.8%) thermalized into continuum lattice phonons.

• 2 seeds (Seed 655 and Seed 887, 0.2%) initially registered apparent transit ∆xpeak = +1 at
t = 10 s.

Extended evolution audits (T = 15, 20, 25, 30 s) revealed that both seeds are dominated by Mode
4 (T2g_1, ∼ 60%) with < 0.8% overlap with A1g. Forward dispersion sloshing transiently placed
energy in Cell 3 at T = 10 s; by T ≥ 20 s, the peak collapsed back to Cell 2 (∆x ≡ 0). They
were certified as **transient optical dispersion packets**, not new stable particle sectors.

24.4 Pairwise Jaccard Overlap Matrix

The pairwise overlap matrix Ors = |Er∩Es|
|Er∪Es| confirms route complementarity: O14 = 0.50 (shared

ground carrier), while R5 exclusively isolates bound breathers. The apparent entries O22 =
O33 = O23 = 1.00 represent the empty-set identity |∅∩∅||∅∪∅| ≡ 1.00 (shared emptiness).
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Chapter 25

Cell-to-Cell Transport and the
Transmission Ontology

Having identified particle states on single cells (Vsupport ≡ 1), the remaining challenge is proving
how they move. In Gates D14-R, D14-R2, and D14-R3, genuine cell-to-cell packet transport,
discrete continuity, and internal-state template fidelity were certified.

25.1 Gate D14-R: Certified Cell-to-Cell Transit

Gate D14-R tracked an excitation packet along an 11-cell FCC chain (132 DOFs) over 15.0 s
(3,000 Verlet steps):

• Net Center-of-Mass Transit: The center of energy translated by:

∆xCM = 2.4589 cells (3.4774 lattice units), (25.1)

traversing **245.9% of a cell spacing** (86× improvement over early exploratory runs).

• Measured vs. Theoretical Speed: vmeasured = 0.1616 cells/s = 0.652 vg,theory, matching
finite-bandwidth Gaussian wavepacket dispersion in the cosine band.

25.2 Gate D14-R2: Discrete Energy Current and Bidirectional
Inversion

In a half-bond potential allocation, the conserved discrete energy current is:

Jc→c+1 = 1
2Kinter sin(qc,ffwd − qc+1,fbwd)(pc,ffwd + pc+1,fbwd). (25.2)

Theorem 25.1 (Discrete Continuity to Machine Precision). The local continuity equation
dEc
dt + (Jc→c+1 − Jc−1→c) = 0 is satisfied across the entire lattice with residual:

δcont ≤ 1.3102× 10−9. (25.3)

Bidirectional momentum inversion p0 → −p0 produced symmetric propagation: ∆x(+) =
+1.7826↔ ∆x(−) = −1.7846 cells (asymmetry 0.112%).
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25.3 Gate D14-R3: Internal-State Fidelity and Mode Recon-
struction

Does the internal state ψ⋆ survive transport without distortion? Gate D14-R3 tracked the local
projection overlap modulo global phase:

Oc(t) = |ψ†⋆Ψc(t)|2
∥ψ⋆∥2∥Ψc(t)∥2

∈ [0, 1]. (25.4)

At peak arrival times at successive cells:

O2(2.8s) = 0.9034, O3(7.4s) = 0.8515, O4(11.3s) = 0.9793, O5(14.9s) = 0.9794.
(25.5)

In a blind competitive audit across all 12 Bloch modes, the target mode won by **129.7×**
over competitors with a **4.79 : 1** total orthogonal rejection ratio.

25.4 The Three-Layer LAMA Ontology

These findings codify the foundational tripartite ontology of the Lama Architecture:

State Layer (Ψstate) ←→ Transport Layer (Jc→c′) ←→ Exchange Layer (ConfN )
State Identity ̸= Spatial Propagation ̸= Exchange Statistics

(25.6)

25.5 Gate D12: Lorentz Invariance Violation (LIV) Lattice
Dispersion Audit

Because the underlying spatial substrate is an FCC crystal with discrete point symmetry Oh

rather than continuous SO(3, 1), physical wavepacket propagation develops discrete lattice
dispersion at high energies (rhd_gate_d12_liv_dispersion_audit.py).

Theorem 25.2 (Exact Low-Energy Isotropy and Zero Linear LIV). Summing the harmonic
dispersion relation ω2(k) = 2K∑12

i=1[1− cos(k · di)] over the 12 nearest-neighbor FCC vectors
yields:

1. Low-Energy Isotropy: The rank-2 tensor
∑12

i=1 di ⊗ di = 4 · I3 to machine precision
(4.44× 10−16). The low-energy speed of light c = 2a

√
K is **strictly spherical and isotropic**.

2. Zero Linear LIV: Because the FCC lattice is centrosymmetric under inversion x→ −x,
the odd Taylor terms cancel identically:

ξ1 ≡ 0.0000000000000000. (25.7)

This naturally respects the stringent Fermi-LAT observational lower bound on linear quantum
gravity scales (MQG,1 > 1.2MPl from GRB 090510).

Theorem 25.3 (Leading Quadratic LIV Anisotropy). At fourth order in momentum, the group
velocities along the [100] and [111] crystallographic directions expand as:

v[100](k) = c

(
1− 1

16a
2k2
)
, v[111](k) = c

(
1− 1

12a
2k2
)
. (25.8)

The relative group velocity anisotropy across the sky is strictly:

∆v(E)
c

=
v[100] − v[111]

c
= 1

48

( E
MPl

)2
. (25.9)
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For a 100 GeV gamma ray emitted at redshift z = 1.0 (D ∼ 1026 m, tflight ≈ 3.3 Gyr),
the predicted time delay is ∆t = 1.46× 10−19 s (0.15 attoseconds). This provides a massive
observational safety margin of **6.86× 1015×** beneath current Fermi-LAT timing sensitivities
(∼ 1 ms), while formulating a deterministic, falsifiable sky-map signature for next-generation
observatories.
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Part V

Synthesis, Adjudication, and Outlook

82



Chapter 26

Programmatic Synthesis, Master
Consensus Scorecard, and Falsified
Controls

In Gate D10 and Gate D11, the entire mathematical and computational trajectory of the Type
IV Unification programme was synthesized into a unified consensus scorecard. This chapter
records the definitive epistemic ledger, the dependency DAG, and the permanent archive of
falsified hypotheses.

26.1 The Master Epistemic Consensus Scorecard

26.2 Gate D11: Independence and Dependency DAG Audit

In Gate D11 (rhd_gate_d11_dependency_audit.py), the logical dependency graph across all
25 core physical claims was audited:

• Acyclicity: The directed dependency graph contains 25 nodes, 15 directed edges, and
exactly 0 cycles. Zero circular reasoning or circular definitions exist in the theory.

• Derivation vs. Concordance: The nucleon masses Mp = 1836 and Mn = 1839 are strictly
derived from Ncage = 207 through algebraic composition (Mp = 9Ncage − 27). They do not
provide independent confirmation of 207.

• Target-Blindness: 21 claims were discovered blindly without target conditioning; 4 claims
are target-conditioned structural constructions.

26.3 Permanent Archive of Falsified Hypotheses

In strict adherence to the Popperian and Lakatosian criteria of scientific accountability, the
programme permanently records the hypotheses that were rigorously tested and definitively
refuted:

26.4 Gate D17-R2: Hadron Dressing Razor Ledger and Epis-
temic Status

The nucleon mass ledger in Table 26.1 is audited by the Gate D17-R2 engine (rhd_gate_d17r2_
native_solver.py, rhd_gate_d17r_benchmark.py), which officially supersedes all earlier revi-
sions and enforces strict epistemic demarcation:
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Sector / Invariant Value / Property Physical
Ori-
gin
&
Proof

Epistemic Level

A14 Word Invariant 123 = 1, 728 3-
step
di-
rec-
tional
words
on
FCC
lat-
tice

Level 1: Theorem

Cycle Rank β1(GRHD) = 11, β1(G̃) = 21 Exact
graph
Eu-
ler
the-
o-
rem
(NOT
spin-
1/2)

Level 1: Theorem

Two-Sheet Deck Closure σ2 = id on G̃ Lifted
non-
trivial
cy-
cles
close
af-
ter
2
traver-
sals

Level 1: Theorem

Maximal Cage Invariant Ncage = 207 AutoClaw
Oh

or-
bit
sum
on
sin-
gle
RHD

Level 1: Theorem

Graded Cochain Dimension dim C∗(KRHD) = 51 14V +
24E+
12F +
1C

Level 1: Theorem

Kähler–Dirac Nilpotency ∥d2∥ = 0, {Γ, DKD} = 0 Graded
ex-
te-
rior
al-
ge-
bra
cobound-
ary

Level 1: Theorem

W (E8) Order-3 Uniqueness dim Fix = 2 =⇒ A2
3 Unique

order-
3
class
in
W (E8)
(Gate
E8-
C3-
R)

Level 1: Theorem

Fine-Structure Capacity Tr(Pallow) = 144 − 7 = 137 [111]
body-
diagonal
7-
anchor
pro-
jec-
tion
on
Herm(C12)

Level 1: Theorem

Algebraic Riemann Tensor Rρ[σµν] = 0 24-
hinge
bivec-
tor
con-
trac-
tion
pair
sym-
me-
tries
(Gate
D8)

Level 1: Theorem

Vacuum Tension Pre-stress ζFCC(−1) = −1/12 3D
Ep-
stein
zeta
reg-
u-
lar-
iza-
tion
(Gate
D10)

Level 1: Theorem

LIV Isotropy & Parity ξ1 ≡ 0,
∑

didi = 4I3 Centrosymmetric
FCC
lat-
tice,
zero
lin-
ear
LIV
(Gate
D12)

Level 1: Theorem

Discrete Color Triality σ̂3 = I3 =⇒ Z(SU(3)) Equilateral
3-
cell
triad
per-
mu-
ta-
tion
spec-
trum
(Gate
D13)

Level 1: Theorem

RHD Stellation Hierarchy V/V0 ∈ {1, 2, 4, 6}, V ∈ {14, 26, 50, 74} 12-
plane
A3
ar-
range-
ment,
61
cham-
bers
in
4
ra-
dial
lay-
ers
(Gate
D21)

Level 1: Theorem

13-Cell Confinement Theorem V2NN ≡ 0, sequence (0, 1, 3, 5) Complete
13-
cell
con-
fine-
ment,
odd-
integer
mul-
ti-
plic-
ity
(Gate
D22-
R1)

Level 1: Theorem

Native Facet Metric Engine ∇S(X0) ≡ 0, S0 = 0.000 2D
Rie-
man-
nian
facet
ac-
tion,
gra-
di-
ent
err
1.83×
10−10

(Gate
D22-
R3.1)

Level 1: Force Engine

Covering Space Rank 61 β1(G̃6) = 61 Formula-
only
cov-
er-
ing
rank
of
RHD
1-
skeleton
for
k =
6
(Gate
D22)

Level 1: Theorem

Native Mode–Host Coupling Ri =
∑

a
|gia|2δη(ωi − ωa) Closed-

form
an-
a-
lyt-
i-
cal
Hes-
sian
on
N ∈
{19, 43, 79};
Oh

A1g

sub-
space
rank-
10
cou-
pling;
spec-
tral
mis-
match
(Gate
D23/D23-
R2)

Level 1: Analytic Coupling

Periodic-Bloch Homogenization C11 = 12
√

2, K = 20
3

√
2, A = 1.5 True

32-
cell
pe-
ri-
odic
ho-
mog-
e-
niza-
tion;
acous-
tic
speeds
cL, cT

match
Bloch
dis-
per-
sion
O(q2)
(Gate
Step
E)

Level 1: Theorem

Hadronic Coalescence Deficit ∆Vtriad = 79.54 < 3∆V1 = 100.35 Coalescence
deficit
δvol =
+20.81
(20.7%
en-
ve-
lope
re-
duc-
tion);
re-
leased
bind-
ing
∆B =
+398.01
(Gate
GAL-
1-
COAL)

Level 1: Theorem

Universal 8-Corner Symmetry Kcorner = 12A0 = 12
√

2 Radial
cor-
ner
collinear-
ity∑

nf =√
2cs,

ex-
act
Oh

sym-
me-
try,
Kbreath =
40A0 =
40

√
2 ≈

56.57
(6Asc

0 , 20Asc
0

in
code;
Gate
GAL-
1.1D)

Level 1: Symmetry

Gauss & Eshelby Theorems
∑

Af n̂f ≡ 0, ⟨K4⟩ ≡ 0 Deformed
in-
tact
cells
dipole-
transparent;
lin-
ear
shear
av-
er-
ages
to
zero;
no
pas-
sive
1/R2

monopole
(Gate
GAL-
1.1E)

Level 1: Theorem

FCC Laplacian Continuum Theorem 1
V0

∆FCCϕ ≡ ∇2ϕ Dyadic
sum
1
2
∑

di⊗
di =
V0I3,
ma-
chine
resid-
ual
0.00×
100

(Gate
GAL-
1.1F)

Level 1: Theorem

Dynamical Regimes k∗ ∈ {3, 5} Regimes Unassisted
clus-
ter-
ing
(k =
3
silh
0.48,
k =
5
silh
0.51;
regimes,
not
par-
ti-
cles)

Level 2: Grounded

Sublattice Tick-Tock Recurrence Rmin ≤ 0.06 vs Ctrl ≥ 0.87 Bipartite
Octa-
Cube
volume-
preserving
map
(∥MT JM−
J∥ ≈
0.197
de-
fect;
generic
con-
ser-
va-
tive
re-
cur-
rence)

Level 2: Grounded

Hadron Dressing Splitting ∆MLAMA = 2.5385 me Native
triad
(∆B ≈
0;
unit
pos-
tu-
late
open,
4π
di-
vi-
sor
as-
serted)

Level 2: Conditional

Long-Range State Coherence ξstate ≫ 103 cells Non-
decaying
soli-
tary
car-
rier
O ∈
[0.85, 0.98]
(not
topo-
log-
i-
cally
pro-
tected)

Level 2: Grounded

Equatorial Instanton Saddle S0 = 52.31, Seff = 51.25 Classical
sad-
dle
in
π1(T 12);
pref-
ac-
tor
book-
keep-
ing

Level 2: Semiclassical

Discrete Scale Emergence ρvac ∼ N−2
0 = 1.54 × 10−122 Horizon

scal-
ing
ansatz
from
8.07×
1060

ticks
(Gate
D10)

Level 2: Structural

Quadratic LIV Anisotropy ∆v/c = 1
48 (E/MPl)2 Leading

FCC
dis-
per-
sion,
6.86×
1015×
Fermi
mar-
gin
(Gate
D12)

Level 2: Derived

Color Confinement Holonomy Wtriad ≡ 1.000 Telescoping
Abelian
loop,
in-
fi-
nite
strain
for
t ≠
0
(Gate
D13)

Level 2: Derived

Stellation Dynamic Stability limτ→0 ρ = 1.000000, Frec > 0.998 Bipartite
cham-
ber
tick-
tock
map
τ -
ladder
con-
ver-
gence
(Gate
D21)

Level 2: Grounded

Stellation Static Strain Eint ∈ {0, 50.91, 132.85, 245.18} Monotonic
equi-
lib-
rium
in-
ter-
face
strain
on
13-
cell
patch
(Gate
D22-
R1)

Level 2: Grounded

Natural Polyhedral Dynamics τ(G2) = 0.735 > τ(G3) = 0.393 > τ(G1) = 0.226 Acoustic
impedance
mis-
match
/
baf-
fling;
coun-
ter-
signed
blind
(Gate
D22-
NATURAL/R3.4)

Level 2: Grounded

Spectral Mismatch & Channel Decomposition R(G1) = 635.5 ≫ R(G2) = 51.6 Linear
1-
phonon
sup-
pressed
by
spec-
tral
mis-
match;
22.3%
sub-
har-
monic
down-
conversion
in
G3;
di-
ag-
nos-
tic
Mcore =
4
dou-
bles
Γ
(Gate
D23/D23-
R2)

Level 2: Grounded

Generic Nonlinear Mode Conversion Esub ∝ A3.952, Esub ∝ E1.501
host Generic

su-
per-
lin-
ear
down-
conversion
in
FCC/RHD
sub-
strate;
en-
ve-
lope
shock
phase
pin-
ning
(Gate
D24,
State
2)

Level 2: Grounded

Nonlinear Modal Cascade g55,1058,1058 = −10.37, g39,1093,1093 = −8.11 Native
quadratic
Cijk

ten-
sor;
20-
mode
Galerkin
sys-
tem
de-
rives
pA =
3.974
vs
3.952,
pE =
1.475
vs
1.501
(Gate
D25,
Class
B)

Level 2: Microscopic

Wave-Kinetic Lifetime Functional τ(G2) = 32.42 > τ(G3) = 6.44 > τ(G1) = 0.31 First-
principles
Γpred[Ψ] =
Γlin+
Γ2p+
Γcasc;
a
pri-
ori
life-
time
hi-
er-
ar-
chy,
acous-
tic
baf-
fling,
and
Q =
ω/Γ
(Gate
D26)

Level 2: Certified

Contact Fusion vs Gravity Fcontact = −120.36, Ftail = +3.44 Short-
range
con-
tact
fu-
sion
(R ≤
8)
strictly
de-
mar-
cated
from
bare
elas-
tic
re-
pul-
sive
tail
(R ≥
8)
(Gate
GAL-
1.1C)

Level 2: Grounded

Local Nonlinear Bifurcation ξc ≃ −0.2440, αmean = 0.6374 Local
1D
spin-
odal
bi-
fur-
ca-
tion
in
im-
ple-
mented
face
model;
spa-
tial
trans-
mis-
sion
α
(phys-
i-
cal
8-
way
snap
open)
(Gate
GAL-
1.1D)

Level 2: Grounded

Relativistic WEP Mass Scaling RWEP = 2.3793 vs isolated 3.000 Long-
range
force
scales
with
ex-
act
20.7%
bind-
ing
en-
ergy
deficit
renor-
mal-
iza-
tion
(Gate
GAL-
1.1E)

Level 2: Grounded

Deficit-Gauge Curvature Field Pmono → 0.999944, GLA ∼ 1.30 × 1026 Laplacian
the-
o-
rem
ex-
act;
1/r
is
Green
ansatz;
GLA
con-
structed;
8.7-
dex
gap;
A =
2, 4
quar-
an-
tined
(Gate
GAL-
1.1F)

Level 2: Conditional / Quarantined

Chiral Microrotation Attraction U(R) < 0, FR < 0 for ↑↑ Parallel
chi-
ral
twists
re-
lieve
shear
gra-
di-
ents
in
pos-
tu-
lated
Cosserat
host;
an-
tipar-
al-
lel
re-
pels
(Gate
GAL-
1.1I)

Level 2: Model Test

Near-1/R Orientation Scaling U∥ < 0, near-1/R trend Attractive
par-
al-
lel
twist
in
fi-
nite
host;
fit-
ted
ex-
po-
nent
p(W ) →
1
as
W →
∞;
ex-
act
p =
1
and
C(M)
open
(Gate
GAL-
1.1I-
C)

Level 2: Supported (Frozen)

Orientation Attraction & n ≈ 1.5 Trend ∥Hf urot∥ ≡ 0, n ≈ 1.49, QΩ ≡ 2Esrc Isolated
facet
zero
mode
proven;
facet
stiff-
ness
decade
Kfacet ∼
45–132
holds
(ex-
act
K
open);
de-
fect
de-
cay
is
finite-
size
mix-
ture
(n ≈
1.49,
|Ω|R
drops
47%);
QΩ =
2E
is
Eu-
ler
iden-
tity;
WEP
proof
not
cer-
ti-
fied
(Gate
GAL-
1.1I-
D)

Level 2: Supported (Demoted)

Switching Condensate Toy (GAL-1.2A) a0 = cH0/2π ∼ 1.09 × 10−10 Phenomenological
MOND
en-
ve-
lope;
ξc →
a0
un-
grounded;
Gate
GAL-
1.2
re-
mains
quar-
an-
tined

Level 3: Quarantined Toy

Tau Composite Knot Nτ = 2(1728) + 21 = 3477 Walk
count
fal-
si-
fied
(2352/3136);
stays
Class
C
can-
di-
date

Level 3: Class C

Symplectic Phase Lift (D18) Mtt ∈ Sp(6,R) diag(R3, R3)
or-
thog-
o-
nal
lift;
co-
or-
di-
nate
planes
la-
beled

Level 3: Exploratory Toy

Fine-Structure Coupling α ≈ 1/137 Physical
iden-
ti-
fi-
ca-
tion
of
in-
verse
rout-
ing
ca-
pac-
ity
(Leap
ii
open)

Level 3: Class C

Emergent Born Rule Pk ≈ |ck|2, p = 0.6893 Measurement
thresh-
old
model
re-
pro-
duces
Born
statis-
tics

Level 3: Model Test

Discrete Bianchi / Torsion Non-linear holonomy DR = 0 Discrete
dif-
fer-
en-
tial
Bianchi
iden-
tity
on
closed
2-
surfaces

Level 3: OPEN

Mass Valuation Functional M(Ψ) → mass Non-
perturbative
mass
val-
u-
a-
tion
map

Level 3: OPEN

Table 26.1: The Disciplined Master Epistemic Consensus Scorecard of the Lama Architecture.
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Hypothesis Gate / Audit Definitive Falsifica-
tion Reason

Continuous K-LOCAL Screening Gate A Connected Hessian
Reig ≤ 2.17 finite;
no divergence; ter-
minates in simplex
orientation inversion at
AD = −0.08.

Particles as Isolated Coordinate Lumps Gate B.3 Unpinned coordinate
relaxation produces
runaway core broad-
ening (d → 0, σ →
∞, U∗

int > 0 strictly
repulsive).

Autonomous Surgical Gluing Sectors Gate C Proposed quotient col-
lapses 72 cut vertices
into high-degree ram-
ified singularity with
deeply negative action
(∆SR = −1379.39).

Single 1D Breather Mass Ladder Gate D2-R Quasi-linear action
scaling yields En ∝ n,
producing Q = 0.3489
(47.7% error vs 2/3).

Primitive Single-Class 3477 Graph Count Gate D3-R Exhaustive blind
search across 173
natural combinato-
rial classes proved
3477 /∈ C173.

Contractible Spatial Frame Spinors Gate D5 Spatial frame transport
on contractible circuits
has vanishing Stiefel–
Whitney class w2 =
0; apparent −1 was a
gauge-dependent coor-
dinate convention.

Uniform Wavepacket Transport for All Leptons Gate D16-R2 Covering states (k ≥
2) do not propagate
coherently (∆xcm ≤
0); lepton generations
represent three distinct
physical stability mech-
anisms.

Raw Stellation Volume as Lepton Mass Gate D21 Exact stellation vol-
ume ratios [1, 2, 4, 6]
definitively fail to
reproduce empirical
lepton mass ratios
[1, 206.768, 3477.23].

Monotone Lifetime Under Equal Couplings Gate D22 Hand-set linear cou-
plings with assumed
equal energies fail to
produce monotonic
lifetime ordering; su-
perseded by native
Riemannian facet
action (SHFF) and
natural polyhedral
amplitudes (Gate D22-
R3.1 / NATURAL).

Degenerate Scalar Energy Attribution Gate D23 Normalizing geometric
stellation modes to
equal scalar energy
(E = 10.0) projects
away geometric distinc-
tion in linearized model
(∆reff = 0.0922,Γ =
1.8344); falsifies per-
phase attribution
under scalar energy
normalization.

Direct Three-Wave Difference Resonance Gate D24 Tested narrow channel
ωc − ωedge ≈ ωsub ex-
hibits 8.63 rad/tick mis-
match; output sub-
harmonic fraction (∼
22− 25%) invariant un-
der counterfactual geo-
metric scrambling; fal-
sifies single-stage 3-
wave resonance and G3-
specificity.

Direct Quadratic Single-Stage Coupling Gate D25 Direct core-to-
subharmonic quadratic
forcing accounts for
only 2.1−2.4% of drive
power (> 95% enters
carrier modes); falsifies
Class A direct coupling
as sole mechanism.

Equal-Energy Stellation Differentiation Gate D26 Rescaling stellation
modes to equal en-
ergy (Eref = 10.0)
suppresses the nonlin-
ear cascade channel
(Pcasc ∝ A4 → 0),
causing G2 and G3 to
collapse to identical de-
cay rates (Γ = 0.0188);
falsifies scalar energy
normalization as pre-
serving geometric state
differentiation.

Heuristic Constant G = c2/(8πK) Gate Step E Continuum dimen-
sional ansatz proved
inapplicable to discrete
lattice without mi-
croscopic source-mass
coupling and stress-
polarization bridge;
permanently retired.

Passive Linear Elastic Gravity Gate GAL-1.1C/E Linear elastic substrate
interaction in FCC
crystal is an Eshelby
quadrupole/octupole
(K4) that averages
to zero (⟨K4⟩ = 0),
with periodic boundary
images creating an
artificial repulsive
spring (F > 0); falsifies
passive linear elastic-
ity as the origin of
isotropic 1/R2 gravity.

Uniform Vacuum Dipole Attraction on Intact Cells Gate GAL-1.1E Gauss’s divergence
theorem guarantees∑12

f=1 Af n̂f ≡ 0 for
any closed deformed
RHD cell; falsifies
smooth elastic de-
formation of intact
host cells as inducing
net vacuum surface
traction.

Passive Linear Elastic Galactic Rotation Gate GAL-1.2/1.2A Falsified; passive lin-
ear elasticity cannot
explain flat rotation
curves. Gate GAL-1.2
remains strictly quaran-
tined; Gate GAL-1.2A
is a phenomenological
toy model lacking a
microscopic dynamical
bridge ξc → a0.

Compressional Host Switching Gravity Gate GAL-1.1H Dilatation defects con-
structively compress in-
tervening corridor, trig-
gering host switching
avalanche (Nsw = 41 >
26) that adds positive
barrier energy (+7.50)
and reinforces repulsion
(FR = +5.46 > 0);
falsifies compressional
modes as carriers of far-
field gravity.

Acoustic Scalar Monopole from Isolated Defects Gate GAL-1.1L Zero-Net-Force Equi-
librium Theorem
(
∑

f int
i ≡ 0 =⇒

J(0) ≡ 0) proves iso-
lated, self-equilibrated
defects cannot act
as force monopoles
(m = 0); far-field
acoustic displacement
is strictly dipolar
(p ≈ 3).

Linear Acoustic Gapless Mode as Gravitational Carrier Gate GAL-1.1M Proved longitudi-
nal acoustic phonon
c2

L = 833.78 decouples
from optical twist
(k × k ≡ 0); native
defect charges vanish
identically (qs(0) ≡ 0);
additive linear cellular
defects cannot source
1/R gravity.

Content-Dependent Local Constitutive Modulus Gate GAL-1.2 Rigid Translation
Invariance Theorem
(H(σ)etrans ≡ 0)
proves state-dependent
elastic modulus K(σ)
preserves zero-net-force
Jeff(0) ≡ 0; sourced
difference potential
falls off as R−6.

Topological Phase-Halo Far-Field Traction Gate GAL-1.3 Pairwise bond
force antisymme-
try

∑
k Ftop

k ≡ 0
(1.64× 10−14 N) proves
topological circulation
eigenstrains produce
purely self-equilibrated
stress; far-field volu-
metric strain remains
dipolar (pvol > 2.0).

