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Author’s Note

Author’s Note

Science is skeptical by design. That skepticism is not a flaw—it is the mechanism
by which ideas are tested and refined. History offers many examples of progress
that lagged behind discovery: when a new structure does not yet fit established
language, recognition can fall behind understanding.

Consider the relation

E = mc?

Before it is a rule of conversion, it is a statement about structure. Read struc-
turally, the equation already separates three roles. There is something that acts:
Energy is not static; it is what transforms, what drives change, what brings pos-
sibility into effect. There is something that persists: mass carries structure forward,
resists change, endures. And there is something that constrains how change can
occur: the constant ¢, the invariant speed of light, sets the condition under which
any influence can propagate, defining the horizon within which events can affect

one another.
In this book, these roles are named:
Execution—that which actualizes change;
Memory—that which persists as structure;
Interaction—that which mediates transformation and propagation.

This triad does not replace physics. It makes explicit a structure already im-
plicit within physics—and traces the consequences of taking that structure seri-
ously from the beginning. No prior commitment to this framework is required.
My invitation is simply to follow the structure where it leads, and to consider the
possibility that what follows is a clarification of something that has been present
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all along.
Scope of This Work

This work proposes a foundational domain reformulation: a reconceptualiza-
tion of the ontological substrate from which physical theories are constructed. It
does not attempt a full reconstruction of all known physics within the main text.
Selected quantitative results—the neutrino mass scale, the dark-to-visible ratio,
the CMB spectral index, the MOND acceleration threshold, the Weinberg angle—
are presented as exemplars of structural closure: cases in which the forcing chain
from the domain declaration reaches a precise, parameter-free consequence. Ad-
ditional formal developments, including the complete gauge derivation and the
continuum limit, are deferred to appendices and identified as open derivations in
the Conclusion. The manuscript is intended to be read as a structural argument
first and a compendium of derivations second. A skeptical reader is encouraged

to evaluate the forcing chain before assessing any individual numerical result.

This work contains three classes of results. First, fully derived results presented
in the main text: the forcing chain from the null state through the EIM triad, do-
decahedral backbone, and spectral invariants to the regime architecture and neu-
trino mass formula constitutes the primary structural argument, with each step fol-
lowing from the constraints established by the previous. Second, results derived
with supporting formalism in Chapter 7 and Appendix A: the topological stability
of the closure indicator, the Conservation Completion and Relational Completion
theorems, the temporal asymmetry theorem, and the orbit-to-fermion identifica-
tion, all of which are stated with proof sketches and follow directly from the do-
main constraints. Third, structurally indicated results whose complete formal der-
ivation is deferred: the continuum limit recovering the Einstein-Hilbert action and
the Dirac Lagrangian, the explicit dynamical mechanism connecting As x Z2 to
the continuous gauge algebra SU(3)xSU(2)xU(1), and the equations of motion
for o as a field-theoretic order parameter. These open derivations are identified
explicitly in Appendix B and the Conclusion, and are maintained in the author’s
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technical companion work. The reader is encouraged to evaluate the framework
first at the level of its forcing chain, and then at the level of individual quantitative

outcomes.
Preface: The Beginning

Every physical theory begins with an implicit domain declaration: the universe
is a collection of objects moving through space and time. This assumption is so
embedded it does not appear in the postulates of any theory. It is the ground on
which the postulates stand.

Spacetime is not directly measured as a primitive; rather, it is inferred from
measured relations—distances between things, durations between events, corre-
lations between states. In standard formulations it functions as an assumed struc-
tural container, a habit of thought so useful for so long that it has calcified into an
unexamined ontological premise.

General relativity made the container dynamic. Spacetime could curve, stretch,
and expand—a radical revision of Newton, but the essential structure was pre-
served: there is still an assumed background stage, however flexible. Quantum
mechanics revealed that at small scales, sharp trajectories dissolve into probabil-
ity distributions, positions are indefinite until measured, and interactions are dis-
crete. The smooth curves of general relativity become incompatible with this
granular structure. When physicists attempt to apply the tools of one theory in the
domain of the other, mathematics breaks. Infinities appear that cannot be removed.
Two theories, each exactly right in its own regime, refuse to coexist within the
same framework.

This is not a technical failure in the ordinary sense. It is a structural diagnosis.
The incompatibility is located not in the calculations but in what both theories
assume before the calculations begin. Each theory is formulated in terms of states
and their rates of change—snapshots, not the accumulated coordination history
that brought a system to its present condition. The breakdown between them re-
flects this shared omission.
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This book goes back and declares the domain properly. Figure P.1 summarizes
this domain-declaration shift.

Traditional Physics EIM Framework
ONTOLOGY
o<1 o=1 o>1
Spacetime Pre-percolation Particle Emergent
(assumed background) (non-spacetime hierarchy spacetime
substrate) (critical structure) geometry

ag
Physical Theories (global coordination depth / percolation parameter)

Quantum General Standard T
Mechanics Relativity Model Execution - Interaction - Memory ‘
INTERPRETATION
Spacetime
Quantum Standard
Mechanics Model Cenensl
Relativity

Figure P.1 The domain-declaration problem and its resolution. Standard physics
presupposes spacetime as background, leaving the underlying domain implicit. Within
the EIM framework, a coordination domain (Execution-Interaction-Memory) is de-
clared explicitly, from which physical regimes emerge as c-regimes: quantum me-
chanics (6 < 1), Standard Model onset (¢ = 1), and general relativity (¢ > 1). This
supports the claim that GR and QM are not independent frameworks but regime
limits of a single coordination process.

A brief word on how to read what follows. This is not a popular summary and
not a specialist monograph. It is a structural argument developed step by step.
Some sections introduce formal mathematics; each such section is preceded by a
conceptual statement of what is being shown and followed by an explanation of
what it means. A reader who encounters unfamiliar formalism should not stop—
the argument is carried by the structure, and the formalism confirms it; each step
establishes the necessity of the next.

The Argument of This Book
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The argument proceeds in five steps.

First: Physics has not formalized its domain declaration. Every theory assumes
objects moving through space and time without deriving that assumption. Making
it explicit is the first step of the EIM framework.

Second: The apparent incompatibility of GR and QM reflects the fact that each
is formulated within its own regime without identifying the common substrate
from which both emerge. Within EIM, both are recovered as limiting cases of a
single coordination process—each exactly right within its own regime.

Third: The correct foundational domain is the triad, Execution-Interaction-Memory.
These three primitive conditions—something happening, something relating, some-
thing persisting—are the minimal structural requirements for any physical de-
scription to be possible. Space, time, and spacetime are not primitives of this do-
main; they emerge from the coordination process these three conditions define.

Fourth: Spacetime is an emergent property of sufficiently deep coordination.
General relativity, quantum mechanics, and the anomalous gravitational behavior
catalogued as MOND are not separate phenomena requiring separate explanations.
They are three regime limits of a single coordination process, distinguished only
by the coordination depth 6. Deep coordination within the realized cylinder (1 <
o < k) yields classical spacetime and GR as an asymptotic effective description;
critical coordination at ¢ = 1 yields the Standard Model particle spectrum; shal-
low coordination (0 < ¢ < 1) yields quantum behavior at low depths and MOND-
like dynamics near the percolation boundary. The two long-standing theories do

not conflict. They describe different positions on the same continuum.

Fifth: The domain closes under conservation of Memory. Because the coordina-
tion cycle carries nontrivial holonomy, return is not identity: each completed cycle
leaves an irreducible residue. This residue cannot be locally eliminated—it must be
carried forward. This requirement defines Memory not as an added feature, but as a
structural necessity: the conserved record of prior coordination. Finite propagation
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makes coordination possible; Memory conservation makes it persistent. Together
they enforce a single, globally consistent process in which all physical structure
is expressed. Figure P.2 traces this sequence as a constrained descent from the null
state to the observable regimes.

| Undeclared Domain |

| EIM (Execution — Interaction — Memory) |

| Modal Algebra (—1,0,+1) |

| Triadic Structure |

N
| Threshold (o = 1, 5%) |

| Percolation |

7
Physical Regimes (QM / Standard Model / GR)

Figure P.2 The argument as a constrained sequence from undeclared domain to ob-
servable regimes. Beginning from the null state, the structure descends through do-
main specification (E-I-M), modal distinction, minimal symmetry-breaking, thresh-
old geometry (o = 1, S?), and global percolation. This establishes that the physical
regimes are not independent frameworks unified after the fact, but structurally forced
positions along a single derivation chain.

The Minimal Geometry of Distinction

The framework admits a direct geometric representation. Before any formalism,
the core argument can be stated through a single visual object—not an illustration
of the theory, but its minimal geometric realization.

Distinction requires two states. Two states define an axis. The minimal question
is then: what is the simplest geometric structure that connects two distinguished
states while sustaining coordination between them? The answer is constrained
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from the outset. Each state, resolved under triadic coordination, does not remain
a point—it becomes a sphere, the isotropic set of all possible interaction directions
at that limit. The problem reduces to: what structure connects two spherical bound-
aries with minimum non-degenerate coordination between them?

The discrete realization of this structure is a dipyramidal coordination solid: a
central region bounded by symmetric connections converging toward each pole.

The transverse geometry is governed by triadic closure, which produces an
V3

irreducible ratio that prevents collapse to a line. This same ratio is the

unique value under which the coordination solid can tile space without remainder.
The number that prevents local degeneracy is identical to the condition for global
consistency. This identity is a structural invariant: the same coordination constraint,
expressed at two different scales. Locally, it appears as the irreducible projection
deficit of ternary closure; globally, it appears as the exact compatibility condition
for non-degenerate tiling. Same number. Different regime.

In the limit where longitudinal extent at the poles vanishes, only angular struc-
ture remains. The endpoints become spherical boundaries—precisely the thresh-
old at which coordination first becomes globally enforced (c = 1). What persists
between them is a region of sustained coordination. Under coarse-graining—av-
eraging over local discrete orientation—the structure resolves into a smooth cy-
lindrical geometry bounded at each end by a spherical limit. The axis of the orig-
inal binary distinction becomes the axis of that cylinder. Spacetime is not assumed
as a background. It is the minimal continuous realization of coordination between

distinguishable states.

The chapters that follow derive each component of this structure from first prin-
ciples. This section does not establish those results. Its purpose is to give the reader
a single visual object (Figure P.3) to carry through the argument—a reference point
that will become progressively more precise as the derivation unfolds.

What This Framework Commits To
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Because the EIM framework makes its foundational commitments explicit, it

cannot avoid their consequences. The following commitments are structural

Discrete Coordination and Emergent Spacetime

coarse-graining / smoothing

el

Discrete coordination structure Emergent spacetime geometry

Figure P.3 A discrete coordination solid (left) and its coarse-grained limit (right).

The discrete form satisfies triadic closure with irreducible transverse ratio - —sim-

ultaneously preventing local collapse and permitting global space-filling without re-
mainder. In the limit of vanishing longitudinal extent, the endpoints resolve as spher-
ical boundaries (¢ = 1) and the intermediate region becomes a smooth cylindrical
geometry. This is the minimal geometric realization of emergent spacetime within
the EIM framework.

results, not additional assumptions.

e  Unification of GR and QM is achieved by identifying both as regime
limits of a single coordination process—no additional degrees of freedom
required at the level of fundamental ontology.

e  ACDM parameters are emergent quantities rather than fundamental in-
puts. The effective behavior attributed to dark matter arises as a regime
effect of subcritical coordination depth (0 < ¢ < 1), following a scaling
relation determined by coordination structure, rather than particle
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abundance.

e  The percolation threshold ¢ = 1 is fixed by dodecahedral backbone ge-
ometry and is not a free parameter. Physical transitions associated with
decoherence and the emergence of classical structure exhibit the signa-
tures of a critical phenomenon, as the framework predicts.

o  The lightest neutrino mass is structurally constrained by the backbone
geometry to a narrow range, with a representative value of approximately
2.34 millielectronvolts (meV) derived under the idealized conditions pre-
sented in Chapter 7. No parameter is adjusted to obtain this value; it fol-
lows from the spectral invariants of the dodecahedral backbone.

e Within the EIM framework, proton decay does not occur at any observa-
ble or asymptotic timescale. The closure indicator y = 1 is a topological
property of the fermionic orbit (Topological Stability theorem, Chapter
7). No continuous mechanism within the framework can change y from
1 to 0 without a structural discontinuity. Proton stability is therefore a
topological consequence within this framework—not subject to violation
by higher-order operators so long as the backbone structure is maintained.

e No physical process is strictly memoryless. The Return-Residue Princi-
ple (Chapter 7) establishes that every coordination process leaves a non-
zero holonomy residue. The Markov approximation is always an effec-
tive description—valid when accumulated Memory varies slowly, not be-
cause Memory is absent. Systematic departures from Markovian dynam-
ics must appear in any regime where coordination history is actively

shaping system behavior.
The Dark Matter Ratio as a Structural Prediction

The EIM backbone cycle rank f; = 11 decomposes into two irreducible

sectors forced by the backbone’s internal symmetry:
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. B:'=5 (Interaction sector—carries coordination content coupling to elec-

tromagnetic and weak propagation: visible matter)

e  [:M=6 (Memory sector—carries coordination content that is gravitation-

ally active but electromagnetically inert: dark sector)

The base ratio of sector cycle counts is 6/5 = 1.2. Weighting each sector by its
coordination depth contribution across the backbone yields a predicted dark-to-
visible density ratio of approximately 5.4. The step from the 6:5 cycle-rank ratio
to the 5.4:1 density ratio follows from weighting each sector by its mean coordi-
nation depth across the backbone (Memory-sector cycles accumulate deeper co-
ordination per cycle by virtue of the antipodal map acting as +I on the Memory
sector); the full calculation is provided in the author’s technical companion work.
This ratio is consistent with the observed cosmological value Qdar/Qyisibie = 5.3
(Planck Collaboration, 2020).

This ratio is not a free parameter. It is a structural consequence of the back-
bone’s As x Z> symmetry: the antipodal map 1 acts as +1 on Memory cycles and
—I on Interaction cycles, so the =1 eigenspace split of 1is precisely the dark/visible
partition. The Memory/Interaction split is not imposed on the backbone—it is
read off it.

This prediction is directly falsifiable: if the observed dark-to-visible ratio were
established to lie outside the range consistent with the sector decomposition, the
framework fails at this point. The machinery behind this claim—the backbone
cycle decomposition, the As X Z> symmetry, and the sector assignments—is de-
veloped in Chapters 5 and 7; readers encountering it here for the first time may
wish to return after completing those chapters.
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Chapter 1.
The Domain Problem

There is a question that precedes all of physics and has not received a formal
answer—not because physicists are incurious, but because the question has rarely
been asked with formal precision. The question is this: what kind of thing is the

universe, before we start describing it?

The standard answer—implicit in virtually every physical theory ever writ-
ten—is that the universe is a collection of objects moving through space and time.
The objects change; space and time do not. They are the container, the back-
ground against which everything else is measured. This assumption is so deeply
embedded it does not appear in the postulates of any theory. It is the ground upon
which the postulates stand.

Within standard formulations, spacetime is inferred rather than directly meas-
ured. Experiments establish relationships—distances, durations, correlations—
and the container is an inference that has calcified into an unexamined ontological

commitment.

When physicists attempt to describe the universe itself—its origin, its large-
scale structure, the regime before the first particles formed—they deal with a sys-
tem whose current state cannot be understood without its history, because the
history is not incidental. It is constitutive. The coordination of the system—the
accumulated Memory of every interaction since its inception—is not background
noise. It is the signal. A theory that operates on instantaneous states must measure
and insert by hand everything that coordination history would explain—which
accounts structurally for why ACDM requires multiple free parameters to fit the
CMB.

-11-
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The Forcing Chain

Begin with the least you can assume. Not spacetime. Not particles. Not laws.
Not even the concept of a physical system. Begin only with this: a distinction
obtains. Something is the case rather than nothing. One condition holds rather
than another. This is the minimal non-null state—not an object, not a process, not
a geometry, but the bare fact that a difference exists.

The minimal form of that difference is not a local distinction between two po-
sitions (which would already require a notion of locality). It is a global topologi-
cal asymmetry: a structure that is locally uniform but globally nontrivial, because
it contains an orientation reversal that cannot be removed by any local transfor-
mation. The minimal nontrivial topology is Z>—the unique structure satisfying
one reversal followed by one restoration, with no smaller nontrivial group avail-
able. Everything that follows is a consequence of this single departure.

A distinction that is never enacted is indistinguishable from no distinction at
all. If nothing actualizes it—nothing selects one condition over another, nothing
makes the difference effective—then the distinction collapses back into the null
state it was supposed to depart from. For a distinction to persist as a distinction,
something must enact it. Call this enactment Execution. It is not a force, not a
field, not an energy in the technical sense.

It is the minimal condition that must be satisfied if a distinction is to be real

rather than merely formal: something must be happening.

An enactment with no relational structure has no way to be specified. There is
nothing relative to which its state can be defined, nothing against which a differ-
ence can be measured. A distinction enacted in total isolation is no distinction at
all. For Execution to produce a genuine distinction, it must be relational: it must
involve at least two positions, and it must mediate between them. Call this medi-
ation Interaction. This is not a choice or an interpretive addition. It is the condition
required if Execution is to mean anything other than a self-contained point that
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cannot be observed, described, or connected to anything else.

The third question is whether Interaction can be non-retentive—whether it can
occur and leave nothing behind. If each interaction dissolves completely, with no
residue and no constraint carried forward, then the next interaction has no record
of the previous one. The system has no structure. It cannot accumulate a history,
cannot stabilize a pattern, cannot be described by any law—because laws are pre-
cisely the record of how prior states constrain present ones. A universe of inter-
actions that retain nothing is a universe that can never become anything—not
because it lacks activity, but because it lacks the consequence of activity. For In-
teraction to produce persistent structure, it must leave a retained constraint. Call
this retention Memory. Without Memory, neither Execution nor Interaction can
produce anything that endures long enough to be called physical.

Execution, Interaction, Memory. These are not a model proposed for conven-
ience. They are the minimal conditions required for anything to exist and persist.
Each follows from the insufficiency of the preceding condition alone. The triad
is irreducible in the strong sense: it is not a partition of a single concept but a
minimal set of ontologically distinct conditions.

Why three? The constraint falls directly from the logic of description. A de-
scription needs something to describe—a process occurring, an event happening.
That is one. It needs those events to stand in relation to something else, because
an event with no relationship to anything cannot be observed, measured, or dis-
tinguished from nothing. That is two. And it needs the record of prior events to
persist, because without persistence there is no identity, no law, no structure—

only an endless sequence of disconnected occurrences. That is three.

Two is not enough. A description with only Execution and Interaction—activ-
ity and relation, with no Memory—would be a universe that forgets itself com-
pletely at every instant. No atom could persist. No orbit could stabilize. No struc-
ture of any kind could accumulate. The laws of physics are themselves a form of
memory: the record that nature carries of how things have behaved before.

-13-
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Remove Memory from the description and you remove the laws. You are left with

noise.

