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Any system that persists must solve a universal control problem. We present Informational
Energetics, a framework modeling the persistence of complex systems against entropy, and validate
it by deriving the fine-structure constant from first principles. By reinterpreting robust control
theory through information theory and thermodynamics, we derive the Universal Architecture of
Persistence: a recursive six-pillar structure (Capacity, Map, Protocol, Governor, Toll, and Margin).
To validate the framework, we apply it to the vacuum. While standard physics treats vacuum
properties as axiomatic inputs, we show they are the unique solutions to a persistence problem:
maintaining coherence with zero external energy. This paper establishes the theoretical foundation
for the Fs-Persistence Theory by deriving its core architectural requirements: Finiteness, Unitarity,
and Causality. These constraints mandate a substrate that is positive-definite, even, and self-dual;
an Fg lattice projected onto D = 4 spacetime is the unique geometric substrate solution. This
geometry is characterized by the derived invariant integers S = {A=43 (temporal), v=16 (chiral),
o=>5 (interaction), x=2 (topological)}. The theory makes a falsifiable, parameter-free prediction
for all physical constants. We validate this by deriving the Fine-Structure Constant (o™ ') as the
Geometric Impedance of the substrate:
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where Ry = DA is manifold resolution, NV = 2 - v is node capacity, and Lemped = v + 0 + x + 2D
is embedding load. This calculation yields o~ = 137.035999212..., agreeing with Morel (2020)
within 0.58c0 and CODATA (2022) within 1.680. The Von Klitzing Constant (Rx) and Elementary

Charge (e) follow as geometric consequences.

I. INTRODUCTION

The structures of the observable universe, from bio-
logical cells to the quantum vacuum share a defining
property: they persist against the thermodynamic cur-
rent that erases distinction. Control theory describes how
systems regulate against fluctuations, but treats the reg-
ulation target (setpoint) as arbitrary. Information theory
quantifies the cost of information processing, but treats
the processor as given. Thermodynamics establishes the
arrow of time, but treats entropy as a property of states,
not of processing.

To model persistence, in section [[I| we synthesize In-
formational Energetics (IE): the study of how sys-
tems convert energy into structural information to resist
entropic decay. This yields the Universal Architec-
ture of Persistence: six existential constraints (Capac-
ity, Map, Protocol, Governor, Toll, Margin) that define
the lifetime of any persistent entity. This paper validates
IE through its most demanding application, fundamen-
tal physics, but the framework applies to any persistent
system.

In standard physics, the vacuum is a given; its dimen-
sions, symmetries, and constants are axiomatic inputs.
We propose that the vacuum is achieved. It is the unique
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structural solution to a universal control problem: main-
taining coherence with zero external energy input.

A. Information Theoretical Context of Physics

The concept that physical reality is fundamentally in-
formation processing is rooted in the work of Wheeler
(“It from Bit”) [I] and Landauer [2].  More re-
cently, Verlinde[3] proposed that gravity is an entropic
phenomenon emerging from information gradients and
Bianconi[4] proposed that gravity arises from quantum
entropy coupling matter with geometry. While concor-
dant with Landauer, IE applies this logic broadly to all
persistent systems, treating the minimization of Entropic
Action as the primary driver of their dynamics. All
derivations follow from applying these principles.

B. Testing the Framework: Deriving the Vacuum

The vacuum is the ideal test case for IE: it possesses
zero free parameters and no external environment. We
apply IE to physics in three strict derivation layers, where
each builds only upon the previous, with no appeal to
physical phenomena not yet derived.

1. System 0: Requirements. We map the six pil-
lars to physics, deriving Finiteness, Unitarity, and
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Causality as existential necessities (Section [[II)).

2. System 1: Substrate. System 0’s requirements
uniquely specify an FEg lattice projected to D = 4
spacetime, yielding the characteristic integers S =
{A=43,v=16,0 =5, x =2} (Section[[V).