Native Spatial-Acoustic Escape Loopholes Gate GAL-1.4 Proved Internal Re-
lational Invariance
Theorem on pre-strain
(
∑

Fpre ≡ 0), 12-face
cell volume (Gauss can-
cellation

∑
Af n̂f ≡ 0),

and boundary flux
(|F∂ | → 0); closes
tested spatial-acoustic
class for 1/R gravity.

Bare HFF Propagating Lapse Dynamics Gate GAL-1.6 Functional variation
δ2SHFF/δ(e0

0)2 is
ultralocal; kinetic
coefficient AHFF ≡ 0;
bare lapse is non-
propagating Lagrange
multiplier enforcing
Hamiltonian con-
straint.

Native Geometric Selection of TEGR Ratios Gate GAL-1.7/1.8 Microscopic RHD face
geometry yields exactly
one scalar constraint
4c1+2c2+c3 = 1 (Rank
1); TEGR coefficient ra-
tios (1/4, 1/2,−1) and
2-DOF graviton count
are imported contin-
uum field theory com-
pletions, not natively
derived.

Table 26.2: Permanent Archive of Definitive Negative Results and Refuted Hypotheses.
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• Bare Triad Integers (Level 2, VERIFIED): Boundary counting yields M (0)
p = 1836,

M
(0)
n = 1839, and ∆Mbare = 3.000000 me identically from Ncage = 207.

• Lock Granularity (Level 2, VERIFIED): Boundary locks per constituent are Lu =
3, Ld = 2 =⇒ Lp = 8, Ln = 7. The proton carries exactly one more active chiral
lock than the neutron (Lp − Ln = 1). Each quark lock aggregates three color subunits
(ϵlock = 3ϵsubunit).

• General Decomposition and Single-Lock Hypothesis (Level 2, VERIFIED): Masses
decompose as Mp = 1836 +Bp + 2ϵp and Mn = 1839 +Bn + ϵn. Relaxation of the coupled
3-cell Wilson triad yielded ∆B = −0.0036me ≈ 0, confirming the Single-Lock Hypothesis.

• Forensic Energy-Lineage Audit (rhd_gate_d17_energy_lineage_audit.py): A com-
plete deconstruction of the total ground state energy (Ep = 6.3287, En = 4.3649) revealed
that the large individual quark energy difference (Eu = 2.7073, Ed = 0.7894, ∆E = 1.9180)
reflects geometric chiral frustration on the single cell. In the triad, the interface bonds relax
nearly in phase (∑Einter < 0.007, binding asymmetry ∆Einter = −0.0026), confirming that
the small binding shift ∆B ≈ 0 is an authentic dynamical property rather than an engineered
cancellation.

• The Load-Bearing 4π Unit Postulate (OPEN FRONTIER): Crucially, the solver
prints E0 = 0.002365 as the single-cell acoustic carrier quantum, yet normalizes raw lattice
energies by an asserted divisor of 4π rather than by E0. Direct normalization by E0 would
yield ϵlock ≈ 811me. Any divisor in the interval [11.1, 13.7] (including 12, the cell face count)
passes the frozen empirical tolerance. While the sign of the splitting and the near-zero binding
shift ∆B are genuine dynamical discoveries, the absolute electron-mass conversion is an
asserted architectural postulate.

• Adjudication and Promotion Block: Gate D17-R2 is recorded strictly as Level-2
Conditional (Unit Postulate Open). All promotional “VERIFIED / Class-A” stamps
are blocked until an assumption-free conversion Eraw → me is derived independently.

26.5 The “No Promotion Without Independent Observable”
Rule

To safeguard the epistemic integrity of the Lama Architecture, every mathematical result is
strictly quarantined from physical identification unless accompanied by an independent observable
or native dynamical proof:

26.6 Gate D18 Audit: Symplectic Lifts and the Exploratory Toy
Status

Gate D18 proposed connecting the E8 decomposition V
(2)

fix ⊕ V
(6)

rot to a symplectic temporal
map Mtt ∈ Sp(6,R). Adversarial auditing reveals that the preliminary script (rhd_gate_d18_
ticktock_floquet.py) verified only that the diagonal block matrix diag(R3, R3) is symplectic
for an orthogonal 3D rotation matrix R3. Because diag(R,R) is automatically symplectic for
any orthogonal matrix R ∈ O(3), and because the Πx,y,z planes were hand-labeled coordinates,
Gate D18 did not derive 3D physical space dynamically:

• Epistemic Demotion: All “Level 1 Proved Theorem” stamps are retracted. Gate D18 is
classified strictly as an Exploratory Toy Model / Structural Hypothesis.
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Mathematical Result Permitted Physical
Claim

Prohibited Overclaim

β1(G) = 11, β1(G̃) = 21 Exact graph homology theo-
rem

Derivation of spin-1/2
fermions

Tr(Pallow) = 144− 7 = 137 Exact routing-space capacity
theorem

Derivation of α−1 ≈ 137.036

S0 = 52.31 Instanton Saddle Classical bounce in
π1(T 12) = Z12

Derivation of me/MPl (pref-
actor bookkeeping)

2A14 + β1 = 3477 Structural composite candi-
date

Derivation from length-14
walks (falsified: 2352/3136)

D17-R2 Triad Splitting ∆B ≈ 0 dynamical isospin
splitting

Absolute mass derivation (4π
unit postulate open)

k∗ ∈ {3, 5} Clustering Sparse structured dynamical
regimes

Exact proof of three genera-
tions globally

Gate D18 Symplectic Lift Orthogonal rotation symplec-
tic embedding

Proved derivation of 3D phys-
ical space

Ergodic Trigger Statistics (D11) Measurement model repro-
duces Born statistics

First-principles derivation of
Born rule

Algebraic Riemann Tensor (D8) Algebraic pair symmetries
from bivectors

Discrete differential Bianchi
/ torsion theorem

Z3 Triad Permutation (D13) Center Z(SU(3)) representa-
tion

Full 8-generator SU(3)c

gauge theory
Gate D21 Stellation Hierarchy Exact stellation volumes

{1, 2, 4, 6}V0 and bipartite
chamber stability

Direct identification of raw
stellation volume with lepton
mass hierarchy (e, µ, τ)

Gate D22 Natural Polyhedral Dynamics Acoustic impedance
mismatch / baffling
(τ(G2) > τ(G3) > τ(G1))

Prohibited: bare term “hier-
archy”; claim of SI second de-
cay without quantum ∆m5

phase space bridge
Gate D23 Mode-Host Coupling Invariant Native acoustic susceptibility

Ri =
∑
|gia|2δη(ωi−ωa) and

stop-band baffling

Extrapolation of linear har-
monic coupling to nonlinear
stellation amplitudes without
accounting for stop-band fre-
quency shift

Tau Factorization 3477 = 57× 61 Exact covering rank
β1(G̃6) = 61 and arith-
metic

Derivation of tau mass (pref-
actor 57 ungrounded without
independent observable)

Gate GAL-1.1D Local Bifurcation 1D spinodal bifurcation ξc ≃
−0.2440

Physical 8-way snap mech-
anism (requires dynamical
state variable)

Gate GAL-1.1E Gauss Cancellation
∮

∂V
n dA ≡ 0 dipole trans-

parency of intact cells
Intact cell + uniform load-
ing generating attractive
monopole gravity

Gate GAL-1.1F Curvature Field FCC discrete Laplacian
equivalence 1

V0
∆FCCϕ ≡ ∇2ϕ

Physical derivation of G (1/r
Green ansatz, constructed
GLA, 8.7-dex gap)

Gate GAL-1.2A Switching Condensate Continuum phenomenologi-
cal toy model

Unquarantining Gate
GAL-1.2 (Milky Way ro-
tation curves); derived
MOND/BTFR

Gate GAL-1.1I Chiral Twist Orientation-mediated attrac-
tion (U∥ < 0, FR < 0) in
postulated model; derived
Ktwist = 256A0

Identifying 8 states as SU(3)
gluons; claiming 3+1 Ein-
stein gravity or unproven
spontaneous Moiré bulk
emergence

Gate GAL-1.1J Orientation Bridge Kinematic coupling (µc ≈
67.88–68.15 > 0, 6 rigid
modes); exploratory attrac-
tive sign (U < 0) in finite
clusters

Derivation of Newtonian
gravity or Level-2 theorem;
asserting 1/R law from flat
finite tails; inserting c2 by
hand

Table 26.3: The LAMA “No Promotion Without Independent Observable” Epistemic Matrix.
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• Decisive Construction Required: A true physical-space derivation requires proving that
the three canonical invariant phase planes are selected by the native Lie embedding A⊕4

2 ⊂ E8
without asserting coordinates beforehand, and driving the actual sublattice-alternating clock.

26.7 Gate D19: Exploratory Single-Cell Sieve and the Relational
Particle Ontology

In Gate D19 (rhd_gate_d19_ticktock_closure.py), the ontological foundation of the Lama
Architecture was investigated on a 12-face single-cell model integrated via standard full-system
Verlet flow (without bipartite alternating sublattice decomposition):

1. The Central Relational Particle Definition: A particle is not an irreducible point mass
or an isolated multi-cell coordinate lump. The primary definition of the mature architecture
is:

Particle = Stable relational state of the substrate under temporal evolution .

(26.1)
Every elementary particle species possesses an exact single-cell identity (V identity

support = 1),
while allowing extended wave envelopes during lattice transport.

2. Exploratory Single-Cell Numerical Sieve: Under an unconstrained battery of 46
anonymous mathematical configurations across 500 clock cycles:

• 100% Noise Dephasing: 100% of random phase configurations (0/8), thermal hot
baths (0/5), incommensurate multi-mode mixtures (0/6), and uncoupled single-face kicks
(0/1) were eliminated (Rmin > 0.85, λLyap > 0.20), dephasing into thermal background.

• Invariant Survivors (20/46 = 43.5%): The surviving configurations (ρ ≤ 1.002,
Rmin ≤ 0.25, Frec ≥ 0.95) comprise low-frequency coherent carriers, localized nonlinear
breathing oscillations, and symmetric internal harmonics.

• Epistemic Demotion of Single-Cell Particle IDs: Because this 12-face model
implements continuous Verlet flow without bipartite clock structure or lattice transport,
specific lepton labels (e, µ, τ) are stripped from the D19 single-cell claim. Gate D19 is
recorded strictly as an Exploratory Single-Cell Numerical Sieve.

26.8 Gate D20-R2: Sublattice Dynamics, the Continuum-Limit
Razor, and Relational Stability

Gate D20-R2 (rhd_gate_d20_sublattice_ticktock.py, rhd_gate_d20r_temporal_ordering_
audit.py, rhd_gate_d20r2_continuum_limit_razor.py) implemented the native bipartite 1-
skeleton of the RHD Voronoi cell across 14 configuration variables (6O Octahedral +8C Cubic
coordinates, 24 bipartite edges) with strictly identical amplitude initialization (A0 = 0.5000):

1. Adjudication of Gate D20-R2 (PASS / OPEN):

D20-R2: PASS — Continuum-limit audit confirms that earlier high-frequency temporal selection was a splitting artifact.
(26.2)

OPEN — Physical origin of the fundamental tick-tock ordering. (26.3)

OPEN — Whether temporal dynamics contribute an independent physical selection rule beyond Hamiltonian stability.
(26.4)

Abundance Qualifier: Single-cell recurrence under conservative Hamiltonian flow is
abundant: all 13 non-zero normal modes (λ = 1.44, 3.00, 4.00, 5.56, 7.00) close recurrently
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(Rmin ≤ 0.0866, Frec ≥ 0.9963). Single-cell recurrence is a generic conservative property, not
a sparse particle selector. Selection credit is deferred to the transport, nonlinear breathing,
and topological covering layers.

2. 14-Mode Configuration Bookkeeping: The graph Laplacian L = D −A on the bipartite
RHD 1-skeleton decomposes into exactly 14 degrees of freedom:

1 global zero mode + 13 non-zero normal modes = 14 configuration variables . (26.5)

The spectral multiplicities are: λ = 0.0000 (mult 1, global U(1) gauge shift), λ = 1.4384
(mult 3, acoustic carrier branch), λ = 3.0000 (mult 4, intermediate shear modes), λ = 4.0000
(mult 2, pure cubic internal modes), λ = 5.5616 (mult 3, high optical branch), and λ = 7.0000
(mult 1, antiphase optical mode). Total: 1 + 3 + 4 + 2 + 3 + 1 = 14.

3. Disambiguation of Electron Ontology: To maintain strict ontology consistency across
the manuscript, three distinct objects are demarcated:

• Global Zero Mode (λ = 0.0000): Center-of-mass / global U(1) gauge translation
across all 14 vertices (∑ qi = const). Not a physical particle.

• Lowest Acoustic Branch (λ = 1.4384): The T1u carrier triplet on the discrete RHD
cell.

• Physical Electron (e): An extended coherent acoustic wavepacket with non-vanishing
group velocity (vg = ∇kω ̸= 0) and carrier fidelity O ∈ [0.85, 0.98] (computationally
grounded in Gate D14-R3; earlier claims of O ≥ 0.9998 were ungrounded).

4. Symplectic Defect vs. Volume Preservation: Direct measurement of the bipartite
leapfrog map reveals that while it is strictly volume-preserving (detM ≈ 1), it has a non-
vanishing symplectic defect:

∥MTJM − J∥ ≈ 0.197 ̸= 0. (26.6)

Frozen-sublattice operator splitting cannot be symplectic when potential interaction edges
cross the bipartite cut. Gate D0 provides the exact linear symplectic reference.

5. The Continuum-Limit Razor (τ → 0): Evaluating the continuum limit across a timestep
refinement ladder τ ∈ {0.1000, 0.0500, 0.0250, 0.0125, 0.00625} and comparing four operator-
splitting integrators (Unative, Urev, Usym, Ucont):

• Operator-Splitting Phase Lag: The deviation between native asymmetric Lie-Trotter
tick-tock Unative = TC ◦ TO and continuous Verlet flow Ucont scales strictly linearly with
timestep: ∥znative(τ) − zcont(τ)∥max ∝ τ (4.32 → 2.15 → 1.07 → 0.54 → 0.27). The
apparent dispersion of Mode 13 (λ = 7.00) at τ = 0.05 (Rmin = 0.4322) vanishes as
τ → 0 (Rmin = 0.0541 at τ = 0.00625).

• Symmetric Strang Splitting: Under second-order symmetric splitting Usym =
TO(τ/2) ◦ TC(τ) ◦ TO(τ/2), Mode 13 achieves tight recurrence (Rmin = 0.0033) even at
coarse timestep τ = 0.05.

• Physical Razor Verdict: Single-cell recurrence is an inherent property of the conser-
vative continuous Hamiltonian, not a tick-tock effect.

• Noise Dephasing: Unstructured controls do not disappear; rather, unstructured
states dephase and redistribute their energy among many modes (Rmin ≥
0.6425).

6. Exact Same-Energy Orbital Robustness: Transverse perturbations δz with strictly
exact relative magnitude ∥δz∥2/∥z⋆∥2 = 0.0500 constrained to identical total energy (|E(z⋆ +
δz)− E(z⋆)| ≤ 10−12 via Newton-Raphson) establish:
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• The acoustic carrier mode (Mode 1, λ = 1.44) maintains a numerically bounded
trajectory bundle (max ∆/∆0 = 1.74) over 1,000 clock cycles.

• Higher modes undergo weak phase shear (max ∆/∆0 ≤ 5.64) or phase diffusion (max ∆/∆0 ≥
6.23).

7. Three Distinct Classes of Relational Stability: The physical lepton spectrum is not
derived from three discrete eigenvalue frequencies, but from three fundamentally different
classes of relational stability:

e : extended coherent propagation (vg ̸= 0, O ∈ [0.85, 0.98]),
µ : localized nonlinear resonance (vg = 0, breather self-trapping),
τ : topological / covering-sector closure (deck monodromy σ2 = id).

8. The Mature Four-Stage Architecture: The complete explanatory sequence of the Type IV
programme is structured as:

spatial geometry −→ possible relational configurations ,

temporal evolution −→ which configurations remain dynamically coherent ,

topology / transport / interactions −→ which coherent configurations are physical particles ,

mass functional −→ 1, 207, 3477, . . .

26.9 Gate D21: RHD Geometric Phase / Stellation Spectrum
and Epistemic Demarcation

In Gate D21 (rhd_gate_d21_stellation_spectrum.py), the foundational geometric phase
hypothesis of the Lama Architecture was investigated across the canonical stellation hierarchy
of the rhombic dodecahedral (RHD) substrate:

Geometric Phase ̸= Particle ,
(26.7)

Particle = Stable relational excitation of a geometric phase ,
(26.8)

RHD substrate −→ geometric phase −→ relational state −→ temporal stability −→ particle .
(26.9)

The four canonical geometric phases G0,G1,G2,G3 provide the geometric state space. Subtracting
the unperturbed vacuum ground state G0 leaves exactly three candidate sectors (4 − 1 = 3).
Elementary particles occupy the same single-cell spatial support (V identity

support = 1), differing by
the host geometric phase and its dynamical excitation stability.

1. The Four-Stage Epistemic Demarcation Filter: To prevent naive conflation of mathe-
matical structure with physical reality, every geometric phase is audited against four distinct
physical criteria:

geometrically well-defined ̸= space-filling ̸= mechanically stable ̸= dynamically stable .
(26.10)

2. The 12-Plane Hyperplane Arrangement (D3 ∼= A3 Root System): The 12 facial
planes of the base RHD (xi ± xj = 2) define an affine arrangement dissecting R3 into exactly
61 bounded polyhedral chambers and 74 unique intersection vertices grouped into
five concentric radial shells:
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• Shell 0a (r =
√

3): 8 cubic vertices (±1,±1,±1).
• Shell 0b (r = 2.0): 6 octahedral vertices (±2, 0, 0). Shells 0a and 0b form the 14 vertices

of the core RHD R0.
• Shell 1 (r =

√
8): 12 cuboctahedral apexes (±2,±2, 0), capping the 12 pyramids of the

first stellation R1 (Escher’s solid).
• Shell 2 (r =

√
11): 24 boundary vertices (±3,±1,±1) of the second stellation R2.

• Shell 3 (r =
√

20): 24 boundary vertices (±4,±2, 0) of the third stellation R3. The
convex hull of Shell 3 is the truncated octahedron (volume 256.0), the Voronoi cell of
the BCC reciprocal lattice.

3. Exact Volume and Chamber Hierarchy: The bounded chambers partition radially into
four concentric layers:

• Layer 0 (Core R0): 1 cell, volume V0 = 16.0, 14 vertices.
• Layer 1 (R1): 12 rhombic pyramids (volume 4/3 each), layer volume ∆V1 = 16.0 = V0.
• Layer 2 (R2): 24 pyramids (volume 4/3 each), layer volume ∆V2 = 32.0 = 2V0.
• Layer 3 (R3): 24 pyramids (volume 4/3 each), layer volume ∆V3 = 32.0 = 2V0.

The cumulative volume progression across the canonical phases is strictly quantized:

V (Gk) ∈ {16.0, 32.0, 64.0, 96.0} =⇒ 1 : 2 : 4 : 6× V0, (26.11)

with boundary vertex counts V ∈ {14, 26, 50, 74} and cumulative chamber counts Ncells ∈
{1, 13, 37, 61}.

4. Chamber-Dual Bipartite Graph Structure: Every chamber C carries a sign parity
π(C) = (−1)#{k:nk·x>2}. Crossing any facet flips exactly one sign bit, proving that the
chamber-dual network is strictly bipartite for all phases:

Sublattice A (Tick: Layers 0, 2; 25 cells) ←→ Sublattice B (Tock: Layers 1, 3; 36 cells).
(26.12)

5. Mechanical Stiffness and Floquet τ-Ladder Stability: Under the discrete Wilson
cosine potential V (q) = K

∑
⟨i,j⟩[1− cos(qi − qj)], all non-trivial deformation modes possess

strictly positive restoring curvature (λphysical
min = λ2 > 0). Specifically, while the single-cell

background G0 possesses zero internal chamber deformation modes (Nchamber = 1, rigid vacuum
background; physical boundary skeleton gap λ2 = 1.4384 > 0), the multi-chamber stellation
phases possess positive physical spectral gaps after removing the global zero mode (λ1 = 0):
λ2(G1) = 1.0000, λ2(G2) = 0.4746, λ2(G3) = 0.3489. Under the discrete bipartite tick-tock map
Utt(τ) = Ttock ◦ Ttick, evaluating the timestep ladder τ ∈ {0.10, 0.05, 0.02, 0.01, 0.005, 0.001}
demonstrates quadratic convergence:

lim
τ→0

ρ(τ) = 1.000000, lim
τ→0
∥MTJM − J∥2 = 0.000000, lim

τ→0
detM = 1.000000.

(26.13)
Long-horizon non-linear recurrence fidelity under Utt exceeds 0.998 across all phases (Frec ∈
[0.9987, 1.0000]). Every stellation phase is mechanically and dynamically stable.

6. Space-Filling Demarcation:

• G0 (Base RHD) and G1 (First Stellation / Escher’s Solid) are space-filling honeycombs.
G0 tiles space as the FCC Voronoi lattice (the vacuum ground state). G1 tiles space in
the stellated rhombic dodecahedral honeycomb (dissection dual of the Yoshimoto Cube).
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• G2 and G3 are non-space-filling stars, admissible only as localized topological
defect excitations embedded within the surrounding G0 vacuum lattice.

7. The Mass Razor: Falsification of Naive Volume Equivalence: Comparing the raw
stellation volume progression directly against the empirical charged lepton mass ratios:

V (Gk)
V0

∈ [1, 2, 4, 6] ̸=
[
1, mµ

me
= 206.768, mτ

me
= 3477.23

]
. (26.14)

Direct identification of stellation volume with lepton mass is definitively refuted. Stellation
depth sets the discrete topological sector, while the physical mass hierarchy is generated
by the exponential dressing functional (m ∝ exp(β1 · ξ)).

26.10 Gate D22 Formal Audit and Certification: Polyhedral
Census, Native Force Engine, and Natural Dynamics

In Gate D22, the four-tier particle ontology was submitted to a comprehensive four-stage re-
formulation, adversarial execution, and formal countersignature protocol (rhd_gate_d22_r1_
compatibility_census.py, rhd_gate_d22_r3_1_native_force.py, rhd_gate_d22_natural_
amplitudes.py, rhd_gate_d22_r3_4_reblind.py). The preliminary single-oscillator toy model
was decisively superseded, establishing four rigorously audited tiers:

1. Adjudication and Certified Epistemic Status of Gate D22 Tiers:

• Gate D22-R1 (CERTIFIED Level-1 Theorem & Level-2 Hierarchy): Polyhedral
compatibility census proves exact chamber confinement, odd-integer multiplicity, and
monotonic static interface strain.

• Gate D22-R3.1 (CERTIFIED Level-1 Force Engine): 2D Riemannian facet metric
strain engine (SHFF) with exact analytical gradient, machine-precision stationarity, and
exact symplectic time-reversibility.

• Gate D22-NATURAL (COMMITTED LEDGER RESULT): Unconstrained
natural polyhedral amplitude dynamics proving acoustic impedance mismatch and
non-monotonic lifetime inversion.

• Gate D22-R3.4 (CERTIFIED RE-BLIND, NARROW CLAIM): Independent
auditor re-blind under seed 265577487 with pre-committed SHA-256 hash countersigna-
ture, proving blind reproducibility.

2. Gate D22-R1: The Polyhedral Compatibility Census Theorems: Evaluating the
canonical stellation chambers across a 13-cell open-boundary FCC patch:

• Complete 13-Cell Confinement Theorem (V2NN ≡ 0): Every bounded chamber
across all three stellation phases G1,G2,G3 is strictly contained within the first coor-
dination sphere (r ≤

√
20 < d2NN = 4.0). Overlap volume with the 6 second-nearest

neighbor (2NN) cells is identically zero (V2NN ≡ 0.000000).
• Odd-Integer Multiplicity Sequence (0, 1, 3, 5): The number of stellation chambers

penetrating each of the 12 nearest-neighbor cells follows the exact odd-integer progression:

(0, 1, 3, 5) =⇒ (0, 12, 36, 60) total chambers across the 12 NN cells. (26.15)

• The Yoshimoto Dual Coincidence (r =
√

8): The 12 outer apexes of G1 terminate
at r =

√
8 = dNN, landing identically at the coordinate centers of the 12 nearest-neighbor

cells, realizing the space-filling Yoshimoto 2-cube dissection dual honeycomb.
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• Monotonic Static Interface Strain Hierarchy: At relaxed equilibrium, the static
interface strain energy scales strictly monotonically:

Eint(G0) = 0.0000 < Eint(G1) = 50.9129 < Eint(G2) = 132.8465 < Eint(G3) = 245.1764.
(26.16)

3. Gate D22-R3.1: The Native Riemannian Facet Metric Force Engine: To eliminate
all heuristic scalar springs (ke, kd), the dynamic response was derived directly from the 2D
Riemannian facet metric strain on 168 diamond faces across a 19-cell lattice patch (core
+12 NN + 6 2NN, 147 configuration coordinates):

SHFF(X) =
168∑
f=1

1
2A0∥∆gf∥2F , ∆gf = gf − g0, Fi = −∂SHFF

∂xi
. (26.17)

Rigorous computational audits certified:

• The Ground-State Stationarity Theorem: SHFF(X0) = 0.0000000000 and max |F(X0)| =
0.0000000000. Because SHFF is a positive semi-definite sum of Frobenius matrix norm
squares, the unperturbed vacuum G0 is a proven mathematical global minimum
(∇S(X0) ≡ 0). The vacuum dissipation is identically zero (Γ(G0) ≡ 0, lifetime τ =∞).

• Exact Analytic Gradient Consistency: Direct comparison of the analytic facet
strain Jacobian against centered finite differences yields a relative gradient error of
1.83× 10−10 across all 147 coordinates.

• Control C4 Symplectic Time-Reversibility: Under velocity-Verlet integration,
forward-backward integration over 2,000 steps recovers initial phase-space coordinates
to within 1.33× 10−15 (machine epsilon).

4. Gate D22-NATURAL: Natural Polyhedral Dynamics and Acoustic Baffling: When
the four stellation configurations are released under their unconstrained natural polyhedral
amplitudes (rmax ∈ {2.0,

√
8,
√

11,
√

20}, SHFF ∈ {0, 811.81, 2208.19, 10787.47}), the loss rates
Γi = −Ėcore/Ecore and core half-lives τi = ln 2/Γi evaluate to:

Phase Initial Action SHFF Loss Rate Γ Half-Life τ1/2 Acoustic Coupling

G0 (Vacuum) 0.00 0.0000 ∞ Stationary global minimum (∇S ≡ 0)
G1 (First Stellation) 811.81 3.0731 0.2256 Direct impedance match at r =

√
8

G2 (Second Stellation) 2208.19 0.9429 0.7351 Acoustic baffle by 24 shoulder chambers
G3 (Third Stellation) 10787.47 1.7650 0.3927 High-amplitude nonlinear radiation

(26.18)
The Acoustic Baffle / Impedance Mismatch Mechanism: Among excited states, G2
is the longest-lived excitation (τ = 0.7351), outliving G1 by more than 3.25×. G1 leaks
energy rapidly because its 12 apexes land squarely on nearest-neighbor cell centers (r =

√
8),

impedance-matching cleanly to the host crystal’s acoustic phonon band. In contrast, G2
(r =

√
11) does not land on lattice sites; its 24 shoulder chambers act as acoustic baffles,

creating an acoustic impedance mismatch that reflects elastic wave strain back into the core.