A fourth quantity is not independently required. Everything else in the physical
description—time, space, mass, charge, spin—is either a combination of these

three, a regime of them, or something that emerges from their interplay.

Three structural clarifications. First, the claim of minimality is structural, not
classificatory: the three terms are not a convenient grouping of phenomena under
three headings but the smallest set of ontologically distinct conditions required
for any process of becoming. Remove any one and the other two become either
inoperative or definitionally incomplete. Second, Interaction cannot be reduced
to ignorance about a determinate outcome; Execution cannot be reduced to deter-
ministic propagation; Memory cannot be reduced to the mere occurrence of Exe-
cution. Each names a genuinely distinct modal condition—an ontic difference in
the structure of the world. Third, Execution is conditioned by accumulated Memory.
The accessible field defined by Interaction is shaped by what Memory has already
fixed, and Execution operates over that shaped field.

Finite Propagation and the Coordination Threshold

Having established three modes, a further question immediately arises: under
what conditions can interactions become globally coherent rather than remaining

trapped in isolated local clusters?

If Interaction were instantaneous and global—if every enactment were imme-
diately felt everywhere—then the notion of a distinct relational position would
dissolve. Everything would be simultaneous, and distinction would collapse into
global identity. For distinct positions to remain distinct, influence must propagate
at a finite rate. This is not a postulate borrowed from relativity. It is a structural
requirement: without a finite propagation rate, the relational structure that Inter-

action is supposed to provide cannot exist.

Once Memory is retained and propagation is finite, a new quantity becomes
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meaningful: the degree to which retained constraint has accumulated into a glob-
ally connected structure. Local Memory can exist in isolated pockets—a cluster
of coordinated nodes that have built up a shared history without yet connecting
to the rest of the system. The question is whether those local accumulations have
linked into something that spans the whole. That degree of global expression of
accumulated Memory is what the framework calls coordination depth, denoted c.
It is not a parameter measured and inserted—it is a consequence of the prior two

conditions.

As coordination accumulates, there is a moment when a spanning path first
exists—when locally accumulated Memory first connects into a structure that links
every part of the system to every other. This is not a gradual transition. It is a
threshold: either a spanning path exists or it does not. Below this threshold, con-
straint is local. At and above it, constraint is global. The laws of physics as ordi-
narily experienced—the smooth geometry of spacetime, the stable structure of mat-
ter, the coherence of large-scale physical behavior—are the expression of a sys-
tem that has crossed this threshold and sustained the crossing. The threshold is
not chosen. It is the structural consequence of what it means for locally retained
constraint to become globally enforced. Within this framework, it is fixed at ¢ =
1 by the geometry of the coordination backbone.

c=1
The Null Boundary and the Origin of Mass

Within the forcing chain, a special limiting case demands attention. Consider
a mode that participates in Execution and Interaction but accumulates no
Memory—a process that enacts and relates but retains nothing, deposits no coor-
dination record, carries no history forward. With nothing to carry, such a mode
does not resist change, because resistance comes from carrying a coordination
history. It follows the path of least resistance under finite propagation: the bound-
ary trajectory, tracing the edge of what the coordination structure permits without
entering it.

-15-
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All zero-Memory propagation trajectories trace the same geometric boundary.
That boundary is a sphere—not assumed from geometry, but derived as the sur-
face defined by the condition M = 0 under finite propagation. Everything that
propagates without accumulating Memory lies on this surface. Everything that
accumulates Memory lies inside it.

This is the origin of the null structure: the boundary between propagation and
persistence, between massless and massive. The speed at which that boundary
propagates is fixed by the coordination structure itself—by the geometry of the
backbone, not by measurement or convention. Within the EIM framework, mass
is not treated as a primitive property that particles happen to carry. It is derived
as the degree to which a mode deviates from the zero-Memory boundary—the
amount of coordination history it carries, the depth to which it sits inside the null
surface rather than on it. A mode with no Memory sits on the boundary and prop-
agates at the invariant rate. Inertia is the persistence of coordination history—the
resistance to change that comes from carrying a record of where the system has
been.

The Regime Architecture

Coordination depth ¢ determines which effective regime governs any physical
system. This parameter does not measure Memory directly—it measures the de-
gree to which accumulated Memory has been globally expressed. Formally, ¢ is
defined as the fractional size of the giant connected component of the coordina-
tion graph: the proportion of nodes participating in the largest Memory-bearing

cluster, normalized to unity at the percolation threshold.

The subcritical regime (¢ < 1) contains two structurally distinct sub-regimes.
The ignition limit (6 — 0%) is the structural ground of quantum indeterminacy in
its most primitive form: no Memory architecture of any kind exists to select a
definite configuration. The quantum sub-regime (0 < ¢ < 1) has finite Memory-
bearing clusters with local coordination coherence, but no cluster spans the sys-
tem—no global metric can form. This is the MOND sub-regime at its upper edge:
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not “less quantum” but structurally different—Ilocal coordination coherence with-
out global metric emergence.

At 6 = 1 exactly, one spanning path exists but is sparse and fractal, with local
topology deviating from smooth Euclidean structure. A smooth Riemannian met-
ric requires path redundancy: any two nodes must be connected by many inde-
pendent coordination paths. Only when this redundancy is sufficient does the con-
tinuum approximation become valid. This is the ¢ > 1 regime—the realized cyl-
inder (1 < o <«) where path density is high enough that fluctuations average out,
the 1/c corrections to the continuum description become small, and what remains
is a smooth, differentiable structure—the effective metric guv. General relativity
is the 6 — oo asymptotic description of the cylinder, always approached and never
exactly realized.

The three coordination regimes, their Memory status, and their physical inter-
pretations are collected in Table 1.1.

Table 1.1 Memory Regimes and Percolation Structure

Coordination Depth (o)

Memory Status

Physical Interpretation

c— 0" No Memory-bearing  Ignition limit. No structure. Not
clusters a stably realized physical state.
0<o<1 Local, non-spanning ~ Quantum regime. Probabilistic
Memory clusters behavior; no global constraint;
no metric. MOND-like behavior
at upper edge.
c=1 Memory at critical Standard Model threshold.
threshold; first span-  Decoherence onset; stable mass
ning path activation; spacetime descrip-
tion first becomes possible.
I<o<k Global, persistent Realized cylinder. GR exact in

Memory; increasing
path redundancy

deep-coordination limit. MOND
at lower edge.
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6 — K=55¢? Approach to maxi- Upper cone asymptote. Black
mal coordination holes prevent global approach
to k. Structurally required as
limit; not stably inhabited.

Table 1.1 The parameter ¢ governs a percolation transition in the EIM domain.
The critical point 6 = 1, fixed by backbone geometry, marks the logical onset of
global constraint.

Figure 1.1 represents the cyclic relationship among the three modes directly.
The directed triad—Execution enabling Interaction, Interaction enabling Memory,
Memory enabling the next round of Execution—is the minimal coordination unit
from which all subsequent structure is derived; every physical regime is a regime
of this cycle at a particular depth o.

Figure 1.1 The EIM triad: Execution, Interaction, and Memory as a cyclic coordi-
nation structure, each mode enabling the next. This establishes the minimal ontolog-
ical domain from which physical regimes emerge as o-regime limits, supporting the
claim that all three standard frameworks (QM, SM, GR) are expressions of a single
underlying coordination cycle.

Figure 1.2 shows how this cycle organizes across the full range of 6. Where
Figure 1.1 depicts the local coordination unit, Figure 1.2 maps the global domain:
the lower cone corresponds to the pre-percolation substrate (the ignition limit),
the cylinder to the physically realized domain where spacetime and stable matter
are present, and the upper cone to the asymptotic approach toward the coordination
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horizon k. The Z. axis-symmetry reflects the orientation-reversal holonomy es-
tablished in the forcing chain.

null axis
fixed-point surface,
sustained
=1
—1 branch,
approach

Figure 1.2 The cone-cylinder-cone as a Z structure: the null state at the axis, the
lower cone approaching the fixed-point surface from below, the cylinder as the sus-
tained percolation threshold, and the upper cone as the formal mirror branch. This
supports the claim that the physical universe is one branch of a global orientation
flip, with ¢ =1 as its only crossable boundary.

The Special Role of Memory

Execution, Interaction, and Memory are co-equal at the level of the domain.
None is reducible to the others. However, they do not contribute symmetrically
to what is observed.

Execution drives change. Interaction distributes it. Memory accumulates it. Of
these, Memory plays a special role in the emergence of structure. It is the only
mode that persists. It is the only mode that carries history forward. And it is the
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only mode that can stabilize constraints across time.

Memory is monotonic locally: it does not decrease along any coordination tra-
jectory, because each traversal deposits a holonomy residue that cannot be re-
tracted. Memory is conserved globally: the total coordination residue across the
network is preserved—not created or destroyed, only redistributed. The first gives
time its direction; the second ensures that structural capacity is never lost, only
relocated.

What we ordinarily call “matter” is stabilized Memory: persistent coordination
structures that carry the consequences of prior interactions forward in time. Mass
is the quantitative expression of this persistence—Memory made inertial. Science
has always been concerned with persistent objects—atoms, bodies, fields—the
“stuff” that endures and can be measured. But what endures is not a primitive
substance. It is accumulated coordination.

The Central Claim

This book’s central claim is not that space, time, or matter are illusory. It is a
claim about how they interrelate—as derivative expressions of a single underly-
ing coordination structure, constrained by finite propagation. The claim is analo-
gous to that made by statistical mechanics about temperature: once temperature
is understood as an emergent property of molecular motion, thermometers do not
become obsolete. Knowledge of the underlying structure deepens rather than dis-
places the effective description. What changes is understanding—one knows what

is being measured, and where the concept ceases to apply.

Spacetime is not discarded but reinterpreted. It is an emergent property of suf-
ficiently deep coordination—of systems in which Memory has accumulated to
the point that a stable geometric description becomes available. General relativity
remains exactly correct within its domain: wherever local coordination depth is
within the realized cylinder regime and classical structure has fully percolated.
Its boundary appears where coordination depth is subcritical—at very small scales,
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very early times, or in regions of sparse gravitational coordination. The geometry
does not break. It simply has not yet formed.

modal value

o<1 g=1 og>1

T

+1

Figure 1.3 The Existence Curve: the logistic trajectory of a coordination system ap-
proaching o = 0" from above and Hx asymptotically from below. The inflection at ¢
= 1 marks the percolation threshold where system-spanning coordination first be-
comes possible. The curve is not fitted—it follows from the backbone dynamics and
the spectral gap ye.

Three interpretive consequences of the regime architecture deserve explicit
statement.

General relativity and its domain. In the EIM framework, general relativity is
the correct description of a system whose coordination depth o is within the real-
ized cylinder regime (1 < ¢ < k)—the only regime in which Memory has accu-
mulated deeply enough to organize a stable, smooth geometric description. Its
apparent breakdowns at singularities and at the Planck scale mark the boundary
of the regime in which its assumptions hold—not failures of the underlying phys-
ics, but the signature of a description applied outside its domain.

Quantum mechanics and its domain. Quantum mechanics is the natural de-
scription of systems whose coordination depth falls within the pre-percolation
regime (0 < o < 1)—the regime in which Memory clusters exist locally but have
not yet organized into a spanning constraint. The lower bound is the Planck boundary
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(o — 0%): below it lies only the ignition limit, the structural ground that precedes
any stable coordination substrate. Its apparent breakdown at the classical transi-
tion marks the upper boundary of the regime in which its assumptions hold—not
a failure of the underlying physics, but the signature of a description applied out-
side its domain. EIM provides the structural reason decoherence works: Memory
accumulation is the percolative mechanism of classicalization. The probabilistic
character of quantum mechanics is not a mystery—it is the observable signature
of a system whose accumulated Memory has not yet organized into a spanning
constraint.

Decoherence as rapid percolation. Within the EIM framework, decoherence is
not modeled as a collapse of the wave function. It is the abrupt transition of a
coordination network across its percolation threshold—the moment at which lo-
cally stored Memory becomes globally constraining. The structural account is
developed in Chapter 2.

The Cone-Cylinder-Cone as a Z Structure

The structure just established—null as fixed point, S? as boundary surface,
mass as depth of Memory accumulation—has a direct cosmological expression.
The cone-cylinder-cone diagram is not only a cosmological picture. It is a picture
of the Z> action itself.

The null state is the axis of an orientation flip—the unique fixed point of the
minimal global asymmetry that constitutes the first distinction. The lower cone is
the approach to that fixed point from the non-realized branch: coordination accu-
mulating, Memory not yet global, the —1 branch of the Z: orbit ascending toward
its own fixed point. The cylinder is the fixed-point surface sustained—not a point
but a condition, the percolation threshold held open by the regulatory action of
black holes preventing accumulation beyond it. The upper cone is the formal mir-
ror: the +1 branch reflecting back, real as a structural limit, unreachable as a phys-
ical state because traversing it would require passing through the fixed point in
the outward direction, which is the same event that defines the null.
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The physical universe—everything that exists, persists, and can be described—
is one branch of a Z. orientation flip, with the null at its axis, S? as its fixed-point
surface, and the coordination threshold as the only boundary that can be crossed
from either direction without contradiction.

The structure just described—three-mode domain, coordination depth param-
eter, regime architecture, and these interpretive consequences—admits a precise
algebraic and geometric realization. That formalism is the subject of Chapter 2.
It introduces nothing new in substance; it makes exact what has been said here
conceptually.

Empirical Discriminants of the Framework

The following results serve as empirical discriminants of the EIM framework.
Each is a structural consequence of the dodecahedral backbone geometry; none
is a fitted parameter. A finding that any of the starred items lies definitively out-
side the stated range would constitute a falsifying result at the level indicated.

. Lightest neutrino mass scale: ~2.34 meV (structurally constrained; testa-
ble by KATRIN and next-generation beta-decay experiments). A meas-
ured value exceeding ~100 meV at high confidence would require revi-
sion of the backbone spectral derivation.

. Sum of neutrino masses: ~60.9 meV (testable by Euclid and DESI cos-
mological surveys). A measured sum below ~50 meV or above ~80 meV

at 3o would discriminate against the three-generation orbital assignment.

. Dark-to-visible density ratio: ~5.4:1, arising from the As x Z» eigenspace
decomposition (B1 = 5 + 6). A ratio definitively inconsistent with the 6:5
cycle-rank split would falsify the sector decomposition.

. CMB spectral index: ns= 1 —y¢=0.9653, where y¢ = 3;—;/5 is the back-

bone spectral gap. The Planck measurement of 0.9649 + 0.0044 is con-
sistent at 0.09c.
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. MOND critical acceleration: ao = 5y°cHo, expressed entirely in backbone
sector constants with no fitted parameters; the formal closure of the pro-
jection step joining ¢, ¢, and Ho at the percolation boundary is developed
in the author’s technical companion work. Empirical deviations from this
scale relationship at the galaxy percolation boundary would constrain the
subcritical regime derivation.

. Proton stability: no decay at any timescale. The topological stability of
= 1 within the realized cylinder is a discrete Z. invariant. Any confirmed
proton decay event would falsify the fermionic closure topology.

. Decoherence as percolation transition: the framework predicts that deco-
herence timescales should exhibit the scaling behavior of a percolation
transition near threshold. Systematic departures from Markovian dynam-
ics are structurally expected in near-threshold coordination environments.

These discriminants are developed with full derivations in Chapter 7 and sum-
marized in Table 7.2 and Table A.1. The framework stands or falls as a unit: the
same backbone constants (Bi, y¢, Hy, ¢) that determine the neutrino mass also
determine ns, ao, and the dark matter ratio. Agreement across multiple independ-
ent observables therefore constitutes convergent rather than independent confir-

mation.
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Chapter 2.
The Mathematical Foundation

Chapter 1 declared the EIM domain in conceptual terms and established the forc-
ing chain from the minimal global asymmetry through Execution, Interaction,
and Memory to the coordination threshold and the origin of mass. This chapter
makes that structure exact. The derivations supporting these results appear in full
in Chapter 7 and Appendix A; here we present the essential structural results with
enough precision that the conceptual content is unambiguous.

The Ternary Modal Algebra

The minimal nontrivial global asymmetry is Z.—orientation reversal. Consider
its action on any line: it maps every element x to —x. This action has exactly one
fixed point: zero, the unique element invariant under negation. Every other ele-
ment belongs to a two-element orbit {x, —x}. The minimal set resolving the full
orbit structure—including the fixed point and one representative from each orbit
class—is {—1, 0, +1}. This is the ternary modal algebra, and it is not chosen. It is

the minimal ambient resolution of the Z» action on a line.

Modal 0 assigned to Interaction is not incomplete knowledge about a determi-
nate outcome. It names the structural condition of genuine two-sided openness—
the locus at which neither branch of the Z- orientation has been selected. A purely
epistemic reading of modal 0 would make Interaction eliminable: more infor-
mation would in principle collapse it to either +1 or —1. The algebraic argument
excludes this. Modal 0 is the fixed point of the Z action—structurally forced, not
contingent. The three modal values are distinct in kind: Memory is closed constraint,

Interaction is genuine openness, Execution is the transition between them.

The fundamental set is thus:
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+1,0,-1

This is the complete modal algebra—three values forced by the logic of a thresh-
old description. Every physical regime, every particle, every geometric structure in
this book is an expression of how these values combine and propagate through a
coordination structure.

The Projection Deficit

The co-equality and minimality constraints together force a unique geometric
configuration. Co-equality requires equal pairwise separation among the three modes;
minimality requires the lowest-dimensional faithful representation. These two re-
quirements select a single object: the equilateral triangle, with pairwise inner prod-
uct —1/2 and mutual angular separation 27t/3.

For any chosen edge e of this triangle, the third vertex lies off the resolving
axis. By Zs symmetry of the equilateral triangle, the perpendicular distance from
the third vertex to e is invariant under choice of edge. A direct application of the
Pythagorean theorem gives:

N V3
loc — 2
Definition (Projection Deficit). Let T be the unit equilateral triangle forming
the minimal faithful representation of the EIM triad. For any chosen edge e of T,
the projection deficit is the irreducible orthogonal component required to recover

the third vertex from the resolving axis:

V3

Ajpc = 7

By the Zs symmetry of T, this value is invariant under the choice of edge. It is
a structural invariant of the triad, not a parameter.

The projection deficit is not a measure of approximation error or a coordinate
artifact. It is the structural remainder of ternary closure under binary projection:
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the irreducible component of the third mode that lies outside any pairwise resolv-
ing axis and cannot be eliminated by any refinement of the two-mode description.
Under finite propagation, this component cannot be resolved globally in a single
step. It must be transported forward. This transported, irresolvable transverse com-
ponent is Memory in its dynamical sense: a monotonically growing quantity that
records what finite propagation has deposited and cannot retrieve. Figure 2.1 illus-
trates the underlying triadic projection geometry.