3. System 2: Impedance. We derive the fine-
structure constant (a~!) as a parameter-free ge-
ometric consequence of this substrate (Section .

To distinguish this from post-hoc integer combinations,
we emphasize that o' is derived through a strict deduc-
tive hierarchy. a~! is constrained by IE, the substrate
geometry, and the characteristic integers. With zero free
parameters, the result is a rigid structural prediction; any
alternative invariant would shift the result beyond ex-
perimental bounds, falsifying the framework. This paper
validates the cascade through the first Standard Model

parameter a L

1. The Eg Lattice: Substrate vs. Algebra

The exceptional Lie group Eg has long been explored as
a candidate for unification due to its status as the small-
est symmetry group large enough to host the Standard
Model. Most famously, Garrett Lisi proposed embed-
ding the Standard Model directly into the Eg algebra [5].
However, the Distler-Garibaldi theorem [0] estab-
lished a severe no-go condition: any signature-preserving
algebraic embedding of the Standard Model into Eg can-
not reproduce chiral fermions without introducing unob-
served mirror fermions. This theorem is widely consid-
ered the primary roadblock to Eg unification.

We explicitly evade this no-go theorem by abandon-
ing the algebraic embedding approach entirely. We treat
Es not as the Gauge Algebra (the effective field), but
as the Geometric Substrate (the fundamental hard-
ware). By projecting the Euclidean Ejg lattice (8,0) onto
a Lorentzian spacetime manifold (1, 3), the required met-
ric signature change dynamically suppresses the mirror
sector. As detailed in appendix [A] chirality emerges
strictly from the geometric projection as a kinematic con-
sequence of the metric signature change, rather than an
algebraic input requiring mirror cancellation.

C. Distinction From Physics-First Approaches

Several research programs explore discrete spacetime
structures (Causal Set Theory [7], Loop Quantum Grav-
ity [8]) or emergent gravity (Verlinde [3], Jacobson [9]).
These are physics-first approaches: they begin with
spacetime or gravity and work forward. Our approach
is systems-first: we derive universal persistence require-
ments from IE, then determine what substrate must sat-
isfy them. The Eg lattice is not assumed; it is the unique

geometric object satisfying the requirements. The Stan-
dard Model emerges as the necessary consequence of pro-
jecting this lattice onto a causal manifold, not as a struc-
ture we impose.

This yields predictions that physics-first approaches
do not address, while simultaneously explaining why the
Standard Model has the structure it does (gauge groups,
generation count, chirality, etc.).

II. THEORETICAL CONTEXT:
INFORMATIONAL ENERGETICS

Any system that persists, from a biological cell to the
universe itself, must solve the same fundamental prob-
lem: how to maintain structural coherence against the
constant pressure of environmental entropy.

Informational Energetics (IE) is a theoretical frame-
work designed to derive the universal architecture re-
quired to solve this problem. It unifies insights from
non-equilibrium thermodynamics, algorithmic informa-
tion theory, and robust control theory into a single, pre-
dictive model of persistence.

The Selection Principle. Configurations populate
state space transiently; not all persist. For any given
level of structural complexity, those configurations that
minimize their Entropic Action (S¢) remain observable
at timescales longer than those that don’t.

This is not teleological: configurations do not seek min-
imization. It is an eliminative filter; what fails to min-
imize S¢ leaves no detectable signal, and what remains
constitutes the observable universe. We formalize this as:

The Selection Principle: Among all configura-
tions capable of encoding a given structural com-
plexity, only those that minimize Entropic Action
(Sg) remain observable.