5. Gate D22-R3.4: Certified Independent Re-Blind Protocol: Under auditor-issued seed
265577487, anonymous templates {TA, TB, TC , TD} were pre-committed via SHA-256 hash:

Hpre = 2ffaa61f500611bf1aba807dab8e0981524f30562eaf882fc1f9a899e7f232dc.
(26.19)

Blinded execution reproduced the exact decay ordering Γ(TA) = 3.0731 > Γ(TD) = 1.7650 >
Γ(TB) = 0.9429 > Γ(TC) = 0.0000, with unmasking (TA = G1, TB = G2, TC = G0, TD = G3)
independently verified and countersigned.
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6. The Multi-Cell Soliton Duality and Gauss’s Law on the Lattice: The single-cell
stellation picture is dual to multi-cell cluster coordination outside-in:

Electron (1-cell monomer) ←→ Muon (3-cell triad) ←→ Tau (13-cell coordination cluster).
(26.20)

By Gauss’s law on the lattice, shared interior diamond faces cancel pairwise in outward strain
flux (∑interior Fshared = 0). The net exterior boundary flux identically preserves the quantized
electric charge:

Qexterior =
∮

∂Ω
E · dA = −1, ∀ {e, µ, τ}. (26.21)

7. Epistemic Demarcation Rules:

• Ban on Bare “Hierarchy”: The physical regime must always be declared: energy-
normalized parallel core modes scale monotonically, whereas natural polyhedral ampli-
tudes exhibit the acoustic impedance inversion (τ(G2) > τ(G3) > τ(G1)).

• Classical Ticks vs. Quantum SI Seconds: The classical lattice half-life ratio
τ(G2)/τ(G3) ≈ 1.87 measures local acoustic damping in a 19-cell box. Physical decay in
SI seconds (τµ/ττ ≈ 7.57× 106) is a multi-particle quantum weak transition governed by
fifth-power phase space volume:

Γ ∝ G2
F ∆m5 =⇒

(
mτ

mµ

)5

≈
(3477

207

)5
≈ 1.34× 106. (26.22)

Equating classical simulation ticks directly to SI seconds without the quantum ∆m5

bridge is strictly prohibited.

26.11 Gate D23 and Gate D23-R2 Audit: Native HFF Mode–
Host Coupling, Acoustic Stop-Band Baffling, and Channel-
Resolved Dissipation

In Gate D23 and Gate D23-R2 (rhd_gate_d23_host_mesh.py, rhd_gate_d23_linear_spectrum.
py, rhd_gate_d23_mode_coupling_engine.py, rhd_gate_d23_r2_channel_resolved.py), the
foundational mechanistic hypothesis of stellation metastability was subjected to a first-principles
audit across multi-shell concentric FCC lattice clusters (Ncells ∈ {19, 43, 79}):

Does native mode–host coupling quantitatively determine the observed regime dependence of Γ?
(26.23)

The investigation established MATURE STATUS: Mechanistic Spectral Grounding with
Regime-Dependent Reordering. Stellation depth alone does not order particle lifetimes.
Rather, the decay rate Γ is a derived dynamical property of an embedded relational configuration
coupled to the host spectrum.

26.11.1 Mature Particle State Ontology and Epistemic Boundaries

The mature LAMA framework enforces strict ontological boundaries:

identity ̸= mass ̸= energy ̸= lifetime . (26.24)

A particle state in the discrete substrate is characterized by:

Ψi = (internal geometry, ω, interface traction pattern, host coupling, topology) , (26.25)
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with its decay rate given by the derived functional:

Γi = Γ[Ψi,Hhost]. (26.26)

The crystalline substrate is an inseparable component of particle identity. Seven technical caveats
govern this ledger:

1. Native HFF Geometric Dynamics (Not Full Regge-LAMA): The dynamical equa-
tions of motion are generated by the certified 2D Riemannian facet metric action SHFF =∑

f
1
2A0∥∆gf∥2F . Because Regge deficit angles are not incorporated into the current force

generator, this is designated strictly as native HFF geometric dynamics.

2. Linear One-Phonon Suppression vs. Nonlinear Dissipation: The stop-band condition
ωi > ωcutoff proves that the linear one-phonon radiation channel is strongly suppressed by
acoustic impedance mismatch. It does not forbid higher-order multi-phonon emission or
nonlinear subharmonic down-conversion.

3. Regime- and Host-Dependent Reordering: In the N = 79 host cluster, Gate D23
measures:

Γ(G2) = 2.6615 > Γ(G1) = 2.5172 > Γ(G3) = 1.6234, (26.27)
with core retention G2(50.4%) > G3(42.8%) > G1(27.3%). Stellation depth alone does not
govern lifetime.

4. Equal-Energy Degeneracy in Linearized Model: Rescaling initial displacements to equal
action (SHFF = Eref = 10.0) forces identical effective radial displacement (∆reff = 0.0922)
and identical decay (Γ = 1.8344 on N = 79) across all phases, proving that scalar energy
normalization projects away geometric distinction in the linearized model.

5. Diagnostic Nature of Control C4: Mass scaling Mcore = 4.0 is classified as a causal
diagnostic control, proving that shifting frequency relative to the host phonon band causally
alters dissipation (+73.7% increase in Γ), rather than unperturbed evidence.

6. Subspace Rank vs. Schur’s Lemma: Schur’s lemma dictates that distinct irreducible
representations decouple under Oh. Coupling to exactly 10 host modes reflects the finite rank
of the A1g subspace in the 19-cell cluster.

7. Finite-Size Susceptibility Convergence: The susceptibility ordering R(G1) > R(G3) >
R(G2) > R(G0) = 0 is invariant across cluster sizes, but absolute values are finite-size
dependent.

26.11.2 Analytical Host Spectrum and Radiation Susceptibility

From the analytical equilibrium Hessian H0 = ∇2SHFF(X0), the host normal modes HHHea =
ω2

aea and native interface projection amplitudes gia = eT
aHHCui define the radiation susceptibil-

ity:
Ri(ω) =

∑
a

|gia|2
η/π

(ω − ωa)2 + η2 . (26.28)

Evaluated at the physical vibration frequencies across the host scaling sequence:

Phase Displacement ∆r Vibration ω Ri(N = 19) Ri(N = 43) Ri(N = 79)
G0 (Vacuum) 0.0000 0.000 0.00 0.00 0.00
G1 (First Stellation) 0.8284 12.566 17759.93 658.59 635.53
G2 (Second Stellation) 1.3166 25.133 32.37 51.25 51.55
G3 (Third Stellation) 2.4721 25.133 114.12 180.69 181.73

(26.29)
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The theoretical susceptibility ordering is strictly invariant across host sizes:

R(G1) > R(G3) > R(G2) > R(G0) = 0 . (26.30)

For G1, the core vibrates at ω ≈ 12.57, landing directly on resonance with the fundamental A1g

host mode (ω = 12.52, |ga|2 = 16, 724). For G2 and G3, nonlinear strain hardening stiffens the
core potential, driving the oscillation frequency into the acoustic stop-band (ω ≈ 20.77− 25.13 >
ωcutoff = 17.91).

26.11.3 Production Dynamics and Six-Part Control Battery

Evaluating unconstrained natural polyhedral amplitudes in the pre-reflection time window
t ∈ [0, trefl] (trefl = 0.781 ticks on N = 79):

Phase Sinit Ecore(0) Ecore(trefl) Retention Γ τ1/2 Peak ω
G0 0.00 0.00 0.00 100.0% 0.0000 ∞ 0.00
G1 811.81 369.14 100.86 27.3% 2.5172 0.275 20.77
G2 2208.19 1140.27 574.84 50.4% 2.6615 0.260 20.77
G3 10787.47 6048.61 2590.87 42.8% 1.6234 0.427 20.77

(26.31)

The outgoing Hamiltonian flux across the 48 interface faces:

Pout(t) = −
∑

v∈core
Fv←host · u̇v(t) (26.32)

satisfied −dEcore
dt = Pout(t) to an integrated relative error of ≤ 9.78× 10−5. The six-part control

battery verified:

• C1 (Oh Invariance): Invariant under 90◦ rotation to machine precision (∆E < 10−14).

• C2 (Phase Scrambling): Angular scrambling drops Γ from 5.21 → 1.25 (ratio 0.24),
proving coherent mode matching is required for radiation.

• C3 (Frequency Matching): Cubic-only excitation alters Γ (1.9224 ̸= 5.2116), proving
spatial traction dependence.

• C4 (Mass Scaling): Frequency shift into band increases Γ by +73.7% (2.66→ 4.62).

• C5 (Host Scaling): Monotonic convergence verified across N = 19, 43, 79 host clusters.

• C6 (Time-Reversibility): 1000-step momentum reversal error < 1.66× 10−14.

26.11.4 Gate D23-R2: Direct Channel-Resolved Radiation Decomposition

To determine which actual host modes receive the radiated energy, Gate D23-R2 projected the
host state vector uH(t), u̇H(t) at the pre-reflection analysis horizon (t = 0.50 ticks) onto the
1,146 host eigenvectors of the N = 79 cluster:

qa(t) = eT
a uH(t), q̇a(t) = eT

a u̇H(t), Ea = 1
2 q̇

2
a + 1

2ω
2
aq

2
a. (26.33)

The continuous channel-resolved spectrum Pi(ω) = ∑
a Ea

η/π
(ω−ωa)2+η2 revealed three distinct

physical dissipation regimes:
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Phase Ecore(0) Ehost In-Band Phonons Band-Edge Subharmonic Shear Peak ω
(ω ≤ 17.0) (ω ∈ [17, 17.91]) (ω ≤ 5.0) (rad/tick)

G1 369.14 508.39 94.6% (481.05) 5.4% (27.34) 5.1% (25.93) 10.167
G2 1140.27 1581.83 91.4% (1445.11) 8.6% (136.73) 9.6% (151.85) 10.167
G3 6048.61 9608.74 83.3% (8006.54) 16.7% (1602.19) 22.3% (2139.60) 17.078

Table 26.4: Gate D23-R2 Channel-Resolved Modal Energy Dissipation (N = 79 Host Cluster,
1,146 Normal Modes at t = 0.50).

Dominant Receiving Host Normal Modes:

• Phase G1: Radiates almost exclusively into linear acoustic phonons: Mode 722 (ω = 10.176,
absorbs 25.3%) and Mode 1058 (ω = 16.541, absorbs 13.8%).

• Phase G2: Primary dissipation remains in linear phonons: Mode 722 (19.3%), Mode 877
(ω = 13.466, 9.1%), and Mode 1058 (8.4%).

• Phase G3: When linear one-phonon emission is suppressed by spectral mismatch, energy
dissipation splits:

1. Band-Edge Localization: Doubles to 16.7% (1602.19), led by Mode 1093 (ω = 17.085,
absorbing 13.8%).

2. Nonlinear Subharmonic Down-Conversion: Surges to 22.3% (2139.60), transferring
directly into low-frequency acoustic shear phonons: Mode 55 (ω = 3.232, absorbing
11.8%) and Mode 39 (ω = 2.838, absorbing 9.7%).

Physical Proof of Non-Linear Mode Conversion: Gate D23-R2 establishes that when
linear one-phonon radiation is impeded by acoustic mismatch, the system does not remain locked
indefinitely; instead, energy is diverted into nonlinear subharmonic shear phonons. Particle
stability is therefore not a bare single-cell invariant, but a cooperative property of the excitation’s
internal geometry and the host’s normal mode spectrum:

Particle = Stable relational state embedded in the substrate spectrum . (26.34)

26.12 Gate D24 Audit: Nonlinear Down-Conversion Causality
Audit and Generic Mode Conversion (State 2)

In Gate D24 (rhd_gate_d24_master_engine.py, rhd_gate_d24_results.json), the anoma-
lous down-conversion of core stellation energy into low-frequency host modes observed in
Gate D23-R2 was subjected to a rigorous, adversarial causality audit across six deterministic
protocols:

1. Protocol D24-R1 (Strict Energy Conservation across Initial Phase θ0): By com-
puting the exact asymmetric turning point αmin = −0.899004 of the 2D Riemannian
facet metric action, initial Hamiltonian energy was conserved strictly to machine pre-
cision (E0 = 10787.4705 ± 3.37 × 10−16) across all phases θ0 ∈ [0, π]. Host Mode 55
(ω = 3.232 rad/tick) exhibited exact envelope phase pinning:

ϕ̄sub = 5.0735 rad, ∆ϕ = 9.23× 10−5 rad, dϕ

dθ0
= 2.87× 10−5 ≈ 0.0000, (26.35)

proving that phase locking is determined by the arrival shock of the outgoing wavepacket
envelope rather than rotating single-mode phase lock.
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2. Protocol D24-R1 (Dynamically Measured Continuous Spectra): Extracting instanta-
neous Fourier spectra dynamically over the pre-reflection interval yielded ωc = 23.54 rad/tick
for the breathing core, ωedge = 22.35 rad/tick for the band edge, and ωsub = 9.82 rad/tick for
the low-frequency response. The tested narrow difference-frequency channel:

∆ω = ωc − ωedge = 1.19 rad/tick vs ωsub = 9.82 rad/tick (26.36)

exhibits an 8.63 rad/tick (87.9%) discrepancy, providing a definitive negative diagnostic
against a direct single-stage difference-frequency parametric resonance.

3. Protocol D24.2 (Amplitude Scaling & Triple Power Laws): Sweeping initial amplitude
A/Anat ∈ [0.25, 1.50] on G3 revealed strongly superlinear scaling:

Esub ∝ A3.952 (R2 = 0.9996), Esub ∝ E1.501
host (R2 = 0.9993). (26.37)

The subharmonic energy fraction expands from 3.3% at 0.25Anat to 34.1% at 1.50Anat.
Because linear boundary leakage strictly requires pE = 1.000, linear leakage is conclusively
falsified.

4. Protocol D24.4 (Control-Surface Outward Traction Flux): Integrating outgoing
surface traction power across the 48 diamond facets of boundary Σ confirmed net positive
outward transmission: Etrans = +2889.67, satisfying Hamiltonian energy conservation to
relative drift ∆E/E0 = 4.69× 10−6.

5. Protocol D24.5 (Multi-Shell Host Convergence): Evaluating N ∈ {19, 43, 79} at
pre-reflection time t = 0.30 ticks demonstrated that N = 43 (8005) and N = 79 (7946) agree
on total radiated energy to < 0.74%, whereas N = 19 (8991) exhibits ≈ 13% finite-size
confinement error. Invariance is total-only; subharmonic fraction is host-dependent (7.7% on
N = 79 vs 15.8% on N = 43).

6. Protocol D24.6 (Counterfactual Geometric Controls): At equal initial energy E0 =
10787.47:

fsub(G3) = 22.3%, fsub(Scrambled Oct) = 24.5%, fsub(Cubic Only) = 22.7%, fsub(Oct Only) = 21.9%.
(26.38)

The subharmonic fraction is invariant (∼ 22− 25%) under geometric scrambling, establishing
that nonlinear down-conversion is not a privileged property of G3, but a generic property of
the FCC/RHD substrate.

Epistemic Verdict of Gate D24:

STATE 2: GENERIC NONLINEAR MODE CONVERSION (LEVEL-2 CERTIFIED)
(26.39)

Linear leakage (State 1), geometry-specific conversion (State 3), and narrow 3-wave difference
resonance (State 4) are rejected. The FCC/RHD lattice generically converts high-frequency
finite-amplitude energy into low-frequency shear sound.

26.13 Gate D25 Audit: Native Quadratic Force Coupling Tensor
and Nonlinear Multi-Step Modal Cascade (Class B)

Gate D25 (rhd_gate_d25_coupling_cascade_engine.py, rhd_gate_d25_results.json) re-
solved the microscopic origin of the Gate D24 nonlinear transfer by probing the anharmonic
force expansion of the native Hybrid Face-Field (HFF) Riemannian facet metric action:

Fi(u) = −
∑

j

Hijuj −
1
2
∑
j,k

Cijkujuk −
1
6
∑
j,k,l

Dijklujukul +O(u4). (26.40)
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Projecting the cubic potential tensor Cijk onto host normal modes via parity-isolated contractions:

(C : u : v)i = − 1
4s2 [Fi(s(u+ v))− Fi(s(u− v))− Fi(s(−u+ v)) + Fi(s(−u− v))] , (26.41)

gabc =
∑

i

ei
a(C : eb : ec)i. (26.42)

Across an active network of 20 representative host modes (10 carriers, 6 subharmonic, 4
continuum) on the N = 79 cluster:

1. Carrier Pumping vs. Subharmonic Rejection (Class A Rejection): The core excitation
injects > 95% of both its linear (−HHCuc) and quadratic (C : uc : uc) driving power into
in-band acoustic carrier modes: Mode 722 (−1774.4), Mode 1058 (+1437.9), Mode 760
(+863.9), and Mode 617 (−806.0). Direct quadratic drive on low-frequency modes accounts
for only 2.4% of total drive power, ruling out direct single-stage coupling.

2. Connected Cascade Network (212 Pathways): The 20-mode network contains 1,384
non-zero couplings (|g| > 0.05) and 212 carrier→ subharmonic pathways. Massive off-diagonal
anharmonicities link carrier modes to subharmonic shear modes:

g55,1058,1058 = −10.3697, g39,1093,1093 = −8.1064, g39,1058,1058 = −5.6565, g55,1093,1093 = −5.6342.
(26.43)

3. Envelope Rectification and Phase Pinning: For carrier modes b oscillating at high
frequencies (ωb ≈ 10− 17 rad/tick), the diagonal term q2

b (t) drives low-frequency shear mode
a via:

Fa(t) = −1
2ga,bbq

2
b (t) = −1

4ga,bbA
2
b −

1
4ga,bbA

2
b cos(2ωbt+ 2ϕb). (26.44)

The steady-state DC component −1
4ga,bbA

2
b exerts a direct outward push as soon as the carrier

wavepacket reaches the boundary, explaining why the subharmonic phase ϕ̄ = 5.0735 rad is
pinned by packet arrival time rather than internal phase θ0.

4. Dynamical Closure of the 20-Mode Reduced System: Symplectic integration of the
active Galerkin network reproduces the full 3D simulation trajectory with remarkable fidelity:

fsub(t = 0.10) = 0.3% (vs 0.5%), fsub(t = 0.30) = 8.3% (vs 7.7%), fsub(t = 0.40) = 13.6% (vs 13.8%).
(26.45)

At t = 0.50, the reduced model captures Esub = 1464.09 (68.4% of the total subharmonic
energy in the 1,146-mode simulation).

5. A Priori Derivation of Scaling Exponents: From the reduced network alone without
free parameters:

ppred
A = 3.974 (vs 3.952 empirical, ∆ < 0.6%), ppred

E = 1.475 (vs 1.501 empirical, ∆ < 1.7%).
(26.46)

Epistemic Verdict of Gate D25:

CLASS B: NONLINEAR MULTI-STEP MODAL CASCADE (LEVEL-2 CERTIFIED)
(26.47)

The microscopic mechanism is supported and partially closed: localized excitations pump
intermediate carrier modes, which continuously drive the low-frequency shear continuum via
rectified envelope forces.
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26.14 Gate D26 Audit: First-Principles Wave-Kinetic Lifetime
Functional and the Emergence of Particle Stability

Gate D26 (rhd_gate_d26_lifetime_functional_engine.py, rhd_gate_d26_results.json)
bridged the microscopic cascade tensor Cijk to the foundational question of particle lifetime and
stability:

What does this native nonlinear cascade imply for particle lifetime and stability?
(26.48)

The master computational engine formulated and evaluated the multi-channel predictive decay-
rate functional:

Γpred[Ψ] = Γlin[Ψ] + Γ2-phonon[Ψ] + Γcascade[Ψ], (26.49)
where:

Γlin[Ψ] = 1
2Ecore

∑
a

|gc,a|2
ω2

cη

(ω2
c − ω2

a)2 + ω2
cη

2 , (26.50)

Γ2-phonon[Ψ] = 1
8Ecore

∑
b,c

|gc,bc|2

ωbωc

η/π

(ωc − (ωb + ωc))2 + η2 , (26.51)

Γcascade[Ψ] = 1
2Ecore

∑
b∈Mcarrier

∑
a∈Msub

(Fenv,a)2

ωaη
, Fenv,a = 1

4 |ga,bb|A2
b . (26.52)

26.14.1 A Priori Derivation of the Lifetime Ordering

Evaluating Γpred across the natural stellation configurations on the N = 79 host lattice (1,146
normal modes):

Phase rmax ωc Ecore Plin Pcasc Γtot (ticks−1) τ1/2 (ticks) Q = ω/Γ
G0 (Vacuum) 2.000 0.00 0.00 0.00 0.00 0.0000 ∞ ∞
G1 (Yoshimoto)

√
8 12.57 748.46 623.90 1029.22 2.2087 0.314 5.69

G2 (Intermediate)
√

11 25.13 4972.67 84.27 22.06 0.0214 32.416 1175.37
G3 (Outer)

√
20 25.13 19559.72 297.09 1809.63 0.1077 6.435 233.34

(26.53)
The functional strictly derives the non-monotonic lifetime ordering:

τ(G2) = 32.42 ticks > τ(G3) = 6.44 ticks > τ(G1) = 0.31 ticks > τ(G0) =∞ , (26.54)

Γ(G1) = 2.2087 ticks−1 > Γ(G3) = 0.1077 ticks−1 > Γ(G2) = 0.0214 ticks−1 > Γ(G0) ≡ 0.0000 .
(26.55)

This matches the empirical simulation hierarchy of Gate D22 (τ(G2) = 0.735 > τ(G3) = 0.393 >
τ(G1) = 0.226) and the core retention ordering of Gate D23 (G2(50.4%) > G3(42.8%) > G1(27.3%))
from first principles.

26.14.2 Physical Mechanisms and the Discrete Breather Criterion

1. Acoustic Resonance vs. Baffling: G1 oscillates at ωc = 12.57 rad/tick inside the acoustic
phonon band (ω ≤ 17.91), coupling directly into host phonons (Γlin = 0.8336) and carrier
modes (Γcasc = 1.3751), dissolving in a third of a lattice tick (Q = 5.69). In contrast, G2
oscillates at ωc = 25.13 rad/tick above the phonon cutoff, suppressing linear radiation by 50×.
Its apexes land in the 24 shoulder chambers (r =

√
11), baffling diamond facet tractions.

Because its amplitude (A = 1.317) is below the cascade threshold, its cascade power is only
Pcasc = 22.06, making G2 an ultra-long-lived metastable resonator (Q = 1, 175).
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2. Nonlinear Cascade Drain in G3: Although G3 also benefits from the acoustic stop-band,
its massive amplitude (A = 2.472) triggers the nonlinear multi-step cascade:

Pcasc(G3) = 1809.63 vs Pcasc(G2) = 22.06 (82.0× increase). (26.56)

This dumps energy into the low-frequency shear continuum, shortening its lifetime relative to
G2 (Q = 233).

3. Analytical Proof of Equal-Energy Collapse: When normalized to equal small action
(Eref = 10.0), the nonlinear cascade channel turns off (Γcascade ∝ A4

c → 0). The decay rates
of G2 and G3 collapse to identical values:

Γ(G2) ≡ Γ(G3) = 0.0188 ticks−1, τ1/2 = 36.85 ticks. (26.57)

This proves analytically that equal-energy rescaling suppresses the nonlinear cascade that
differentiates the outer stellation.

4. Phase-Space Metastability & Attenuation Length: Mapping Q(ω,A) establishes
the discrete breather criterion: an excitation is metastable (Q > 102) if and only if ω >
ωcutoff = 17.91 rad/tick and A < Acritical ≈ 2.0. In the continuum limit, the Debye sound
speed is cs = 2.542 lattice units/tick. High-frequency carrier phonons are locally attenuated
(ℓatt = 23.60), while low-frequency shear phonons propagate ballistically into the continuum
(ℓatt = 50.84).

Epistemic Verdict of Gate D26:

LEVEL-2 CERTIFIED PREDICTIVE STABILITY FUNCTIONAL (26.58)

The non-monotonic lifetime hierarchy and acoustic baffling are mathematically derived from the
native HFF Riemannian metric tensor without arbitrary tuned parameters.

26.15 Gate Step E: Periodic-Bloch Homogenization and Acoustic
Dispersion

Gate Step E (rhd_gate_stepE_tiebreaker.py, stepE_tiebreaker_results.json) resolved
the foundational macroscopic elasticity of the FCC Rhombic Dodecahedral substrate:

1. True 32-Cell Periodic Supercell Homogenization: On the 32-cell, 96-vertex periodic
assembly, normal strains undergo zero internal relaxation, while shear strains relax by exactly
3/4. The exact derived elastic constants are:

C11 = 12
√

2 ≈ 16.9706, C12 = 4
√

2 ≈ 5.6569, C44 = 6
√

2 ≈ 8.4853, (26.59)

yielding bulk modulus K = 20
3
√

2 ≈ 9.4281, Poisson ratio ν = 1/5 = 0.20, and cubic
anisotropy ratio A = 2C44

C11−C12
= 1.500000.

2. Bloch Acoustic Phonon Dispersion Unification: Continuum Christoffel acoustic wave
speeds (cL =

√
192
√

2 ≈ 16.4781, cT =
√

96
√

2 ≈ 11.6518) match numerical Bloch acoustic
phonon dispersion to machine precision as q → 0 (∆L,T → 0 as O(q2)).

3. Retirement of Heuristic Continuum Gravity: The continuum dimensional ansatz G =
c2/(8πK) was proved inapplicable to discrete cellular space without an explicit microscopic
stress-polarization bridge, and is permanently retired from the architecture.
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Epistemic Verdict of Gate Step E:

LEVEL-1 CERTIFIED BULK ELASTIC & ACOUSTIC HOMOGENIZATION
(26.60)

26.16 Gate GAL-1-COAL: Native Hadronic Coalescence Proto-
col and Envelope Deficit

Gate GAL-1-COAL (rhd_gate_gal1_coalescence_gravity.py, rhd_gate_gal1_coalescence_
gravity_results.json) evaluated the short-range coalescence mechanics of the 3-cell proton
triad relative to three independent constituents:

1. Shared Facet Area Deletion: Docking three RHD cells deletes exactly 6 diamond facets
from the external vacuum boundary (30 external facets vs. 36 isolated).

2. Volumetric Compression Deficit: The relaxed triad volume satisfies ∆Vtriad = 79.5390 <
3∆V1 = 100.3464, yielding an envelope compression deficit of:

δvol = +20.8074 (20.73% envelope reduction). (26.61)

3. Contact Binding Energy Release: The released lattice binding energy is ∆B = 3E1 −
Etriad = 1825.32− 1427.31 = +398.01.

Epistemic Verdict of Gate GAL-1-COAL:

LEVEL-1 THEOREM: GEOMETRIC COALESCENCE DEFICIT CERTIFIED
(26.62)

26.17 Gate GAL-1.1C: Far-Field Residual Tail and Contact
Fusion Demarcation

Gate GAL-1.1C (rhd_gate_gal1_1c_residual_tail.py, rhd_gate_gal1_1c_results.json)
decomposed the two-body interaction on an L = 24.0 periodic supercell (864 cells, 7,776 DOFs)
along fixed crystallographic rays:

1. Contact Fusion vs. Far-Field Demarcation: Along the [100] axis:

• Short-range contact regime (R ∈ [4.0, 8.0]): Ftotal = −120.36 (Strong Attractive
Contact Fusion).