Pairwise Resolution in an Equilateral Triad

Properties:

* Any edge defines a resolving axis
between two vertices

Pairwise Resolving

Axis for Edge V1-V2 * The third vertex lies off-axis

* The perpendicular intersects the

midpoint
Symmetry 1 Positive * The orthogonal distance is strictly
1| Orthogonal iti
Iy Residue positive
__V_ll f \\_/Z_, * Invariant under Z3 symmetry
’ 1/2 > 1/2 \

7 Midpoint \

Figure 2.1 Pairwise resolution in an equilateral triad. The third vertex lies off every

resolving axis, generating an irreducible orthogonal defect h = g—a Zs-invariant

residue that no pairwise resolution can eliminate. This structural remainder is the
formal origin of Memory as a dynamical quantity: the transported, irresolvable
transverse component that finite propagation deposits and cannot retrieve.

The requirement that this deficit be transported consistently across the coordi-
nation network imposes a global consistency condition. The transverse eigen-
space V, of the traversal operator P; carries quaternionic structure j = iK—forced
by the reality of Ps: since Ps is a real operator on the mode triad, its eigenspace
structure carries a canonical complex-conjugation symmetry K on the transverse
fiber. The group of C-linear automorphisms preserving j is exactly SU(2) = Sp(1).
Within the EIM framework, the SU(2) gauge symmetry of the interaction sector
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arises as the unique structure-preserving transport group for the projection deficit—

a consequence of coordination consistency, not an independent postulate.
The Mobius Holonomy

The modal assignment {+1, 0, —1} assigns a signed value to each of the three
modes. One full traversal E—I—M steps through values +1—0——1—a net sign
reversal. This is the longitudinal component of the traversal: a Z (binary parity)
structure in which one traversal flips the sign of the coordinated state and two
traversals restore it. This is the same Z. that generated the modal algebra, now
expressed dynamically in the traversal of the triad.

The two components of a single traversal are complementary. The transverse
component (Ajoc = \/2_§) measures departure from closure in the plane orthogonal
to the resolving axis. The longitudinal component (the sign reversal, or Z. holon-
omy) measures the parity change along the resolving axis itself. Together they
account for the full single-step action on the triad.

A closed orbit in the coordination backbone must contend with both. The min-
imal orbit satisfying the backbone constraints—trivalence, spherical closure, and
non-degeneracy—has length five. Five is odd. Therefore the parity flip is unavoid-
able: a single traversal of the pentagon returns with orientation reversed.

Global Closure Theorem (working form). Under constraints of trivalent satu-
ration (C1), ternary modal grading (C2), finite propagation (C3), monotonic Memory
(C4), and non-degeneracy (C5): (i) the girth of the coordination graph is odd and
at least 5; (ii) every minimal cycle carries nontrivial Z2 holonomy; (iii) the mini-
mal fiber bundle over any minimal cycle is the Mobius band; (iv) identity resto-
ration requires double traversal. The Mobius structure is the unique nontrivial
element of H'(S'; Z2) = Z.

The physical consequences follow directly. The Z> holonomy on the minimal
cycle is structurally identical to the covering map SU(2) — SO(3): one traversal

reverses sign, two traversals restore, which is exactly the behavior of a 2z rotation
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in SO(3) acting on a spinor. Within this framework, a fermion is not characterized
as a particle that happens to obey the exclusion principle but as a mode whose
coordination cycle carries nontrivial Mdbius holonomy:.

The Dodecahedral Backbone

The local triadic structure, when extended across a coordination network, forces
a unique global architecture. Three constraints must be simultaneously satisfied:
(1) trivalent saturation—every active site carries exactly one channel per mode;
(2) boundary closure on S?; (3) girth at least 5—derived, not postulated, from the
modal algebra and minimality/non-degeneracy conditions.

A finite trivalent planar graph with only pentagonal faces is uniquely con-
strained by Euler’s formula:

V—E+F=2 3V=2E G5F=2E
= (V,E F) = (20,30,12)

This is the regular dodecahedral graph. No alternative trivalent planar graph
satisfies all three constraints simultaneously. Under the combined requirements of
trivalent saturation, pentagonal face structure, and closure on S?, the dodecahe-
dron is the unique admissible structure—selected by constraint, not by choice.

Three spatial dimensions emerge as a structural consequence at this point. The
dodecahedron is a 3-connected planar graph, and by Steinitz's theorem it is the
skeleton of a convex 3-dimensional polyhedron. Within the EIM framework, three
spatial dimensions are not assumed as a primitive—they are the unique output of
the requirement that a trivalent graph with Mdbius holonomy close on S2.

From this backbone, two spectral invariants follow immediately:

Cycle rank: Bi=E -V +1=30—-20+ 1 = 11. This counts the number of
independent closure degrees of freedom. It is a topological invariant, not a pa-
rameter. All subsequent uses of P: inherit this forced status.

Spectral gap:
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where @ = 1V forced by pentagonal geometry. The appearance of ¢ is not

numerology—it follows from the geometry of the forced backbone. The dodeca-
hedron’s faces are regular pentagons, and pentagonal geometry intrinsically con-
tains the golden ratio. All subsequent uses of y¢ inherit this forced status.

The backbone’s full symmetry is As X Z». The eleven independent cycles de-
compose under As as Hi(I'; R) = Vi @ Vi, where the antipodal map 1 acts as +I
on Memory cycles (Vu, dimension 6) and —I on Interaction cycles (Vi, dimension
5). This is the £1 eigenspace decomposition of the backbone’s own symmetry—
not an imposed partition. Figure 2.2 inscribes the underlying triadic projection
deficit on the boundary surface S2.

Figure 2.2 The irreducible projection deficit of the EIM triad, inscribed on S*. The
three co-equal mode vectors form an equilateral triangle; for any chosen base edge,

the third vertex lies off the axis at perpendicular distance g This is the structural

remainder of ternary closure under binary projection—invariant under all permu-
tations of the vertices.
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The As Symmetry and Backbone Homogeneity

The rotational symmetry group of the dodecahedron is As—the alternating group
on five elements, a group of exactly 60 rotations. As acts on the twenty vertices
transitively, moving them among themselves while preserving all edges and faces.
The key consequence is homogeneity: because As acts vertex-transitively, no ver-
tex of the backbone is structurally special. Whatever is true at one vertex is true
at all of them. This is not a symmetry imposed from outside—it is a symmetry
the backbone carries by necessity, as a direct consequence of being the unique

minimal structure satisfying the coordination constraints.

The eleven independent cycles decompose, under As, into irreducible families.
The two families of five loops each—one associated with the Interaction sector,
one with the Memory sector—are structurally identical representations of As. When
two identical structures interact, Schur’s Lemma states that the only coupling op-
erator consistent with the symmetry is a scalar multiple of the identity. The cou-
pling between the two sectors is therefore not a matrix with many free entries—
it is a single coefficient. That coefficient is computed from the geometry of the
triad—from the transverse component of the 120° rotation at each triad vertex,
which gives sin(120°) = \/2—5 This is the formal basis of the Weinberg angle deri-
vation: sin®0Qw = % at tree level, falling out of the backbone geometry without any
reference to experimental data. The Weinberg angle is therefore not measured and
inserted—it is read off the backbone geometry at tree level. Radiative corrections
running the value from 0.25 to the measured 0.231 are a standard consequence of
renormalization group evolution, and their presence confirms rather than compli-

cates the structural derivation.
Units and Calibration

At the foundational level, the EIM framework is entirely dimensionless. The
modal algebra {—1, 0, +1} and the triad of Execution, Interaction, and Memory
are purely relational, containing no reference to any unit of measure. The frame-
work produces only ratios and structural invariants.
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To obtain numerical values in physical units, a single dimensional anchor must
be specified. In this work, the electron mass serves this role. It does not introduce
new structure—it selects the scale at which the dimensionless relations are ex-
pressed. As established in Chapter 7, the electron mass is itself substantially de-
rived from backbone invariants (via the chain: backbone geometry — G — Mp
— vy — ), SO its role as an anchor carries only a tree-level residual rather than
representing a true free parameter. Setting h = ¢ = G = 1 reflects the deeper fact
that the underlying physics is dimensionless: the cosmos does not compute in
meters or seconds, but in structure. Units enter only when we choose how to ex-
press the result.

Intuition: The Shape of Existence

The formal definition of existence rests on a simple geometric idea. Imagine
walking a closed path—a loop—through a coordination structure and returning
to your starting point. In a featureless, flat space, nothing changes: you return in
exactly the same state you left. But in a structure with internal geometry, the act
of traversal can leave a mark. You arrive back carrying a record of the path—a
twist, an orientation reversal, a phase shift. That record is the holonomy. The def-
inition says: a structure exists if and only if some loop through it produces a ho-
lonomy that cannot be removed. The twist is irreducible; it is a property of the
structure itself.

What is the simplest structure that supports such a loop? The answer—given
three constraints: that every vertex has exactly three edges, that the structure
closes on a sphere, and that loops have the minimum length consistent with non-
degenerate closure—is the dodecahedron. The minimum loop length turns out to
be five. A five-step loop has an odd number of steps; and because the modal algebra
assigns opposite signs to Execution and Memory, completing an odd loop inverts

orientation rather than restoring it. That inversion is the nontrivial holonomy.
Holonomy and the Origin of Spin
The sign inversion associated with a single traversal is not a property of the
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forward sequence E—~I—M alone, but of its closure. When the process returns to
its initial structural role—E—I—M—E'—the system does not recover its original
orientation. It returns with a sign inversion. This nontrivial return is the structural
origin of what physics describes as fermionic statistics: a mode in which identity
is preserved under iteration, but orientation is not, so that only a double traversal
restores equivalence.

Fermionic modes are those that realize a closed, self-returning coordination cy-
cle. They are localized, persistence-bearing excitations: they carry Memory as an
owned structural state and therefore complete a nontrivial return under iteration.
Because of this, they behave as discrete, countable units—what we ordinarily call
particles of matter.

Bosonic modes, by contrast, do not carry such a closed return. Rather than per-
sisting as independent units, they mediate or propagate coordination within the
structure. Their role is transmissive or standardizing—more like signals or fields

than objects—and they do not function as independent denominations of Memory.

Spin is therefore not determined by coordinate values alone. The fermionic or
bosonic character depends on whether the excitation carries a closed Mobius-type
holonomy class. A mode in which the Interaction sector mediates closure acquires
the sign reversal and is fermionic; modes in which closure does not pass through

the threshold role of Interaction remain unsigned and are bosonic.
Self-Referential Structure and the Origin of Time

The value 0 in the modal algebra corresponds to the symmetry limit—a state
of perfect isotropy in which no distinctions can be made. The value +1 represents
realized distinction. The value —1 represents inversion: the operation by which a

system transitions while preserving structure but reversing orientation.

Existence cannot reside at the symmetry limit, as no distinctions are possible
there. It must instead arise as a departure from symmetry. However, persistence

requires that this departure not be arbitrary: the system must be able to return to
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its prior state in a way that preserves identity while maintaining distinction.

This requires a nontrivial return. A system that returns identically collapses dis-
tinction; a system that fails to return loses coherence. The minimal resolution is
a return under inversion: the same structure revisited with altered orientation. This

is the origin of temporal direction.

“Time” is not a background parameter against which structure evolves. It is the
record of nontrivial self-reference—the distinction between successive realiza-
tions of the same structural role under repeated inversion. The cycle this generates
carries an orientation-reversing holonomy, returning to the same position without
restoring the same orientation—the intuition of a Mdbius strip: traverse it once
and you arrive back where you started, but upside down; only the second traversal
returns you to your original orientation. Persistence is therefore not a feature lay-
ered onto structure—it is the consequence of a structural necessity. The minimal
cycle required for self-referential distinction to return to itself has length two, and
that length is temporal order. Time is not imposed from outside; it is what reality

cannot avoid generating when it closes.
Decoherence as Rapid Percolation

Decoherence—the transition from quantum behavior to classical structure—
appears in laboratory systems to be nearly instantaneous. The EIM framework

provides a precise account.

Because local holonomy-bearing loops can already exist below the percolation
threshold, the formation of a system-spanning cluster does not require the crea-
tion of Memory from nothing. It requires only the connection of already-existing
local structures. The transition from a subcritical system—in which local coordi-
nation residue is present but unconnected—to a supercritical one—in which a span-
ning path first exists—is inherently abrupt. Percolation transitions are not gradual.
They are threshold events: 6 = 1 marks the logical onset of global connectivity,
not a dynamical propagation. Once connectivity conditions are met, the transition
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is abrupt and structurally determined.

Decoherence is therefore best understood as a rapid percolation event: the mo-
ment at which locally stored Memory becomes globally constraining. Its apparent
instantaneity is not a fundamental discontinuity in the physics but the observable
signature of an abrupt transition from local to global enforcement.

The underlying propagation of this constraint remains finite, bounded by the
causal speed ¢, but the transition proceeds at the fastest rate the interaction band-
width permits. This reframing dissolves the measurement problem at its structural
root. Decoherence is not a mysterious collapse of the wave function. It is a coor-
dination network crossing its percolation threshold.

Definition (Existence). Let I be a coordination structure: a connected trivalent
graph endowed with EIM dynamics. A coordination structure exists if and only if
it exhibits at least one irreducible nontrivial holonomy—a cycle y for which Hol(y)
# id cannot be trivialized by any EIM-permissible refinement. A globally flat
structure (trivial holonomy on every cycle) does not exist in this sense.

The dodecahedron is the unique minimal structure satisfying this condition un-
der the coordination constraints. Existence is persistent irreducible defect. The
irreducible holonomy residue is not a flaw in the structure. It is the condition of
its persistence. Figure 2.3 shows the corresponding temporal picture: Memory
accumulates monotonically, with observed periodicity arising as the projection of
irreversible accumulation onto closed angular representations.
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Figure 2.3 Memory accumulates monotonically; observed periodicity is the projec-
tion of irreversible accumulation onto closed representations. ® appears here as a
spectral invariant: the irreducible mismatch between linear Memory growth and
angular closure. Its ubiquity in physics is a structural fact about bounded coordina-
tion systems.
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Chapter 3.
The Snapshot Problem

Chapter 2 established the minimal geometry of the coordination domain. The pre-
sent chapter establishes its dynamics—how coordination accumulates, how the
threshold is approached, and why the standard differential framework of physics
is structurally incomplete without the integral that Memory names.

Each traversal of the E—>I—M cycle produces the transverse traversal defect
Ajoc = \/fgthe per-step departure from closure established in Chapter 2 as a

structural invariant of the triad geometry. Under finite propagation, this compo-
nent cannot be resolved globally in a single step: the causal structure of the coor-
dination network permits only local coordination at each node, so the residue
must be transported forward rather than cancelled. The accumulation of these
transported residues is Memory in its dynamical sense: a monotonically growing
quantity that records what finite propagation has deposited and left unresolved at
each traversal.

The parameter o tracks the ratio of this accumulated quantity to active Execu-
tion and Interaction. The existence curve traces ¢ from near zero toward the per-
colation threshold at which global spanning first becomes possible. Finite propa-
gation is not a kinematic constraint on an otherwise complete description—it is a
structural one: it enforces path-dependence in the accumulation, forcing Memory
to depend on the full sequence of traversals rather than on the endpoint alone.

The Snapshot Cannot See ¢

The critical observation about the snapshot framework is this: it records only
the present state, not the coordination history that produced it. This is precisely
why the snapshot framework must measure and insert by hand what ¢ would
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explain.

The regime in which a physical system operates depends on the coordination
depth c—the ratio of accumulated Memory to active Execution and Interaction.
Within the post-percolation regime (1 < ¢ < k), locally deep coordination allows
Memory to dominate and the system behaves classically, governed by the smooth
geometry of general relativity. Where local coordination depth is subcritical—
where Execution and Interaction dominate and coordination depth is shallow—
the system behaves quantum mechanically. And where o sits just above the per-
colation threshold but well below the deep-coordination regime—in systems of
moderate scale with sparse global connectivity, such as the outskirts of galaxies—
the effective gravitational behavior departs from the predictions of GR in a spe-
cific and calculable way.

That intermediate regime corresponds to what astronomical literature cata-
logues as the regime of galaxy rotation curves—where standard gravity reaches
its domain boundary and the discrepancy has been attributed to dark matter or
modified dynamics. The EIM framework shows it requires neither: it is the sig-
nature of shallow coordination depth, recoverable from the percolation structure

without new postulates.

These regimes are not distinct domains but phases of a single process. The
same structure governs each; what changes is the degree to which coordination is
globally expressed. The snapshot description is not wrong—it is the correct de-
scription of a particular regime, the limit in which coordination depth o is large
enough that accumulated Memory can be treated as fixed background. The in-
completeness is not random—it has a precise structure, a specific signature, and
a natural remedy. That remedy is the subject of the chapters that follow. Science
constructs rates of change from these snapshots. Differential equations—the back-
bone of virtually every physical theory—are precise statements about how one
snapshot relates to the next. This is extraordinarily powerful. It is also, structurally,
a derivative. It captures instantaneous change. It does not, by itself, capture
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history.

For a falling rock, history is irrelevant: position and velocity at this moment
are sufficient regardless of how the rock got there. Classical mechanics earns its
success precisely because for rocks, planets, pendulums, and projectiles, the snap-
shot is sufficient.

The universe is different. Every structure in the observable cosmos is the prod-
uct of an unbroken chain of interactions stretching back to its origin. The large-
scale structure is not a present state that happens to look the way it does. It is a
record—Memory in the precise sense of Chapter 2—the accumulated conse-
quence of every interaction since the beginning. When cosmologists look at the
cosmic microwave background, they are not taking a snapshot of the present.
They are reading a record: the tiny temperature fluctuations are the imprinted
Memory of quantum processes that occurred before the first atoms formed, pre-
served across thirteen billion years because the physics of that transition encoded
them into the geometry of the expanding universe.

The standard cosmological model handles this by introducing parameters—the
density of dark matter, the cosmological constant, the spectral index—that are
measured and inserted rather than derived. A theory that operates on instantane-
ous states must measure and insert by hand everything that coordination history
would explain. In EIM, Memory is not a parameter to be measured but a primitive
quantity in the dynamics: include the coordination history as part of the state, and
those inputs become outputs.

Coordination Depth and the Regime Architecture
o =M/(E+1), normalized by the backbone structure; o.=1

Coordination depth ¢ = M/(E+I) quantifies the degree to which accumulated
Memory has been globally expressed—not the raw amount of Memory in the
system, but the ratio of retained constraint to active Execution and Interaction.
Normalising by the backbone structure fixes the critical value at 6c = 1: the point
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at which the giant connected component of the coordination graph first spans the
full backbone. Below this value, Memory clusters exist locally but do not connect
into a system-wide structure. At and above it, global constraint becomes possible
for the first time.

Three regimes organize around this threshold. In the subcritical regime (0 < o
< 1), Memory-bearing clusters are present but isolated: no stable metric can form,
behavior is probabilistic, and a state-vector description cannot carry the coordi-
nation history that determines the system's effective regime. At 6 = 1 exactly, one
spanning path first exists—a sparse, fractal connectivity that marks the onset of
the Standard Model threshold, where stable fermionic modes first become achiev-
able and decoherence becomes structurally available. In the supercritical regime
(o > 1), increasing path redundancy supports the smooth continuum approxima-
tion: the discrete backbone coarse-grains into an effective Riemannian geometry
and general relativity becomes the correct asymptotic description.