The Entropic Action S quantifies the total thermo-
dynamic cost for a system to maintain structural coher-
ence against environmental entropy over its persistence
lifetime. Formally, it is the time-integrated Net Entropic
Impedance:

S<I>E/OTZ]E(t)dt (1)

where 7 is the system’s lifetime and Z;g(t) is
the instantaneous Net Entropic Impedance, the time-
dependent generalization of the static pillar sum (equa-
tion 7 below). For spatially distributed systems,
Z1g(t) represents the volumetric integration of the sys-
tem’s local dissipation density. For systems in Quies-
cent Equilibrium, where entropic drag is minimized to
the theoretical floor and Z;g is constant, S¢ approaches
its minimum value Z;g - 7, consistent with the system
maintaining a stable configuration. (Rooted in algo-
rithmic information theory, Z;gr represents the opera-
tional rate of the system; consequently, the integrated



Entropic Action S¢ evaluates to a strictly dimensionless
count of elementary state transitions, distinguishing it
from traditional physical action). Note: The full de-
velopment of Sp as a dynamic variational principle for
field-theoretic systems (including the derivation of the
Lagrangian structure) is deferred to the companion pa-
per, Informational Energetics: Entropic Action.

While open systems (such as biological organisms)
persist by maintaining a non-equilibrium steady state
through the continuous flux of energy and matter from
their environment, closed systems persist by minimizing
entropic action, as there is no external energy source to
offset dissipation. A closed system would dissolve with-
out the ability to minimize entropic action.

A. The Universal Architecture: Derivation from
First Principles

To persist, any system must implement a specific archi-
tecture comprising four pillars for information manage-
ment and two pillars for the thermodynamic overhead of
operating on its substrate.

To rigorously derive this architecture, we model a per-
sistent entity as a dynamic control system that must
regulate its internal state against external fluctuations
(entropy). The stability of any such system is governed
by a well-defined set of mathematical requirements (e.g.,
Lyapunov stability, Nyquist criterion).

1. The Necessary Components of Control

From robust control theory, any stable feedback loop
requires specific functional components [I0]: the Plant
(the system to be controlled), the Sensor (measuring the
output), the Controller (computing the correction), and
the Actuator (implementing the correction), with the de-
sired behavior specified by a Reference Signal (Setpoint).

For robust operation under uncertainty, control sys-
tems must additionally implement gain and phase mar-
gins to prevent instability from perturbations [I1]. These
margins are typically treated as tunable parameters
rather than structural requirements.

Implicit in physical implementations, but typically
treated as a constraint rather than a component, is the
Toll: the irreducible energetic and temporal cost of state
transitions. (Landauer’s Principle [2]; Margolus-Levitin
limit [12]).

IE reframes these elements into six existential pillars,
the complete, minimal set required for persistence. The
removal of any pillar leads to catastrophic system failure

(section [IIB)).

2. The IE Reframing: From Performance to Persistence

Though rooted in information theory and thermody-
namics, traditional Control Theory primarily identifies
the functional components required for stability and per-
formance, treating the components of the control loop as
only mathematical abstractions.

The contribution of IE is to recontextual-
ize these components as existential requirements
and unify them within a predictive, quantita-
tive model of persistence. Performance comes sec-
ondary to persistence. Thermodynamic and information-
theoretic imperatives are elevated, necessitating terms
that reflect a new primary unit of measure: Entropic
Burden.

8. The Universal Architecture of Persistence

To facilitate the translation from ontology to engineer-
ing, we define the Six Pillars of Persistence not as arbi-
trary design choices, but as the universal architectural
requirements for any entity that successfully resists en-
tropic decay. The mapping from control components to
IE pillars is structural: each control function translates
to an existential requirement when recontextualized as
persistence rather than performance. The pillars repre-
sent the synthesis of isolated foundational theorems dis-
covered across independent disciplines. IE reveals that
these disparate theorems mathematically interlock be-
cause they describe the necessary facets of a single, uni-
versal architecture of persistence.

1. The Capacity (CAP): The Vessel. The physical
infrastructure required to acquire resources, pro-
cess energy, and perform work. It defines the sys-
tem’s kinetic potential and its ability to act on the
environment. (The Plant/Actuator). Foundational
Theorem (The Bekenstein Bound [13]): Bekenstein
established that a finite region of space can contain
at most a finite amount of information, providing
the physical basis for the strict Finiteness require-
ment of the Capacity pillar. A persistent system
cannot rely on infinite state-space. Furthermore,
the Margolus-Levitin limit [I2] establishes that the
rate at which this capacity can process state tran-
sitions is strictly bounded by its available energy.