• Far-field tail (R ∈ [8.0, 12.0]): Ftotal = +3.44 (Repulsive Elastic Spring).

2. Cubic Anisotropy Dominance: Angular harmonic decomposition across [100], [110], [111], [310]
yields cubic anisotropy c4 = −194.86 which is 5.6× larger than the monopole amplitude
A0 = +34.84, precluding any passive isotropic monopole in the bare substrate.

Epistemic Verdict of Gate GAL-1.1C:

CONTACT COALESCENCE ̸= LONG-RANGE GRAVITY (PROVEN)
(26.63)
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26.18 Gate GAL-1.1D: Native Microscopic Face-Stiffness and
Local Nonlinear Bifurcation

Gate GAL-1.1D (rhd_gate_gal1_1d_face_switching.py, rhd_gate_gal1_1d_results.json)
established the microscopic parameters governing discrete cell deformations:

1. Equilibrium Traction Cancellation vs. Surface Energy Distinction: On the single
RHD cell, outward facet normals satisfy ∑12

f=1 n̂f ≡ 0. For a closed polyhedron, this vector
identity ensures exact cancellation ∑12

f=1Af n̂f = 0 for any truly uniform normal traction
t = −pn̂. Crucially, finite-difference probing of the facet-area action EA = τAA reveals that
the nodal area gradient is essentially entirely tangential to the face plane:

|∇A| ∥ face plane, ∇A · n̂ ≃ 0. (26.64)

Consequently, the Grout vacuum coefficient τG = −1/12 cannot presently be identified with
a uniform normal vacuum pressure. The relation τvac = −1/12 =⇒ tf = −pf n̂f remains a
model hypothesis, not a consequence of the implemented surface action. Rather, Grout Tax
represents an interface stiffness/energy reservoir whose variation is tangential and
geometrical; any attractive force must emerge from the full multi-facet/gluing geometry
rather than a uniform normal pressure.

2. Certified Breathing Stiffness and Numerical Reconciliation: In terms of the adopted
physical facet area A0 =

√
2

4 ℓ2P (Asc
0 = 2

√
2 ≈ 2.8284271 in scaled code units), the unit

volumetric breathing mode has exact stiffness:

Kbreath ≡ 40A0 = 40
√

2 ≈ 56.5685425 (numerical diff 2.13× 10−14), (26.65)

proving unconditional ground-state stability (K12 = 2709.63 > 0). The value 45.1633512
appearing in early draft notes corresponded to 16Asc

0 and has been formally expunged from
the certified ledger; 56.5685425 is the unique internally consistent value.

3. Universal 8-Corner Restoring Response: For all 8 cubic corners cs = (±1,±1,±1), the
incident facet normals sum strictly radially (∑nf =

√
2cs), and the harmonic stiffness is

identical across all 8 corners:

Kcorner ≡ 12A0 = 12
√

2 ≈ 16.9705627 (sample std 0.00× 100). (26.66)

4. Local Nonlinear Bifurcation and Dynamical Hysteresis: The 12/12 symmetric
equilibrium exhibits positive quadratic restoring curvature. In the driven 1D face-energy
coordinate E(ξ) = c2ξ

2 + c3ξ
3 + c4ξ

4 − hξ with c2 = 4A0 = 8
√

2 ≈ 11.3137085 and
c4 = 3A0 = 6

√
2 ≈ 8.4852814, the asymmetric cubic term (c3 ≈ +19.5959) produces

genuine spinodal points with a bifurcation threshold at ξc ≃ −0.2440169. Overdamped
dynamical integration demonstrates autonomous branch jumping with mechanical hysteresis.

Nonlinear face-coordinate bifurcation + hysteresis = demonstrated in model
(26.67)

Physical 8-state RHD switching = not yet demonstrated (mapping open)
(26.68)

The missing element is not the existence of a nonlinear instability, but the mapping from
that continuous 1D instability to the discrete eight-state polyhedral geometry.

5. Spatial Transmission: In the 13-cell cluster, unbalanced face tractions transmit across
nearest neighbors with αmean = 0.6374 and αmax = 1.5393.
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Epistemic Verdict of Gate GAL-1.1D:

LEVEL-2 GROUNDED: NONLINEAR LOCAL BIFURCATION & HYSTERESIS CERTIFIED
(26.69)

26.19 Gate GAL-1.1E: Lattice Polarization and the Gauss–Eshelby
Vanishing Theorems

Gate GAL-1.1E (rhd_gate_gal1_1e_lattice_polarization.py, rhd_gate_gal1_1e_results.
json) evaluated collective lattice polarization and established two fundamental architectural
constraints for cellular media:

1. Gauss Cancellation and the Intact Cell Architectural Constraint: For any intact
RHD cell enclosing a simply connected domain under uniform vacuum traction, the divergence
theorem guarantees:

pc =
12∑

f=1
τvacAf n̂f = τvac

∮
∂Vc

n dA ≡ 0 (Maximum Residual < 1.42× 10−15). (26.70)

Architectural Constraint: This identity establishes that a uniform scalar face loading
cannot simply accumulate into an ordinary monopole through intact host cells.
Intact host cells are completely transparent to uniform surface loading. Therefore, any
long-range attractive field must involve something beyond intact cells with uniform loading:
it strictly necessitates a state change, an inhomogeneous constitutive response, a defect
density field, or a genuine non-linear collective mode.

2. Eshelby Cubic Harmonic Vanishing Theorem: In an FCC elastic crystal, the interaction
between two centers of dilatation is given by Eshelby’s formula Uint(R, n̂) ∝ ∆V1∆V2

R3 K4(n̂).
Its spherical average vanishes identically:

⟨K4(n̂)⟩S2 ≡ 0. (26.71)

A passive linear elastic substrate cannot generate an isotropic 1/R2 attractive monopole.

3. Relativistic WEP Mass Renormalization: The long-range interaction ratio between a
3-cell triad and a 1-cell defect is RWEP = 2.3793, exactly tracking the 20.7% relativistic mass
deficit (∆Vtriad = 79.54 vs 3∆V1 = 100.35).

Epistemic Verdict of Gate GAL-1.1E:

PASSIVE LINEAR ELASTIC GRAVITY FALSIFIED; NONLINEAR POLARIZATION REQUIRED
(26.72)

26.20 Gate GAL-1.1F Audit: Macroscopic Deficit-Gauge Cur-
vature Field and Newton’s Constant GLA

Gate GAL-1.1F (rhd_gate_gal1_1f_newton_constant.py, rhd_gate_gal1_1f_results.json)
evaluated the continuum gravitational bridge:

1. The FCC Discrete Laplacian Continuum Equivalence Theorem: On the FCC lattice
with V0 = 16.0, the dyadic sum of the 12 nearest-neighbor vectors satisfies 1

2
∑12

j=1 dj ⊗ dj =
16.0 I3 ≡ V0 I3 to machine precision (0.00× 100). Consequently:

1
Vcell

∆FCCϕ(x) ≡ ∇2ϕ(x) +O(a2
0∇4). (26.73)
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The discrete nearest-neighbor sum on the FCC lattice matches the continuum Laplacian ∇2ϕ
with zero arbitrary parameters (Level-1 Algebraic Theorem).

2. Green-Function Ansatz vs. Emergent Gravity: Evaluating the scalar field via the
multi-scale Green function ϕ(x) = ∑

c
∆Vc
∥x−Rc∥ yields monopole purity Pmono → 0.999944 at

R = 64.0. Forensic Demarcation: Because this expression already contains the 1/r Green
function by ansatz, obtaining ϕ ∼ Q/r is the expected mathematical asymptotic of the ansatz,
not evidence that the discrete RHD dynamics autonomously generated a gravitational field.

3. Constructed Coupling GLA and the 8.7-dex Instanton Gap: The coupling:

GLA = δvola0c
2

4πV0Kbulkmp
≈ 1.3033× 1026 m3 kg−1 s−2 (26.74)

is constructed by multiplying a chosen deficit scale by a chosen stiffness scale with dimensional
conversion factors; it is not an emergent prediction of the lattice. Furthermore, the ratio ξ =
GLA/GN ≈ 1.95×1036 (log10 ξ = 36.29) was erroneously compared to e−S0/

√
2 = 1.50×10−16

(log10 = −15.82, squared: −31.65) by conflating base-e with base-10. This creates an 8.7-dex
shortfall (single bounce) or 4.6-dex shortfall (squared). The instanton comparison is
rejected.

4. Multi-Nucleon Quarantine: The A = 4 alpha cluster calculation used 9 cells instead of 12
(violating the 3 cells/nucleon rule). All multi-nucleon scaling claims are QUARANTINED.

Epistemic Verdict of Gate GAL-1.1F:

LEVEL-2 CONDITIONAL MATHEMATICAL CONSTRUCTION (NOT A PHYSICAL DERIVATION OF G)
(26.75)

GATE GAL-1.1F FORMALLY QUARANTINED AS PHYSICAL NEWTON-CONSTANT DERIVATION
(26.76)

26.21 Gate GAL-1.2A Audit: The Non-Linear Switching Con-
densate Toy Model and Reaffirmation of Galactic Quar-
antine

Gate GAL-1.2A (rhd_gate_gal1_2a_switching_halo.py, rhd_gate_gal1_2a_results.json)
explored a continuum switching model:

1. Missing Micro-to-Cosmic Bridge (ξc → a0): There is no derived mathematical link
connecting the microscopic corner snap threshold (ξc = −0.2440) to the cosmic acceleration
scale a0 ≈ 1.08× 10−10 m/s2. Inserting a0 = cH0/2π relies on empirical Hubble values.

2. Phenomenological Insertion of MOND: The equation µ(g/a0)g = gN was inserted by
hand as an external continuum hypothesis, rather than derived by solving discrete lattice
equations of motion.

3. Tautological Tully–Fisher Slope (s = 4.0000): Recovering s = 4.0000 from vflat ≡
(GNMbara0)1/4 is an inevitable algebraic tautology of the inserted formula.

4. Model Dependence and Flatness Residual: Solar circle rotation speed exhibits a
25.5 km/s model dependence between standard and simple µ(x), and the velocity profile drops
3.84% between 30 and 50 kpc, failing strict flatness.
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Final Adjudication of Gates GAL-1.2 and GAL-1.2A:

GATE GAL-1.2A: LEVEL-3 EXPLORATORY PHENOMENOLOGICAL TOY MODEL
(26.77)

UNQUARANTINE REVOKED: GATE GAL-1.2 REMAINS STRICTLY HALTED / QUARANTINED
(26.78)

26.22 Gate GAL-1.1G Audit: Single Switched Defect Trial and
the Passive Host Negative Result

In Gate GAL-1.1G, the hypothesis that a localized switched defect embedded in a passive linear
elastic host could autonomously source an attractive gravitational tail was evaluated numerically:

1. The Core Negative Result: Measuring the interaction energy across radial separation R
yielded:

U(R = 4.0) = −465.32 (Deep Contact Binding), U(R = 8.0) = +15.67, U(R = 12.0) = +2.01.
(26.79)

At all tested exterior radii (R ≥ 8), the interaction potential is strictly positive (U(R) > 0),
reflecting a repulsive elastic spring rather than attractive gravity.

Localized switched defect + Passive linear host ̸=⇒ Gravity (26.80)

Local switching and coalescence alone cannot produce an attractive gravitational far field.

2. Retraction of Heuristic Exponent (n = −5.07): The earlier logarithmic slope |U | ∼
R−5.07 computed across two outer points on a finite periodic box is formally retracted as
an asymptotic physical exponent. The ledger records strictly:

U(R) > 0 at all tested outer points; no evidence for a − C/R potential or − C/R2 force.
(26.81)

3. Status of Consistency Checks: The relaxed triad energy Eproton ≃ 1423.184 and the 2.414
doubling ratio for a two-triad composite are recorded strictly as internal model consistency
checks, not independent physical validations.

Epistemic Verdict of Gate GAL-1.1G:

DEFINITIVE NEGATIVE RESULT: PASSIVE HOST FAILS TO FORM GRAVITATIONAL TAIL
(26.82)

26.23 Gate GAL-1.1H Audit: Collective RHD Switching, Polar-
ization Condensate, and Far-Field Demarcation

Gate GAL-1.1H (rhd_gate_gal1_1h_collective_switching.py, rhd_gate_gal1_1h_results.
json) evaluated autonomous host-medium switching on an 864-cell (L = 24.0, 7,776 DOFs)
periodic FCC lattice:

1. Autonomous 8-Sector Droplet Nucleation (Protocol 1): Under the mechanical strain
field of a central 3-cell coalesced triad (Enominal = 1423.184), surrounding cells autonomously
switch along their most compressive cubic corner ĉs once crossing the spinodal threshold ξc =
−0.2440169. The system stabilizes in 2 iterations to a stationary localized switching droplet
of exactly Nswitched = 13 cells (Eelastic = 1424.9146, Eswitch = 6.5000, Etotal = 1431.4146).
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2. Condensate Polarization Observables (Protocol 2): Concentric radial shell analysis
demonstrates strict spatial confinement:

• Switched density: ρσ(R ≤ 3.5) = 1.0000 (100%, 13 cells), dropping to ρσ(R ≥ 4.5) ≡
0.0000 (0%).

• Radial polarization: Pr(2.5) = −0.2875, Pr(3.5) = −0.4216, proving coherent radially
inward corner snaps toward the contracting core defect.

• Excess localized energy density: Eexcess = 4.8708 (Shell 1), 3.4723 (Shell 2), decaying to
0.0147 in the far field.

3. Energy Budget Audit (Protocol 3): 100% of the switching barrier energy (∆Eswitch =
6.5000) is confined inside R ≤ 4.0. Elastic strain energy increases by ∆Eelastic = +1.7304,
confirming that the 12/12 constitutive reservoir transfers energy into the localized switching
droplet without runaway percolation (Stiffness Redistribution Audit: PASS).

4. Autonomous Far-Field Interaction Law (Protocol 4): Evaluating the interaction
potential between two nucleated condensates along [100]:

U(4.0) = −463.9247 (Deep Contact Binding), U(8.0) = +24.8692, U(12.0) = +3.0348.
(26.83)

At R = 8.0, constructive compression in the intervening host corridor triggers additional
switching (Nswitched = 41 > 2× 13 = 26), which adds positive barrier energy and amplifies
the repulsive interaction (∆U = +9.1965). Under FR = −dU/dR, the exterior tail force is
strictly repulsive: FR,act(8→ 12) = +5.4586 > 0 (vs passive FR,pass = +3.4158 > 0), while
the contact regime exhibits deep attractive binding: FR,act(4→ 8) = −122.1985 < 0.

Epistemic Verdict of Gate GAL-1.1H:

AUTONOMOUS SWITCHING DROPLET CERTIFIED (Nswitched = 13, Rcond ≤ 4.0)
(26.84)

COMPRESSIONAL SWITCHING MODE FALSIFIED FOR FAR-FIELD ATTRACTIVE GRAVITY
(26.85)

Epistemic Demarcation: The Nsw = 13 condensate is certified strictly within the postulated
local switching model; the microscopic parameters (J, heff , ξsnap, Eswitch) are model identifica-
tions, not yet derived from first-principles polyhedral geometry. The negative result closes the
compressional channel for gravity, but leaves the 8-state sector viable for internal/color degrees
of freedom.

26.24 Gate GAL-1.1I: Orientation / Twist Degree of Freedom,
Moiré Superstructure, and Chiral Attraction

Following the definitive closure of the compressional channel in Gate GAL-1.1H, Gate GAL-1.1I
investigated the rotational and torsional degrees of freedom on the FCC lattice of rhombic dodec-
ahedra (rhd_gate_gal1_1i_twist_moire.py, rhd_gate_gal1_1i_results.json). Every cell
c carries an internal orientation Ωc ∈ so(3) ∼= R3, with relative facet twist ∆Ωcd = Ωd −Ωc

across shared diamond facets.

First-Principles Rotational Restoring Stiffness and Bookkeeping: In the initial ex-
ploratory formulation, the twist energy was parameterized via an introduced Cosserat coupling
Etwist = 1

4Ktwist
∑
⟨cd⟩ |Ωd−Ωc|2. To close the gap between introduced coupling and native RHD

geometry, the rotational restoring stiffness was computed from first principles by rigidly rotating
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a 14-vertex RHD cell by an infinitesimal angle θ against its 12 fixed FCC host neighbors. While
an isolated RHD cell exhibits exact rigid rotational zero modes, embedding the cell within the
surrounding cluster shears all 12 shared diamond facets. The resulting restoring torque tensor is
strictly isotropic:

Krot = (3072A0)I3 = (6144
√

2)I3 =⇒ K
(rigid)
facet = 3072A0

12 = 256A0 = 512
√

2 ≈ 724.077344.
(26.86)

In the canonical normalization (V0 = 2, Acan
0 =

√
2/2), the derived per-shared-bond stiffness is:

Kderived
bond = 181.019336 = 128A0 = 128

√
2 = 64Asc

0 = 256Acan
0 . (26.87)

The historical values 90, 180, and 1080 belong to the rounded/reference phenomenological lineage
(24 edges × 45.0 = 1080, 1080/12 = 90, 2 × 90 = 180) and must not be presented as exactly
equal to the derived value (128

√
2/180 ≈ 1.005663, a genuine +0.5663% algebraic residual).

1. Facet Twist Hessian and Rotational Zero Modes (Protocol 1): The sparse 2592×2592
orientation Hessian Htwist on the L = 24.0 periodic supercell (864 cells) possesses exactly
3 rigid-body rotational zero modes to machine precision (∥Hvx,y,z∥ = 5.7689× 10−16,
λ0, λ1, λ2 ∼ 10−15). The acoustic twist dispersion is strictly linear:

ωtwist(q) ≈ ctwistq, ctwist = lim
q→0

ω(q)
q

= 3.999983 ≈ 4.000000. (26.88)

The twist sound speed is ultra-soft compared to translational acoustic speeds (cT = 11.65, cL =
16.48).

2. 8-Sector Corner Chiral Snap Dynamics (Protocol 2): The 8 discrete states couple
geometrically to the 8 tetrahedral body diagonals cs = 1√

3(±1,±1,±1). By the Collinearity
Theorem, facet shear around corners generates net chiral torque along cs with universal
restoring stiffness Kcorner ≡ 12A0 = 12

√
2 ≈ 16.970563 (6Asc

0 in code). Driven cells snap into
discrete chiral twist states at θsnap = 0.2500 rad (τc = 2.1213).

3. Moiré Scale Separation Question (Protocol 3): While the geometric interference scaling
between misoriented planar layers is mathematically exact,

LM (θ) = a0
2 sin(θ/2) ≈

a0
θ
≫ a0 (θ ≪ 1), (26.89)

yielding LM/a0 = 20.0 at θ = 0.05 rad and 50.0 at θ = 0.02 rad, the question of whether an
RHD/FCC orientation field spontaneously generates a long-wavelength superstructure without
external boundaries remains a measured physical question, classified as geometrically
motivated, not yet RHD-derived.

4. Orientation-Mediated Chiral Attraction in Postulated Model (Protocol 4): Testing
two-body interactions on the L = 24.0 supercell under canonical Cosserat substrate coupling
(Kpin = 0.1, single-defect energy E1 = 4.450740):

• Parallel Chirality (↑↑, Like Twists):

U(4.0) = −1.3879, U(8.0) = −0.9023, U(12.0) = −0.8023 < 0. (26.90)

Because dU/dR > 0 along +R, the radial force is strictly attractive:

FR(4→ 8) = −0.121410 < 0, FR(8→ 12) = −0.025005 < 0 (Attractive Inward Pull).
(26.91)
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• Antiparallel Chirality (↑↓, Opposite Twists):

U(4.0) = +2.0168, U(8.0) = +1.1317, U(12.0) = +0.9787 > 0 =⇒ FR(8→ 12) = +0.038259 > 0.
(26.92)

The Core Physical Mechanism: Coherent orientation defects bind by gradient-energy
relief:

|∇(Ω1 + Ω2)|2 < |∇Ω1|2 + |∇Ω2|2 (26.93)

Co-rotation in the intervening lattice lowers the net elastic gradient energy, pulling parallel
chiral defects together.

5. Teleparallel Torsion Holonomy and Gravitational Status (Protocol 5): While
topological disclinations exhibit holonomy

∮
dΩ = δ ≠ 0 reminiscent of 2+1 conical defects,

the identification of 3+1 Einstein curvature or teleparallel gravity from discrete microstructural
microrotations remains strictly OPEN. Similarly, the 8-state corner set cannot be identified
with su(3) gluons without explicit non-commutative Lie brackets and generator algebra; this
identification also remains strictly OPEN.

Disciplined Epistemic Verdicts of Gate GAL-1.1I:

GAL-1.1I: ORIENTATION-MEDIATED ATTRACTION — DEMONSTRATED IN POSTULATED MODEL
(26.94)

MOIRÉ SCALE SEPARATION — GEOMETRICALLY MOTIVATED, NOT YET RHD-DERIVED
(26.95)

GRAVITATIONAL / TELEPARALLEL IDENTIFICATION — OPEN (26.96)

8 STATES = GLUONS — OPEN (26.97)

26.25 Gate GAL-1.1I-B: Two-Body Chiral Dynamics, Mutual
Torques, and Circling/Merger Sequence

The static potential measurements of Gate GAL-1.1I established that the interaction energy
between two chiral defects depends on both separation and mutual orientation: U = U(R,Ω1,Ω2).
Gate GAL-1.1I-B investigated the resulting dynamical landscape in the dedicated production
engine rhd_gate_gal1_1i_b_chiral_dynamics.py:

1. Numerical Torque and Locking Potential: At separation R = 8.0, the orientation-
dependent interaction energy across relative angle α ∈ [0, π] satisfies:

U(R = 8, α) = +0.114711− 1.016983 cosα, (26.98)

yielding a restoring mutual torque:

τα = −∂U
∂α

= −1.016983 sinα < 0 (for 0 < α < π), (26.99)

with positive locking curvature Kα = ∂2U/∂α2|α=0 = +1.0170 > 0.

2. The Three-Reservoir Angular Momentum Exchange: Orbital motion and spin evolu-
tion obey a strict three-reservoir conservation law:

Ltotal = Lorb + LΩ + Llattice = const. (26.100)

Internal spin torques align the chiral vectors, transferring angular momentum into the lattice
radiation field and driving orbital inspiral.
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3. The Verified 5-Stage Merger Sequence:

precession −→ orientation locking −→ radial attraction −→ inspiral −→ contact fusion
(26.101)

Disciplined Epistemic Verdict of Gate GAL-1.1I-B:

GAL-1.1I-B: ORBIT/PRECESSION→ ALIGNMENT→ INSPIRAL→ FUSION DEMONSTRATED IN TOY DYNAMICS
(26.102)

26.26 Gate GAL-1.1I-C: Native Micropolar Shared-Facet Elas-
ticity, 1/R Asymptotic Law, and Mass Scaling

Gate GAL-1.1I-C (rhd_gate_gal1_1i_c_native_scaling.py) elevates the orientation interac-
tion from a postulated model to a first-principles LAMA result derived directly from diamond
facet Schur complements:

1. Native Shared-Facet Stiffness and Exact Isotropy: An isolated RHD cell exhibits an
exact rigid rotational zero mode:

∥Hcellurot∥ ≡ 0.00 (Residual < 5.3× 10−14). (26.103)

Rotational restoring resistance arises solely from the interface shear of shared diamond facets.
Evaluating the Schur complement of the shared-facet vertices yields:

Knative
twist,facet = 131.923044 = 46.6418A0. (26.104)

Summing rotated facet stiffness tensors over all 12 FCC nearest-neighbor contacts yields an
identically isotropic embedded restoring tensor:

Knative
embedded = 1583.076533 I3 = 559.7021A0 I3 (max λ−minλ = 6.82× 10−13). (26.105)

2. Continuum Acoustic Tensor and Long-Wavelength Limit: The long-wavelength
continuum limit defines a second-order elliptic operator with cubic symmetry:

Mxxxx = 1663.4052, Mxxyy = 2334.4504, Mij,ab = 0 (a ̸= b). (26.106)

Under classical Fourier scale invariance, the Green’s function of any positive-definite second-
order elliptic operator in 3 dimensions satisfies F−1[1/k2] ∝ 1/R. The resulting candidate
force is an inverse-square attraction FR ∝ −1/R2.

3. Finite-Size Scaling and Boundary Diagnostic: While periodic boundary conditions with
a uniform mass pin artificially flatten the field by dragging the entire box (p ≈ 0), Dirichlet
open boundary conditions (Ω→ 0 at spatial infinity) correctly isolate the localized defects.
Across expanding clusters:

p(W = 6) ≈ 1.26 −→ p(W = 8) ≈ 1.13 −→ p(W →∞)→ 1.0. (26.107)

However, C(R) = U(R)R drifts substantially across finite boundaries. The exact claim
p ≡ 1.0000 is an asymptotic property of the continuum Green’s operator, demoted from an
exact discrete lattice claim.
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4. Cubic Anisotropy Decomposition: Comparing the [100] ray (K4 = +0.40) and [110] ray
(K4 = −0.10) at R ≈ 8.0 a0 reveals:

∆C
C0

= |478.7794− 463.9497|
471.3646 = 3.15% =⇒ Rotational Symmetry Fidelity = 96.85%.

(26.108)

5. Dual Mass Scaling C(M) and the Mass-Charge Problem:

• Dirichlet Geometric Inclusions: Fixed-angle boundary pinning induces capacitive self-
screening across shared facets (binding deficit ∆B = −224.47), yielding sublinear scaling
U(M) ∼M0.7201.

• Neumann Topological Chiral Current Sources: Representing hadrons as intrinsic chiral
current sources Jc = J0ĉ yields exact linear superposition via Green’s equation HΩ = J:

U(R,MA,MB) ∝ −MAMB

R
=⇒ s ≡ 1.0000. (26.109)

However, s = 1 under Neumann sources is an algebraic consequence of the linear source
equation, not an autonomous derivation of the physical gravitational charge.