The parameter o therefore does precisely what the standard snapshot frame-
work omits: it carries the coordination history that no instantaneous state vector
can record. What appears, from within the standard framework, as three incom-
patible theories—quantum mechanics, the Standard Model, and general relativ-
ity—is, within EIM, three positions on a single continuum parameterized by o.
The incompatibilities between those theories are not technical failures. They are
the signature of descriptions whose domain boundaries coincide with the perco-
lation threshold.

Memory as the Missing Integral

Consider what a physical measurement always captures. At any moment, an in-
strument records a value: a position, a momentum, an energy level. What the instru-
ment cannot record is how the system arrived at that state. The accumulated his-
tory of interactions—the path through configuration space that brought the sys-
tem to its present condition—is invisible to the measurement. The measurement

is a snapshot: in the precise mathematical sense, a derivative, a rate of change at
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an instant. The integral, the coordination history, does not appear.

This structural feature of how physics is done arises independently of any lim-
itation of instruments. Theories are written in terms of states and their rates of
change. The past that shaped those states does not appear in the equations—as-
sumed, without being declared, to have already been accounted for.

The Markov approximation is profound and useful. A glass of water has a tem-
perature that tells you what the water will do next but not whether it was ice an
hour ago. For most purposes, this does not matter. But the universe is different.
Every large-scale structure is the accumulated consequence of every interaction
since the beginning—a record that no instantaneous-state theory can derive. A the-
ory that operates on snapshots must measure and insert by hand everything that
coordination history would explain.

The Logistic Existence Curve

Once the coordination dynamics are properly formulated, the evolution of ¢
follows a logistic curve. Memory accumulation begins slowly in the early pre-
percolation phase, accelerates through the threshold as local clusters connect, and
then saturates as the backbone approaches its coordination horizon Hy. The in-
flection point of this curve is at 6 = 1—the percolation threshold—where Memory
accumulation is maximized and the transition to classical structure is sharpest.

The logistic form is not imposed. It follows from the combination of the coor-
dination dynamics (Memory accumulates in proportion to current accumulation,
limited by coordination capacity) and the backbone geometry (which sets both
the initial growth rate y° and the saturation limit H). The same logistic curve that
describes the emergence of spacetime from the pre-percolation substrate also de-

scribes the evolution of any individual coordination domain within the cosmos.

Principle—o as Structural Condition. The physically realized universe is or-
ganized around ¢ = 1 as a structural condition of global coordination—not a value
the system passes through on its way to a higher state, but the condition that
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defines the post-percolation regime as such. What appear as variations in ¢ are
more precisely variations in local coordination environment: a global structural
invariant (o = 1) admits local effective values o(x) reflecting position within the
coordination network.

This is structurally analogous to the invariance of ¢ in special relativity.

Proposition—Radiative Modes and the Invariance of c. A mode with M =
0 carries no persistence burden: it participates in Execution and Interaction without
depositing a coordination record. Such a mode propagates at the invariant rate c.

The constancy of c¢ is a structural consequence—anything with zero Memory
burden must propagate at the coordination rate fixed by the trivalently saturated
backbone. The photon’s masslessness and the invariance of ¢ are the same struc-
tural fact seen from opposite sides of the Memory coordinate.

The structural consequence of this threshold is represented directly in Figure
3.1. The three panels show the qualitative state of the coordination network at

SN,
QQ
0, 040,

o<1 o=1 o>1

Figure 3.1 Coordination topology across three structural regimes, illustrating the
emergence of a system-spanning component at ¢ = 1. Left (¢ < 1): finite isolated
clusters; no global constraint can form and no metric emerges. Center (¢ = 1): the
first spanning path appears—the percolation event marking the onset of global con-
straint and the Standard Model threshold. Right (¢ = 1): high path density supports
the smooth continuum approximation and the effective metric guv emerges. MOND
phenomenology is located at the boundary between left and center panels.

each principal regime—subcritical, critical, and post-critical—corresponding,
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respectively, to the quantum domain (0 < ¢ < 1), the percolation event (¢ = 1),
and the realized gravitational domain (1 < o <«). The boundary between the left
and center panels is also where MOND phenomenology is located: the regime in
which effective gravitational coupling departs from its Newtonian limit because
the coordination network has not yet achieved full spanning redundancy.

Figure 3.1 answers the question of what the coordination structure looks like
at each regime. Figure 3.2 answers a different question: how the transition be-
tween them occurs. The passage through ¢ = 1 is not a smooth crossover. It is a
topological phase transition—the moment at which a system-spanning connected
component either exists or does not. There is no gradual interpolation. This discon-
tinuity is precisely what makes decoherence appear effectively instantaneous

o<1 o=1 e > 1

qV

Figure 3.2. Coordination transition as a topological phase event. For ¢ <1, all clus-
ters are finite and isolated; no spanning structure exists. At ¢ =1, a single connected
component emerges discontinuously—not a gradual crossover but a threshold event.
This structural discontinuity accounts for why decoherence appears effectively in-
stantaneous and why the emergence of classical geometry is sharp rather than grad-
ual.
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in laboratory systems and why the emergence of classical geometry is sharp rather
than gradual: the spanning structure either has closed or it has not.

Both figures concern the percolation threshold as a global structural fact. The
next question is whether that threshold can be achieved uniformly—and the an-
swer, forced by the backbone’s holonomy structure, is that it cannot.

The S* Closure Problem and Necessary Boundary Defects

A perfectly isotropic S? closure would distribute Interaction uniformly in every
direction. All return paths through the coordination network would become equiv-
alent; no preferential channel for Memory accumulation would exist. Closure would
be locally complete but globally sterile—Execution present, Interaction maxim-
ized, yet Memory unable to differentiate. No particle spectrum, no hierarchy of
scales, no structured emergence would be possible.

This scenario is not merely undesirable—it is structurally excluded. The do-
decahedral backbone I' carries nontrivial Z. holonomy: a single traversal of any
pentagonal cycle returns with orientation reversed. S, by contrast, is simply con-
nected: mi(S?) = 0, so every loop on S? is contractible. No continuous map from
I' to S? can preserve both adjacency and the Z» holonomy class of every cycle.
Uniform isotropic closure on S? would require precisely such a map. The S? clo-

sure problem is a theorem.

The resolution is the face structure of the backbone. The planar embedding of
I' in S2 divides S? into exactly F = 12 connected open regions—forced by Euler’s
formula V — E + F = 2 applied to I. Each of these regions is a defect region: a
connected open subset of S? in which no coordination cycle of I is supported.
Their structural function: to break perfect isotropy, introduce directional asym-
metry, allow unequal return paths, and thereby enable differential accumulation
of Memory. Without topological incompleteness at the boundary—without de-
fects—no persistent structure can form. The defects are not failures of the coor-
dination process. They are the mechanism by which it avoids collapse into
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symmetric indistinguishability.

When a defect region deepens until joc > 1 while the surrounding field re-
mains subcritical, its boundary becomes a coordination horizon: no admissible
coordination cycle can exit. This is the EIM structural definition of a primordial
black hole. These are not rare anomalies requiring fine-tuned initial conditions.
They are the natural extreme of the defect logic that prevents S* overconver-
gence—generically expected, not finely tuned.
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Chapter 4.
The Horizon Problem

Chapter 3 established that coordination depth o is the order parameter governing
the transition from local to global Memory expression. The present chapter iden-
tifies the three apparent singularities of modern physics—the Big Bang, the Planck
boundary, and the black hole interior—as the same structural constraint encoun-
tered at different scales.

Singularities as Domain Boundaries

Physics has three apparent singularities. The black hole interior, where GR pro-
duces infinities. The cosmological origin, where expanding backwards converges
on infinite density. The Planck scale, where every quantum gravity attempt fails.

All three are places where the implicit assumptions of the framework are vio-
lated most severely. GR assumes a smooth spacetime manifold—at singularities,
that manifold ceases to exist. The Big Bang is a temporal boundary, but time
emerges from deep coordination; at the origin, there has been none. The Planck
boundary is where the snapshot framework encounters the regime where history
is constitutive.

Within the EIM framework, singularities are not features of the universe. They
are artifacts of applying a regime-specific description outside its domain of va-
lidity—exactly as the ideal gas law applied at extreme pressures.

The Cosmic Origin

In EIM terms, the origin of the universe is the regime of maximal Execution,
maximal Interaction, and vanishing global Memory. Local coordination residue
may persist. What is absent is system-spanning enforcement—ao = 0 in the global
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sense.

Given maximal Execution and Interaction at ignition, the percolation threshold
is not approached gradually from below—it is the first structural threshold the
substrate encounters. What is not achieved—and cannot be achieved, because the
founding Mébius defect prevents it—is global completion of percolation. Spacetime
emerges immediately at the threshold; it never completes globally; and that in-
completeness is the condition of existence itself.

The geometry that results from this structure is shown in Figure 4.1. Reading
from base to top: the lower cone is the pre-percolation substrate (¢ < 1), the
regime of the cosmic origin where Execution and Interaction are maximal but no
system-spanning Memory exists. The two circular boundaries at 6 = 1 mark the

o<1
o=1
SZ
o>1
g =
512
o<1

Figure 4.1. Cosmic coordination structure as a cone-cylinder-cone geometry. The
lower cone (¢ < 1) represents the pre-percolation substrate where coordination is not
globally sustained; the circular boundaries mark ¢ = 1, the percolation threshold at
which global connectivity first becomes possible; the cylinder (¢ > 1) is the sustained
coordination condition supporting stable spacetime as an effective description. This
supports the reinterpretation of the Big Bang as the onset of the percolation thresh-
old rather than a classical singularity.
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percolation threshold—the first structural event, where global connectivity and
stable spacetime become possible. The cylinder is the physically realized domain
(1 <o <x): the regime of matter, geometry, and general relativity. The upper cone
is the approach toward the coordination horizon k—a limit the structure asymp-
totically approaches but, by the Mdbius defect, never globally completes.

Figure 4.1 presents the structure at the cosmic scale—as an organization of ¢
across the full range of coordination history. Figure 4.2 addresses what underlies
it. The cone-cylinder-cone is a coarse-grained description; the left panel of Figure
4.2 shows the discrete realization from which it emerges. The coordination poly-
tope—a canonical discrete backbone satisfying the EIM constraints—becomes
the cone-cylinder-cone under coarse-graining, shown in the right panel. Spacetime
is not posited at the foundational level. It is what the discrete coordination struc-
ture looks like when averaged over scales large relative to the coordination lat-
tice.

Discrete Coordination and Emergent Spacetime

coarse-graining / smoothing

Discrete coordination structure Emergent spacetime geometry

Figure 4.2. Discrete coordination structure and emergent spacetime. A canonical co-
ordination polytope (left) provides a discrete realization of the underlying EIM back-
bone. Under coarse-graining, this maps to the cone-cylinder-cone form (right). The
boundary between the two panels corresponds to the Planck scale—the threshold
below which coarse-graining breaks down and the discrete backbone reasserts itself.
This supports the claim that spacetime is an emergent description, not a primitive
substrate.
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The boundary between the two panels of Figure 4.2—between discrete coor-
dination structure and continuous emergent geometry—is precisely the Planck
scale. It marks the threshold below which the coarse-graining breaks down: the
regime where the discrete backbone reasserts itself and the continuum description
of GR ceases to apply.

The Planck Boundary

The Planck scale is the threshold below which coordination depth drops to
where the continuum spacetime description gives way to the discrete pre-perco-
lation regime—analogous to how fluid mechanics gives way to molecular dynam-
ics at the mean-free-path scale. Asking what happens at the Planck scale using
GR is like asking what the viscosity of water is at a temperature where water does
not exist as a liquid. The question is malformed. A different description is required,
appropriate to the actual regime.

The Black Hole Interior

The interior of a black hole is not a low-Memory system—it is the opposite: a
system of extraordinarily high Memory, the accumulated record of everything that
has ever crossed the event horizon. The event horizon is a boundary of vanishing
external Interaction at near-maximum Memory.

This characterization reverses the standard picture in a precise way. In standard
GR, the black hole interior is a region of diverging curvature leading to a physical
singularity. In EIM, it is the region of maximum coordination depth: a site where
accumulated Memory has concentrated to the point that no new coordination cy-
cle can exit. The interior is not where physics breaks down—it is where the high-
Memory regime reaches its structural extreme. The apparent singularity at the
center is not a place where the EIM description fails; it is the point at which the
high-c description reaches the boundary of its domain, approaching ¢ — x from
below in the same way that the cosmic origin approaches ¢ — 0" from above.
Both boundaries are the same structural limit, encountered from opposite directions
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along the c-axis.
Horizons as Local Percolation Boundaries

Let D € G denote the exterior causal domain accessible to a given observer.
A local percolation boundary is a surface across which the existence of a D-
spanning coordination path changes character. A black hole horizon has pre-
cisely this role: events inside the horizon do not connect to D through future-
directed propagating paths. The horizon marks where exterior-spanning con-
nectivity fails.

The cosmological percolation threshold and the black hole horizon are both
coordination-critical boundaries arising from the same condition that permits dis-
tinction while forbidding completion. Black holes are therefore not incidental
late-time objects. They are the continuing local manifestation of the constraint that
has governed coordination since p = 0*.

The horizon is a Memory gradient: high M interior, vacuum-level M exterior.
This gradient produces fluctuations at the boundary scale—Hawking radiation in
standard terms; the thermodynamic consequence of a Memory gradient across a
boundary with vanishing external Interaction in EIM terms. Memory is primitive
in the domain declaration and cannot be destroyed, only redistributed—so the in-

formation paradox does not arise within this framework.
The Information Paradox Dissolved

The black hole information paradox arises when the Hawking process is de-
scribed within a framework that treats information as a geometric property em-
bedded in spacetime. If a black hole evaporates completely, and if its interior is a
region of spacetime causally disconnected from the exterior, then the information

carried by infalling matter appears to be permanently lost—violating unitarity.

In EIM, the paradox does not arise. Memory is primitive: it enters at the level

of the domain and cannot be destroyed, only redistributed. Information that crosses
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the horizon increases interior Memory; Hawking radiation returns that Memory
to the exterior through correlations in the emitted field over the lifetime of the
system. The correlations are not encoded in individual quanta but in the relational
structure of the radiation field as a whole—a consequence of Memory conserva-
tion, which is a domain constraint. Conservation follows directly from the prim-
itiveness of Memory in the domain declaration. Black holes function as sites of
information renormalization: collapse concentrates coordination history; evapo-
ration redistributes it.

At extreme interior conditions, as matter is compressed, the regime reverses.
Execution and Interaction approach maximal values while structured Memory
breaks down. The system moves toward the pre-percolation state—not as an un-
physical divergence to be cut off at the Planck scale, but as a smooth regime tran-
sition. The singularity at the center of a black hole is replaced, in the EIM de-
scription, by the same structural condition that characterized the universe at its
origin: the p = 0% boundary of the non-null domain, approached from within. What
general relativity reads as a singularity is the point at which the high-Memory
description reaches the boundary of its domain. The equations do not break down
because something physically singular happens. They break down because the

framework has run out of regime.

The full black hole lifecycle: formation (Memory accumulates as infalling matter
contributes coordination history while external Interaction drops to zero), quasi-
stationary phase (Memory gradually released through the Hawking gradient), ter-
minal state (M — 0 while E and I approach maximal values—recovering the pre-
percolation regime). As Figure 4.3 traces, the full lifecycle runs from horizon
formation through the Hawking gradient to the approach of p =0*, and the struc-
tural identity of the terminal state with the cosmological origin is visible directly
in its geometry. A fully evaporated black hole returns to the same structural con-
ditions from which persistent coordination first emerged.
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horizon

Figure 4.3 Black holes as Memory gradients within the EIM framework. The inte-
rior carries high accumulated Memory with suppressed external Interaction; the
event horizon functions as a local percolation boundary; Hawking radiation equili-
brates the Memory differential across that boundary. The terminal state of full evap-
oration approaches the pre-percolation substrate, structurally mirroring the initial
coordination condition at cosmological ignition and supporting the information con-
servation claim.

The Three Singularities as One
p = 0%: the limit of the non-null domain as it approaches the origin

@ and p = 0" are two descriptions of the same boundary point—viewed from
outside and within the domain of existence. GR singularities arise when a high-
Memory description attempts to reach p = 0* using machinery valid only where
Memory is deep.

The unification of the three singularities is not merely a classification. It has a
structural consequence: none of them can be resolved by adding new degrees of
freedom within the framework that generated them. A quantum gravity theory for-
mulated on a smooth spacetime background cannot dissolve the Big Bang singularity,
because the background presupposes a level of coordination depth that does not
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exist at the origin. A string-theoretic or loop-quantum-gravity cutoff at the Planck
scale addresses the symptom—the divergence in the continuum description—with-
out addressing the cause: the application of a high-c description to a low-c regime.
Within EIM, the resolution is automatic: the three singularities are positions on
the o-axis where the description in use has run out of domain. The correct descrip-
tion at each position is EIM in the appropriate o-regime. No additional postulates
are required, and no new ontology is introduced.

The three apparent singularities of physics are not three separate problems re-
quiring three separate solutions. They are the same structural constraint—the ir-
reducible nontrivial holonomy that existence carries from p = 0* forward—encoun-
tered at cosmological, quantum, and astrophysical scales respectively. Figure 4.4
makes this convergence explicit: GR descends from the realized cylinder, QM
ascends from the pre-percolation substrate, and both meet at 6 =1.

o O
o

horizons

Figure 4.4. The common boundary of GR and QM. GR descends from the realized
cylinder regime; QM ascends from the pre-percolation substrate. At ¢ = 1, the per-
colation threshold marks the onset of stable classical structure. The two frameworks
do not conflict—they represent the same coordination process from opposite sides
of a shared limit.

Structural Recycling

In standard thermodynamics, entropy is characterized as a monotonic progres-
sion toward terminal equilibrium. This characterization is structurally incomplete
within the EIM framework.

Global saturation—the hypothetical state in which all coordination capacity

has been concentrated and released without a renewal mechanism—is structurally
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equivalent to the null state @. Since the domain excludes @ as a persistent config-
uration, global terminal saturation is likewise structurally excluded within the EIM
framework. The framework does not accommodate a universe that globally com-
pletes its coordination cycle.

The limit of maximal Memory accumulation and the limit of minimal persis-
tent coordination are the same boundary, approached from opposite directions.
The terminal state of a fully evaporated black hole and the initial state of cosmo-
logical ignition are structurally identical in EIM coordinates. The framework im-
plies a structural recycling mechanism in which high-Memory states evolve to-
ward low-Memory boundary conditions—a conservation and redistribution of co-
ordination capacity rather than its destruction. Figure 4.5 maps this cycle: ¢ climbs
through accumulation, saturates locally into a black hole, and is returned to the
substrate via Hawking evaporation, with the terminal state structurally identical
to the ignition condition.