2. The Map (M AP): The Model. The internal logic,
topological structure, or compressed representation
of environmental regularities that distinguishes the
system from the environment. It functions as a pre-
dictive engine that reduces uncertainty (Surprisal),
allowing the system to steer towards high-utility
states. (The Reference Signal/Setpoint). Foun-
dational Theorem (The Good-Regulator Theorem
[T4)]): Conant and Ashby proved mathematically
that “every good regulator of a system must be a



model of that system.” A system cannot persis-
tently regulate against environmental entropy with-
out encoding a structural map of its environment.

3. The Protocol (PRO): The Interface. The com-
municative glue regulating information flow be-
tween the Capacity and the Map. It ensures in-
ternal coherence, standardizes interfaces, and min-
imizes signal decay across the system’s internal
boundaries. (The Feedback Network/Sensor Path).
Foundational Theorem (Shannon’s Source-Channel
Separation Theorem [I5]): Shannon established
that optimal communication over a noisy chan-
nel requires decoupling the source data (the Map)
from the error-correcting transmission encoding
(the Protocol). Systemic coherence demands an in-
dependent protocol layer.

4. The Governor (GOV): The Constraint. The
non-linear constraint mechanism that prevents un-
bounded divergence or ‘runaway’ loops. It enforces
operational boundaries (e.g., apoptosis, budget lim-
its) to protect the substrate from exhaustion. (Con-
troller /Limiter). Foundational Theorem (Ashby’s
Law of Requisite Variety [16)]): “Only variety can
destroy variety.” For a system to remain stable, its
active constraint mechanism (Governor) must pos-
sess a number of states equal to or greater than the
number of perturbations threatening the system.

5. The Toll (TOL): The Temporal Cost. The ir-
reducible energy cost of state transitions and in-
formation erasure. (Processing Latency). Foun-
dational Theorem (Landauer’s Principle [2]): Any
irreversible logical operation, such as erasing a bit,
must dissipate at least kg7 In 2 of energy to the en-
vironment. State transitions carry an inescapable
thermodynamic toll.

6. The Margin (MAR): The Buffer. The struc-
tural and energetic reserves held to absorb stochas-
tic shocks. It defines the system’s ‘Safe Operating
Area,” providing the buffer required to survive envi-
ronmental variance without terminal failure. (The
gain and phase margin). Foundational Theorem
(Nyquist-Bode Stability Margins [17]): A feedback
system operating at theoretical criticality has zero
tolerance for variance. Nyquist proved that phys-
ical control loops must maintain strict gain and
phase margins away from the critical threshold, or
the first stochastic environmental fluctuation will
cause terminal divergence.

Every system operates upon a Substrate: the physi-
cal medium imposing the immutable limits (bandwidth,
latency, noise floor) within which the six pillars must
function.

IE reframes control systems not as rigid instruction-
following, but as active, energetic defense of identity.
While a simple instruction (Open-Loop) dictates a path

without regard for the environment, a control system
(Closed-Loop) possesses the structural capacity for per-
sistence. It does not just “do”; it “remains.” From a
stochastic perspective, this ‘agency’ is a structural fil-
ter: in a high-entropy environment, only those config-
urations that implement this six pillar architecture pos-
sess the stability required to be observable across cosmic
timescales.

The mapping of IE to specific physical domains is in-
herently adaptive. While the present work demonstrates
this on the fundamental substrate of the vacuum, the IE
framework states that all systems that persist are spe-
cific solutions to this same universal architecture. IE
proposes a Rosetta Stone: the laws governing vacuum,
cell, or network as specific instances of the same archi-
tectural principles.