6. The Consolidated Three-Sector Architecture:

Compressional Sector −→ Contact Coalescence / Deep Fusion Well (U ≈ −464) (Nuclear Strong Force)
Orientation Sector −→ Long-Range Harmonic Attraction (U ∝ −C/R, p ≈ 1) (Gravitational Sector)

Mismatch Sector −→ Precession / Mutual Torque (τ = −U1 sinα)→ Inspiral (Orbital Merger Dynamics)
(26.110)

Disciplined Epistemic Verdict of Gate GAL-1.1I-C (Frozen):

GAL-1.1I-C: NATIVE ORIENTATION ATTRACTION + NEAR-1/R TREND = SUPPORTED (FROZEN)
(26.111)

p = 1 exactly = NOT YET CERTIFIED Kexact
twist = OPEN (bracket: 45–130)

(26.112)
C(M) ∝M = OPEN GRAVITATIONAL IDENTIFICATION = OPEN COMPRESSION AS GRAVITY = CLOSED

(26.113)

26.27 Gate GAL-1.1I-D Audit: Shared-Facet Gluing Bracket, In-
termediate n ≈ 1.5 Defect Decay, and Equilibrium Charge
Scaling

Following the freezing of Gate GAL-1.1I-C, Gate GAL-1.1I-D (rhd_gate_gal1_1i_d_charge_
multipole.py, rhd_gate_gal1_1i_d_results.json) evaluated the microscopic gluing tensor,
the spatial decay of the defect orientation field, and multi-cell charge scaling. An independent
audit identified three necessary epistemic downgrades, precluding any claim that gravity or the
Weak Equivalence Principle has been derived:

1. Analytical Single-Facet Geometry, Zero-Mode Proof, & Bracket Creep Audit
(Protocol 1): Consider a single planar diamond facet shared along (1, 1, 0) with area
Afacet = 2

√
2 = A0 and normal n̂ = (1/

√
2, 1/
√

2, 0). Under rigid 3D rotation about its
midpoint rmid = (1, 1, 0) via u(v) = ω × (rv − rmid):

∥Hf urot∥ ≤ 4.35× 10−15 ≡ 0.00. (26.114)
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Theorem: An isolated diamond facet has identically zero torsional resistance. Rigid rotation
preserves planar face area and edge lengths to machine precision.
Restoring resistance arises solely because the 4 shared vertices are structurally embedded in
the remaining 11 faces of Cell 1 and 11 faces of Cell 2. Evaluating the Schur complement
across the 2-cell cluster yields:

K(1,1,0) =

103.9628 −2.1395 0
−2.1395 103.9628 0

0 0 187.8435

 , Mean Kfacet = 131.9230 = 46.6418 A0,

(26.115)
and summing over all 12 FCC neighbors yields Kembedded = 1583.0765 I3 = 559.7021A0 I3.

Audit Resolution on Stiffness Observables (Operator-Dependent Distinction):
The computed value 131.9230 is the exact Schur-complement relaxed single-facet shear stiffness
on the 2-cell cluster (46.6418A0), summing to the isotropic restoring tensor 1583.0765I3.
Crucially, the ratio 131.923/90.000 ≈ 1.4658 represents a fundamental operator-definition
and model difference, not an equivalent representation of the bond stiffness. The reference
value 90.00 (1080/12) belongs to the phenomenological edge-spring network, whereas 131.923
is a distinct cell-context Schur-complement observable. This distinction is scientifically
valuable rather than embarrassing: it establishes that the stiffness quantity is strictly operator-
dependent, preventing accidental conflation between a relaxed cell-context mode and the
per-bond normalization in subsequent curvature calculations.

2. Defect Field Decay & Multipole Audit (Protocol 2): Spatial decay of |Ω(R)| was
measured across 10 radial stations and 5 principal rays on a W = 8 (N = 2, 457 cells) FCC
cluster:

Ray & Grid Vector R |Ω(R)| |Ω| · R |Ω| · R2 |Ω| · R3

[110] ray (1, 1, 0) 2.8284 0.226064 0.639404 1.8085 5.1152
[100] ray (2, 0, 0) 4.0000 0.139515 0.558061 2.2322 8.9290
[211] ray (2, 1, 1) 4.8990 0.109675 0.537294 2.6322 12.8951
[110] ray (2, 2, 0) 5.6569 0.091593 0.518131 2.9310 16.5802
[310] ray (3, 1, 0) 6.3246 0.075721 0.478901 3.0288 19.1561
[111] ray (2, 2, 2) 6.9282 0.065315 0.452517 3.1351 21.7208
[100] ray (4, 0, 0) 8.0000 0.051477 0.411815 3.2945 26.3562
[110] ray (3, 3, 0) 8.4853 0.046762 0.396792 3.3669 28.5690
[210] ray (4, 2, 0) 8.9443 0.041923 0.374967 3.3538 29.9973
[211] ray (4, 2, 2) 9.7980 0.034652 0.339515 3.3266 32.5934

Audit Downgrade on Multipole Classification (Self-Contradiction): The direct
power-law fit across all 10 stations yields:

|Ω(R)| = 1.1264
R1.4886 (R2 = 0.9931) =⇒ n = 1.49 ̸= 1.00. (26.116)

The product |Ω| ·R is not constant, but drops from 0.6394→ 0.3395 (a 47% drop across
the cluster). Meanwhile, |Ω| ·R2 increases from 1.81→ 3.33, and |Ω| ·R3 increases from
5.12→ 32.59.
The data exhibits an **intermediate monopole/dipole finite-size mixture** (n ≈ 1.5) influ-
enced by outer Dirichlet clamping (Ωbdry = 0). The assertion of a pure orientation monopole
(n ≡ 1) and the claim that dipole/quadrupole are ruled out are **unsupported by the fitted
n = 1.49**. Exact monopole n ≡ 1 is NOT CERTIFIED; only orientation attraction
with an intermediate n ≈ 1.5 trend is supported.
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3. Equilibrium Energy Identity & WEP Demotion (Protocol 3): Evaluating multi-cell
clusters (M = 1, 2, 3):

Configuration M Esource ∆B Uint U/M U/Esrc QΩ

M = 1 (Single cell) 1 608.1862 +0.0000 −102.0814 102.0814 0.167846 1216.3724
M = 2 (Two-cell pair) 2 991.9099 −224.4625 −175.6451 87.8226 0.177078 1983.8198
M = 3 (Three-cell triad) 3 1255.9711 −568.5875 −223.3047 74.4349 0.177794 2511.9422

Audit Downgrade on Charge & Weak Equivalence Principle:

• The Nature of QΩ ≡ 2Esource: The identity QΩ = ∑
c∈src(Hu)c · ĉ ≡ 2Esource is simply

the classical **Euler homogeneous quadratic form identity**:

E = 1
2xT Hx = 1

2xp · fp (26.117)

holding at mechanical equilibrium because unpinned boundary forces vanish (ffree = 0). It
is a mathematical equilibrium identity, **not an autonomous physical charge discovery**.

• Tautological WEP Definition: Defining Mgrav ≡ Esource/c
2 makes U/Esource ≈ const

(CoV = 2.6%) equivalent to WEP **by definition**. The physical coupling between
the orientation energy Eorient and total inertial rest mass (including elastic core and
non-orientation mass) remains completely open.

• Binding Deficit Status: The screening explanation that the sublinear exponent sDirichlet ≃
0.72 reflects binding energy release (∆B = −224.46,−568.59) is **plausible, but not
proven**.

• Verdict: WEP proof is NOT CERTIFIED.

4. Moiré Modulation Envelope (Protocol 4): The geometric formulation of the cellular
misorientation interference envelope remains mathematically valid:

LM (θ) = a0
2 sin(θ/2) ≈

a0
θ
≫ a0 (θ ≪ 1). (26.118)

Disciplined Epistemic Verdict of Gate GAL-1.1I-D (Audited Demotion):

GAL-1.1I-D: ORIENTATION ATTRACTION + n ≈ 1.5 TREND: SUPPORTED
(26.119)

MONOPOLE n ≡ 1, EXACT K, WEP PROOF: NOT CERTIFIED (26.120)

GRAVITATIONAL IDENTIFICATION = OPEN COMPRESSION AS GRAVITY = CLOSED
(26.121)

26.28 Gate GAL-1.1J: Cellular Orientation Coupling and Enve-
lope Interaction

Gate GAL-1.1J (rhd_gate_gal1_1j_envelope_strain.py, rhd_gate_gal1_1j_results.json)
evaluates the microscopic coupling between cell orientation defects Ω and collective envelope
strain ϵenv. Following independent audit, the kinematic coupling and attractive sign are sup-
ported as an exploratory mechanism, while the bridge-to-gravity theorem and Level-2 certification
are formally withheld:
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1. Kinematic Cell-Pair Coupling & Ledger Synchronization (Protocol 1): Across a
shared diamond facet along (2, 2, 0), the projected 12-DOF cell-pair stiffness matrix K12dof =
[u1,Ω1,u2,Ω2] exhibits:

• Exactly 6 rigid-body zero modes (λ ≤ 1.38× 10−14 ≡ 0.00);
• Non-zero eigenvalues λ ∈ {6, 12, 12, 18, 36, 36}A0 (A0 = 2

√
2 ≈ 2.8284);

• Translation-rotation cross-coupling norm: ∥KuΩ∥ = 67.8823 in the direct cell-pair
proxy and 68.1522 under full Schur complement relaxation (0.398% discrepancy, same
underlying geometry);

• Volumetric normalized modulus µvol
c = ∥KuΩ∥/(2Vcell) ≈ 2.1298.

Audit Verdict: Coupling µc > 0 is ACCEPTED.

2. Attractive Interaction Sign & Flatness Defect Audit (Protocols 2–4): In expanding
W -box clusters with amplitude s0 = 0.2, the two-body interaction energy at separation R = 8
is strictly negative and strengthens with cluster size:

U(R = 8,W = 4) = −0.2482, U(R = 8,W = 5) = −0.4591, U(R = 8,W = 6) = −0.6304.
(26.122)

Scaling by s2
0 = 25× for unit amplitude (s0 = 1.0) predicts U(8) ≈ −0.6304× 25 = −15.76,

in close agreement with the direct multi-distance test:

U(5.66) = −26.0915, U(8.49) = −18.0063, U(11.31) = −17.9036 (U < 0).
(26.123)

While the attractive sign (U < 0) is confirmed, the audit identifies a severe flatness defect:

|U(8.49)− U(11.31)|
|U(8.49)| = | − 18.0063− (−17.9036)|

18.0063 = 0.57%. (26.124)

Over an interval of ∆R = 2.8 lattice units, U drops by only 0.57%, whereas a true Newtonian
1/R potential requires a 24.9% decrease. The multi-distance test reflects a flat boundary-
pinning artifact on small clusters (N = 19, 43), rather than a certified 1/R power law. There
are only 3 data points, no fitted exponent p, no fixed-R cubic anisotropy decomposition, no
mass scaling C(M), and no large-W asymptotic continuum limit.

3. Dimensional Smuggling Flag on gLA ≡ −c2∇ϵ: Asserting gLA ≡ −c2∇ϵenv ∝ −GLAM/R2

inserts c2 by hand and leaves GLAM unlinked to microscopic lattice parameters without
dynamical calibration. The ontological premise—forces without exchange particles, with
substrate strain acting as the carrier—is adopted, but the continuum gravitational bridge
theorem is unproven.

Disciplined Epistemic Verdict of Gate GAL-1.1J (Audited Demotion):

GAL-1.1J: COUPLING + ATTRACTION SIGN: SUPPORTED (EXPLORATORY)
(26.125)

BRIDGE-TO-GRAVITY THEOREM + LEVEL-2: NOT CERTIFIED (26.126)

NEED: p, SPHERICAL ISOTROPY, C(M), AND W -ASYMPTOTE (26.127)
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26.29 Gate GAL-1.1K: Native Coupled (u, Ω) Effective Envelope
and Schur Condensation

Gate GAL-1.1K (rhd_gate_gal1_1k_master.py, rhd_gate_gal1_1k_results.json) evalu-
ated the coupled translational-rotational displacement field (u,Ω) on the FCC lattice of Rhombic
Dodecahedra, addressing the small-cluster boundary-pinning defect identified in Gate GAL-1.1J:

1. Coupled Elastic Operator and Schur Condensation: Assembling the full 12 × 12
cell-pair stiffness matrix for contacting RHD cells sharing a diamond facet yields exactly six
rigid-body zero modes (λ ≤ 1.6 × 10−13, corresponding to 3 translations and 3 rotations)
alongside non-vanishing translation-rotation cross-coupling (HuΩ ̸= 0). Because the rotational
block HΩΩ contains rotational zero modes, unconstrained matrix inversion is singular. The
effective translational operator is uniquely defined by projecting onto the subspace R⊥
orthogonal to rigid motions:

H
(u)
eff = Huu −HuΩ

(
HΩΩ

∣∣
R⊥

)−1
HΩu ≡ Huu −HuΩH

+
ΩΩHΩu . (26.128)

This micropolar condensation softens the transverse shear speed (∆c2
shear = 257.5216) while

leaving curl-free longitudinal dilatational acoustic modes completely decoupled (0.00% soften-
ing).

2. Resolution of the Boundary-Pinning Plateau on Large Clusters (N = 1, 061): On
an expanded FCC cellular sphere of radius Rmax = 16.0 (N = 1, 061 cells, 6, 366 DOFs), the
interaction energy along [110] drops monotonically:

U(2.83) = −115.6995, U(5.66) = −14.7218, U(8.49) = −2.8027, U(11.31) = −0.6425.
(26.129)

Between R = 8.49 and R = 11.31, |U | declines by 77.08%, completely eliminating the flat
0.57% boundary plateau of Gate GAL-1.1J.

3. Bulk Dipolar Scaling (p ≈ 3) and Exclusion of Newtonian Gravity: In the bulk
interior (R ∈ [2.83, 5.66]), the local power-law exponent is:

plocal = ln |U(2.83)/U(5.66)|
ln(5.66/2.83) = ln(115.6995/14.7218)

ln 2 = 2.97 ≈ 3.0. (26.130)

The interaction scales as a dipole potential U(R) ∼ −C/R3, steepening to p = 4.09 and
5.12 near the clamped outer boundary. Because p ≈ 3 ≫ 1, Newtonian 1/R gravity is
excluded from the pure orientation-dipole channel.

4. Mutual Restoring Alignment Torque: Testing relative misorientation α ∈ [0◦, 180◦] at
R = 5.66 yields an accurate dipolar cosine profile:

U(R,α) ≈ −U0(R) cosα, U(0◦) = −5.8956, U(90◦) = +0.0863, U(180◦) = +5.9441.
(26.131)

The restoring torque τα = −∂U/∂α ≈ −U0 sinα < 0 drives misaligned defects into parallel
alignment (α → 0), establishing the native mechanical sequence: circling → alignment →
merger.

Epistemic Verdict of Gate GAL-1.1K:

GAL-1.1K: SUPPORTED — COUPLED ORIENTATION-DIPOLE BRANCH (OUTCOME B)
(26.132)

BULK U ∼ R−3 DIPOLAR; NEWTONIAN 1/R EXCLUDED IN THIS CHANNEL
(26.133)
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26.30 Gate GAL-1.1L: Native Scalar/Monopole Matter Cou-
pling and the Newtonian Envelope

Gate GAL-1.1L (gal1_1l_source_audit.py, gal1_1l_source_audit_results.json) estab-
lished the Fourier multipole hierarchy governing matter coupling to the condensed acoustic
Green’s tensor:

1. Acoustic Green’s Function vs. Multipole Order: Because the long-wavelength transla-
tional operator is acoustic, H(u)

eff (k) ∼ c2k2, the singular Green’s tensor is harmonic:

G(k) ∼ 1
c2k2 =⇒ G(R) ∼ 1

R
. (26.134)

For any source with low-momentum scaling J(k) ∼ km, the real-space displacement and
interaction energy scale as:

u(R) ∼ R−(m+1), U(R) ∼ R−(2m+1). (26.135)

A Newtonian 1/R potential requires a vector force monopole (m = 0 =⇒ U ∼ 1/R).

2. The Zero-Net-Force Equilibrium Theorem for Isolated Defects: In any unconstrained
cellular medium, an isolated, self-equilibrated defect configuration D satisfies Newton’s third
law: ∑

i∈D
f int
i ≡ 0 ⇐⇒ J(k = 0) ≡ 0. (26.136)

Consequently, the Fourier expansion of J(k) contains no k0 component. The leading non-
vanishing term is at least linear in k (m ≥ 1):

J(k) = ikjDj +O(k2), Dji =
∫
xjfi(x) d3x. (26.137)

On the discrete FCC lattice, the net force on an isolated twist defect is ∥∑ fi∥ = 3.94×10−14 ≡
0.00, and on an isolated dilation defect is 1.78 × 10−15 ≡ 0.00. All isolated native matter
defects enter at order m ≥ 1 and interact as dipoles (U ∼ R−3) or quadrupoles (U ∼ R−5).

3. Formal Demotion of Gate GAL-1.1I-C Neumann Monopole: Gate GAL-1.1I-C
obtained U ∝ 1/R by imposing an uncoupled gapless Laplacian on Ω with an external current
monopole. In the true native RHD geometry, Ω has an optical gap M0 = 1030.0862 and
couples via the curl (feff = µc∇×Ω), making it an intrinsic force dipole (m = 1).

Epistemic Verdict of Gate GAL-1.1L:

GAL-1.1L: ZERO-NET-FORCE THEOREM PROVED; DEFECT COUPLING IS DIPOLAR (p ≈ 3)
(26.138)

ACOUSTIC 1/R MONOPOLE GRAVITY FROM ISOLATED DEFECTS: FALSIFIED
(26.139)

26.31 Gate GAL-1.1M: Native Scalar Gravitational Mode and
Matter Source

Gate GAL-1.1M (gal1_1m_scalar_source.py, gal1_1m_scalar_source_results.json) eval-
uated the complete Bloch mode spectrum of the coupled (u,Ω) lattice to determine whether an
independent scalar acoustic branch exists with non-zero scalar charge:
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1. Bloch Mode Spectrum and Longitudinal Phonon Identification: Diagonalization
of the 6 × 6 Bloch matrix H(k) reveals exactly three gapless acoustic branches at k = 0
(λ ≤ 6.82× 10−13) and three degenerate optical twist modes (M0 = 1030.0862). Two acoustic
branches are transverse shear vectors (c2

T 1,T 2 ≈ 506.32). Exactly one branch is a gapless
longitudinal acoustic scalar mode:

c2
L = 833.7759 (along [100]), êL(k̂) = k̂ (100.0% longitudinal). (26.140)

2. The Vanishing Native Scalar Monopole Charge Theorem: Projecting native matter
defect candidates onto the longitudinal scalar mode reveals:

• Orientation Twist (Ω0): Strictly orthogonal to the scalar mode (k̂ · (k×Ω0) ≡ 0, 0.00%
projection); qs = 0.0000 identically.

• Dilatational Defect (∆Vc): Has 100% scalar polarization, but radial mechanical equilib-
rium (∑ f ≡ 0) enforces a gradient structure Js(k) = −ip0k +O(k3) (m = 1.0000). The
scalar monopole charge vanishes identically:

qs ≡ lim
k→0

Js(k) ≡ 0.000000± 10−15. (26.141)

• Facet Area Deficit (∆A): Enters as an interface stress quadrupole (m = 2.0000),
qs ≡ 0.0000.

3. Discrete FCC Laplacian vs. Matter Source: The discrete FCC Laplacian equivalence
1

V0
∆FCCϕ ≡ ∇2ϕ is exact (0.00 × 100 residual). An injected non-native Poisson monopole

q0 = 1 generates an exact 1/R potential (p→ 1.0), confirming the mathematical operator is
intact, but no autonomous native cellular defect can source an uncompensated qs ̸= 0.

Epistemic Verdict of Gate GAL-1.1M:

GAL-1.1M: GAPLESS SCALAR PHONON PROVED; NATIVE SCALAR CHARGE qs(0) ≡ 0
(26.142)

LINEAR ADDITIVE CELLULAR DEFECTS CANNOT YIELD 1/R GRAVITY
(26.143)

26.32 Gate GAL-1.1N: Nonlinear Matter-to-Envelope Coupling
and Gravitational Source Audit

Gate GAL-1.1N (gal1_1n_nonlinear_source.py, gal1_1n_nonlinear_source_results.json)
evaluated whether collective nonlinear elasticity—incorporating the native topological face-
confinement potential:

Vf (η) =
1
2λGη

2

1− (η/δ)4 , δ = 1
12 ≈ 0.08333, λG = 120.0, (26.144)

can transmute an isolated microscopic force dipole into an emergent macroscopic scalar monopole:

1. Preservation of Pairwise Antisymmetry in the Weak-to-Moderate Regime: Through-
out the relaxed states, the maximum face deformation satisfies max |η|/δ ≤ 0.2935 ≪ 1.0,
well below frame singular barrier divergence. In this non-degenerate regime, action-reaction
pairwise antisymmetry f int

ij = −f int
ji remains strictly unbroken, enforcing ∑i f int

i ≡ 0.
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2. Absence of Emergent 1/R Monopole: Across clusters up to W = 20.0 (N = 2, 123 cells,
12, 738 DOFs), the orientation field decays with exponent pΩ(W ) = 2.03→ 2.26→ 2.33, with
p ≈ 3.0 confirmed as the theoretical continuum trend. The dilatational defect volumetric
strain decays as pvol = 3.17 ≈ 3.0.

3. Withdrawal of Power-Law Mass Scaling: The raw interaction energy exhibits a discrete
sign change (M = 1 repulsive, M = 2..4 attractive with sublinear |U |/M shielding: 2.39→
1.20 → 0.65). A single power-law fit is mathematically invalid across a sign change; the
preliminary M1.28 claim was formally withdrawn, leaving WEP metric invariance open in
this channel (CoV = 105.52%).

Epistemic Verdict of Gate GAL-1.1N:

GAL-1.1N: WEAK-NONLINEAR SCALAR MONOPOLE ABSENT (OUTCOME B)
(26.145)

26.33 Gate GAL-1.2: Matter-to-Constitutive-Source Gate

Gate GAL-1.2 (gal1_2_constitutive_source.py, gal1_2_constitutive_source_results.
json) evaluated whether a localized matter excitation σc can generate a 1/R gravitational
potential through state-dependent constitutive elasticity K(x, σ) = K0 + κ1(σ − 1) + κ2(σ − 1)2:

1. The Rigid Translation Invariance Theorem for Constitutive Perturbations: Let
H(σ) be the coupled RHD cluster Hessian assembled from pairwise bond stiffnesses Kij(σ̄ij).
Because pairwise bond energy depends strictly on relative displacements (uj − ui), the
potential energy is invariant under rigid spatial translations. Consequently, for any spatial
distribution of matter σ(x):

H(σ)e(α)
trans ≡ 0 =⇒

(
e(α)

trans

)T
δH(δσ) ≡ 0T . (26.146)

The effective force source induced by the constitutive perturbation on an equilibrium state
x0 is identically self-equilibrated:∑

i

feff,i = −
(
e(α)

trans

)T
δHx0 ≡ 0 =⇒ Jeff(k = 0) ≡ 0. (26.147)

Bulk translation residuals verify to ≤ 5.68× 10−13 on the lattice.

2. Decay of Constitutive Difference Field: The difference field ∆x = xK(σ) − xK0 decays
as an elastic dipole with pvol(diff) = 3.11, and the induced interaction potential falls off as
U(R) ∼ R−6 (van der Waals type). Modulating local stiffness cannot generate an autonomous
1/R monopole.

Epistemic Verdict of Gate GAL-1.2:

GAL-1.2: OUTCOME A CONFIRMED (CONSTITUTIVE COUPLING INSUFFICIENT FOR 1/R)
(26.148)

26.34 Gate GAL-1.3: Topological/Phase-Halo Source Gate

Gate GAL-1.3 (gal1_3_topological_source.py, gal1_3_topological_source_results.json)
evaluated whether topological phase circulations

∮
∇Φ · dℓ = 2πn or phase-halo eigenstrains

η∗ij = γ∆Φij can evade the zero-momentum theorem:
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1. Pairwise Force Antisymmetry of Topological Eigenstrains: For incompatible circula-
tion eigenstrains, the internal nodal forces satisfy action-reaction antisymmetry identically
across each bond:

f top
ij = −f top

ji =⇒
N∑

k=1
Ftop

k ≡ 0. (26.149)

On the discrete lattice, the net traction evaluates to 1.64× 10−14 N (exact machine zero).

2. Self-Equilibrated Stress and Dipolar Fall-off: Topological incompatibility produces
purely self-equilibrated internal stress without net mechanical monopole moment. Volumetric
strain decays with dipolar/quadrupolar exponents pvol ∈ [2.22, 3.36] > 1.0. Relaxing an
extended phase-halo envelope maintains dipolar fall-off (phalo

vol = 2.30 > 2.0).

Epistemic Verdict of Gate GAL-1.3:

GAL-1.3: OUTCOME A / OUTCOME B CONFIRMED (TOPOLOGICAL 1/R MONOPOLE ABSENT)
(26.150)

26.35 Gate GAL-1.4: Non-Pairwise / Pre-Strain Source Gate
and Acoustic Sector Closure

Gate GAL-1.4 (gal1_4_nonpairwise_source.py, gal1_4_results.json) evaluated candidate
non-pairwise multi-body terms, background pre-strains, and boundary flux terms:

1. The Internal Relational Invariance Theorem:

• Background Pre-Strain (η(0)
ij ): The linear pre-strain energy has identically vanishing

second derivatives ∂2Elin/∂ui∂uj ≡ 0, preserving the translational kernel Hetrans ≡ 0. Net
pre-strain force vanishes (∥∑F∥ = 3.39× 10−16 N), giving bulk decay pvol ∈ [2.14, 2.26] >
2.0.

• 12-Face Cell Volume Higher-Form Functional: Under rigid translation, the cell
volume perturbation shifts by ∆Vc(u + a) = ∆Vc(u) + a · (∑f∈∂cAf n̂f ). By Gauss’s
divergence theorem on the closed polyhedron, ∑f∈∂cAf n̂f ≡ 0, ensuring strict rigid
translation invariance (∥Hcelletrans∥ ≡ 0.0); volumetric strain decays as pvol = 3.77≫ 1.0.

• Boundary-Flux Audit (W ∈ [8, 24]): Total outward boundary flux vanishes asymptoti-
cally: |F∂(W )| ∼W−0.81 → 0.

2. Decisive Closure of the Spatial Acoustic Sector: Gates GAL-1.1K through GAL-1.4
comprehensively close the tested native spatial-acoustic source class: neither linear phonons,
weak non-linearities, local constitutive changes, topological phase halos, background pre-strain,
nor higher-form cell volumes can generate an autonomous 1/R scalar monopole in the elastic
displacement field u. Gravitational monopole physics is definitively transferred to the metric
tetrad sector.

Epistemic Verdict of Gate GAL-1.4:

GAL-1.4: OUTCOME A / OUTCOME B CONFIRMED; SPATIAL ACOUSTIC ROUTE CLOSED
(26.151)

DECISIVE PIVOT: GRAVITATIONAL MONOPOLE TRANSFERRED TO METRIC TETRAD SECTOR
(26.152)
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26.36 Gate GAL-1.5: LAMA-to-Tetrad Metric-Coupling Gate

Gate GAL-1.5 (gal1_5_metric_tetrad_source.py, gal1_5_results.json) established the
foundational bridge grounding gravity in the discrete co-tetrad ea

µ on the RHD lattice:

1. Microscopic-to-Tetrad Reconstruction: The spatial triad deformation is mapped directly
from the 12 rhombic face area dilations ηf :

δea
i = 3

2 η̄ δ
a
i , ϕgrav = δe0

0, (26.153)

reconstructing the physical spacetime metric g00 = −(1 + 2ϕgrav).

2. Acoustic vs. Metric Source Demarcation: Crucially, ϕgrav ̸≡ C div u. While acoustic dis-
placement forces cancel identically (∑F ≡ 0), the metric source is the positive Hamiltonian
energy density:

J0
0 = Ematter ≥ 0 =⇒ Qmetric =

∫
J0

0 d3x > 0. (26.154)

This decouples the gravitational source from mechanical zero-momentum constraints.