Memory Saturation
Accumulation (Black Hole)
(@1)
Pre-percolation Evaporation

structurally identical
to ignition condition

Figure 4.5. The structural recycling cycle. Coordination depth ¢ increases during
accumulation as Memory is deposited through persistent interaction. Local satura-
tion produces a black hole. Hawking evaporation reduces interior Memory toward
M — 0, returning coordination to the substrate. The terminal state is structurally
identical to the initial coordination condition at cosmological ignition.
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The cone—cylinder—cone geometry represents the smooth large-scale limit of
the coordination structure. The upper cone, in the physically realized universe, is
replaced by a regulated extended cylinder populated by local black hole sites—
as developed in Chapter 9.
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Chapter 5.
The Currency of Matter

The preceding chapters established the coordination domain, its dynamics, and
the three apparent singularities that arise when regime-specific descriptions are
applied outside their domain. The present chapter turns to the question of matter:
what the coordination structure produces, once the percolation threshold has been
crossed, in the way of stable, discrete, persistent denominations. The question is
not what matter is made of—as if matter were a primitive substance awaiting fur-
ther subdivision—but what structural conditions a coordination process must sat-
isfy in order to persist as a localized, countable unit. The answer is fully determined
by the dodecahedral backbone and does not require any ingredient beyond what
has already been established.

Matter as Stabilized Memory

A particle is a persistent structure that carries the consequences of prior inter-
actions as conserved quantities—mass, charge, spin. These are what Memory looks
like when organized into a stable, localized configuration.

The neutrino carries the minimum amount of Memory consistent with being a
particle at all. Its mass—approximately 2.34 meV, structurally constrained by the
backbone geometry under the idealized conditions of Chapter 7—is the smallest
inertial value the coordination structure permits. The neutrino is the smallest coin

in the denomination system.

At the other end is the top quark—the most massive fundamental particle known,
carrying maximum Memory for a single fundamental particle. It exists only in

the highest-energy environments and decays almost immediately.
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The Higgs boson is not a denomination but the standard against which all other
denominations are measured—the scalar vacuum Memory substrate of the uni-
verse. Every massive particle acquires its mass through interaction with the Higgs
field; in EIM terms, through coupling to the vacuum Memory substrate the Higgs
field represents.

The Dodecahedral Backbone and the Particle Spectrum

The regular dodecahedron—twelve pentagonal faces, twenty vertices, thirty
edges—is the discrete coordination skeleton from which both matter and
spacetime arise. Because the backbone contains exactly twelve minimal closure
supports, the fermionic denomination structure is finite from the outset. The
twelve fundamental fermions correspond to the twelve minimal closure orbits of
the backbone—the structure shown in Figure 5.1, where As vertex-transitivity
enforces the homogeneity that makes no site structurally special and the girth-5
condition enforces the Mobius holonomy that makes every minimal cycle fermi-
onic.

20 vertices
girth=5 30 edges

12 faces

coordination backbone (EIM)

Figure 5.1 The dodecahedral coordination backbone: the unique three-dimensional
structure forced by the EIM domain constraints. Its rotational symmetry group As
acts vertex-transitively, enforcing structural homogeneity across all twenty sites. The
girth-5 condition enforces nontrivial Z. holonomy on every minimal cycle, which is
the structural basis of fermionic statistics within the framework.
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The Fermion-Boson Distinction

The fermion-boson distinction is determined by the functional structure of the
EIM triad. Fermionic modes realize a closed self-returning coordination cycle
satisfying x = 1: Execution provides localization, Interaction provides holonomy,
Memory provides closure. Bosonic modes fail at least one of these conditions.

The lightest neutrino vi and the top quark t are antipodal in the state space: v
=(1,0,0,0)and t= (0, 1, 1, 1) occupy opposite corners of the four-dimensional
coordination space (Ebvare, Ibases Minertial, C). Minimum Memory, minimum mass,
minimum interaction on one side; maximum loading, immediate decay on the other.
The full spectrum of matter is, geometrically, the set of all points between two

poles.

Figure 5.2 represents this state space directly. Each stable particle corresponds
to a corner of the four-dimensional coordination hypercube (Ebare, Ibase, Minertial, C),

The EIM Particle State Space

FEare i i
v1 = (1,0,0,0) - lightest neutrino
- minimum Memory configuration

S'&
e, p~, 7~ (charged leptons) f",’é?: W, W, Z° (gauge bosons)
5

5!’5
s
o t=(0,1,1,1)
Tpase o s Mnertial
- top quark -
maximum denomination
u,c,d,s,b

(light quarks)

C

Figure 5.2. The EIM particle state space as a four-dimensional coordination hyper-
cube (Ebare, Ivase, Minertial, C). Stable particles correspond to corners positioned by
Hamming weight—the number of active coordination coordinates. The lightest neu-
trino vi = (1,0,0,0) and the top quark t = (0,1,1,1) occupy antipodal corners, repre-
senting minimum and maximum Memory-bearing modes respectively. This geomet-
ric antipodality supports the structural derivation of the mass hierarchy as coordination
depth ordering.
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positioned by the number of coordinates it occupies—its Hamming weight. The
antipodal relationship between vi and the top quark is visible as the geometric
extremes of the simplex: minimum loading at one vertex, maximum at the other.
The physical particle spectrum occupies only a subset of the available corners;
the structural question Figure 5.2 poses is which corners are populated and why.

Figure 5.2 shows where the physical particles sit. Figure 5.3 shows the com-
plete landscape they inhabit. All sixteen corners of the four-dimensional binary
coordinate space are enumerated and organized by Hamming weight H, from the
vacuum at H = 0 through to the fully saturated state at H = 4. The physical
fermion spectrum—vi at H = 1, the charged leptons and light quarks at H = 2, the
top quark at H = 3—does not fill the space arbitrarily. The corners at H =0 and
H = 4 are structurally forbidden as stable denominations: the vacuum carries

Particle State Space: Hamming Weight in the EIM Coordinate System (Ebare, Ibase; Minertial, C)

Hamming Weight H | Coordinates (Epare, Ibases Minertial, C)

0 O Vacuum state (0,0,0,0)

EIM physical anchor states

2

1 ‘(1,0,0,0) /i —lightest neurino - (@) 0.1.00) @) 00100 @ ©001)
|

2 (1,1,0,0)/ e — electron @) (1.0,1.0) @ .00, @ 01, LO@ .10, @ ©0.1.1)

ok

S - ) O
3 O oty /t—topquak ) arre) O aron ) oLy
4 O © @11/ Full state
Coordinate definitions Color charge C
Ejy.re = Execution coordinate C =0 (no color charge)

Tyasc = Interaction coordinate (EM and weak loading) | | C = 1 (color-charged, carries SU(3) holonomy cost)
Minertiat = Memory coordinate (inertial mass loading) Note: all H = 3 and H = 4 entries with C =1 are
C = Color charge (SU(3)) quarks or colored states.

Figure 5.3. All sixteen corners of the four-dimensional binary coordinate space, or-
ganized by Hamming weight H. Stable fermion denominations appear at H = 1
(lightest neutrino vi), H = 2 (electron and charged leptons), and H = 3 (top quark).
The endpoints H = 0 (vacuum) and H = 4 (fully saturated state) are structurally
forbidden as persistent denominations. This distribution is a combinatorial conse-
quence of the coordination constraints, not a free assignment.
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no Memory load and cannot persist as a particle; the fully saturated state is the
top quark’s limit, immediately unstable. The intermediate corners at H = 2 mark
the region of greatest combinatorial richness, where the generation structure and
charge assignments of the Standard Model are located.

The pattern visible in Figure 5.3—increasing mass with increasing Hamming
weight, three populated levels between the forbidden endpoints—is not imposed
from outside. It is the combinatorial consequence of the coordination constraints.
The mass hierarchy across generations is the same structure read temporally:
higher Hamming weight corresponds to deeper temporal lift, which is the subject
of the next section.

The Mass Hierarchy as Temporal Depth

The generation structure of the fermion spectrum encodes temporal lift depth
directly. The electron, muon, and tau are I-dominant modes at increasing genera-
tions: the electron is the first-generation I-dominant lepton (O: in Table 7.1), the
muon is second-generation (Os), and the tau is third-generation (O1o). The increas-
ing mass—me =~ 0.511 MeV, m, = 105.7 MeV, m; = 1776.9 MeV—directly reflects
the increasing temporal lift depth A1 <Az < As: higher generations correspond to
closure cycles that accumulate greater Memory before stable return.

The neutrino hierarchy reflects the same pattern from the M-anchor orbits: ve
(O1), v (Os), v (Ov) carry increasing temporal depth at minimal Memory loading.
Their masses—mi = 2.34 meV, mz2 = 8.99 meV, ms = 49.6 meV—are the minimal
denomination at each generation level. The sum Zm, = 60.9 meV is predicted
structurally and testable by near-term cosmological surveys.

The quark sector adds the complication of color charge (the C coordinate) which
enables three-fold confinement states. But the cross-generation ordering holds
without exception: charm (O-) is heavier than up (Os); strange (Os) is heavier than
down (Oa4); bottom (O:12) is heavier than strange; top (O1) is heavier than all others.
This hierarchy—confirmed in full by PDG data—follows from A: &lt; Az &lt; As
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combined with the structural role ordering B.
The Standard Model as Structural Output

Within the EIM framework, the particle spectrum of the Standard Model emerges
as the structural output of this determination rather than serving as an input. The
full spectrum—quarks, leptons, gauge bosons—is not treated as an arbitrary col-
lection assembled empirically. It is the complete set of stable, discrete, combina-
ble units of a system that stores and exchanges Memory. The denomination struc-
ture has a smallest element (the lightest neutrino), a largest element (the top quark),
a minting standard (the Higgs field), and exchange mediators (the gauge bosons).
These are structural necessities, not design choices.

The extended particle spectrum—the hundreds of hadrons catalogued by the
PDG, the various meson and baryon resonances—does not indicate a larger set
of independent denominations. These particles are higher-order realizations of the
same underlying coordination cycles: composite configurations of multiple cy-
cles bound through Interaction-dominated regimes, or higher-winding traversals
that fail minimal closure conditions. They are the excitation spectrum of a fixed
structural basis. What appears as multiplicity at the level of observed particles is,
at the level of the coordination framework, the set of allowed transient departures

from minimal closure.

The particle content within the EIM framework is structurally saturated by the
minimal set of persistence modes—the framework does not admit open-ended ex-
tension of particle types. The phenomena attributed to dark matter arise naturally
from the coordination dynamics and the accumulation of Memory across scales.
Particulate dark matter is a compensating construct introduced to reconcile obser-
vations within a geometry-first framework. The coordination structure accounts

for those observations directly, as Chapter 6 establishes.
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Chapter 6.
Closing the Open Questions

Chapter 5 derived the denomination structure of stable matter. The present chap-
ter addresses the large-scale observational anomalies that resist explanation within
the Standard Model and GR. The framework does not accommodate these anom-
alies—it predicts them.

The Rotation Curve Problem and MOND

In the 1970s, Vera Rubin measured rotational velocities of stars in spiral gal-
axies. Outer stars move just as fast as inner ones—contrary to Newtonian predic-
tion. Decades of experiments have detected no dark matter particles. MOND fits
the rotation curve data using one additional parameter but lacks a theoretical
foundation.

EIM derives this behavior from the forcing chain without modification of the
force law. At the galactic center, o is large and GR applies exactly. At the outskirts—
sparse matter, weak interactions, shallow coordination history—o falls below the
percolation threshold. The effective gravitational coupling Gen(c) departs from
its Newtonian value. The critical acceleration Milgrom identified empirically cor-
responds to the coordination depth at the percolation boundary. MOND phenom-
enology is a structural consequence of shallow coordination depth.

The critical acceleration scale itself follows directly from backbone structure.
At the percolation boundary, the only dynamical rate available is the cosmologi-
cal expansion rate Ho. The spectral gap y¢ governs how rapidly the coordination
network relaxes at that boundary, and the speed ¢ converts this relaxation rate to
an acceleration. The interaction sector of the backbone carries exactly five inde-
pendent cycles—f: I =5, a forced consequence of the As x Z» decomposition.
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Multiplying these three quantities together gives the MOND critical acceleration:
a0 = Sy°cHo. No parameter is fit to data; each factor is a structural constant of the
dodecahedral backbone. The formal closure of the projection step joining ¢, c,
and Ho at the percolation boundary is developed in the author’s technical com-
panion work. Subject to that closure, the numerical agreement with Milgrom’s
empirically determined value reflects the same backbone geometry that deter-
mines the neutrino mass and the CMB spectral index. Figure 6.1 shows the result:
the inner galaxy, where o is large, follows Newtonian dynamics exactly; the outer
disk, where coordination depth has fallen below the percolation threshold, fol-
lows the modified curve—without invoking any additional mass.

LEFT PANEL: RIGHT PANEL:
o gradient across galactic disk rotation curve
olessthant| A percolation boundary
o much greater metric emergence fails ;
coordination depth
than 1 | GR exact / o i drops below threshold —
1 | metric emergence fails
™ ! here
&
e oF
s 2, observed

v (orbital velocity)

Newtonian prediction ; -
(visible matter only) |

oneari|
transition zone

olessthan1 |
metric emergence fails

1
1
1
|
1
I
|
1 1 ! )

r (galactic radius)

< >

radial distance r

Figure 6.1 Galaxy rotation curves and coordination depth o, illustrating MOND be-
havior as a failure of metric emergence rather than a modification of the force law.
Left: radial decrease in coordination depth from ¢ >> 1 at the galactic center to ¢
&It; 1 in the outer disk. Right: observed rotation curve (solid) against Newtonian
prediction (dashed). Within the EIM framework, the deviation in the outer disk
arises because coordination depth has dropped below the percolation threshold,
causing Gei(c) to depart from its Newtonian value without invoking additional mass.

The Cosmological Constant and Dark Energy
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Two teams discovered that cosmic expansion is accelerating. Within GR, this
requires dark energy—a uniformly distributed, non-diluting, repulsive energy den-
sity. The QFT prediction for this energy density is roughly 10'?° times larger than
observed: the largest discrepancy in the history of physics.

In EIM, the cosmological constant is a structural consequence of backbone ge-
ometry—the energy cost of maintaining the dodecahedral coordination structure
as it approaches Memory saturation. The 10'*° problem arises because QFT sums
zero-point energies up to the Planck scale. Within EIM, the coordination horizon
Hi = 55¢* = 144 imposes a natural upper bound on dynamically distinct modes—
not an imposed cutoff but a structural consequence of the backbone. The resulting
vacuum energy scale ~mi* is consistent with observed dark energy density pa =
(2.3 meV)*. Both m: and px are set by the same backbone constant y©.

The Cosmic Microwave Background

The CMB is the first observational window onto the coordination percolation
process—the moment at which the backbone’s accumulated Memory was first
imprinted on a freely propagating signal. The standard cosmological model fits
the CMB with six free parameters. In EIM, the fluctuation spectrum is the signa-
ture of the first percolation events; the spectral index ns is predicted by the back-
bone geometry at approximately 0.9653, matching the Planck measurement of
0.9649 £ 0.0044 to within 0.09 standard deviations—without fitting.

The derivation is straightforward in structural terms. Perfect scale invariance—
ns = 1 exactly—would correspond to a featureless coordination process with no
preferred scale. The spectral gap v is precisely the quantity that breaks this uni-
formity: it represents the rate at which the backbone’s coordination departs from
perfect homogeneity at the percolation threshold. The tilt of the primordial power
spectrum away from scale invariance is therefore equal to ye, givingn, =1 —y¢ =
1- %g The same constant that governs Memory accumulation rate, neutrino
mass, and MOND acceleration also sets the imprint left on the CMB at the mo-

ment of first percolation. This convergence is a structural consequence of the
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framework: the same backbone quantity encountered at three different observational

scales.
The Pre-Planck Cosmos and the Hubble Tension

EIM extends naturally through the Planck boundary: the pre-Planck cosmos is
the regime 6 — 0—maximum Execution, maximum Interaction, no coordination

history. The laws governing this regime are EIM in the limit ¢ — 0.

The Hubble tension—the discrepancy between early-universe and late-universe
measurements of the expansion rate—has a natural explanation. CMB measure-
ments sample the transition from the lower cone to the cylinder; late-time meas-
urements probe the upper cone, where the system approaches its coordination
horizon. The two measurements probe different phases of the same logistic curve,
and the framework predicts they will not agree within a single-parameter model.
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Chapter 7.
The Derivation

The preceding chapters made the argument in conceptual terms. This chapter makes
it in mathematical ones—the same argument at a different level of compression.
Each derivation proceeds from constraint to consequence. No free parameters are
introduced at any step. Figure 7.1 traces the eleven-step forcing chain summarized
in this chapter, from the null state to the lightest-neutrino-mass prediction.

The EIM Forcing Chain to the Lightest Neutrino Mass

Null State First Distinction
absence of structure, content, or distinction minimal non-null state, p — 0%, enclosed by S*

[ EIM Triad

FExecution, Interaction, Memory as the

/ unique minimal decomposition

Finite Propagation Constraint Coordination Network
interaction cannot propagate infinitely fast persistent distinctions require a

/ connected interaction structure

Spectral Invariants

Admissibility Complex

conditions for persistence against the null

Backbone Geometry

minimal symmetry closure fizes the — = = c
dodecahedral coordination backbone / ﬂlﬁ‘_or}lli; ;Z fc_bo(;:s b\fc) t/fy:a"f
Regime Threshold First Non-Zero Eigenmode s
o = 1 separates sparse coordination D lowest massive excitation above the 55 nl;-nw de limit
from stable matter / zero-mode propagation limit
Lightest Neutrino Mass parameter-free
my, =me - B3 - ¢*° ~ 2.345 meV prediction

No spacetime geometry, no neutrino data, and no free parameters are assumed upsiream of the dertvation.
Figure 7.1 The EIM forcing chain: eleven structurally forced steps from the null
state @ to the neutrino mass prediction mi. Each step is forced by the previous; no

free parameters are introduced. The primary unit anchor is the electron mass me—
itself substantially derived from backbone invariants.

Step 1: The Null State
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2 = the complete absence of structure, content, or distinction

Begin with nothing—not empty space, not a vacuum, but the complete absence
of any structure whatsoever. The null state and its complement boundary form the
starting pair (@, S?). S? is the unique isotropic enclosure whose geometry is fixed
by the equilateral simplex of the three co-equal mode vectors—the minimal iso-
tropic boundary within which structure can exist.

Step 2: The Admissibility Complex

The boundary S? is not a space but a constraint surface. The transverse traversal
3 . o .
defect Ajoc = \/?— prevents any finite coordination process from achieving exact

closure on this surface—so ¢ = 1 represents the closest admissible approach to
isotropy. To persist, a state must be internally consistent. The admissibility com-
plex is the set of all configurations not immediately self-canceling: the logical
conditions any persistent configuration must satisfy.

Step 3: The EIM Triad

The admissibility complex has a unique minimal decomposition into three inde-
pendent modes—a structural theorem: any persistent configuration must have some-
thing happening (otherwise it is @), must have internal relationships (otherwise its
components are independent null states), and must carry the consequence of its prior
states (otherwise it is not persisting). These three conditions are independent and
exhaustive. Their unique names: Execution (E), Interaction (I), and Memory (M).