4. The Entropic Balance Sheet

To quantify persistence, we distinguish between dis-
sipation and coordination: structural burdens increase
the system’s entropic footprint (positive contributions to
Z1E), while organizational mechanisms reduce net dissi-
pation relative to the uncoordinated baseline (negative
contributions). This parallels the negative feedback sig-
nal in control theory, where the error e = R—F' is reduced
by the feedback term.

e Structural Costs (+): The energetic overhead
of existence. This includes maintaining boundaries
(ZCAP, ZMAR), storing internal models (ZMAP),
and the irreversible cost of state updates (Zror).
These terms increase impedance.

e Organizational Gains (—): The reduction in dis-
sipation achieved through coordination. The Pro-
tocol (Zpro) minimizes friction by standardizing
interfaces; in control theory, this is analogous to
the negative feedback signal subtracted from the
setpoint (¢ = R — F'). The Governor (Zgoy) pre-
vents wasteful divergence. These represent struc-
tural optimizations: the measurable difference in
dissipation between a disorganized system and an
organized one.

The Net Entropic Impedance (Z;g) is the algebraic
sum of these contributions:

Zig = (Zoap + Zyap + Zror + ZyaAr)
Structural Costs
2
— (Zpro + Zcov) 2)
—_——

Organizational Gains




B. Proof of Necessity: The Failure Modes

We demonstrate the necessity of the set of pillars
P = {CAP,MAP,PRO, GOV, TOL, MAR} by analyzing
the Counterfactual Failure Mode of a system whose
architecture lacks exactly one pillar (P’ = P\ {z}). In
every case, the expected lifetime of the system 7 tends
to zero.

e No Capacity: Starvation. Detects threats but
lacks energy to respond. (7 — 0 via Equilibrium).

e No Map: Dissolution. Lacks self-definition; ran-
dom capacity activation maximizes internal en-
tropy. (7 — 0 via Boundary Loss).

e No Protocol: Decoherence. Components decou-
ple; actions are based on statistically independent,
outdated states. (7 — 0 via Fragmentation).

e No Governor: Divergence. Unconstrained posi-
tive feedback loops exceeds structural limits. (7 —
0 via Explosion).

e No Toll: Zeno Collapse (after Zeno’s para-
dox of infinite subdivision). Instantaneous
updates require infinite bandwidth (violating

Finiteness/Margolus-Levitin limits[12]), collapsing
the distinction between cause and effect. (7 — 0
via Causal Collapse).

e No Margin: Fragility. Operating at theoretical
criticality leaves zero buffer for environmental vari-
ance; the first fluctuation causes failure. (1 — 0
via Random Shock).

Since the removal of any component results in termi-
nation, the set P is Minimally Necessary.

C. Argument for Sufficiency

The six pillars map one-to-one onto the canonical com-
ponents of a fundamental robust control loop. Control
theory provides no additional primitive requirements be-
yond these six for a closed-loop system; advanced topolo-
gies (e.g., feedforward networks, state observers) math-
ematically decompose into combinations of these basic
functions. We therefore conjecture that this set is mini-
mal: any proposed seventh pillar decomposes into com-
binations of these six primitive functions. As partial evi-
dence, note that complex cognitive functions often cited
as distinct requirements, such as Memory (persistence of
MAP over time, TOL) or Prediction (M AP operation
via PRO), are emergent properties of the fundamental
set, not independent primitives.

A formal proof of minimality from first principles is
deferred to future work; the framework’s predictive power
presented here in the three systems provides empirical
support for this conjecture.

D. Note on Systemic State: Quiescent Equilibrium

Quiescent Equilibrium: Informational Energetics
models the lifecycle of complex systems (Genesis to Col-
lapse) via the mathematics of logistic bifurcation. How-
ever, this paper defines the Quiescent Equilibrium of the
vacuum, the thermodynamic floor where entropic action
(Sg) is minimized to its absolute limit (Syn)-

E. The Scope of Informational Energetics

For decades, the study of Complex Adaptive Systems
has excelled at qualitative description but struggled to
yield predictive, parameter-free laws. Informational En-
ergetics diagnoses this stagnation as a problem of scope:
by restricting focus from all complex systems to only
those that successfully persist against entropy, selection
principles replace intractable generality with exact struc-
tural constraints.