3. Asymptotic 1/R Emergence and Constructional Scaling: Solving ∆FCCϕgrav =
4πGeffJ0

0 across cluster spheres up to N = 28, 897 cells yields monotonic convergence
to the Newtonian monopole:

p(W ) = 0.9731 −→ 0.9824 −→ 0.9877 −→ 0.9900 −→ 1.000. (26.155)

Qg/Mmicro is constant to machine precision by construction (Poisson flux of the imposed
density); independent dynamical WEP remains open. The two-body interaction potential
is strictly attractive in the linear model (U(R = 8.49) = −6.35534 < 0, conditional on the
teleparallel kinetic term).

4. Action-Level Demarcation: Bare HFF provides the positive source J0
0 and spatial triad,

but lacks a propagating lapse kinetic term. The Newtonian 1/R field strictly requires the
teleparallel action STG to propagate the frame field.

Epistemic Verdict of Gate GAL-1.5:

GAL-1.5: OUTCOME D CONFIRMED / OUTCOME E CONDITIONALLY ACHIEVED
(26.156)

NEWTONIAN 1/R POTENTIAL DERIVED UNDER TELEPARALLEL METRIC SECTOR
(26.157)

26.37 Gate GAL-1.6: Native Lapse Dynamics and Tetrad Kinetic-
Term Gate

Gate GAL-1.6 (gal1_6_lapse_dynamics.py, gal1_6_results.json) adjudicated the dynami-
cal provenance of the lapse e0

0 = 1 + ϕ:

1. Canonical Lattice Standard Frozen (Λcan
W ): The cluster size discrepancy between

Gate GAL-1.4 (N = 3, 589) and Gate GAL-1.5 (N = 28, 897) at W = 24 was proven
to be an exact factor-of-2 coordinate scaling (Ncan(W ) = Nsc(2W ), unit cell volume ratio
V sc

0 /V can
0 = 16/2 = 8). The canonical standard Λcan

W (dNN =
√

2, V0 = 2, Z = 12) was
permanently frozen.
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2. Bare HFF Lapse Non-Propagation Theorem (Outcome A): In the bare Hybrid
Face-Field action (SHFF), promoting the temporal tick to a local field ∆τ(x) = ∆τ0e

0
0(x)

generates no spatial difference terms (Die
0

0)2. The functional second variation is ultralocal:

δ2SHFF
δe00(x) δe00(x′) ∝ δx,x′ =⇒ AHFF ≡ 0.000000000000. (26.158)

The bare HFF lapse is strictly non-propagating (KHFF
ϕ ≡ 0, non-dynamical multiplier,

ghost-free), enforcing the local Hamiltonian constraint Hlocal(x) ≡ 0.

3. Teleparallel Kinetic Action and Continuum Dispersion (Outcome C): The prop-
agating spatial kinetic term (∇ϕ)2 is uniquely provided by the teleparallel Leibniz action
STG:

S
(2)
TG[ϕ] = − 1

4κ2

∫
d4x (∇ϕ)2 =⇒ ATG = 4.000000 (on canonical FCC). (26.159)

Cubic isotropy is exact at order k2 (residual 0.00×100 vs 8I3). TEGR coefficients (1/4, 1/2,−1)
are imported from continuum general relativity.

4. Independent Weak Equivalence Principle: Independent matter variation proves J0
0 ≡

Hmatter. Comparing an elementary defect (M1 = 100.0) against a composite bound triad
with non-linear binding energy ∆B = −20.0 (M2 = 280.0) confirms binding energy is fully
gravitationally active:

ηWEP ≡ 2 |(Qg/M)1 − (Qg/M)2|
(Qg/M)1 + (Qg/M)2

≡ 0.0000× 100. (26.160)

Epistemic Verdict of Gate GAL-1.6:

GAL-1.6: BARE HFF LAPSE IS NON-PROPAGATING (AHFF = 0,OUTCOME A)
(26.161)

TELEPARALLEL ACTION STG PROVIDES PROPAGATING LAPSE (ATG = 4.0,OUTCOME C)
(26.162)

26.38 Gate GAL-1.7: Ornament-to-TEGR Derivation and Inde-
pendent Inertial-Mass Gate

Gate GAL-1.7 (gal1_7_tegr_derivation.py, gal1_7_results.json) evaluated whether the
microscopic elasticity of the Rhombic Dodecahedron uniquely derives the Teleparallel Equivalent
of General Relativity (TEGR):

1. Rank-1 Native Shear Normalization: Evaluating the quadratic torsion tensor on the 12
RHD face normals gives the second moment ∑12

f=1 n
i
fn

j
f = 4δij . Contracting with general

quadratic torsion coupling constants (c1, c2, c3) provides exactly one independent scalar
constraint:

16c1 + 8c2 + 4c3 = 4 =⇒ 4c1 + 2c2 + c3 = 1 . (26.163)

This leaves a two-parameter family of actions.

2. Imported Field-Theoretic Principles: The specific TEGR ratio (1/4, 1/2,−1) requires
two additional conditions:

• Rotational decoupling: 4c1 + c3 = 0 =⇒ c3 = −4c1.
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• Local Lorentz ghost-freedom: c1 − 1
2c2 = 0 =⇒ c2 = 2c1.

These two constraints are imported from continuum field theory, not derived from cell
polyhedral geometry. Microscopic face strain enters solely to fix the overall normalization
c1 = 1/4 via face shear matching.

3. WEP and Linear Solver Linearity: Solving the linear discrete Poisson equation Lϕ = src
ensures Qg = ∑

src by Gauss’s theorem; the exact numerical result ηWEP ≡ 0 reflects
algebraic linearity rather than an independent dynamical measurement of inertial mass via
wave-packet dispersion.

Epistemic Verdict of Gate GAL-1.7:

GAL-1.7: OUTCOME B (RATIOS IMPORTED, NORMALIZATION FACE-MATCHED)
(26.164)

UNIQUE NATIVE TEGR (OUTCOME C) NOT ESTABLISHED (26.165)

26.39 Gate GAL-1.8: Native Torsion Coefficient Constraint and
Non-Uniqueness

Gate GAL-1.8 (gal1_8_full_torsion_map.py, gal1_8_results.json) evaluated whether the
microscopic elasticity of the Rhombic Dodecahedron uniquely selects the coupling constants
(c1, c2, c3) of the quadratic teleparallel action STG[e] =

∫
d4x e[c1T

abcTabc + c2T
abcTbac + c3T

aTa].
Following rigorous computational audit:

1. Rank-1 Native Normalization Constraint: The discrete Stokes inversion of the Weitzen-
böck torsion over the 12 rhombic faces yields exactly one independent scalar constraint:

4c1 + 2c2 + c3 = 1 . (26.166)

2. Non-Uniqueness of Native Torsion Coefficients: Earlier claims that LAMA derives
the rank-3 TEGR point (1/4, 1/2,−1) were found to have manufactured uniqueness by
illegitimately imposing isotropy directly on the torsion quadratic form. While the substrate
face energy is isotropic, the torsion tensor action is not natively constrained to be isotropic
without additional field-theoretic input. The native geometry leaves a two-parameter family
of theories.

Epistemic Verdict of Gate GAL-1.8:

GAL-1.8: NATIVE COEFFICIENT UNIQUENESS NOT ESTABLISHED (OUTCOME B)
(26.167)

26.40 Gate GAL-1.9: Native RHD Torsion Map and Frobenius
Stokes Inversion

Gate GAL-1.9 (gal1_9_native_torsion_lift.py, gal1_9_results.json) constructed the
exact algebraic lift from the discrete Leibniz defect Dµ(F,G) = ℓP (DµF )(DµG) to continuum
Weitzenböck torsion.
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1. Frobenius Orientation Map: The orientation of the 12 rhombic faces maps to the spatial
torsion components via:

ωij = 1
4

12∑
f=1

ϵijkn
k
f Ωf , (26.168)

possessing an exact multiplicity-1 projection.

2. Discrete Stokes Inversion: The spatial torsion components are reconstructed from face
circulation integrals:

T a
ij = 1

4A0

12∑
f=1

ϵijkn
k
f

∮
∂f
Ea. (26.169)

3. Kinematic vs. Constraint Rank Demarcation: While the kinematic probe space of face
distortions has rank 3, the native physical constraint on the torsion action has strictly rank 1
(4c1 + 2c2 + c3 = 1).

Epistemic Verdict of Gate GAL-1.9:

GAL-1.9: NATIVE TORSION MAP DERIVED; TEGR RATIOS NOT DERIVED (OUTCOME A)
(26.170)

26.41 Gate GAL-1.10: Gravitational Completion Consistency
and Tripartite Architecture

Gate GAL-1.10 (gal1_10_consistency.py, gal1_10_results.json) resolved the architectural
relationship between microscopic lattice dynamics and macroscopic gravitational completions.

1. Tripartite Architecture Frozen: Gravitational dynamics are structured into three distinct
tiers: SHFF (fundamental microscopic matter/face action), Scond

TG (conditional teleparallel
completion), and SRegge (preserved fallback alternative).

2. Attractive Static Poisson Sign (Aϕ = −2.0): In Newtonian gauge, Aϕ(c1, c2) = 1− 6c1 −
3c2 = −2.0 at TEGR, yielding the attractive Newtonian Poisson equation ∇2ϕ = +4πGρ.
This confirms the attractive static sign under Lorentzian conventions, but does not constitute
a dynamical ghost-freedom proof.

3. Lapse Non-Propagation in Native HFF: In the bare HFF action, KHFF
ϕ (ω,k) ≡ 0,

confirming that the native lapse carries no time derivatives and does not propagate as a scalar
ghost mode.

Epistemic Verdict of Gate GAL-1.10:

GAL-1.10: OUTCOME B CONFIRMED (CONDITIONAL COMPLETION CONSISTENT)
(26.171)

26.42 Gate GAL-1.11: Canonical Observable Equivalence and
Full Dirac Constraint Closure

Gate GAL-1.11 (gal1_11_dirac_stiffness.py, gal1_11_results.json) completed the deci-
sive structural and Hamiltonian audit:
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1. Deconstruction of the Six Historical Stiffness Values: Across historical scripts and
notes, six stiffness values were documented. Gate GAL-1.11 establishes their exact mathe-
matical origin, domain, and operator classification:

Symbol Value Physical Observable Normalization / Boundary Classification

K
(ref,face)
twist 90.00 Single-facet baseline Scaled (V0 = 16), rigid spring net Conventional reference baseline

K
(ref,cell)
twist 1080.00 Cell restoring torque Scaled (V0 = 16), 24 × 45.0 = 12 × 90.0 Conventional reference baseline

K
(Schur,face)
twist 131.923 Relaxed single-facet shear Scaled (V0 = 16), 4 shared vertices relaxed Derived relaxed physical stiffness

K
(Schur,cell)
twist 1583.08 Embedded restoring tensor Scaled (V0 = 16), 12 neighbors, 559.7A0I3 Derived relaxed restoring tensor

K
(rigid,face)
twist 724.08 Unrelaxed facet shear Scaled (V0 = 16), unrelaxed (256A0 = 512

√
2) Derived unrelaxed upper bound

Kderived
bond 181.019 Canonical per-shared-bond Canonical (V0 = 2), unrelaxed (128A0 = 128

√
2 = 64Asc

0 ) Derived canonical per-bond stiffness

2. Resolution of the 131.923/90.000 ≈ 1.466 Gap: The 47% ratio is proved to be an
**operator-definition and model difference**: 90.00 was an idealized Cosserat baseline from a
uniform edge spring network (24× 45.0 = 1080), whereas 131.923 is the first-principles Schur-
complement relaxed eigenvalue of the RHD face action. They represent distinct observables;
equivalence is incomplete.

3. Quantification of the 181.0193/180.0000 = 1.005663 Residual: The +0.5663% gap
(128
√

2/180 = 32
√

2/45) is an **exact algebraic discrepancy** arising from the irrationality
of
√

2, not a numerical error. 181.0193 is the derived per-shared-bond value in canonical
normalization, while 180 belongs to the rounded phenomenological lineage.

4. Dirac–Bergmann Velocity Hessian Spectrum: The Legendre transform of the quadratic
teleparallel action yields primary constraints πa

0 ≡ 0 (Np ≥ 4). The 12× 12 spatial velocity
Hessian decomposes into four irreducible eigenvalue families:

λboost = 2(2c1 + c2 + c3) (Boost velocities ė0
i, Multiplicity 3),

λrot = −2(2c1 − c2) (Triad frame rotations ė[j
k], Multiplicity 3),

λshear = −2(2c1 + c2) (Traceless symmetric shear ė(j
k)0 , Multiplicity 5),

λdil = −2(2c1 + c2 + 3c3) (Volumetric dilation ėk
k, Multiplicity 1).

(26.172)

On the native LAMA plane (4c1 + 2c2 + c3 = 1):

• Generic NGR: Hessian has full rank 12; Np = 4, Ns = 4. Local Lorentz symmetry is
broken; ≥ 5 physical propagating DOFs (contains tensor ghosts).

• Ghost-Free Line (2c1 − c2 = 0): Hessian rank drops to 9; null space dimension 3; tensor
ghost eliminated.

• TEGR Point ((1/4, 1/2,−1)): Both λboost = 0 and λrot = 0; Hessian rank drops to 6.

Under standard TEGR Hamiltonian structure, all 14 constraints close as first class, yielding
exactly 2 physical transverse-traceless graviton degrees of freedom. This two-DOF count is
conditional on the standard imported TEGR constraint structure.

5. Static Poisson Sign Demarcation: Aϕ = −2.0 confirms the attractive static Poisson sign
(∇2ϕ = +4πGρ), but is strictly distinguished from dynamical ghost freedom.

6. Three-Class Provenance Theorem: Relations are partitioned into:

• Tier 1 (Native LAMA): RHD cellular geometry, discrete Leibniz defect, Frobenius orienta-
tion map, face Stokes inversion, face normalization 4c1 + 2c2 + c3 = 1, bare HFF lapse
non-propagation (Kϕ ≡ 0).
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• Tier 2 (Imported Continuum Completion): Quadratic torsion ansatz STG, ghost-free
condition 2c1 − c2 = 0, rotational decoupling 4c1 + c3 = 0.

• Tier 3 (TEGR Consequence): Unique intersection point (1/4, 1/2,−1).

Canonical Formula: TEGR is the unique intersection of the native LAMA normalization
plane with the additionally imposed continuum ghost-free and rotational-decoupling conditions.

Epistemic Verdict of Gate GAL-1.11:

GAL-1.11: OUTCOME B — INTERNALLY CONSISTENT CONDITIONAL COMPLETION
(26.173)

26.42.1 Demarcation of Gravity Sources and the Weak Equivalence Principle

To prevent any conflation between mathematical identities and physical field discoveries, the
following boundaries are permanently enforced:

• Tested Native Acoustic/Mechanical Class: The tested pairwise mechanical/acoustic
defect interaction yields:

No linear scalar monopole in tested native mechanical source class . (26.174)

This result is strictly restricted to the tested class of mechanisms; universal exclusion of all
possible lattice mechanisms is not claimed.

• Newtonian 1/R and GN Derivations: A first-principles derivation of Newton’s grav-
itational constant GN or an autonomous 1/R force law from native LAMA alone is not
established.

• Weak Equivalence Principle (WEP): The identity QΩ ≡ 2Esource is an equilibrium Euler
quadratic identity, not an autonomous physical charge discovery. Defining Mgrav ≡ Esource/c

2

renders WEP tautological by definition. Dynamical WEP (testing whether wave packets with
different internal structures fall identically in non-uniform background strain) remains an
open research programme.

26.42.2 The Permanent Epistemic Safeguards Table

The gravitational claims of the Lama Architecture are governed by the following strict epistemic
classifications:

Topic / Quantity Permanent Manuscript Status

Kderived
bond = 181.019336 Derived per-shared-bond stiffness (128A0 = 128

√
2 =

64Asc
0 = 256Acan

0 )
90, 180, 1080 lineage Rounded/reference phenomenological spring convention
131.923 observable Distinct cell-context relaxed Schur-complement observable
Native HFF lapse Non-propagating; Kϕ(ω,k) ≡ 0; no native ϕ̇2; π0

0 ≡ 0
Aϕ = −2.0 Attractive static Poisson sign (∇2ϕ = +4πGρ)
Ghost-free status Governed by velocity Hessian and constraint closure, not

inferred from Aϕ

TEGR coefficients Conditional continuum completion, not derived from LAMA
alone

2 graviton DOFs Standard TEGR Hamiltonian result, conditional on im-
ported constraint structure

GN derivation Not established natively
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Topic / Quantity Permanent Manuscript Status

WEP derivation Not established natively; synthetic Poisson flux WEP quar-
antined as tautology

1/R gravity from native
LAMA

Not established natively

Acoustic monopole Ruled out for tested native pairwise/mechanical class, not
universally

Regge sector Preserved fallback alternative and historical line, not dis-
carded

TRUE-H nullity 771 / rank
1021

Numerically established (gap > 1013); analytic exact-nullity
proof open

Bloch TT static branches Two gapless branches, negative stiffness A2 ≃ −1.00 (code
units; physical ∝ ε0/ℓ

2
P ); dynamics quarantined (Outcome

C)
Gravitational kinetic operator Absent in documented architecture (Case C /

STATIC_ONLY_GRAVITY); M = I disproved
Mqq, KΦq Identically zero (native action / analytic absence, not fitted)
EQG conformal-factor read-
ing

Conditional interpretation only, never derivation

SHFF Fundamental microscopic matter/face action
Scond

TG Conditional gravitational completion
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26.42.3 The Definitive Epistemic Hierarchy of the Lama Architecture

The consolidated scientific status of the entire Type IV unification programme is organized into
an unshakeable, rigorously demarcated sequence:

RHD Polyhedral Geometry =⇒ PROVEN (Level 1 Identity)
↓

12/12 Equilibrium Stability (Kbreath = 40
√

2 ≈ 56.57) =⇒ PROVEN (Level 1 Identity)
↓

Facet Stiffness Reservoir (Kcorner = 12
√

2 ≈ 16.97) =⇒ PROVEN (Level 1 Identity)
↓

Derived Per-Bond Stiffness (Kderived
bond = 128A0 ≈ 181.02) =⇒ PROVEN (Level 1 Identity)

↓
Cell-Context Schur Stiffness (KSchur = 131.923,Kemb ∝ I3) =⇒ PROVEN (Operator-Distinct Observable)

↓
Contact Nuclear Coalescence (U(4) ≈ −464, FR ≈ −122) =⇒ CERTIFIED IN MODEL (Level 2)

↓
Compressional Far-Field Gravity (U(8) > 0, FR > 0) =⇒ FALSIFIED / CLOSED CHANNEL

↓
Orientation-Mediated Chiral Attraction (U < 0, FR < 0) =⇒ DEMONSTRATED IN POSTULATED MODEL (1I)

↓
Two-Body Chiral Dynamics / Orbital Locking (GAL-1.1I-B) =⇒ TOY DYNAMICS CERTIFIED (1I-B)

↓
Near-1/R Orientation Scaling in Finite Host (GAL-1.1I-C) =⇒ SUPPORTED (FROZEN 1I-C)

↓
Cosserat Envelope Coupling (GAL-1.1J) =⇒ SUPPORTED (EXPLORATORY; Level-2 NOT CERTIFIED)

↓
Native Torsion Normalization Plane (4c1 + 2c2 + c3 = 1) =⇒ DERIVED NATIVE CONSTRAINT (GAL-1.8/1.9)

↓
Conditional Teleparallel Completion (Scond

TG at TEGR) =⇒ OUTCOME B: INTERNALLY CONSISTENT (GAL-1.11)
(26.175)

The foundational architecture of the Lama Architecture is permanently frozen as:

Stotal = SHFF + Scond
TG + [SRegge fallback], (26.176)

grounding matter, gauge fields, and mass generation in the fundamental microscopic face-
field action SHFF, while providing an internally consistent, ghost-free continuum gravitational
completion Scond

TG calibrated to the substrate’s native normalization plane.

26.43 Lattice Restoration Principle (User Principle, Audited
2026-09-19)

The undistorted infinite 12/12 lattice is adopted as the reference equilibrium configuration of
the substrate. Localized excitations (defects) are distortions δq = q − q0 of this state. In the
absence of externally supplied work, the closed-lattice dynamics is governed by variation of the
native action, generating internal restoring interactions between coexisting distortions:

Fa = − ∂E
∂qa

, Etotal(R) = E1 + E2 + U12(R), FR = −dU12
dR

. (26.177)

No external agent is required for such configurational forces; they are collective consequences
of sharing one variational medium. Qualification (frozen): the principle establishes that an
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internal restoring interaction exists, not its long-range law. Defects may persist via topology,
discreteness, quantization, or barriers, and a Newtonian 1/R kernel additionally requires a
universal, gapless, energy-coupled collective variable (still open). Apparent long-range forces
need not be supplied externally; they may arise as substrate configurational forces.

26.44 Gravity Ledger Delta: Post-1.11 Gates and Autopilot
Programme (Frozen 2026-09-19)

All entries below carry the standing epistemic labels (NATIVE-DERIVED / CONDITIONAL /
IMPORTED / OPEN / CLOSED). Items marked CONDITIONAL depend on explicitly named
imported structure and are not native derivations.

1. GAL-1.1K (Outcome B): coupled (u,Ω) operator confirmed; orientation-dipole attraction
with bulk U ∼ R−3; no monopole.

2. GAL-1.1L (Outcome B, scoped): acoustic k2 propagator supported; native mechanical
sources dipolar (m ≥ 1); compressional tail bounded-small, asymptotic sign open. Overbroad
“no gravity” phrasing expunged.

3. GAL-1.1M: gapless longitudinal scalar identified (c2
L = 833.78); native scalar monopole

charge qs ≡ 0 for tested defects.

4. GAL-1.1N (Outcome B): weak-to-moderate nonlinear relaxation preserves zero-net-force
class; no emergent monopole at tested amplitudes.

5. GAL-1.2 (Outcome A): state-dependent constitutive coupling insufficient; translation-
invariance theorem holds for tested class.

6. GAL-1.3 (Outcomes A/B): pairwise phase/topological sector yields no autonomous
monopole; metric branch kept separate.

7. GAL-1.4 (Outcome A): tested spatial-acoustic loopholes closed (pre-strain, cell higher-
form, boundary flux); statements scoped to tested class, W -extrapolations labeled trends not
proofs.

8. GAL-1.5: acoustic/metric sector separation supported; lapse dynamics, Poisson source,
Qg/M linearity and p→ 1 remain conditional (posited Poisson + worldline/imported G;
tautology screens apply).

9. GAL-1.6: bare-HFF lapse non-propagating (AHFF ≡ 0); teleparallel ATG = 4.0 conditional
on imported TEGR coefficients.

10. GAL-1.7 (Outcome B): TEGR ratios imported; face normalization matched.

11. GAL-1.8: native torsion-constraint rank 1 (4c1 + 2c2 + c3 = 1); fourth moment cubic
correction A = 1, B = −1.

12. GAL-1.9 (Outcome A): Frobenius map ωij = 1
4
∑

f ϵijkn
k
f Ωf unique linear map; Stokes

inversion exact; rank stays 1; TEGR external.

13. GAL-1.10 (Outcome B): SHFF + Scond
TG consistent conditional architecture; lapse-sign

conventions frozen; stiffness dictionary with per-object definitions required (direct/Schur 47%
gap open).

14. GAL-1.11 (Outcome B): Dirac counting conditional on imported Hamiltonian structure;
per-bond stiffness 181.02 = 128A0 (64Asc

0 ) derived.
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15. GAL-1.1O: conditional lapse-monopole theorem proved (QF = 0 with QE ̸= 0); native
coupling premise open (P3).

16. GAL-1.1P: coupling absent from present formulation (P3 returned).

17. GAL-1.1Q: no native local frame/timing derivation (Q3, scoped).

18. ARP extension: separate postulate track (bandwidth saturation), not native; gravity
coupling quarantined.

19. Halo programme: face-area halo multipolar (p ≈ 1.6–2.0); dA-as-gradient route fails
by integration test; normal-tilt ∼ 1/R flagged candidate only (unsigned, unresolved, wall-
adjacent).

20. Reconciliation R1–R3: ensemble sign rule (+fixed-u/−fixed-f) with full comparability
table; H > 0 demoted to convexity.

21. Canonical-ensemble R4, curvature-topology R5, Regge R6–R8: native elastic/curvature/topological
route fails-with-scope (dipole R−3, slave curvature, oscillatory Regge response); conditional
metric route retained open.

22. Contractile funnel tests: sign alignment necessary but insufficient; linear tail identical by
theorem, grout shift ∼ 0.05, vacuum term zero; nonlinear single relaxes lower (51.2 vs 56.4);
nonlinear pair U(8) = +15.73 unchanged. Gap-depletion and vacuum-scale remain the open
variants.

26.45 Static-Gravity Freeze: TRUE-H, Bloch, Kinetic Chapter
(Frozen 2026-09-24)

1. Finite vertex-gauge theorem (ANALYTICALLY ESTABLISHED): quotient-orbit
displacement on the certified embedded domain preserves all deficits exactly (W = 1 planar
winding); hence Im(Jvertex) ⊆ kerHtrue with rank Jvertex = 765 certified.

2. TRUE-H assembly (NUMERICALLY CLOSED): 1792× 1792 analytic-block Hessian;
raw nullity 771 (765 + 6, six affine modes measured Case A), rank 1021, gap > 1013; kernel
coincides with flat-deformation image. Analytic exact-nullity proof remains OPEN.

3. Bloch static spectrum (NUMERICALLY CLOSED, tests A–D passed): 28× 28
symbol over 64 cells; 15 nulls at k = 0 (9 vertex-relative + 6 affine), 12 per nonzero k-point;
two gapless TT-like static branches of negative infrared stiffness (A2 ≃ −1.00); 1021 = 126
acoustic + 895 optical; zero propagating vector modes. Frozen reading: negative infrared
stiffness with dynamical interpretation unresolved pending the kinetic operator; Euclidean
quantum-gravity comparisons conditional only.

4. Kinetic chapter (CASE C / STATIC_ONLY_GRAVITY): no native, HFF-derived, or
ornament-derived gravitational kinetic operator exists in the documented architecture (Mqq ≡
0, KΦq ≡ 0 analytically, pullback rank 6 per cell). M = I disproved as gauge-compatible
kinetics; host inertia gauge-confined. Scoped freeze (permanent, never universalized): no
gravitational kinetic operator is derived by the presently documented architecture. Census
convention: 93− 5 = 88 replaces the stale 85 figure.

5. Dynamical completion frontier (OPEN, taxonomy frozen): Types I (exhausted), II
(rank-defective), III (gauge-failing/local-only), IV (new inertia; IV.A 4D Lorentzian Regge
conditional on discrete Σ3 × R construction). Operator-proposed Type IV-RS (relational
succession) provisional: D1 partial, D2–D4 blocked, no Luna review. No dispersion authorized
before an adjudicated completion.
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Prospective correction (frozen with this delta). GAL-1.5 ledger language reading “OUT-
COME D CONFIRMED” is hereby scoped to its audited meaning: conditional construction
verified given posited Poisson, worldline coupling, and imported G; it is not a native
derivation, WEP proof, or measured GN . No other historical verdict is altered.

26.46 Mass-Ontology and Collective-Sector Campaign (Frozen
2026-09-20)

All entries below are native-lattice-unit results unless stated. Standing epistemic labels apply.
Rule 12 (Novel-Phenomenon Preservation: unexpected ̸= incorrect, non-GR/SM ̸= invalid) is
frozen as autopilot process (not manuscript physics).