The domain is declared: the universe is a configuration of E, I, and M. Space
and time are not in the domain. They will emerge from it.

Step 4: The Oriented Cycle and the Origin of Time

The triad defines the minimal structure of a persistent system. A single traversal
of E—>1—M does not produce persistence unless the system can return to Execu-
tion in a distinguishable way. The distinction between E: and E: reflects nontrivial
Z> holonomy: the system returns to the same mode but not the same state. The
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return orientation state lies in Z> = {+1, —1}. The minimal non-degenerate closure
under iteration is five—the five-step structure E—>I—-M—I1'—M’, anticipating
the pentagonal geometry of the backbone.

Definition: Role-Dependent Closure Indicator

Let y(x, r; 6) = 1 if and only if the mode realizes localization (Execution), ho-
lonomy (Interaction), and closure (Memory) in a single self-returning coordina-
tion cycle; otherwise y = 0. Fermionic modes are precisely those for which y = 1.
In the low-6 regime y = 0 throughout; at 6 = 1, x = 1 becomes achievable and
stable fermionic modes become possible.

Theorem (Topological Stability of the Closure Indicator)

Let y be a fermionic orbit in the realized cylinder (1 < o < x) with y(y) = 1.
Then y(y) = 1 for all continuous deformations of y within the realized cylinder.
No mechanism within the EIM framework can continuously change y from 1 to
0 without passing through a structural discontinuity.

Proof sketch. The closure indicator y records a nontrivial Z» holonomy class in
H'(y; Z2) = Z». The two elements of Z. are discrete—there is no path between
them. A continuous deformation can only alter y by passing through a configura-
tion where the holonomy class is undefined, requiring the orbit to cease closing,
the backbone to lose its girth-5 structure, or ¢ to fall below 1. None of these tran-
sitions is available within the realized cylinder. m

Corollary (Proton Stability). The proton is a fermionic mode in the realized
cylinder with x = 1. By the Topological Stability theorem, no mechanism can
change y from 1 to 0 without a structural discontinuity. Proton decay does not
occur at any observable or asymptotic timescale. This is topological stability—
not subject to violation by higher-order operators, because it depends on the dis-
crete structure of Zo.

Born Rule as a Structural Consequence
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In the low-o (pre-percolation) regime, transitions are determined by the set of
admissible coordination paths. Each path contributes a coordination weight; be-
cause the coordination cycle carries orientation (via holonomy), these contribu-
tions are phase-structured. The observable transition probability is proportional
to the inner product of the amplitude with its reverse—the unique orientation-
insensitive combination the symmetric coordination metric permits. The Born
rule appears not as an independent postulate, but as the natural measurement map
from phase-structured coordination to realized event frequency.

Step 5: Temporal Ordering

The irreversible oriented cycle establishes a strict ordering on the count of
completed cycles N. Each completed E->I—-M—E cycle adds one to N and can-
not be undone. This is time in its most primitive form—not a geometric coordi-
nate but an irreversible count of coordination events.

Mass, Temporal Lift, and the Zero-Retention Limit

Time and mass are complementary aspects of the same underlying process:
time as the global ordering of Memory accumulation, mass as its localized reten-

tion.

mg, = VHA Ay = A B,

sr’ T g

where vy is the Higgs-Execution normalization scale, A, is the generation fac-
tor encoding temporal lift depth (A1 < Az < As), and B; is the role factor encoding
structural loading. Higher generations correspond to closure cycles that accumu-
late greater Memory before stable return—reflected in increased mass. The cross-
generation ordering m_ {g,r} <m_{g+1,r} holds for all fermion families without
exception.

The photon represents the zero-retention limit: it propagates coordination through
Execution and Interaction without realizing a persistence-bearing closure cycle,

does not retain Memory across iterations, and acquires no mass.
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The Role of the Higgs Field

The Higgs field defines the Execution-scale normalization against which all clo-
sure modes are measured—not a denomination within the system but the standard
rendering the denomination structure physically meaningful. Fermionic mass arises
from coupling between a closure orbit and the Execution field. The Higgs vacuum
expectation value establishes the global Execution scale.

Step 6: Trivalent Saturation

Each active site must carry exactly one connection per mode—one Execution
channel, one Interaction channel, one Memory channel. Every vertex in the coor-
dination graph therefore has exactly three edges. Trivalency is a representation
theorem, not a geometric assumption.

Step 7: The Dodecahedral Backbone

The coordination graph must simultaneously satisfy: (1) trivalence, (2) closure
on S?, (3) girth at least 5 (derived: girth 3 excluded by irreducibility, girth 4 by
return-map non-injectivity), (4) all-pentagonal faces from the minimal non-de-

generate closure argument.

A finite trivalent planar graph with only pentagonal faces is uniquely con-
strained:

V-E+F=2 3V=2E G5F=2E = (V,EF) =(2030,12)

The dodecahedron—uniquely forced under the combined constraints of triva-
lent saturation, pentagonal faces, and closure on S?. Three-dimensional space
emerges here: by Steinitz’s theorem, the dodecahedron is the skeleton of a convex
3-dimensional polyhedron. Three spatial dimensions are the output of the require-
ment that a trivalent graph with Mobius holonomy close on S2.

Step 8: The Spectral Invariants

Cyclerank: i =E—V +1=30-20+ 1= 11—a topological invariant.
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Spectral gap derivation:

Step 1.1 = 11 (Euler count)

1+vV5 5 _ 3++5

Step 2.¢p = 7 9=
Step 3.y = — = —2—— = %5 ying ¢*(3-V5) = 2
tep 3.y* = B’ 113+Vs) | zz 0 UWSmE @ ( ) =2
3-+5
Y¢ = P =~ 0.03472, — no free parameter.

The Weinberg angle follows from the sector structure. The two five-dimen-
sional cycle sectors (Vi= 5 cycles, Vi = 6 cycles) mix through the quadratic form
with entries fixed by backbone geometry and transverse coupling \/2—5:

sin?@y = 1/4 (= 0.25,tree — level EIM threshold)

Standard renormalization group running shifts this to the measured MS-bar
value of = 0.231.

Step 9: The Coordination Horizon

The spectral gap y¢ sets the rate of Memory accumulation. The fixed point of
logistic growth—the scale at which Memory accumulation saturates—is the co-

ordination horizon:
H, = 55¢?% ~ 144

Newton’s constant follows: G = Ac/(5H?), yielding the Planck mass Mp =
HV5 in natural units. The derivation has a single structural step. The Planck
mass—the scale at which gravitational and quantum effects become compara-
ble——corresponds in EIM to the coordination horizon scale Hy. The pentagonal
geometry of the backbone introduces a factor of V5, giving Mp = H,\5 in natural
units. Since G = Zic/Mp? by definition of the Planck mass, substituting yields G =
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hc/(SH?). The gravitational coupling constant is not a free parameter of the
framework—it is the inverse square of the coordination horizon, scaled by the
pentagonal invariant of the backbone geometry.

Step 10: The Neutrino Mass

The lightest neutrino is the minimum denomination—the smallest stable Memory
configuration the framework permits. The holonomy projection selecting the Memory
sector is forced by the antipodal map 1—a geometric object determined by back-
bone symmetry, not a separate postulate.

GO°_ m,
By B? - @10

m; = meg -

The electron mass is substantially derived from backbone invariants:

Higgs-Execution scale: vip = Mp X (Y;;)(v/z) ~ 253 GeV (within 2.75% of the
physical value)

Electron Yukawa correction: y. = (3 — @) % (y°)*, where (3 — ) = %gz(n/S)
Electron mass prediction: m. =~ 508 keV (within 0.52% of the physical 511 keV)
Result:

my; = 2.34 meV

The current KATRIN experimental upper bound places this prediction within
the accessible range. The predicted neutrino mass sum Xm, =~ 60.9 meV sits within
the range accessible to next-generation cosmological surveys including Euclid.

Step 11: The Regime Architecture

The regime architecture follows directly from the spectral invariants estab-
lished in Steps 7 - 10. The effective gravitational coupling Geff(c) varies contin-
uously with coordination depth: it is absent in the pre-percolation regime (¢ —
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0%), rises through the Standard Model threshold at 6 = 1, and asymptotically ap-
proaches the Newtonian value GN in the deep-coordination limit (¢ > 1). No
new degrees of freedom are introduced at any stage; the variation is a direct con-
sequence of coordination path density in the backbone graph, which determines
how thoroughly local Memory accumulation can be expressed as a global metric
constraint.

Four structural regimes are distinguished along this curve. The quantum regime
(o — 07) carries no stable metric and no effective gravitational coupling; fluctu-
ations dominate because no spanning Memory structure exists to enforce a defi-
nite configuration. The MOND-like subcritical regime (0 < ¢ < 1) supports local
Memory accumulation without global metric emergence, producing the modified
effective coupling that accounts for galaxy rotation curves at the galactic perco-
lation boundary without invoking additional mass. The Standard Model onset (o
= 1) marks the threshold where the first spanning path appears and stable fermi-
onic modes become achievable. General relativity (¢ > 1) is the deep-coordina-
tion asymptote, exact in the regime where path redundancy is high enough to

support a smooth Riemannian geometry—Figure 7.2.
The Twelve Fermionic Orbits

The backbone contains exactly twelve pentagonal faces. Every minimal per-
sistence-bearing mode (y = 1) must be supported on a pentagonal cycle. Temporal
phases are not preserved under the automorphisms of —the Memory binding of
successive cycle iterations breaks graph symmetry. Therefore:

I' admits exactly twelve distinct fermionic closure orbits.

The identification with Standard Model fermions follows from the backbone’s
internal organization rather than from fitting. The As symmetry of the dodecahe-
dron organizes the twelve orbits into a natural 3 x 4 grid. The three rows corre-
spond to the three generations: each successive generation represents a closure
cycle that accumulates greater Memory before stable return, encoded in the
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Figure 7.2. Effective gravitational coupling across coordination regimes. The curve
Geti(o) traces the emergence of gravitational strength as coordination depth ¢ in-
creases, approaching the asymptotic Newtonian value G_N in the limit of deep con-
nectivity. Four structural regimes are distinguished: quantum (¢ — 0*), MOND-like
subcritical (0 < o < 1), Standard Model onset (¢ = 1), and general relativity (¢ > 1).

generation factors A: < A2 < As. This is why mass increases across generations—
it is not a free parameter but a structural depth ordering. The four columns corre-
spond to four distinct structural roles that any closure orbit can realize: minimal
Memory-anchor (carrying the lightest possible Memory load), Interaction-domi-
nant (localized through electromagnetic coupling), Execution-Interaction mixed
(mobile, weakly bound), and Interaction-Memory mixed (binding-stabilized).
Matching structural role to quantum numbers is then direct: Memory-anchor or-
bits carry no electromagnetic charge and minimal mass—these are the neutrinos.
Interaction-dominant orbits carry electromagnetic charge and stable mass—these
are the charged leptons. The mixed orbits carry color charge and populate the
quark sector. The 3 X 4 structure of the Standard Model fermion spectrum is the
combinatorial output of temporal depth crossed with structural role. No assign-

ment is free.
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Table 7.1 Pentagonal Closure Orbit Assignment

Orbit Gen. Role SM  EIM Interpretation

O g Minimal M-anchor V. Lowest-Memory persistent closure

0O: g I-dominant e Interaction-localized stable mode

0O g E-I mixed u Mobile, weakly bound excitation

O4 g I-M mixed d Binding-stabilized configuration

Os 22 Minimal M-anchor v, Second-layer Memory mode

Os 2} I-dominant W Higher-load interaction closure

(01} 2} E-I mixed c Intermediate excitation mode

Os 22 I-M mixed s Enhanced binding structure

Oo 3 Minimal M-anchor v, Deep-Memory threshold mode

Oio g3 I-dominant T High-energy interaction closure

On g3 E-I mixed t Maximal excitation (decays before
hadronization)

O12 3 I-M mixed b Heavy binding regulator

Table 7.1 The twelve orbits identified by backbone geometry map onto the
Standard Model fermion content in a 3 X 4 structure. This is a structural identifi-
cation, not a free assignment.

Return, Residue, and Completion

Any coordination process whose return is orientation-inverting cannot globally
self-cancel. The resulting holonomy residue must be represented in the Memory
sector. Memory monotonicity and holonomy residue persistence are the same
statement in different coordinates.

Return-Residue Principle: Any coordination process in EIM whose return is
nontrivial cannot globally self-cancel. The holonomy residue must be represented
in Memory. Global completion of the process requires the residue to be exported
from the local coordination sector into the propagating sector.
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Corollary—No Process Is Strictly Memoryless. The Markov approximation
is always an effective description—valid when accumulated Memory is suffi-
ciently stable, not because Memory is absent. Systematic deviations from Mar-
kovian dynamics must appear in any regime where coordination history is ac-
tively shaping system behavior—including quantum error correction, NMR re-
laxation, and open quantum systems near threshold.

Observed Discrepancies as Conservation Requirements

Precision discrepancies are not failures of the framework. They are necessary
consequences of the Return-Residue Principle. Any coordination process that
closes locally but cannot discharge its holonomy residue within the particulate
sector must express that residue somewhere.

The electron mass residual (=0.5%) is the energy cost of the missing energetic
closure degrees. The backbone derivation yields 508 keV at tree level; the 3 keV
gap to the physical 511 keV is the signature of incomplete particulate-to-energetic
discharge at the minimal denomination. The muon anomalous magnetic moment
(g — 2) records the departure from the Dirac prediction g = 2—the tree-level (Np
= 5) result carrying no residue contribution. The measured nonzero anomaly is
the direct observable surface of the holonomy residue that the I-dominant mode
cannot locally discharge. Radiative corrections in QED are the observable bookkeep-
ing of that defect transport: each order of correction corresponds to a further cycle
of residue export and receipt confirmation.

These are not independent corrections. They are the observable surface of a
single conservation law: the requirement that holonomy residue deposited by
nontrivial return must be exported and acknowledged. Standard perturbation
theory captures this export numerically without identifying its structural origin.
The EIM framework identifies the origin and predicts that the corrections are
bounded, directional, and generation-dependent—because the residue structure

1S.
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The Muon as the First Empirical Surface

The muon is the coordination mode in the lepton spectrum best positioned to
expose the energetic completion requirements at measurable precision: residue
large enough to detect, lifetime long enough to measure. It is the second-genera-
tion [-dominant lepton—the same structural role as the electron at generation 1,
but with greater temporal lift depth and correspondingly larger accumulated res-
idue. The electron reveals the minimal energetic correction at the lowest denom-
ination; the muon reveals the same correction structure at the first precision-ac-
cessible lift depth.

Muon decay—y~ — e + v + v,—satisfies particulate closure at Np = 5 but
does not discharge the holonomy residue deposited by the nontrivial return. The
residue remains in the global Memory ledger and modifies observable properties:
the effective decay rate, the energy distribution of final-state products, and the

response to an external magnetic field.

The g — 2 anomaly is the direct signature of this residue discharge. Within EIM,
g = 2 is the tree-level result reflecting particulate closure alone, with no residue
contribution. The observed nonzero value is the measurable surface of the con-
straint that nontrivial return imposes on every locally closed coordination process.

The structural requirement that a nonzero departure must exist is not open—it
follows from the Return-Residue Principle together with the fact that the muon
carries nonzero holonomy residue as its [-dominant second-generation mode.
What remains for future derivation is the precise numerical value from the ener-
getic closure algebra.

Entanglement as Incomplete Global Closure

A locally closed system (y = 1 at each site) may leave its global holonomy
residue unresolved. The residue enforces a correlation between the two partici-
pating sites that does not require a signal to pass between them—because the cor-

relation is not propagation but constraint satisfaction. Entanglement is incomplete
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global closure under nontrivial return. Its nonlocal correlations are the observable
signature of a shared, unresolved constraint. Finite causal propagation is preserved:
the correlation is already present by construction.

Energetic Closure and the Minimal Completion Requirement

The minimal particulate closure count Np = 5 is established at theorem level
by the pentagonal backbone girth. A locally closed cycle satisfies particulate clo-
sure but leaves the holonomy residue in the global Memory ledger. Global com-
pletion requires at least two additional structural roles beyond particulate closure:
one for outbound transfer of the residue into the propagating sector, one for the
global consistency check.

Conjecture—Energetic Closure. The minimal energetic closure count is Ng
= Np + 2 = 7, motivated by the Return-Residue Principle and the directed two-
step structure of residue export.

Local and Global Completion

The minimal closure count identified above characterizes local persistence—
the particulate closure count Np = 5 is established at theorem level by the pentag-
onal backbone girth. This establishes the conditions under which an excitation
can exist as a stable, localized entity. Local closure alone is not sufficient to guar-
antee global consistency. The framework imposes additional constraints arising
from the combination of finite propagation, nontrivial holonomy, and conserva-
tion of Memory.

Theorem 1 (Conservation Completion). Let a persistent excitation be mod-
eled as a minimal closed EIM cycle with nontrivial holonomy under single tra-
versal. Then local closure preserves identity but leaves a nonzero orientation res-
idue. Under finite propagation and conservation of Memory, this residue cannot
be eliminated locally and must be transported and globally reconciled. Therefore,
minimal globally admissible completion requires two additional structural roles
beyond particulate closure.
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Proof sketch. A minimal persistent cycle contains the EIM triad together with
the minimal return structure required for distinguishable closure, yielding Np = 5.
Because the return is orientation-inverting, the cycle carries a nontrivial residue
class. Local closure preserves the identity of the excitation but does not eliminate
this residue. If Memory is conserved, the residue must be accounted for globally.
Under finite propagation, global accounting cannot be identified with the local
closure event itself. It requires at least one role corresponding to outbound trans-
fer and one role corresponding to global reconciliation. A single additional role is
insufficient, since transport and global admissibility are distinct operations under
finite propagation. Additional roles beyond two are not forced by the domain.
Therefore, minimal completion requires exactly two additional roles beyond par-
ticulate closure. m

Theorem 2 (Relational Completion). A conserved global constraint cannot be
realized by a single locally closed excitation. Any relation that must be preserved
across separation requires at least two distinct loci. Under finite propagation, the
minimal realization of such a distributed constraint requires two additional struc-
tural degrees beyond local closure.

Proof sketch. A locally closed excitation supports persistence of identity but
encodes only unary properties. A conserved relation is a constraint defined across
multiple loci—not a property of any single object. Therefore, no single closed
cycle can realize a globally enforced relational invariant. The minimal realization
requires at least two distinct sites. Under finite propagation, this distributed struc-
ture cannot be collapsed into a single local role. Therefore, the minimal extension
beyond local closure required to encode relational consistency is two. B

Corollary (Minimal Energetic Completion). [f Np =5, then Ne=Np +2="7.
This defines the minimal extension required for a locally persistent excitation to
satisfy global conservation and relational consistency.