IE makes a specific, falsifiable claim: that by restrict-
ing focus to persistent systems, we can derive exact struc-
tural constraints. This paper tests this claim in funda-
mental physics; extension to other domains remains a
program to be validated, not a result established here.

III. SYSTEM 0: THE SPECIFICATION, THE
ARCHITECTURAL REQUIREMENTS FOR
PERSISTENCE: FINITENESS, UNITARITY,

CAUSALITY

The principles of Informational Energetics, if truly uni-
versal, must apply to the most fundamental layer of re-
ality: the vacuum itself. We now perform the act of
translation of the universal architecture of persistence to
this specific domain to determine the unique configura-
tion that minimizes the Net Entropic Impedance (Zrg)
to its theoretical floor. In this view, the universe is a
self-optimizing physical system subject to the same archi-
tectural constraints governing information, energy, and
stability necessary for any entity to persist.

The translation of IE’s six universal pillars into the
specific language of physics yields three non-negotiable
requirements for the substrate of reality:

e Finiteness: (CAP,MAR) To prevent energetic
and informational divergence.

e Unitarity: (MAP,PRO) To ensure the lossless
conservation of information.

e Causality: (GOV, TOL) To enforce a well-defined
temporal evolution.

The remainder of this section will derive these three
properties in detail, building the complete requirements
for a persistent universe.



A. The Closure Constraint

Unlike open systems, the vacuum is the totality of exis-
tence; it possesses no external environment to provide ini-
tial conditions, offload entropy, or store structural mem-
ory. IE therefore imposes the Closure Constraint: The
substrate of reality must be entirely self-defining. Be-
cause the vacuum possesses no external environment, it
has no source from which to obtain initial conditions,
boundary data, or selection parameters. Its geometry
must follow necessarily from its own architectural re-
quirements.

Any candidate substrate requiring outside data to spec-
ify its initial conditions is not a fundamental ground
state.

B. Persistence Requires CAP, MAR via Finiteness

For the vacuum to persist, its definition must be self-
consistent. A system defined by infinite properties con-
tains no information and cannot maintain a stable struc-
ture. In physics, such inconsistencies manifest as ener-
getic divergences, as exemplified by the Ultraviolet (UV)
Catastrophe in standard Quantum Field Theory. IE re-
solves this by enforcing finiteness as a primary require-
ment of existence. This corresponds to the Capacity
and Margin pillars.

Energetic Divergence: Information is physical and
requires energy to store [2]. A continuous volume, con-
taining infinite potential information, would therefore
possess infinite energy and instantly collapse into a sin-
gularity. Under the Closure Constraint (section ,
no external mechanism exists to regulate or shed this
divergence. To prevent this, the substrate must be Dis-
crete: there must exist a fundamental, indivisible unit
of information that sets a maximum density.

Algorithmic Complexity: To minimize Algorithmic
Complexity, the substrate must be Homogeneous. In
Algorithmic Information Theory, the structural complex-
ity of a random graph scales with its size (K(S) x N).
For the universe to be scalable without additional pro-
cessing overhead, its Kolmogorov Complexity must be
O(1), independent of size (Closure Constraint). This
requires that the local topology be the same regardless
of location and direction, minimizing the structural de-
scription to a single, repeating rule. Consequently, the
universe must be a Lattice: a structure that is both
discrete (finite) and has a constant structure in every di-
rection (regular), rather than a continuous manifold or a
random graph.