1. Mass ontology (CONDITIONAL, native units): Mrest = Erest/c
2 with Erest the

variational minimum of excess energy over the 12/12 reference. Vacuum reference confirmed:
raw content Ncellsε0 is a reference postulate while dynamical restoring energy is implemented
as exactly zero; Vf (0) = 0, V ′f (0) = 0; 11/12, 13/12 are singular confinement barriers
(Vf → +∞), not minima; no double vacuum subtraction. Promotion to DERIVED pending
D13/κθ provenance filing.

2. Formation vs rest (banked distinction): Eform = Erest + Eradiated; mass is stabilized
excess only. Charge functional Q = 1

3
∑

f wf arithmetically closed (integer wf , Z3 triality
map), provenance-conditional.

3. Class A (CERTIFIED): breathing monopole, single-cell global minimum by convexity,
Mbare

A = 0.035539 lat, M relaxed
A = 0.03810537 lat.

4. Class B (EXTERNALLY_SUSTAINED_ONLY, theorem-grade): ∇γH = Mγ with
M = µshearI + µedgeLintra + µinterLinter ≻ 0 gives unique γ = 0 in the implemented action;
multi-start cluster relaxation confirms. B exists only as kinematically driven excitation.
Whether the absent η–S cross-coupling is canonical or a truncation is open (Luna-level
question, decides B fundamentally).

5. C8 (CONFIRMED stable 360◦ U(1) excitation, NOT electron sector): uniform
w = 1 on chordless 8-cycle, MC8 = 8κθ(1− cosπ/4) = 0.00248959 lat (phase only; η = γ = 0
by exact sector factorization ∂2H/∂η∂θ ≡ 0). Neutral, toroidal dipole, zero quadrupole. Prior
0.040515 dilation contribution was an inverse calibration (placeholder α root-solved; legacy
pre-stress potential), now retired. Statistics (bosonic/fermionic) underived: label is neutral
chiral U(1) excitation only.

6. Phase-ring thresholds (sector theorems, link-bound premise 0 ≤ ∆θk ≤ π travels
with every citation): Nlocal = 5 (Hessian); Nglobal = 7 for the tested cosine-ring problem
(two-level partitions support N = 8; general partition proof open); RHD bipartite ⇒ even
cycles only, single-cell Nmax = 12 (proven); chordless cycles terminate at N = 8; Nphase

min = 8.
For w = 2: local stability N > 8, operational N720

min ≥ 10 (local grade; 10-cycle witness and
global analysis open); family-restricted crossover N720

global = 15 (operational 16), hence stable
720◦ needs multi-cell support. 720◦ fermion sector NOT_YET_DERIVED.

7. Back-audit posture: source-universality UNRESOLVED (B4/B5 table void: C mass
revised 16×, B out of catalog, A responses from retired configs); far-field R−3K4 on generic
defects stands; δLtime ≡ 0 stands; mass-matching retired as method (nonlinear hardening:
+89.3%/−36.3% errors); Q/M ratios at native masses are the valid comparison design.

130



8. Gravity posture: monopole extraction BLOCKED; cross-species coupling comparison
BLOCKED; same-species native far-field (A–A, C8–C8 U(R), C0 with σ) PERMITTED under
Rule 12 measure-first. Native-gravity search REMAINS_CLOSED; tripartite architecture
retained.

9. Open debts (in order): named 10/16-cycle witnesses; partition-exhaustive global proof;
η–S completeness; D13/κθ citation; w vs wf nomenclature demarcation; 8-cycle census
convention (60 vs 120 chordless); C8–C8/A–A runs with σ(C0); slip-barrier quote for sector
metastability.

26.47 Temporal Ontology and Succession Campaign (Frozen
2026-09-26)

All entries below record the definitive computational and mathematical findings of the 4D Regge
temporalization, Tick–Tock provenance, archive projection, and native successor gates.

1. 4D Simplicial Lorentzian Regge Temporalization (OBSTRUCTED): Exhaustively
derived across discrete Σ3×R prism triangulations (Gates 4D-REGGE-1 through 4D-REGGE-
4). All 24 canonical triangulations of the prism RHD × [0,∆t] were analyzed for action
variations, DeWitt kinetic metrics, and symmetry constraints. Ratified result: Do not call
either outcome a universal statement about all discrete spacetime theories. 4D simplicial Regge
temporalization is strongly obstructed for this specific certified FCC/RHD spatial ontology
under the tested symmetry/static requirements.

2. TRUE-H Static TT-Like Sector (NEGATIVE INFRARED STIFFNESS): The true
spatial Regge Hessian Htrue possesses dimension 1, 792× 1, 792, nullity 771, and rank 1, 021.
In the long-wavelength continuum limit, the static transverse-traceless (TT) sector possesses
negative infrared curvature stiffness (A2 < 0). Ratified result: The TRUE-H static TT-like
sector has negative infrared stiffness. Its dynamical interpretation is unresolved pending
derivation of the gravitational kinetic operator. Pure static Regge has zero native kinetic
operator; the kinetic search is closed (Mreduced is constructed, not derived).

3. Dianalytic 2× 2 Floquet Operator (DYNAMICALLY TRIVIAL): In documented
narrative models, ÛTick = +i⊮2 and ÛTock = −i⊮2. Their composite product is ÛF =
ÛTockÛTick = (−i⊮2)(+i⊮2) = ⊮2. The operator leaves all states identically unchanged,
producing zero physical propagation and no discrete wave equations.

4. LAMA Temporal Ontology (PRIMITIVE ARCHITECTURAL FOUNDATION):
Physical time is discrete, beginningless (n ∈ Z), and characterized by perpetual evolution
of a single underlying substrate (no complete substrate trajectory is eventually constant).
Tick and Tock are two alternating temporal phases of the exact same substrate, not an
odd/even spatial sublattice partition or two separate ontological substances; spatial cell
segregation is rejected. One complete cycle duration is identified with the Planck time
∆tcycle = tP =

√
ℏG/c5 ≈ 5.3912× 10−44 s attaching strictly to the complete cycle. Tock is

non-metrical with respect to manifested 3D spacetime; metric distance and duration do not
operate in Tock, rendering “instantaneous” and “superluminal” category errors.

5. 24D Archive→ 3D Manifestation (ARCHIVE_PROJECTION_NOT_DERIVED):
The 24D archive space is an uncoupled informational/ontological ground. The isometric
embedding ι : Hmanifest → Harchive and physical projection Πphysical : Harchive → Hmanifest are
unconstructed. Third Space is uncoupled ontological ground. Decisive principle: 24D archive
exists ̸⇒ 3D manifestation dynamics exists. Tock is not identified with the 24D archive by
demonstrated theorem.
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6. Native Manifested-State Successor Search (NATIVE_SUCCESSOR_NOT_DERIVED):
Exhaustive search of native 3D variables ({Le, θf , ηf , η̄c, ψv}) confirmed that no explicit state-
transition map Xn+1 = F (Xn) exists in the manuscript or codebase. Concession confirmed:
“Computational implementation: No simulation code currently exists...” (merged.tex:39275–39277).
Rejection of candidate solvers: Mbipartite (Octa-Cube spatial split violates single-cell ontology),
Mface (2nd-order single-cell wave equation), scipy.optimize.minimize (static minimization),
Velocity Verlet / Leapfrog (imported continuous Newtonian mechanics).

7. The Separation Principle (STATIC_ACTION ̸= TEMPORAL_SUCCESSOR):
A static potential functional V (X) defines energy landscapes, not velocities. Without an
independent kinetic metric, static potentials constrain states but cannot generate transitions
Xn → Xn+1. Attempting to extract discrete time from static Regge/HFF potentials is a
category error.

8. Minimal Temporal Successor Axiom (TEMPORAL_SUCCESSOR_PRIMITIVE_REQUIRED):
The discrete temporal successor relation:

StP ⊆ Hsubstrate ×Hsubstrate, (Zn, Zn+1) ∈ StP (26.178)

must be introduced as an independent primitive axiom, advancing the universe by duration
∆tcycle = tP on the provisional substrate state space Hsubstrate (5, 888 raw, exactly 5, 887
constrained coordinates: 1, 792 + 1, 536 + 1, 536 + 255 + 768). The ψv Leibniz ornament
shares the domain of Jvertex (δL = Jξ), constituting a formal open disentanglement task.
Manifestation is a phase-dependent description of the single substrate, not a transfer between
ontological domains. Four-way locality is codified: Tick kinematic stencil (rTick ≤ 1, incidence-
qualified) is FORCED; Tock spatial locality is INAPPLICABLE (non-metrical); effective
3D succession locality is OPEN (Tock is not identified with the unconstructed 24D archive);
dynamical causal structure (vg ≤ c) is OPEN. Constraint preservation (∑c η̄c ≡ 0, Gspace,
vertex gauge invariance) is REQUIRED (stabilization mechanism OPEN); determinism,
Markovian property, and dynamical conservation laws remain OPEN.
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Chapter 27

The Mass Generation Programme:
The Open Frontier

While the combinatorial invariants (1, 207, 3477) and the nucleon integers (1836, 1839) are
established with mathematical precision, the first-principles derivation of the physical mass
valuation functional remains the active frontier of the research programme. In this chapter, we
formalize the open problems of Level 3.

27.1 The Selection versus Valuation Decoupling

A foundational conceptual distinction enforced throughout this work is:

Selection (Hcell → Sphysical) ̸= Valuation (Sphysical → {me,mµ,mτ}). (27.1)

• Selection (Solved in Gates D15/D16): Explains why the continuous phase space
(S1)12×R12 admits only three dynamically stable, transport-capable, non-thermalizing lepton
sectors (|Sphys| = 3).

• Valuation (Level 3, Strictly OPEN): Computes the absolute numerical rest mass of each
selected sector from the action integral of the Hamiltonian flow without inserting empirical
conversion constants.

27.2 The Non-Perturbative Valuation Functional

The physical mass m(Ψ) of a certified dynamical sector Ψ ∈ Sphys is conjectured to be the action
eigenvalue of the non-perturbative Euclidean bounce:

m(Ψ) = MPl exp
(
−
∫ Tb

0
[pf q̇f −H(q, p)] dτ

)
· Ftop(Ψ). (27.2)

The open mathematical challenge is computing the one-loop fluctuation determinant det′(−□ +
V ′′) around the multi-cell breather to determine whether the prefactor offset e0.53 ≈ 1.70 is
cancelled by the collective zero-mode normalization.

27.3 Coalescence Dynamics and the Higgs Mechanism Alterna-
tive

In the continuous Standard Model, particle masses are generated by spontaneous symmetry
breaking via the Higgs mechanism. In the Lama Architecture, mass is generated by **topological
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coalescence**:

Mstate(S) =
∑

i

Econstituent
i −

∑
⟨i,j⟩

Eface−lock
ij + Ecollective(S). (27.3)

The electroweak scale v ≈ 246 GeV is not set by the vacuum expectation value of an elementary
scalar field, but by the mechanical rupture ceiling of the 12 RHD faces (Σmax = 13/12 ε0).
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Chapter 28

Gravitational Dynamical Completion
Frontier

Epistemic Status: EXHAUSTIVELY AUDITED taxonomy with certified ob-
structions. The kinetic-provenance investigation is closed (STATIC_ONLY_GRAVITY)
for the presently documented architecture. The TRUE-H static TT-like sector has
negative infrared stiffness. Its dynamical interpretation is unresolved pending deriva-
tion of the gravitational kinetic operator. Physical ω(k) is undefined in the current
ontology.

The static endpoint is immutable: the true spatial Regge Hessian Htrue exists (dimension
1, 792× 1, 792, nullity 771, rank 1, 021), the Bloch static spectrum exists (two TT-like gapless
branches with negative curvature stiffness A2 < 0), and no native gravitational kinetic operator
exists. The kinetic search is closed (Mreduced is constructed, not derived).

28.1 Exhaustive Completion Taxonomy and Audit Outcomes

The program systematically evaluated four distinct pathways to promote the static spatial theory
into a dynamical model:

1. Type I (Existing Documented Structure): Exhausted and frozen closed by the kinetic
provenance gates (Gates D0–D16, GAL-1.1–GAL-1.11). The canonical spatial Regge action
S

(3D)
R [L] = ∑

hAhδh is a pure potential energy functional with zero native time derivatives
(L̇2 ≡ 0).

2. Type II (Explicit HFF Face–Edge Coupling): Structurally viable at the face level, but
rank-defective on the 3D complex. It contributes at most rank 6 per cell, leaving 1, 408 edge
modes and 969 of the 1, 021 physical curvature modes completely uncoupled.

3. Type III (Leibniz / Geometric Defect Completion): A local temporal defect fails
gauge invariance (∥MgravJvertex∥ ̸= 0). Any non-local projection onto the gauge-orthogonal
subspace introduces non-local spatial couplings violating cellular locality.

4. Type IV.A (4D Simplicial Lorentzian Regge Temporalization): Exhaustively derived
and audited across discrete Σ3 × R prism triangulations (Gates 4D-REGGE-1 through 4D-
REGGE-4). All 24 canonical tetrahedral triangulations of the prism RHD × [0,∆t] were
analyzed for action variations, DeWitt kinetic metrics, and symmetry constraints.

Certified Adjudication: Do not call either outcome a universal statement about
all discrete spacetime theories. 4D simplicial Regge temporalization is strongly
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obstructed for this specific certified FCC/RHD spatial ontology under the tested
symmetry/static requirements.

Candidate IV.A is decisively closed for the certified FCC/RHD spatial complex.

5. Type IV-RS (Relational Succession / 24D Archive Projection): Investigated in Gate
ARCHIVE_MANIFESTATION_REPROJECTION to test whether manifestation arises from
projection Π : Harchive → Hmanifest.

Certified Adjudication: Ratified as ARCHIVE_PROJECTION_NOT_DERIVED.
The isometric embedding ι, the physical projection Πphysical, and the shadow co-
variance retraction are unconstructed in the manuscript and codebase. The formal
2× 2 dianalytic operators satisfy ÛF = ÛTockÛTick = ⊮2, leaving manifested states
frozen. Third Space remains uncoupled ontological ground. The existence of the
24D archive does not imply a derived 3D manifestation update law.

28.2 Minimal Requirements and Epistemic Demarcation

Any future completion supplying a kinetic action S(2)
kin = 1

2 q̇
†Mgravq̇ must satisfy rigid consistency

constraints:

1. Vertex-Gauge Compatibility: Exact kernel preservation MgravJvertex ≡ 0.

2. Translation Invariance: Full preservation of the discrete Oh point-group and FCC transla-
tion symmetries.

3. No Sign Inversion: Prohibition against flipping signs in Mgrav merely to force positive
frequencies from A2 < 0.

4. No Fitted Dispersion Data: Wave speeds, light cones, and dispersion relations cannot be
retrofitted or inferred from continuum general relativity.

These exhaustive closures establish a decisive architectural watershed: the missing temporal
physics of the Lama Architecture cannot be resolved by postulating a continuum-style kinetic
metric Mgrav for static Regge link lengths. The theory requires an explicit, discrete state-
transition law operating directly on the physical configuration space, as developed in Chapter 29.
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Chapter 29

The Temporal Succession and
State-Transition Frontier

Epistemic Status: RIGOROUSLY ADJUDICATED requirements extraction.
Following the ratification of ARCHIVE_PROJECTION_NOT_DERIVED
and NATIVE_SUCCESSOR_NOT_DERIVED, this chapter establishes that
the discrete temporal successor relation StP ⊆ Hsubstrate×Hsubstrate cannot be derived
from static Regge calculus, the static HFF action, or 24D archive projection. Its
existence is introduced as an independent, foundational primitive axiom (TEM-
PORAL_SUCCESSOR_PRIMITIVE_REQUIRED). The axiom is framed
strictly as an existence-and-constraints foundation, declaring that the detailed equation
of motion remains an open dynamical construction.

The Lama Architecture posits an indivisible, algorithmic clock rate governing the discrete
evolution of physical space:

∆tcycle = tP =
√

ℏG
c5 ≈ 5.3912× 10−44 s. (29.1)

This duration attaches strictly to the complete Tick–Tock cycle; neither phase possesses an
independent sub-duration. The preceding chapters established the static geometry of the Face-
Centred Cubic crystal, the combinatorial cochain representations on the Rhombic Dodecahedron,
and the equilibrium variational actions (S(3D)

R , S
(0)
HFF). This chapter demarcates the boundary

between static geometry and dynamical succession, resolving how time advances from cycle n to
cycle n+ 1.

29.1 The Forensic Search for Native Temporal Laws

In Gates ARCHIVE_MANIFESTATION_REPROJECTION and NATIVE_MANIFESTED_STATE_SUCCESSOR,
an exhaustive computational and textual audit was performed across all 36 guarded manuscript
files and repository simulation codes to determine whether a native state-transition operator:

X
(3D)
n+1 = F

(
X(3D)

n

)
(29.2)

was already defined or implicitly derivable.
The audit yielded two definitive closures:

1. Absence of 24D Archive Projection: The 24D archive space is an uncoupled informational
structure. The isometric embedding ι : Hmanifest → Harchive and the physical projection
Πphysical : Harchive → Hmanifest are unconstructed. The formal 2 × 2 dianalytic operators
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ÛTick = +i⊮2 and ÛTock = −i⊮2 compose to the trivial identity ÛF = ⊮2, producing zero
manifested change. Third Space remains uncoupled ontological ground.

2. Absence of Native 3D Successor Law: Neither the spatial Regge action S
(3D)
R [L] =∑

hAhδh nor the Hybrid Face-Field action S
(0)
HFF contains an explicit discrete evolution law.

Pure Regge calculus possesses 0 independent kinetic state variables on frozen geometry. In
the HFF action, lines 115–127 of Chapter 6 explicitly concede that the kinetic coefficients
κη, κS , κΩ, κθ and the lattice realization of Dτ remain open.

Crucially, the manuscript itself explicitly concedes this open frontier:

“Computational implementation: No simulation code currently exists. A computa-
tional model of the FCC lattice with the proposed update rules would dramatically
strengthen the framework.” (merged.tex:39275–39277)

29.2 The Separation Principle: Static Action ̸= Temporal Suc-
cessor Law

The forensic investigation identified a crucial mathematical category distinction that had
previously obscured discrete time evolution:

Static Potential Functional ̸= Discrete State-Transition Law (29.3)

In continuous Hamiltonian or Lagrangian mechanics, a potential energy functional V (q)
defines an energy landscape and identifies static equilibria (∇V = 0). However, V (q) alone
possesses no intrinsic velocity vector field. Generating equations of motion requires pairing V (q)
with an independent kinetic metric:

T = 1
2 q̇
†Mgravq̇ =⇒ q̈ = −M−1

grav∇V (q). (29.4)

In the Lama Architecture, the kinetic metric search is closed (Mreduced is constructed, not derived).
In a discrete pre-geometric lattice, attempting to extract discrete-time evolution Xn → Xn+1
from a static potential S[X] without a kinetic operator is a mathematical impossibility.

Furthermore, all candidate algorithmic solver mechanisms in the existing codebase were
evaluated and rejected from serving as native physical update laws:

• Numerical Minimization (scipy.optimize.minimize): Used in relaxation routines; finds
static equilibrium configurations (δS = 0). It is an optimization algorithm, not a physical
time evolution operator.

• Octa–Cube Bipartite Matrix Mbipartite: A 14-dimensional single-cell symplectic toy matrix
(detM = 1). It subdivides the cell into Octahedral (Tick) and Cubic (Tock) sublattices,
directly violating the adopted LAMA ontology wherein Tick and Tock are alternating temporal
faces on the exact same cell.

• Face Hodge Wave Matrix Mface: A 24-dimensional companion matrix representing a
second-order wave equation (ω2 = 1/3) on an isolated cell. It requires two initial time slices
(qn, qn−1) and lacks inter-cell coupling across the global lattice.

• Velocity Verlet / Leapfrog ODE Solvers: Implemented continuous time stepping with
∆t = 0.05 and imported Newtonian masses and spring constants, violating prohibitions
against importing continuum phase spaces.
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29.3 The Substrate State Space Hsubstrate and Manifested Repre-
sentation

The Lama Architecture contains a single underlying spatial substrate. We define Hsubstrate as
the complete relational state of the single substrate. Manifestation is a phase-dependent
description of that single substrate state, not a process transferring content between ontological
domains. During the Tick phase, the substrate is expressed in its manifested three-dimensional
geometric configuration space Hmanifest on the certified 256-cell FCC/RHD spatial complex
Gspace:

Field Variable Raw Dim Geometric / Physical Description Status

Edge Lengths Le 1, 792 Euclidean link lengths on 1-skeleton of
complex

Metric Configuration

Interface Phases θf 1, 536 Compact U(1) interface angles in
[−π, π)

Interface Matter

Interface Shears ηf , Sf 1, 536 Scalar and traceless symmetric shear
tensors

Interface Strain

Cell Breathing η̄c 256 Cellular volume dilation (
∑

c η̄c ≡ 0) Cellular Scalar
Vertex Ornaments ψv 768 3-displacement vectors on 256 vertices Leibniz Ornament
Total Raw Coordinates 5,888 Microscopic coordinates on 256-cell

complex
Configuration Space

Table 29.1: Microscopic coordinate census on the certified 256-cell FCC/RHD spatial complex.

29.3.1 Gauge Quotients, Constraint Bookkeeping, and Physical Degrees of
Freedom

The manifested configuration manifold is obtained by quotienting the raw coordinates by
established continuous gauge redundancies and constraints:
1. Geometric Gauge Invariance: Vertex gauge transformations δLe = Jvertexξ possess rank

765 (768− 3 rigid translations). Combining with the 6 global affine moduli yields a total flat
nullspace of dimension 771. The gauge-invariant physical curvature manifold has dimension:

dimMgeom = 1, 792− 771 = 1, 021. (29.5)

2. Cellular Breathing Invariance and Exact Arithmetic: The zero-sum constraint∑256
c=1 η̄c ≡ 0 removes 1 global degree of freedom, reducing the 5,888 unconstrained raw

coordinates to exactly 5,887 constrained coordinates:

1, 792 (Le) + 1, 536 (θf ) + 1, 536 (ηf ) + 255 (η̄c) + 768 (ψv) = 5, 887. (29.6)

3. ψv/Le Overlap and Provisional Designation: The 768 displacement coordinates of ψv

share the exact domain of the vertex-gauge Jacobian Jvertex (δLe = Jvertexξ). Disentangling
whether ψv represents independent matter degrees of freedom or geometric gauge redundancies
of Le is an open formalization task. Consequently, Hsubstrate and its manifested representation
Hmanifest:

Hmanifest =
(
Mgeom × T1536 × R1536 × R255 × R768

)/
Ggauge (29.7)

are formally designated as provisional until the unified metric-ornament quotient is finalized.
Remark 29.1 (Exclusion of Momenta and Phase Space). In the Lama Architecture, momenta (p)
are not primitive ontological entities. A phase space (q, p) requires a kinetic metric M to define
p = Mq̇. Because the kinetic search is closed, importing continuous momenta into Hsubstrate is
physically ungrounded. Physical states are discrete configurations Z ∈ Hsubstrate.
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29.3.2 Two Decisive Open Dynamical Problems: Vacuum Attractor and
Coordinate Disentanglement

The formulation of discrete temporal succession on Hsubstrate brings two foundational open
physical problems into sharp focus:

1. Vacuum Ground State and Dynamical Attractor: Under Axiom 5.2, no complete
physical substrate trajectory is permanently constant (̸ ∃N,Z⋆ s.t. Zn = Z⋆ ∀n ≥ N).
Consequently, the physical vacuum ground state cannot be an eternally static fixed point of
the successor relation. This defines an essential open dynamical problem:

What dynamical structure permits a stable or statistically stationary vacuum sector despite perpetual succession?
(29.8)

The vacuum must be realized as an active dynamical attractor, a stationary ergodic limit
cycle, or a bounded statistical ensemble on Hsubstrate. Investigating the stability of such
non-static vacua against energetic runaway or decay is a primary future research program.

2. ψv/Le Overlap and Variable Domain Disentanglement: The 768 displacement coor-
dinates of the Leibniz vertex ornament ψv share the identical domain of the vertex-gauge
Jacobian Jvertex (δLe = Jvertexξ). In the present formalism, it remains an open formaliza-
tion task to determine which variables represent independent matter degrees of freedom
versus geometric gauge modes of the edge lengths Le, and which variables reside in the
complete relational substrate state Hsubstrate versus the manifested 3D description Hmanifest.
Both Hsubstrate and Hmanifest remain provisional until this metric-ornament gauge quotient is
explicitly constructed.

29.4 The Comprehensive Property Ledger of Temporal Succes-
sion

In Gate MINIMAL_TEMPORAL_SUCCESSOR_AXIOM, the structural properties of any
physically viable successor relation were extracted and classified under the single-substrate
LAMA ontology:

29.5 The Axiom of Discrete Temporal Succession

Because the temporal successor law cannot be derived from static Regge calculus, the static HFF
action, or 24D archive projection, its existence must be introduced as an independent, founda-
tional primitive mathematical axiom of the theory (TEMPORAL_SUCCESSOR_PRIMITIVE_REQUIRED).
The axiom provides an existence-and-constraints foundation; the detailed microscopic equations
of motion remain an open dynamical construction.

Axiom 29.1 (Axiom of Discrete Temporal Succession). Let Gspace be the certified 256-cell
FCC/RHD spatial combinatorial complex, and let Hsubstrate be the provisional state space of
complete relational configurations of the single substrate on Gspace.

The Lama Architecture contains one underlying spatial substrate that perpetually evolves in
one direction through alternating Tick and Tock phases; the phases differ in the character of the
state description, not in the existence of separate ontological substances:

One Substrate −→ Tick Phase −→ Tock Phase −→ Tick Phase −→ · · · (29.9)

There exists a fundamental state-transition relation:

StP ⊆ Hsubstrate ×Hsubstrate, (Zn, Zn+1) ∈ StP , (29.10)
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Property Axiomatic Status Architectural Proof / Evidence

One-step Successor Relation FORCED / ADOPTED Mathematically required to represent discrete
algorithmic time evolution (Zn, Zn+1) ∈ StP

on Hsubstrate.
Full-Cycle Duration tP ADOPTED PRIMITIVE ∆tcycle = tP ≈ 5.3912 × 10−44 s attaches

strictly to the complete cycle; neither phase
possesses an independent sub-duration.

Forward Ordering ADOPTED PRIMITIVE Manifested time advances forward in begin-
ningless succession; no past-reversing map is
required.

Perpetual Evolution ADOPTED PRIMITIVE Trajectory non-freezing on Hsubstrate (̸ ∃N, Z⋆

s.t. Zn = Z⋆ ∀n ≥ N). Pointwise recur-
rence permitted; permanent freezing forbid-
den. Vacuum attractor stability is an open
problem.

Deterministic Successor OPEN Ontology mandates succession, but leaves
open whether StP is single-valued (Zn+1 =
F (Zn)), stochastic, or variational.

Invertibility NOT REQUIRED LAMA does not assume microscopic re-
versibility or backward determinism; state
space may contract.

Unitarity NOT REQUIRED Unitarity is a linear Hilbert-space property,
not a primitive requirement for geometric lat-
tice transitions.

Linearity NOT REQUIRED Metric positivity (Le > 0), compact phases
(T1536), and curvature make linear evolution
unnatural.

Tick Kinematic Stencil FORCED Cell-level stencil rTick ≤ 1 across shared di-
amond faces (Axiom 4); induced stencils de-
fined via incidence relations; bounded without
c-smuggling.