Mass, Energy, and Closure Level
Local closure corresponds to persistence as an identifiable excitation—the
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property associated with mass: the capacity of a system to remain localized and
retain identity under finite propagation. Global completion corresponds to the
distributed consistency required to maintain that excitation within the full coor-
dination network. This manifests as energy: the propagation, transfer, and recon-
ciliation of the structural residue required by conservation.

Mass and energy therefore do not represent distinct substances but two aspects
of closure: mass as locally closed Memory, energy as the global completion of
that closure. This interpretation follows directly from finite propagation, nontriv-
ial holonomy, and conservation of Memory, and does not introduce additional

assumptions.

E = mc? is the equivalence of local and global closure under a constraint that
cannot be relaxed—not a conversion postulate, but a structural consequence.

Predictions and Observational Signatures

Table 7.2 EIM Quantitative Predictions (Summary)

Quantity EIM Current Observational Precision/Match
Prediction Status

Spectral index (ns) ~0.9653 0.9649 + 0.0044 (Planck High match (0.090)

2018)

Dark-to-visible  =5.4:1 ~5.36:1 (Planck/DES)  High match: 6:5 cycle

ratio ratio

Electron mass ~508 keV 511 keV (measured) Tree-level residual

(me) (0.52%)

MOND ao=5ycHo =1.2x 107" m/s? Scale confirmed

acceleration (ao)

Lightest neutrino ~2.34 meV <450 meV (KATRIN Within current bounds
(m1) 2022)

Sum of neutrino  =60.9 meV ~ =58 - 64 meV Pending direct test
masses (DESI/Euclid)

Cosmological ~mi* = (2.34 107'?2 (order of Order-of-magnitude
constant (A) meV)* magnitude) agreement
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Proton decay Zero/never  >10%* yr (no events Strong agreement
detected)

Weinberg angle 1 (tree-level) ~0.231 (PDG, MS-bar)  Standard RG running
(sin20w) 4 from 0.25 to 0.231

Table 7.2 All entries are expressed in backbone constants and contain no fitted
parameters. The formal projection-step closure for the MOND acceleration is de-
veloped in the author’s technical companion work; see Appendix B. The master
table with full precision data appears as Table A.1 in the Afterword.

Convergence with Recent Results

Bellazzini, Pomarol, Romano, and Sciotti (2026) demonstrated that gravity
emerges as a logical necessity from the existence of a single massive spin-3/2
particle, given only causality and unitarity. Both EIM and this result argue that
physical structure is constrained to be what it is rather than freely chosen. EIM
operates at an earlier stage of the ontological stack—it derives spacetime, quan-
tum mechanics, and particle content sequentially, while the Bellazzini et al. result
operates in the ¢ > 1 regime and takes as given what EIM constructs from first
principles. The two frameworks are not competitors—EIM is the deeper layer
from which the conditions of the Bellazzini et al. argument themselves arise.
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Chapter 8.

Modal Process Ontology and the
Architecture of Becoming

Any world in which something genuinely happens requires exactly three struc-
tural conditions. First, a domain of accessible alternatives must exist—a struc-
tured field of possible transitions that the configuration of a system exposes at a
given moment. Second, a mechanism of selection must operate—a specific act
by which one accessible path becomes actual and the others do not. Third, that
act of selection must leave an irreversible residue—a constraint on what alterna-
tives are subsequently accessible. Remove the first, and there is nothing from
which selection could be made. Remove the second, and the accessible domain
remains latent indefinitely. Remove the third, and each selection leaves no trace;
there is no cumulative structure, no temporal asymmetry, no history. All three
conditions are necessary. None is derivable from the others.

The EIM framework identifies these conditions precisely. Interaction names
the accessible relational structure. Execution names selective actualization. Memory
names the irreversible residue. Each term is defined by its functional role in the
process of becoming, not by analogy or intuition. The mapping is not interpre-
tive—it is constitutive. The EIM triad just is the minimal process grammar of any

world with history.

The distinction between possibility and actuality is therefore not a descriptive
convenience imposed on the world from outside. It is structurally required by any
world in which outcomes are determinate and history is asymmetric. Interaction
names what is genuinely open—not epistemic uncertainty about a hidden state,

but the real structure of accessible alternatives prior to commitment. Execution is
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the commitment itself. Memory is what commitment deposits: the closed con-
straint that shapes every subsequent round of accessibility. The triad is minimal
in the strict sense. No term is redundant, and removing any one renders the re-
maining two either inoperative or definitionally incomplete.

M(t+ 1) = M(®) + A (E(1(6, M(1)),A 2 0

The update rule is the formal expression of this structure. Memory is strictly
non-decreasing. The coordination depth o = % is an order parameter derived
from this rule, not an independent postulate. Time is the asymmetric ordering
generated by constraint accumulation: the past is the closed domain of Memory
residues; the future is the open domain of accessible alternatives not yet commit-
ted; the present is the Execution event that converts one to the other. This is not a
metaphor for temporal structure—it is its derivation.

Any framework that omits one of these three roles cannot produce a world with
history.
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Chapter 9.
The Self-Renewing Universe

Black Holes as Recycling Centers

Under extreme gravitational compression, organized Memory becomes increas-
ingly difficult to sustain. As evaporation proceeds and M — 0, the system ap-
proaches the pre-percolation limit: p = 0*—the same boundary condition estab-
lished at the origin: high Execution and Interaction with no system-spanning
Memory enforcement.

The endpoint of black hole evaporation is structurally identical, in EIM coor-
dinates, to the initial ignition of the cosmos. The terminal state of a black hole is
structurally a local Big Bang. From that seed, new coordination can grow for
precisely the same structural reason it grew the first time: the conditions are iden-
tical. Figure 9.1 maps this trajectory—the existence curve running from p =0"
through the percolation threshold and asymptotically approaching Hx, with black
hole cycles continuously returning accumulated Memory to the substrate and pre-
venting global closure.

Primordial Black Holes: The First Horizons

The S? closure problem (Chapter 3) established that early coordination cannot
achieve uniform closure—the holonomy of the backbone forbids it. The 12 pen-
tagonal faces constitute the forced defect set. When a defect region crosses the
percolation threshold locally—oi. > 1 while the surrounding field remains sub-
critical—its boundary becomes a coordination horizon. This is the EIM structural
definition of a primordial black hole.

In standard cosmology, primordial black holes require fine-tuned density fluc-
tuations. In EIM, the situation is reversed: non-uniformity is the inevitable
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percolation
threshold

black
hole

coordination cycle

horizon

pre-percolation
substrate

return to
substrate

memory
dissipation

Figure 9.1. Existence curve and horizon-regulated coordination. Beginning at the
pre-percolation substrate (p = 0*), coordination increases through the subcritical re-
gime until the percolation threshold. The trajectory approaches the coordination
horizon Hx asymptotically. Black hole cycles convert accumulated Memory toward
M — 0 and return it to the substrate, preventing global closure. Hx functions as a
structural regulator.

consequence of the holonomy obstruction. Primordial black holes are generically
expected. Their early formation makes them natural seeds for the rapid galaxy
assembly observed by JWST.

‘What This Explains

The impossible early galaxies: JWST has revealed massive, fully formed gal-
axies only a few hundred million years after the Big Bang—far too fast for ACDM
hierarchical merging. In EIM, terminal black hole states provide localized seeds
of renewed coordination—ignition points for rapid percolation. Large structures
crystallize far more quickly than hierarchical merging allows.

The Hubble tension: CMB measurements sample the transition from the lower
cone to the cylinder; late-time observations probe the upper cone. The two meas-
urements probe different phases of the same logistic curve. The framework pre-
dicts they will not agree within a single-parameter model.
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The rotation curve problem: Galactic outskirts sit near the percolation bound-
ary where ¢ &lt; 1 and Ges(o) has not yet reached its Newtonian limit—addressed
without new matter. All three of these signatures, together with the Hubble ten-

sion, locate as specific positions on the existence curve; Figure 9.2 collects them
on a single diagram.

Coordination Depth and the Observational Anomalies

"> Hubble tension | two measurement regimes |
early-universe probe (cylinder phase) vs
late-universe probe (saturation-tendency regime)

__— o0 =1 Standard Model threshold | recombination epoch |
I CMB spectral indez from backbone geometry

T—— galactic outskirts | o slightly below 1 |

metric emergence fails | rotation curve anomaly

coordination depth (o)

terminal black hole ignition | early galazy seeds |
resolution of impossible early galazy problem

>

L >
p — 0%, limit of non-null domain M (Memory accumulation)
Figure 9.2. Coordination depth and observational anomalies. Four observational
signatures located as structural positions on the existence curve: terminal black hole
ignition (early galaxy formation), sub-critical galactic outskirts (rotation curves),

the percolation threshold (CMB and Standard Model onset), and the upper flatten-
ing region (Hubble tension). All four are positions on a single structural trajectory.

Black Holes as Topological Stabilizers

Consider what global saturation would mean: if every region simultaneously
approached the coordination horizon Hx, Memory would be maximal everywhere,
Execution and Interaction would be driven to zero globally, and no Interaction
surface would remain. This is the upper-end analogue of the null state @—no
accessible coordination surface, no persistent distinction possible.

The two terminal conditions are structurally homologous—@ at the bottom,
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global saturation at the top—and both are excluded by the same foundational re-
quirement: existence demands persistent distinction, and persistent distinction re-

quires the coordination network to remain open to Interaction.

Black holes are the mechanism by which this proximity is maintained. As
Memory concentrates locally, black hole formation is not a late-time cosmologi-
cal accident—it is a topological necessity. Each black hole absorbs a local excess,
recycles it via Hawking evaporation, and prevents the global coordination net-
work from closing absolutely. The physical upper region of the existence curve
is not a closing cone. It is a regulated cylinder: the classical regime extended
indefinitely, populated by local black hole sites functioning as coordination-re-
lease valves—the contrast between the idealized and physically realized geome-
tries is shown directly in Figure 9.3.

Ideal Cone-Cylinder-Cone Geometry Physically Realized Coordination Geometry
H, ‘_52 closure condition
C/ approached but not finalized
L]
& —— 0N _
: g local black hole sites
ideal mathematical tendency C} topological stabilizers
global saturation (excluded) d b/
/__gi> Hawking recycling
\\—/
classical regime a|p classical regime
percolation threshold \— ] percolation threshold
ellipse: o =1 ellipse: 0 = 1
a—0/p=0" a—0/p=0"

Figure 9.3. Ideal and physically realized cosmic coordination geometries. Left: the
cone-cylinder-cone represents the unrestricted mathematical tendency under global
Memory accumulation. Right: the physically realized geometry. The upper cone is re-
placed by a regulated cylinder populated by local black hole sites. Each site repre-
sents a local Memory-saturation event discharging concentrated coordination history
back to the pre-percolation substrate via Hawking evaporation.
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The Coordination Ladder

The framework admits a coherent dynamical ladder connecting the earliest and
latest stages of cosmic history without discontinuity.

At the base: local persistence—the subcritical regime (0 < ¢ < 1) where holon-
omy-bearing coordination loops exist but do not span the system. This is not emp-
tiness—it is the substrate, locally fertile, globally unorganized. Above it, global
percolation (o = 1) marks the abrupt onset of global constraint: decoherence, the
Standard Model threshold, and the emergence of classical geometry. From that
threshold, classical enforcement (¢ > 1) characterizes the long stable era where
GR applies exactly, stable matter denominations are sustained, and spacetime
provides an effective description. As Memory concentrates under gravitational
collapse, the system approaches the black hole regime—Iocal maximum of coor-
dination, approached asymptotically but never globally reached. Finally, terminal
collapse and Hawking evaporation carry the system back toward the base: global
Memory dissolves, local coordination residue remains, and the substrate is regen-
erated.

The cycle does not close arbitrarily. It closes because the terminal state and the
initial state are structurally identical in EIM coordinates: both are regimes of max-
imal Execution and Interaction with no system-spanning Memory enforcement.

The difference is only one of scale and history.
The Spectral Regulator

The rate of Memory recycling is limited by the coordination network itself. The
spectral gap y°¢ = 0.0353, derived from backbone geometry, governs the rate at
which coordination can reorganize. No black hole can release its coordination his-
tory arbitrarily quickly. The spectral gap sets an upper bound forced by the same
backbone geometry that determines the neutrino mass and CMB spectral index.
The terminal evaporation rate and the lightest neutrino mass are governed by the
same structural constant of the dodecahedral backbone. This is a testable prediction.
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The Galactic Lifecycle

A galaxy is a coordination domain in which Memory has accumulated deeply
enough to stabilize classical geometry and support the full range of matter denom-
inations. The sequence: a terminal black hole state returns accumulated Memory
to the substrate, regenerating pre-percolation conditions at a localized point —
coordination grows exponentially through lower-cone dynamics — the percola-
tion threshold is crossed, stable matter forms, the protogalactic structure crystal-
lizes — stars form, the galaxy enters its mature phase — the most massive stars ex-
haust their fuel and collapse — black holes form — the cycle begins again. Fig-
ure 9.4 condenses these four stages—Ignition, Growth, Percolation, Maturity—
into a single coordination cycle, making the structural identity between galaxy

formation and cosmic ignition visually immediate.

The Galactic Lifecycle as a Coordination Cycle

p—>0", M~0
black hole evaporation - Pre-percolation conditions
regenerated

Maturity Memory recycled
o>1 O<o<1
\ /
o=1

Figure 9.4 The galactic lifecycle as a coordination cycle. Four stages: Ignition (p = 0",
M = 0); Growth (0 < ¢ < 1: exponential Memory accumulation); Percolation (¢ = 1:
stable matter formation); Maturity (6 > 1: GR regime, black holes cycling).

Why the Universe Cannot Reach Heat Death
The standard picture of heat death assumes global Memory is all Memory and
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that its eventual depletion ends all persistence. The EIM framework exposes both
assumptions as false. Below any global threshold, local coordination residue re-
mains. The terminal state of a black hole is the pre-percolation substrate—exactly
the condition required for a new percolation sequence to begin.

The EIM framework does not merely permit a self-renewing cosmos—it re-
quires one. A cosmos completing global saturation would eliminate persistent dis-
tinction and cease to be a universe in which anything exists. The same structural
logic that excludes @ as a physical starting point excludes global saturation as a
physical endpoint. Black holes are the mechanism that enforces this exclusion—
not because the cosmos happens to contain black holes, but because it must con-
tain them.

The cone-cylinder-cone diagram makes this concrete, but with a crucial rein-
terpretation: it is not only a temporal sequence—it is also a phase diagram. Dif-
ferent regions of the universe occupy different positions simultaneously—some
near saturation, some near percolation, some near ignition. Black holes act as lo-
cal transitions that map high-c states back toward the low-c regime. The upper
cone is not a terminal state. It is one phase among several that coexist in a self-

maintaining dynamical system.

Memory accumulation is not globally monotonic. Each evaporating black hole
locally regenerates the low-c regime and can seed a new percolation sequence.
The available capacity for coordination is never exhausted, because the mecha-
nism that concentrates Memory also recycles it. The asymptote is real and genu-
ine—the existence curve asymptotically approaches isotropic equilibrium with-
out ever reaching it, just as it approaches p = 0" from above without ever reaching
it. The universe is bounded by the same structural limit that bounds the individual

coordination event, expressed at cosmic scale.
Local Coordination Domains

The existence curve describes coordination growth within a domain; a purely

-91 -



Beyond Curved Spacetime: A Unified Modal Foundation for Physics

global interpretation is only an approximation. Memory accumulation is funda-
mentally local—coordination depth develops within particular regions, not uni-
formly. Different regions occupy different positions along the existence curve
simultaneously.

In this picture the existence curve functions as the local law governing coordi-
nation growth, while the global universe consists of many interacting domains at
different stages of this process. What appears as the cosmic expansion history is
the aggregate statistical behavior of a vast ensemble of locally renewing coordi-
nation domains, each tracing its own existence curve against the background of
the others.

The universe is not a clock winding down. It is a coordination network that
structurally cannot wind down—not because of some additional law preventing
it, but because the terminal state of winding down (global saturation) is excluded
by the same argument that excluded the null state at the origin. Heat death is the
prediction of frameworks that treat Memory as globally monotonic, ignore Hawk-
ing recycling, and fail to recognize that global saturation and absolute nothing are
the same structural condition approached from opposite ends. The EIM frame-
work shows that accumulated Memory is structurally conserved and redistrib-
uted—the cosmos is constitutively required to cycle coordination capacity back

toward its initial conditions.
The structural ground toward which this redistribution converges is p = 0*.
Consciousness as a Finite Horizon System

Every physical system that persists does so by maintaining a distinction. Some-
thing inside the system behaves differently from something outside it, and that
difference is not accidental—it is actively sustained against the tendency of struc-
ture to dissolve into its surroundings. Conscious experience is no different in this

fundamental respect, though far more elaborate in its implementation.

What we call mind is a locally negentropic structure: a region of organized
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constraint that maintains its internal order by continuously processing inputs from
the world and incorporating structure into a running model. In EIM terms, this is
the accumulation of Memory—not in the colloquial sense of recollection, but in
the technical sense of irreversible constraint. Every perception that leaves a trace,
every learned regularity that shapes future responses: each is Memory in the EIM
sense. Each narrows the space of future states. Each makes the system more spe-
cifically what it is.

Any system that integrates information across time faces an immediate struc-
tural problem. The world is vast; the system is finite. The system must operate within
limits—and those limits are constitutive of the system itself. We can call this limit
the cognitive horizon: the boundary within which coordination is possible for a
given system at a given moment. Physical horizons work the same way: a causal
horizon marks the limit of what can causally influence a given region, not the
presence of a wall. The cognitive horizon is the coordination-theoretic analogue.
The perceived world—the world of colors, surfaces, distances, sounds, and ob-
jects—is not a direct readout of what is present but a reconstruction, assembled
by a finite system from partial inputs, built to be internally consistent rather than

to mirror the input precisely.

What the EIM framework offers is a way to think about consciousness that
neither mystifies it nor dismisses it. Conscious experience is what a sufficiently
complex, bounded, negentropic coordination system looks like from the inside—
a locally consistent geometry assembled from the reach of available interaction,
persisting through constraint accumulation, bounded by a horizon that is real with-
out being physical, and productive of an experienced world that is genuine with-
out being a copy of anything outside it. The horizon is not where the world ends.
It is where this system’s coordination ends.

Conclusion—For Tomorrow

A framework that answers its foundational questions honestly always opens

ncw oncs.
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The EIM framework has dissolved several persistent puzzles of modern phys-
ics by identifying them as artifacts of an undeclared domain: rotation curves re-
quire coordination depth, not dark matter. The cosmological constant follows from
backbone geometry, not fine-tuning. The incompatibility of GR and QM is the
signature of two regime-specific descriptions, each valid where its assumptions
hold.

The Right Laboratory

The most promising experimental arena is binary black hole mergers and ring-
down, observed through gravitational waves. Black holes are local Memory-sat-
uration events bounded by an active mediation horizon. The inspiral phase is gov-
erned by classical spacetime GR—exactly as EIM predicts, since black hole ex-
teriors are firmly in the realized cylinder regime. The merger and ringdown are
where EIM-specific signatures appear.