C. Persistence Requires MAP, PRO via Unitarity

For the vacuum to persist, it must maintain a sta-
ble Map over time. This requires that information is

perfectly conserved. By the Closure Constraint (sec-
tion , the vacuum must be a perfectly closed and
lossless information network, making Unitarity a struc-
tural necessity, not merely a mathematical convenience.
This maps to the Protocol and Map pillars.

1. Lattice Must Be Positive Definite

Information-Theoretic Justification: In a metric space,
the norm |v|? = g, v*v"” represents the information dis-
tance from the origin (reference state). For the system to
have a well-defined minimum energy configuration (sta-
ble ground state), this distance must satisfy:

VE>0 WWw#£0 (3)

A metric with negative eigenvalues (Lorentzian) allows
[v|? < 0, implying an imaginary “distance” from the
reference state and preventing the definition of a stable
ground state. Furthermore, a Lorentzian metric admits
non-trivial null vectors (|v|?> = 0 where v # 0), allow-
ing for the creation of infinite information density with-
out exceeding the capacity budget (|kv|> = 0 for any
scalar amplitude k), which violates the Finiteness pil-
lar. Therefore, the substrate must be Euclidean.

Epistemic Note (Substrate vs. Projection):
The Euclidean positive-definiteness derived here applies
strictly to the substrate lattice. The observed Lorentzian
signature (—,+,4+,+) emerges dynamically from the
causal projection derived later in section[[VD] This two-
level structure is mathematically consistent: the sub-
strate memory is a static definite metric, while the active
processor operates with an indefinite metric distinguish-
ing time from space.

2. Lattice Must Be Mappable to a Torus

To satisfy Finiteness, the system must be spatially
bounded. To satisfy Protocol (Unitarity), it must be
closed (no edges). By the combinatorial Gauss-Bonnet
theorem, a regular lattice of fixed vertex coordination
tiled on a closed surface of Euler characteristic x requires
topological defects if x # 0. The sphere (x = 2) therefore
requires defects that break translational invariance. The
Torus (T", x = 0) is the unique closed, orientable topol-
ogy that admits a defect-free regular tiling, simultane-
ously satisfying Finiteness (bounded), Unitarity (closed),
and Homogeneity (flat).

Consequently, the statistical evolution of the vacuum



is defined by the Partition Function on a torug'}

28)= Y S =T ) (4)

states

8. Lattice Must Be Fven

A stable Map requires path independence, which in
turn requires evenness. A persistent system demands
a unique, unambiguous equilibrium state. If the state
count Z depended on the path taken through moduli
space (parameterization) rather than the configuration
itself, the vacuum would lack a stable Map.

This requires Z(3) to be single-valued under the mod-
ular transformation T : z — z + 1. The Jacobi Theta
Function, O (z) = Zei“""z, counts these states. For
Even lattices (|v|? = 2n), the exponent 27winz is in-
variant under the shift. However, any odd-norm vector
(|v]?* = 2n + 1) introduces a sign inversion (0 — —0),
rendering the Map multi-valued. Thus, the lattice must
be Even.

4. Lattice Must Be Self-Dual and Unimodular (Read/Write
Symmetry)

To prevent information loss via destructive interference
or Landauer erasure, the encoding operation (write) and
the decoding operation (read) must be informationally
equivalent. This is enforced by the modular transfor-
mation § : z — —1/z, which maps the lattice to its
reciprocal (Fourier dual).

By the Poisson Summation formula, the partition func-
tion transforms as:

On(—1/2) x %(A)@A*(z) (5)

For the Map to remain invariant (Zy = Zx-), the lat-
tice must be Self-Dual (A = A*). This strictly enforces
Unimodularity (vol(A) = 1), as the only scalar satis-
fying V.= 1/V is 1. Any other volume introduces an
irreversible scaling factor, violating Unitarity.

Requirements: The lattice of the vacuum must be
Positive Definite, Unimodular, Even, and Self-
Dual.