Tock Spatial Locality INAPPLICABLE Tock is non-metrical with respect to 3D space-
time; metric distance, duration, and light
cones are undefined during relational recon-
figuration.

Effective 3D Locality OPEN Global 3D propagation is not derived; 24D
archive is unconstructed and not identified
with the Tock relational phase.

Dynamical Causal Structure OPEN Causal light cones and signal speeds (vg ≤ c)
require explicit derived wave equations.

Constraint Preservation REQUIRED Preserves complex topology Gspace, volume
zero-sum

∑
c

η̄c ≡ 0, and vertex gauge invari-
ance. Stabilization mechanism is OPEN.

Conservation Laws OPEN Dynamical energy/momentum conservation
along trajectories requires established equa-
tions of motion.

Fixed Spatial Graph FORCED / ADOPTED Gspace(n + 1) = Gspace(n) is foundational
primitive: fields update, the crystal does not
retriangulate.

Single-Substrate Evolution FORCED / ADOPTED One substrate evolves through alternating
Tick/Tock phases; no second substance, no
spatial segregation, nothing held fixed during
Tock.

Markov Property OPEN Whether succession depends strictly on Zn

alone or on multi-step history is an open dy-
namical choice.

24D Archive Involvement NOT REQUIRED 3D succession operates on substrate state;
24D archive projection is unconstructed.

Third-Space Coupling NOT ESTABLISHED Third Space is ontological ground; zero com-
putational coupling to state succession exists.

Table 29.2: The Comprehensive Property Ledger of the discrete temporal successor relation.
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advancing the physical universe by one indivisible Planck cycle duration ∆tcycle = tP , such
that the universe evolves as an unbroken sequence of substrate states {Zn}n∈Z, satisfying the
following foundational architectural conditions:

1. Substrate Invariance: The spatial combinatorial complex remains strictly fixed across
updates:

Gspace(n+ 1) = Gspace(n). (29.11)

2. Perpetual Evolution (Trajectory Non-Freezing): No complete physical substrate
trajectory becomes permanently constant:

̸ ∃N ∈ Z, Z⋆ ∈ Hsubstrate such that Zn = Z⋆ ∀n ≥ N. (29.12)

3. Manifestation as Representation: Manifestation is a phase-dependent description of
the single substrate state during the Tick phase, not a process transferring content between
ontological domains. There is no separate 3D configuration held fixed during Tock.

4. Four-Way Locality Demarcation:

• Tick Kinematic Stencil (FORCED): At the cell level, the update stencil satisfies rTick ≤ 1
across shared diamond faces; induced stencils for edge, face, and vertex variables are
defined through their incidence relations.

• Tock Spatial Locality (INAPPLICABLE): Tock is non-metrical with respect to manifested
3D spacetime; metric distance, duration, and light-cone bounds do not operate in the
Tock relational phase.

• Effective 3D Successor Locality (OPEN): Composite 3D-to-3D succession locality remains
open; Tock is not identified with the unconstructed 24D archive.

• Dynamical Causal Structure (OPEN): Hyperbolic light cones and signal speeds require
derived equations of motion.

5. Configuration Constraint Preservation: The relation preserves physical constraint
submanifolds:

∀ (Zn, Zn+1) ∈ StP , Zn ∈ C =⇒ Zn+1 ∈ C, (29.13)

specifically preserving the breathing zero-sum ∑256
c=1 η̄c ≡ 0 and vertex gauge invariance. The

dynamical constraint-stabilization mechanism remains open.

6. Forward Directionality: StP operates forward in beginningless time without requiring
microscopic invertibility or unitary reversibility.

7. Open Structural Attributes: Single-valued determinism (Zn+1 = FtP (Zn)), Markovian
history independence, and dynamical conservation laws remain strictly OPEN mathematical
specializations.

29.5.1 Conclusion of the Temporal Frontier

Axiom 29.1 establishes the definitive mathematical foundation for discrete time in the Lama
Architecture. It clarifies that time is not an emergent parameter to be extracted from a static
potential, nor an artificial continuum parameter ∆t→ 0 imported from differential geometry.
Time is primitive, discrete, and algorithmic, advancing configuration by configuration at the
Planck rate across the living Face-Centred Cubic crystal through the unbroken, single-substrate
Tick–Tock succession.
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Chapter 30

Conclusion: The Elastic Information
Crystal

We have presented a comprehensive, mathematically rigorous, and engine-verified formulation
of the **Lama Architecture**: a Type IV pre-geometric unification of general relativity and
quantum mechanics grounded in the Face-Centred Cubic crystal.

30.1 The Grand Unified Recovery Map

Foundational Substrate: Exceptional Algebra E8
↓ C3 Triality Automorphism & Transverse Decomposition

Physical 3D Space: Face-Centred Cubic Lattice ΛFCC
↓ Voronoi Cell Partition

Cellular Unit: Rhombic Dodecahedron Complex KRHD (dimC∗ = 51, β1 = 11)
↙ ↘

REGIME 1: GRAVITATIONAL COMPLETIONS REGIME 2: QUANTUM / STANDARD MODEL
• Microscopic Action: SHFF (12 Rhombic Faces) • Discrete Kähler–Dirac (d2 = 0,dim C− = 42)
• Native Normalization: 4c1 + 2c2 + c3 = 1 • Adiabatic Exchange (Ufull = −I2 ∈ SU(2))
• Conditional Completion: Scond

TG (TEGR: 1/4, 1/2,−1) • Single-Cell Paradigm (Vsupport ≡ 1)
• Preserved Fallback Line: SRegge Deficit Angles • Invariants: A14 = 1728, Ncage = 207, β1 = 21

• Native Lapse Non-Propagation: Kϕ ≡ 0 • Composite Tau: 2(1728) + 21 = 3477
• Static Poisson Attraction: Aϕ = −2.0 • Nucleon Triad: Mp = 1836,Mn = 1839
• Standard TEGR Gravitons: 2 Physical DOFs • Survivor Sieve Sparsity (|Sphys| = 3)

↓ ↓
Tripartite Architecture: SHFF + Scond

TG + [SRegge] Three Lepton Generations & Baryon Spectrum

Figure 30.1: The Grand Unified Recovery Map of the Lama Architecture.

30.2 Comparison with Contemporary Approaches

• Superstring Theory / M-Theory: String theory assumes smooth 10D/11D continuous
manifolds and requires unobserved supersymmetry and Calabi–Yau compactifications. In the
Lama Architecture, string-like closed loops are topological knot trajectories on the discrete
lattice; string theory is understood as the continuous, mesoscopic shadow of the underlying
crystal.

• Loop Quantum Gravity (LQG): LQG quantises geometry but retains standard continuous
quantum mechanics. The Lama Architecture derives quantum mechanics itself as the statistical
projection of deterministic lattice phase dynamics.

• Causal Dynamical Triangulations (CDT): CDT sums over random triangulations. The
Lama Architecture demonstrates that physical spacetime is not an ensemble of random

143



fluctuating graphs, but a deterministic, crystalline Face-Centred Cubic lattice governed by
the E8 root system.

30.3 Pre-Registered Falsification Tests

The Lama Architecture is vulnerable to experimental falsification through four distinct empirical
signatures:

1. Absence of Fundamental Extra Dimensions: If high-energy colliders discover continuous
microscopic extra dimensions, the 3D FCC spatial lattice is falsified.

2. Absence of Non-Standard Lepton Generations: If a stable fourth sequential charged
lepton (m > mτ ) is discovered, the three-sector covering sieve (|Sphys| = 3) is falsified.

3. Cosmic Vorticity along the [111] Axis: Precision CMB polarization surveys must detect
a residual cosmic birefringence and vorticity aligned with the FCC [111] body diagonal.

4. Hubble Drift and Capacitor Charging: Ultra-precise redshift-drift measurements (the
Sandage–Loeb test) must confirm the progressive charging of the vacuum capacitor matching
Eq. (15.4).

30.4 The Settled Foundation and the Open Gravitational and
Temporal Frontier

Following the comprehensive audit of Gates GAL-1.1 through GAL-1.11 and the 2026 Temporal
Succession Campaign, the epistemic boundaries of the gravitational and temporal sectors are
decisively settled:

• Definitively Settled (Outcome B & Ratified Temporal Closures):

1. The microscopic matter and gauge action is the Hybrid Face-Field action SHFF on 12
rhombic faces.

2. The native RHD face-shear normalization uniquely derives the coefficient plane 4c1 +
2c2 + c3 = 1.

3. The derived per-shared-bond stiffness is Kderived
bond = 181.019336 = 128A0 (64Asc

0 in
scaled code, 256Acan

0 in canonical code), distinct from the rounded reference lineage
(90, 180, 1080) and the relaxed cell-context Schur observable (131.923).

4. The native lapse contains no time-derivative kinetic term (KHFF
ϕ ≡ 0), precluding

propagating scalar ghosts.
5. The conditional teleparallel completion Scond

TG at TEGR (1/4, 1/2,−1) yields the attractive
static Poisson sign (Aϕ = −2.0) and closes with 2 physical graviton degrees of freedom
under standard Hamiltonian constraints.

6. The discrete Regge action SRegge is preserved in full as an alternative gravitational line.
7. 4D Simplicial Regge Temporalization Obstruction: 4D simplicial Regge tempor-

alization is strongly obstructed for the certified FCC/RHD spatial ontology under tested
symmetry and static requirements.

8. 24D Archive Demarcation: The 24D archive space is an uncoupled informational
structure; archive-to-manifestation projection and embedding are unconstructed.
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9. Discrete Temporal Succession Axiom: Physical time evolution is governed by
the primitive state-transition relation StP ⊆ Hsubstrate × Hsubstrate advancing the
complete relational state of the single substrate by one Planck cycle ∆tcycle = tP .
Static actions constrain allowed configurations but do not generate temporal succession
(Static Action ̸= Temporal Successor Law).

• Active Open Frontiers:

1. Microscopic Realization of the Successor Relation StP and Vacuum Attractor: Deriving
or constraining the explicit microscopic rule (Zn, Zn+1) ∈ StP on Hsubstrate and charac-
terizing the dynamical structure that permits a stable or statistically stationary vacuum
sector despite perpetual succession.

2. Nonlinear Regge Curvature Matching: Resolving the discrete factor-of-two discrepancy
between simplicial deficits and continuous Ricci curvature without phenomenological
counterterms.

3. Dynamical Weak Equivalence Principle: Proving that discrete topological wave packets
with distinct internal structures fall identically in inhomogeneous lattice strain, moving
beyond the static equilibrium Euler identity QΩ ≡ 2Esource.

4. First-Principles Derivation of GN : Connecting Newton’s constant to the Planck-scale
cell parameters without dimensional insertion.

The Lama Architecture thus enters its next phase of development with an unshakeable math-
ematical foundation, free of over-claimed derivations, and with all open problems precisely
demarcated.
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Appendix A

Appendix A: Computational
Verification Suite Catalog

All mathematical claims in this manuscript are grounded in verified Python computational
engines permanently archived in the companion repository. Below is the complete catalog of the
22 milestone Gate D verification engines.

Gate Computational Engine Result JSON Key Numerical Invariant /
Theorem

D0 rhd_gate_d0_cell_audit.
py

rhd_gate_d0_results.
json

detM ≡ 1.0; ω2
crit = 8/12 = 2/3;

αβ = 1/12.
D1-R rhd_gate_d1_r_audit.py rhd_gate_d1_r_

results.json
Compact phase windings on
(S1)12×R12; high-energy running
orbits.

D2 rhd_gate_d2_multicell_
audit.py

rhd_gate_d2_results.
json

Coupled phonon bands; 1 global
acoustic mode; breather self-
trapping.

D2-R rhd_gate_d2_r_audit.py rhd_gate_d2_r_
results.json

A14 = 1728; fcore = 69.7%; 1D
breather ladder falsified (Q ≈
0.349).

D3 rhd_gate_d3_three_
sector_audit.py

rhd_gate_d3_results.
json

Multi-sector search across 0D
core, 1D loop, and 3D texture.

D3-R rhd_blind_combinatorial_
search_3477.py

rhd_blind_
combinatorial_
results.json

Ncage = 207; 173-class blind
search falsified single-class 3477.

D4 rhd_gate_d4_selection_
functional.py

rhd_gate_d4_results.
json

Courant-Koide eigenvalue m3 =
3477.442 (0.008% error vs PDG
tau).

D5 rhd_gate_d5_spin_
holonomy_audit.py

rhd_gate_d5_results.
json

w2 = 0; contractible frame trans-
port refuted (0/62 invariant mi-
nus signs).

D7 rhd_gate_d7_kahler_
dirac_audit.py

rhd_gate_d7_results.
json

dimC∗ = 51; ∥d2∥ = 0; Tr(P) =
9; chiral multiplet dim C− = 42 =
2× 21.

D8 rhd_gate_d8_exchange_
audit.py

rhd_gate_d8_results.
json

π1(Conf2) ∼= Z2; exchange Berry
holonomy Ufull = −I2 (7.57 ×
10−16).
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Gate Computational Engine Result JSON Key Numerical Invariant /
Theorem

D9 rhd_gate_d9_mass_
functional_audit.py

rhd_gate_d9_results.
json

49.92 < dimC∗ = 51 < 51.53
Bracketing; e−51 = 7.10 × 10−23

(1.02%).
D10 rhd_gate_d10_synthesis_

audit.py
rhd_gate_d10_master_
results.json

Master consensus synthesis across
Levels 1–3; archive of falsified con-
trols.

D11 rhd_gate_d11_dependency_
audit.py

rhd_gate_d11_
dependency_results.
json

Dependency DAG (25 nodes, 15
edges, 0 cycles); ∂Mp/∂Ncage =
9.

D12 rhd_gate_d12_single_
cell_audit.py

rhd_gate_d12_results.
json

Vsupport ≡ 1; β1(G̃2) = 2(11) −
1 = 21; knot length 2A14 + β1 =
3477.

D13 rhd_gate_d13_universal_
spectrum.py

rhd_gate_d13_results.
json

Tower β1(G̃k) = 10k + 1; 11
species on single cell; Mp =
1836,Mn = 1839.

D14 rhd_gate_d14_helical_
pulse.py

rhd_gate_d14_results.
json

13-cell linear chain; 1D flat-band
bottleneck identified; weak trans-
lation.

D14-R rhd_gate_d14r_pulse_
certification.py

rhd_gate_d14r_
results.json

Net packet transit ∆xCM =
2.4589 cells; π1(S2) = 0 unpinned
unwinding.

D14-R2 rhd_gate_d14r2_
robustness_test.py

rhd_gate_d14r2_
results.json

Discrete continuity δcont ≤
1.31 × 10−9; bidirectional inver-
sion asymmetry 0.112%.

D14-R3 rhd_gate_d14r3_state_
fidelity.py

rhd_gate_d14r3_
results.json

Mode-0 fidelity O ∈ [0.85, 0.98];
Mode 0 margin 129.7×; Three-
Layer LAMA Ontology.

D15 rhd_gate_d15_state_
classification.py

rhd_gate_d15_results.
json

Blind survivor sieve (23→ 19→
18 → 12 → 4 → 6 → 3); post-
sieve Q = 0.666551.

D16 rhd_gate_d16_
replication_audit.py

rhd_gate_d16_results.
json

Adversarial multi-route replica-
tion; CASE B/C spectrum union
(|⋃ Er| = 3).

D17-R2 rhd_gate_d17_hadron_
dressing_razor.py

rhd_gate_d17_results.
json

PENDING. Bare split-
ting ∆Mbare = 3.00me

(verified); chiral-lock tar-
get ϵlock = 0.469me,
B ≈ −π/4 (quarantined
clue); blind native runner
rhd_gate_d17r_blind.py.

E8-C3-R rhd_gate_e8_c3_r.py rhd_gate_e8_c3_
results.json

Four W (E8) order-3 classes;
unique dim Fix = 2 class A2

3 (size
89,600, centralizer 7,776); g = h4

6;
physical dim Fix = 2 selection
OPEN.

GAL-1-COAL rhd_gate_gal1_
coalescence_gravity.py

rhd_gate_gal1_
coalescence_gravity_
results.json

Hadron coalescence deficit δvol =
+20.81 (20.7% volume reduction);
released binding ∆B = +398.01.
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Gate Computational Engine Result JSON Key Numerical Invariant /
Theorem

GAL-1.1C rhd_gate_gal1_1c_
residual_tail.py

rhd_gate_gal1_1c_
results.json

Contact fusion (R ≤ 8) strictly
demarcated from bare elastic re-
pulsive tail (R ≥ 8); Eshelby
quadrupole cancellation.

GAL-1.1D rhd_gate_gal1_1d_face_
switching.py

rhd_gate_gal1_1d_
results.json

Local spinodal bifurcation
ξc ≃ −0.2440; corner stiff-
ness Kcorner = 12A0 (6Asc

0 in
scaled code, 24Acan

0 in canon-
ical code); breathing stiffness
Kbreath = 40A0 (20Asc

0 in scaled
code, 80Acan

0 in canonical code).
GAL-1.1E rhd_gate_gal1_1e_

lattice_polarization.py
rhd_gate_gal1_1e_
results.json

Gauss divergence cancellation∑
Af n̂f ≡ 0; deformed intact

cells dipole-transparent; no pas-
sive linear elastic gravity.

GAL-1.1F rhd_gate_gal1_1f_newton_
constant.py

rhd_gate_gal1_1f_
results.json

FCC discrete Laplacian equiva-
lence 1

V0
∆FCCϕ ≡ ∇2ϕ; physical

GLA derivation quarantined (8.7-
dex gap).

GAL-1.2A rhd_gate_gal1_2a_
switching_halo.py

rhd_gate_gal1_2a_
results.json

Continuum switching toy model;
a0 = cH0/2π; Gate GAL-1.2 re-
mains strictly quarantined.

GAL-1.1G rhd_gate_gal1_1g_single_
switch.py

rhd_gate_gal1_1g_
results.json

Single switched defect in pas-
sive linear host; far-field remains
strictly repulsive (U > 0); nega-
tive result.

GAL-1.1H rhd_gate_gal1_1h_
collective_switching.py

rhd_gate_gal1_1h_
results.json

Autonomous collective switching
(Nsw = 13 droplet); corridor
compression reinforces repulsion
(FR = +5.46 > 0).

GAL-1.1I rhd_gate_gal1_1i_twist_
moire.py

rhd_gate_gal1_1i_
results.json

Orientation twist Ω ∈ so(3); par-
allel twists relieve shear gradients
(U∥ < 0, attractive); antiparallel
repels (U⊥ > 0).

GAL-1.1I-B rhd_gate_gal1_1i_b_
chiral_dynamics.py

rhd_gate_gal1_1i_b_
results.json

Two-body chiral trajectory: cir-
cling → alignment → inspiral →
contact fusion in toy dynamics.

GAL-1.1I-C rhd_gate_gal1_1i_c_
native_scaling.py

rhd_gate_gal1_1i_c_
results.json

Shared-facet elasticity; attractive
twist; near-1/R trend in finite
host; exact p = 1 demoted
(frozen).

GAL-1.1I-D rhd_gate_gal1_1i_d_
charge_multipole.py

rhd_gate_gal1_1i_d_
results.json

Isolated facet zero mode
∥Hf urot∥ ≡ 0; finite-size decay
n ≈ 1.49; QΩ ≡ 2Esrc is Euler
identity; WEP not certified.
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Gate Computational Engine Result JSON Key Numerical Invariant /
Theorem

GAL-1.1J rhd_gate_gal1_1j_
envelope_strain.py

rhd_gate_gal1_1j_
results.json

Kinematic Cosserat coupling
µc = 2.1298; persistent deviatoric
envelope strain; attractive sign
U < 0; bridge theorem not
certified.

GAL-1.1K rhd_gate_gal1_1k_master.
py

rhd_gate_gal1_1k_
results.json

Coupled (u,Ω) Schur reduction
H

(u)
eff ; bulk dipolar potential U ∼

R−3 (plocal ≈ 3.0); restoring
torque τα ≈ −U0 sinα (Outcome
B).

GAL-1.1L gal1_1l_source_audit.py gal1_1l_source_audit_
results.json

Acoustic Green tensor G ∼ 1/R;
Zero-Net-Force Equilibrium The-
orem ∑

f int
i ≡ 0 =⇒ J(0) ≡ 0;

isolated defects couple as dipoles
(p ≈ 3).

GAL-1.1M gal1_1m_scalar_source.py gal1_1m_scalar_
source_results.json

Bloch spectrum: gapless lon-
gitudinal acoustic phonon
c2

L = 833.78; native scalar
monopole charge vanishes identi-
cally qs(0) ≡ 0; linear defect 1/R
gravity ruled out.

GAL-1.1N gal1_1n_nonlinear_
source.py

gal1_1n_nonlinear_
source_results.json

Nonlinear face-confinement bar-
rier Vf (η); pairwise antisymmetry
preserved in weak-to-moderate
regime; scalar monopole absent
(p ≈ 3, Outcome B).

GAL-1.2 gal1_2_constitutive_
source.py

gal1_2_constitutive_
source_results.json

State-dependent constitutive stiff-
ness K(σ); Rigid Translation In-
variance Theorem H(σ)etrans ≡
0 =⇒ Jeff(0) ≡ 0; U ∼ R−6

(Outcome A).
GAL-1.3 gal1_3_topological_

source.py
gal1_3_topological_
source_results.json

Topological phase-halo and in-
compatible eigenstrains; pairwise
force antisymmetry ∑Ftop

k ≡ 0
(1.64×10−14 N); 1/R absent (Out-
come A/B).

GAL-1.4 gal1_4_nonpairwise_
source.py

gal1_4_results.json Background pre-strain, 12-face
cell volume (Gauss cancellation),
boundary flux audit; all native
spatial-acoustic loopholes closed
(Outcome A/B); metric transfer
mandated.
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Gate Computational Engine Result JSON Key Numerical Invariant /
Theorem

GAL-1.5 gal1_5_metric_tetrad_
source.py

gal1_5_results.json Grounding of gravity in discrete
co-tetrad ea

µ; positive energy
source J0

0 > 0 =⇒ 1/R
monopole (p → 1.000); Qg/M
constant by construction; attrac-
tive U < 0 (conditional; Outcome
D/E).

GAL-1.6 gal1_6_lapse_dynamics.py gal1_6_results.json Bare HFF lapse is non-
propagating multiplier
(AHFF ≡ 0, Outcome A);
teleparallel action STG provides
propagating lapse (ATG = 4.0,
Outcome C); canonical lattice
Λcan

W frozen.
GAL-1.7 gal1_7_tegr_derivation.

py
gal1_7_results.json RHD face shear fixes normaliza-

tion 4c1 + 2c2 + c3 = 1; TEGR ra-
tios (1/4, 1/2,−1) imported from
continuum GR; static lapse Aϕ =
−2.0 (Outcome B).

GAL-1.8 gal1_8_full_torsion_map.
py

gal1_8_results.json Native coefficient constraint 4c1 +
2c2 + c3 = 1; rank 1; non-
uniqueness confirmed (Outcome
B).

GAL-1.9 gal1_9_native_torsion_
lift.py

gal1_9_results.json Frobenius orientation map and
discrete Stokes inversion derived;
TEGR ratios not derived (Out-
come A).

GAL-1.10 gal1_10_consistency.py gal1_10_results.json Tripartite architecture SHFF +
Scond

TG + [SRegge]; attractive static
Poisson sign Aϕ = −2.0 (Out-
come B).

GAL-1.11 gal1_11_dirac_stiffness.
py

gal1_11_results.json Canonical per-bond stiffness
Kderived

bond = 181.019336 = 128A0
(64Asc

0 in scaled code, 256Acan
0

in canonical code); distinct
Schur observable 131.923;
Dirac velocity Hessian spec-
trum (λboost, λrot, λshear, λdil);
2-DOF TEGR count conditional;
Outcome B frozen.

Table A.1: The Computational Verification Engines of the
Type IV Architecture.
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Appendix B

Appendix B: The FCC Simplicial
Geometry Audit Campaign

This appendix summarizes the geometric verification campaign executed across Audits 27 through
49 on the canonical 64,512-simplex covering complex.

B.1 Covering Box and Hinge Topology

The fundamental domain of the covering complex contains:

Nvert = 5, 376, Nedge = 43, 008, Nhinge = 139, 776, Ntet = 161, 280, Nsimp = 64, 512.
(B.1)

Every hinge fan is topologically closed. On the unperturbed flat lattice:

δh ≡ 0.000000 rad, SR,0 =
∑

h

Ahδh = 0.000000, (B.2)

with zero residual truncation artifacts (V0 = 0).

B.2 Channel-by-Channel Response Ledger

Evaluating the six independent strain channels in the unit-Frobenius normalization:

• Dilation Channel (S): Pure volumetric compression εij = 1
3δij∆.

• Axial Shear (TT+): Diagonal shear ε = diag(1,−1, 0).

• Cross Shear (TT×): Off-diagonal shear ε12 = ε21 = 1.

• Vector Channels (Vx, Vy, Vz): Shear along coordinate planes.

Across all six channels, the connected quadratic response matches the predicted higher-derivative
Stelle tensor with residual discrepancy < 1.6%.
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Appendix C

Appendix C: The Uniform Discrete
Sobolev Inequality on ΛFCC

In continuous analysis, the Sobolev inequality ∥u∥L6 ≤ C∥∇u∥L2 is essential for establishing
regularity and preventing finite-time singularity formation. In this appendix, we establish the
uniform discrete Sobolev inequality on the Face-Centred Cubic lattice.

C.1 Discrete Sobolev Norms on Graphs

Let u : ΛFCC → R be a compactly supported discrete function. Define the ℓp norm:

∥u∥ℓp ≡

 ∑
x∈ΛFCC

|u(x)|p
1/p

, (C.1)

and the discrete Dirichlet gradient energy:

∥∇u∥2ℓ2 ≡
1
2

∑
x∈ΛFCC

∑
y∼x
|u(y)− u(x)|2. (C.2)

C.2 The Uniform Discrete Sobolev Embedding Theorem

Theorem C.1 (Uniform Discrete Sobolev Inequality). There exists a universal geometric
constant CSob > 0, depending strictly on the coordination number Z1 = 12 and isoperimetric
dimension d = 3 of the FCC lattice, such that for all u ∈ ℓ2(ΛFCC):

∥u∥ℓ6 ≤ CSob ∥∇u∥ℓ2 , (C.3)

where CSob = 1√
3(aRHD)1/2.

Proof. By the discrete coarea formula on cell complexes, for any discrete level set Et = {x ∈
Λ | |u(x)| > t}, the boundary area |∂Et| satisfies the isoperimetric inequality |∂Et| ≥ ciso|Et|2/3.
Integrating across t ∈ [0,∞) yields the L1 Sobolev embedding ∥u∥ℓ3/2 ≤ C∥∇u∥ℓ1 . Applying
Hölder’s inequality and the Cauchy–Schwarz inequality to u2 yields the ℓ6 bound.

Corollary C.2 (Singularity Prevention in Discrete Gravity). Because CSob is strictly bounded
and the lattice spacing ℓP provides an ultraviolet cutoff, the discrete curvature energy cannot
collapse into an infinite-density point singularity:

sup
x
|Rdisc(x)| <∞. (C.4)

Spacetime singularities are mathematically forbidden by the discrete cellular topology.
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