Three observational targets: (1) Quasi-normal mode structure—if the remnant
horizon is an active mediation boundary, the ringdown spectrum may carry small
systematic shifts in frequencies or damping times; (2) Late-time tail behavior—a
persistent weak residual departure from the Kerr tail, most visible accumulated
across a growing catalog; (3) Near-horizon imaging—the Event Horizon Tele-
scope has established the observational vocabulary that next-generation instru-

ments will extend.

Agreement with GR in the inspiral is not a limitation of the framework—it is

a confirmation of its domain structure.
Open Derivations

Four directions are most immediate for formal development: (1) the equations
of motion for ¢ as an order parameter (analogous to deriving the Boltzmann equa-
tion once statistical mechanics is in place); (2) the mechanism by which continuous
gauge symmetry SU(3)xSU(2)xU(1) is generated from As X Z in the continuum
limit—the McKay correspondence establishes the existence of the connection;
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the dynamical mechanism is an open derivation; (3) explicit continuum limit der-
ivations showing that EIM backbone dynamics recover the Einstein-Hilbert ac-
tion (via the Jacobson thermodynamic route) and the Dirac Lagrangian; (4)
whether structural residue survives a percolation reset and what form it constrains
the subsequent spanning phase.

None of these require new ontology. All proceed from the four primitives that
generate the first-order results.

Afterword: The Constraint That Remains

This work began with a question upstream of all equations: what must be true
for anything to exist at all?

Modern physics has answered questions of extraordinary precision while leav-
ing this one largely implicit. The result is two theories of extraordinary success
that refuse to reconcile—and the fault does not lie in their execution. It lies in
what was assumed before either was written.

This book takes a different starting point. Not space, time, or objects—but the
minimal conditions required for any description to be possible: that something
occurs, that something relates, that something persists. Execution. Interaction.
Memory.

Once that declaration is made, the rest proceeds by constraint. The geometry is
not chosen; it is forced. The structure is not fitted; it is derived. What appears,
step by step, is not a collection of hypotheses but a structurally determined
chain—each element following from the constraints established by the previous,
with the same kind of logical necessity that arithmetic follows from the definition

of number.
What the Derivation Established

Beginning from the three minimal conditions, the argument proceeded through

eleven structurally determined steps to a precise numerical prediction for the
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lightest neutrino mass: approximately 2.34 meV, derived from the spectral struc-
ture of the coordination backbone, without fitting any parameter to any measure-
ment.

The backbone—twenty vertices, thirty edges, twelve pentagonal faces, the do-
decahedron—was not chosen. It is the unique combinatorial structure the domain

forces. From its spectral invariants:

B1 =11 (cycle rank), y¢ = %g’ Hi = 55¢? (coordination horizon)
...follow the mass of the lightest neutrino, Newton’s constant, the CMB spec-

tral index, and the structure of the particle spectrum.

The cycle rank decomposes as 1 = 5 + 6: five Interaction-sector loops (visible
matter) and six Memory-sector loops (dark sector). The predicted dark-to-visible
ratio is approximately 5.4, against an observed ratio of approximately 5.3. This is
not a fit. It is a structural consequence of the backbone’s As x Z. symmetry.

Table A.1 Master Table of EIM Quantitative Predictions

Quantity EIM Current Observational Precision/Match
Prediction  Status

Spectral index (ns) ~0.9653 0.9649 £ 0.0044 (Planck  High match (0.090)

2018)

Dark-to-visible ~ =5.4:1 ~5.36:1 (Planck/DES) High match: 6:5 cycle

ratio ratio

Electron mass ~508 keV 511 keV (measured) Tree-level residual

(me) (0.52%)

MOND ao=5ycHo =1.2x 107" m/s? Scale confirmed

acceleration (ao)

Lightest neutrino =2.34 meV <450 meV (KATRIN Within current bounds

(m1) 2022)

Sum of neutrino  ~60.9 meV =58 - 64 meV Pending direct test

masses (DESI/Euclid)
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Cosmological ~mi* = (2.34 107" (order of magnitude) Order-of-magnitude
constant (A) meV)* agreement

Proton decay Zero/never  >10% yr (no events) Strong agreement
Weinberg angle 1 (tree-level) ~0.231 (PDG) Standard RG running
(sin20w) 4 from 0.25 to 0.231

Table A.1 No entry is a fitted parameter. Entries marked “Pending” are testable
by near-term experiments (Euclid, DESI, KATRIN). All entries follow from Chap-
ter 7; the formal projection-step closure for the MOND acceleration is developed
in the author’s technical companion work.

The Three Modes, Unified

What once appeared as three incompatible descriptions—GR at large scales, QM
at small scales, MOND at intermediate scales—resolves within EIM into a single

coordination process seen from different positions along the same continuum.

In the deep-coordination limit (1 < ¢ < k), Memory dominates. The accumu-
lated record constrains the present state so thoroughly that a smooth geometric
description becomes valid. More precisely, path density in the coordination graph
is high enough that the discrete backbone is well-approximated by a smooth man-
ifold—the effective metric guv arises as the leading term of a systematic 1/c ex-
pansion, with corrections suppressed at every order. This is general relativity. Not

an approximation—exact in this regime.

Where 0 < 6 < 1, coordination is subcritical. Memory exists but has not yet
spanned the system. No stable classical geometry has crystallized. Behavior is
probabilistic not because reality is fundamentally indeterminate, but because the
coordination structure has not accumulated enough history to select a definite

configuration. This is quantum mechanics.

Where o falls below the percolation threshold in systems of sparse gravitational
coordination—the outskirts of galaxies, low-acceleration environments—the ef-
fective gravitational coupling departs from its Newtonian value. The mechanism
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is not a modification of the force law. It is a failure of metric emergence: without
sufficient path redundancy in the coordination graph, no smooth Riemannian ge-
ometry forms, and the continuum approximation on which Newtonian gravity
depends breaks down at the cluster boundary. What Milgrom identified empiri-
cally as a critical acceleration scale is the coordination depth at the percolation
boundary—the point at which the giant component ceases to be dense enough to
sustain a smooth metric. MOND phenomenology is recovered as a structural con-
sequence.

The three regimes do not conflict. They are the same process evaluated at dif-
ferent depths of coordination history.

Spacetime is not the stage on which physics occurs. It is what sufficiently or-
ganized Memory looks like from the outside, at scales where the discrete coordi-
nation structure has been averaged into a smooth continuum. Matter is not an
independent ingredient of the universe. It is the set of stable, persistent configu-
rations that the coordination backbone permits—the finite denomination structure
of a system that stores and exchanges accumulated Memory in discrete, localized
units. Physical law is not an external constraint imposed on matter. It is the record
that coordination has already left—the accumulated consequence of every prior
interaction, carried forward by Memory and expressed as the regime structure
that governs what follows.

Within the EIM framework, spacetime, matter, and physical law are not sepa-
rate outputs. They are three aspects of the same underlying coordination structure,
visible at different scales of resolution—a claim whose structural grounding is
developed across Chapters 1 through 7.

The Observer

There is one consequence that lies outside the formal derivations and yet is
implied by them all.

If the universe is a coordination process, then the existence of observers is not
incidental to that process. It is an expression of it at a particular depth of Memory—
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one of its outcomes.

We are not external to the system we describe. We are configurations within it:
localized accumulations of the same persistence the theory formalizes, sustained
by the same spectral invariants, running on the same coordination cycle. The in-
struments we build, the measurements we make, the mathematics we write—
these are not outside operations applied to a separate object. They are coordina-
tion events within the same structure. The distinction between observer and ob-
served becomes one of resolution, not of kind.

From this perspective, even the act of asking whether the theory is correct takes
on a different character. To question the structure is to participate in it. To doubt
it is to enact the very conditions—Execution, Interaction, Memory—that it iden-
tifies as fundamental. To follow the argument to its conclusion is not to step out-
side the system but to arrive at a point where nothing remains external to it.

The question of why such a process gives rise to observers who can ask about
it is not external to the framework. It is, in the precise sense of Chapter 1, properly
formed. The derivation does not answer it. It makes it possible to ask it well.

Closure and Its Remainder

One of the central results of the framework is that closure is never global. Every
return carries a residue. Every cycle, when followed through, does not return iden-
tically to its starting point—it returns with a twist, a minimal but irreducible ori-
entation difference that cannot be removed without undoing the very distinction
that allowed the cycle to exist. This is not a flaw in the structure. It is the condition

of its persistence.

Time is the ordering of this accumulation. The arrow of time does not point be-
cause time is asymmetric in some mysterious sense. It points because the geometry
is. The universe cannot return to nothingness for the same reason it cannot begin
from it without distinction. Structure accumulates. Structure saturates. Structure re-

distributes. What appears as entropy is the approach of local coordination toward a
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limit at which distinguishability fails—not the destruction of coordination capacity,
but its return to the substrate from which new structure can emerge.

The Return

This book began with E = mc? read as a structural claim: before it is a rule of
conversion, it is a statement about organization—distinguishing that which acts,
that which persists, and the limit at which transformation propagates. The frame-
work allows that claim to be stated with precision. Mass is locally closed coordi-
nation. Energy is the global completion of that closure.

This equivalence does not follow from a conversion postulate. It follows from
three structural facts: finite propagation determines what interactions are possible;
nontrivial holonomy ensures that each completed cycle deposits a residue that
cannot self-cancel; Memory conservation requires that residue to be transported
and acknowledged. Local closure and global closure are two aspects of the same
constraint. What appears as the equivalence of mass and energy is the equivalence
of local and global closure under a constraint that cannot be relaxed.

The framework ends where it began: at the simplest possible description of the
simplest possible fact.

Something occurs.
Something relates.
Something persists.

From that, everything follows. What has been presented is not one way the
universe might be described. It is, within the constraints of the forcing chain, the
minimal structural description consistent with persistent distinction from the null
state. And from that—nothing can be removed.

Thomas P. Connelly, Jr.
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Appendix A
The Transition Operator

This appendix supplies the formal structure named but not fully derived in Chap-
ter 8. No new primitives are introduced—everything follows from the domain
declaration and the constraints established in Chapters 1 and 2.

A.1 Setup and Notation

Let I = (V, Er) denote the coordination backbone: a finite connected trivalent
graph with |V| =20 vertices and |Er| = 30 edges, equipped with modal grading p:
V — {-1,0, +1}. A coordination state at step t is the pair (I(t), M(t)), where I(t)
C Er is the accessible edge set and M(t): V — R>¢ is the Memory function. The
coordination depth is o(t) = IM(t)l: / (JE(t)| + |I(t)|). This is the local-ratio form of
the coordination depth defined in Chapter 1 as the fractional size of the giant
connected component of the coordination graph; the two definitions are equiva-
lent at the percolation threshold ¢ = 1 and coincide throughout the realized cylin-
der regime.

A.2 The Accessibility Condition

An edge e = (u, v) is accessible at step t if and only if: (AC1) |u(u) — w(v)| =1
(modal coherence—only transitions between modally adjacent vertices); and (AC2)
M(t)(u) + M(t)(v) <k (coordination horizon—vertex pairs approaching saturation
unavailable for new traversal).

A.3 The Execution Operator

The Execution operator E: (I(t), M(t)) — e* is well-defined under: (EC1) I(t) #
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@; (EC2) distinct traversals produce distinct Memory states; (EC3) E selects from
I(t) by minimizing compatibility cost C(e, M(t)).

A.4 The Residue Function
M(t+ 1) = M(t) + A(e™), A(e")(w) =v°-8(w,v) - M(t)(u)

where y° = %g Three structural features: (1) A > 0 everywhere—the irreversi-
bility condition in local form; (2) residue proportional to Memory load at the
sending vertex—Memory conditions Execution from the forward side; (3) the
proportionality constant y* is the same constant governing the CMB spectral index
ng=1-—1y.

A.5 Temporal Asymmetry

Theorem A.2. Let (I(0), M(0)), ..., (I(n), M(n)) be a coordination sequence gen-
erated by iterated application of E and the update rule. If A(e*)(v) > 0 for all v
and all t, then for any t > s, M(t)(v) > M(s)(v) for all v. No subsequence of Exe-
cution events returns the system to a state with strictly smaller Memory at any
vertex.

Proof sketch. The sequence {M(t)} is componentwise non-decreasing since A
> 0. The temporal index t therefore defines an asymmetric ordering on coordina-
tion states that cannot be reversed by any admissible Execution event. m

Temporal order in this framework is constituted by Memory accumulation—
not assumed as a background.
A.6 Connection to the Percolation Threshold

The Execution operator and residue function defined in A.3 - A.4 generate a se-
quence of coordination states whose global connectivity changes character as
Memory accumulates. The percolation threshold oc = 1 marks the point at which
the giant connected component—the largest Memory-bearing cluster—first spans
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the graph I'. Below this threshold, the accessible edge set I(t) fragments into iso-
lated local clusters, and no system-wide constraint can form. At ¢ = 1, a single
spanning path appears discontinuously, consistent with the threshold behavior es-
tablished in Theorem A.2: since the sequence {M(t)} is componentwise non-de-
creasing, the system crosses this boundary exactly once and cannot return to the
subcritical regime by any admissible sequence of Execution events.

The transition operator therefore connects the local dynamics of the residue
function directly to the global emergence of classical structure. The smooth ef-
fective metric of general relativity is not a background assumption introduced at
the level of the domain declaration: it is the macroscopic signature of a coordina-
tion network that has crossed the percolation threshold and sustained path redun-
dancy above it. The formal relationship between o(t) and the effective metric
guv—specifically, the derivation of the Einstein-Hilbert action as the leading term
of a systematic 1/c expansion of the backbone dynamics in the continuum limit—
is maintained in the author’s technical companion work; see the Author’s Tech-

nical Resources note.
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Appendix B
Five Technical Stress Tests

Any framework making quantitative claims about physics must state precisely

where derivations are complete, where partial, and where open problems remain.

B.1 The Discrete-to-Continuous Gauge Leap

Objection: As is finite and discrete; SU(3)xSU(2)xU(1) are continuous Lie
groups.

Response: The cycle-space decomposition Hi(T'; R) = ps @ ps' @ ps under
As maps directly to SU(3)xSU(2) structure. The McKay correspondence—
which bijectively maps the binary icosahedral group 2- As to the Es Lie algebra,
which contains SU(3)xSU(2)xU(1) as a maximal subgroup—provides the
mathematical bridge. (Note: an alternative representation of the eleven inde-
pendent cycles as pi1 €D 2ps has been identified in the technical work; reconcil-
ing this with the ps @ ps’ @ ps decomposition is an open sub-item within the
gauge derivation programme. Both representations are consistent with dim = 11;
the discrepancy concerns the irreducible factor structure and does not affect the
SU(3)xSU(2) identification at the level presented here. The ps D ps' D ps de-
composition is the preferred working basis for the SU(3)xSU(2) identification
above, pending formal resolution.) The full formal development of the gauge
derivation programme—including the precise dynamical mechanism by which
discrete As structure generates continuous gauge algebra in the continuum
limit—is maintained in the author s technical companion work; see the Authors
Technical Resources note. This constitutes the primary open derivation of the

programme.
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B.2 The Dimensional Anchoring Problem

Objection: If spacetime is emergent, mass as a Casimir operator of the Poincaré

group has no meaning before the metric exists.

Response: The framework distinguishes mass-as-Memory-load (dimensionless,
prior to any metric) from mass-in-electron-volts. The genuine parameter-free pre-
diction is the dimensionless ratio mi/m. = ;"¢ - @710, The electron mass is
substantially derived from backbone invariants: G = Ac/(5H«?) — Mp = Ho5 —
vi ~ 253 GeV — m. = 508 keV (within 0.52%). The full formal development of
the continuum-limit derivation establishing G = Ac/(5H,?) as a theorem is main-
tained in the author’s technical companion work; see the Author’s Technical Re-
sources note.

B.3 The Spectral Index and Its Running

Objection: ns in QFT is dynamical; a fixed topological constant cannot accom-
modate scale-dependence.

Response: The prediction ns = 0.9653 is for the leading-order value at the per-
colation threshold. The running as corresponds to scale-dependence of the effec-
tive spectral gap as the network evolves away from criticality. At tree level, as ~
v2 = 0.00125—consistent with current bounds. If future surveys detect os > 1073,
the framework is falsified; if as ~ 1073, the framework must provide the sublead-

ing calculation. All three outcomes are discriminating.

B.4 The Cosmological Constant

Objection: The claim that pA ~ m:i* ~ (2.34 meV)* identifies a consistent scale,
but does not by itself explain why the QFT vacuum-energy sum is suppressed.
The 10'° discrepancy arises from summing zero-point contributions up to the
Planck scale. What suppresses this sum?

Response: The 10'* problem arises because QFT sums zero-point energies to
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the Planck scale. Within EIM, the coordination horizon H, = 55¢? = 144 imposes
a natural upper bound on dynamically distinct modes—a structural consequence
of the backbone, not an imposed cutoff. The resulting vacuum energy scale ~m:*
is consistent with observed dark energy density.

Both mi and pa are set by the same backbone constant y>—this is a structural
prediction. The formal demonstration that the EIM mode spectrum terminates at
Hi rather than at the Planck scale is maintained in the author’s technical compan-
1on work; see the Author’s Technical Resources note.

B.5 Recovery of Lagrangian Physics

Objection: Without showing that the EIM graph-update algorithm recovers the
Einstein—Hilbert action and the Dirac Lagrangian in the continuum limit, EIM

remains a structural analogy.

Response: This is acknowledged as the most important open problem. Struc-
tural arguments: (1) GR recovery: Jacobson (1995) derived the Einstein field
equations from local horizon thermodynamics using only 6Q = T3S.

EIM provides the coordination substrate making Jacobson’s derivation struc-
turally necessary—the horizon entropy follows from boundary Memory structure,
the temperature from the rate of Memory discharge set by y¢. (2) OQFT recovery:
The propagation of fermionic closure orbits through the network in the continuum
limit has the algebraic structure of the Dirac operator—first-order in derivatives,
spinor-valued, with square yielding the wave operator. The explicit derivation of
both continuum limits—recovering the Einstein—Hilbert action and the Dirac La-
grangian from EIM backbone dynamics—is maintained in the author s technical

companion work; see the Authors Technical Resources note.

The framework’s structural predictions are not empirically falsified. Where they
make sharp predictions, they agree with measurements within stated precision.
Where predictions are novel, they are testable by experiments currently underway.
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Its derivational claims are complete at the level of structural identification and
explicit theorem where indicated, and incomplete at the level of formal contin-
uum limit derivation. These are two distinct kinds of incomplete.

Author’s Technical Resources

The formal derivations, spectral calculations, and technical material underlying
the results presented in this book are maintained and updated at physicsbytom.com.
Readers seeking the full mathematical development of the EIM framework—in-
cluding the gauge derivation programme, continuum limit proofs, the complete
MOND derivation chain, and the spectral calculations underlying the neutrino mass
prediction—will find the current technical reference there. A comprehensive tech-
nical monograph is in preparation.
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