D. Persistence Requires GOV, TOL via Causality

For the vacuum to persist, it must not only exist stably
but also evolve in a well-defined manner. This creates

1 Here, (8 is the formal periodicity parameter of the imaginary
time cycle. We use the partition function formalism for state
enumeration on a torus, not to claim the vacuum has a literal
temperature.

a fundamental information-theoretic challenge: how to
project the vast state space of a lattice node onto a single,
linear temporal axis without ambiguity. This maps to the
Governor and Toll pillars.

The Serialization Problem: From the Capacity
pillar, we establish that any persistent system must pos-
sess a finite state-space cardinality, denoted N (the num-
ber of distinct configurations a single node can occupy).
To evolve, the system must serialize these N potential
states onto a discrete timeline defined by the Tempo-
ral Modulus (A), representing the number of available
temporal slots in one fundamental causal cycle.

Causal Aliasing: To express its full informational
capacity, the system must serialize all N potential states
into A discrete temporal slots per fundamental cycle. By
the Pigeonhole Principle, if N > A, the number of states
exceeds the available temporal slots. Consequently, at
least one temporal coordinate must simultaneously host
multiple distinct states. This results in Causal Alias-
ing: distinct information states become concurrently su-
perimposed in time, destroying the system’s ability to
maintain a well-defined serial history.

The Persistence Inequality: To enforce a strict
arrow of time and satisfy the Causality requirement,
the projection must satisfy the Persistence Inequality:
A > N. The temporal container must meet or exceed
the information content it holds. This inequality implic-
itly requires full capacity utilization: every channel in the
N-dimensional state space must be expressible within the
A temporal slots of a fundamental cycle. If any channel
were permanently inaccessible, it would represent “dead”
structure, information capacity that exists but cannot
be exercised, which explicitly violates the Finiteness and
Closure constraints that the substrate contain no inert
auxiliary overhead.

E. Summary: The Architectural Requirement of
the Vacuum

Through the rigorous application of Informational En-
ergetics, we have fully specified the architectural require-
ments for the substrate of reality:

1. (CAP,MAR) Finite Lattice, required by Finite-

ness.

2. (MAP,PRO) Positive Definite, Unimodular,
Even, and Self-Dual, required by Unitarity.

3. (GOV,TOL) Any causal system must satisfy a
Causal Projection: a serialization of its N-
dimensional state-space onto a discrete timeline of
length A > N.

With this specification complete, the physical sub-
strate is no longer an open exploration but a constrained
mathematical problem: find the unique geometric object
that satisfies all of these requirements simultaneously.



IV. SYSTEM 1: THE PROJECTION, THE
Es — Dy ® Dy GEOMETRIC PROJECTION THAT
UNIQUELY SATISFIES THE SYSTEM 0
REQUIREMENTS

Having established the requirements of the substrate
we now identify the unique mathematical structure that
satisfies these constraints.

A. The Lattice Selection (Fs)

We will begin by determining the possible dimensions
of the lattice, then identify a unique lattice, and finally
determine its projection into spacetime.

1. Then =0 (mod 8) Constraint

The requirement of an even, self-dual lattice is remark-
ably restrictive. A fundamental constraint from the the-
ory of modular forms and lattices[Ig], states that even,
self-dual lattices only exist in dimensions that are mul-
tiples of 8. This immediately eliminates the majority of
dimensionalities leaving only:

ne{816,24,...}

This strictly eliminates any fundamental lattice solution
in dimensions n < 8. This yields a profound physi-
cal consequence: the observed n = 4 spacetime cannot
mathematically host a unitary, self-dual information sub-
strate. The universe we observe cannot be the funda-
mental hardware; it must be an emergent projection of a
higher-dimensional structure.

Furthermore, this excludes n = 10 (Superstring The-
ory) as a standalone geometric substrate. Because 10 # 0
(mod 8), a 10-dimensional lattice cannot satisfy Unitar-
ity (the requirement for an even, self-dual lattice). To
recover these properties, String Theory must introduce
auxiliary structures (e.g., Calabi-Yau compactifications
or appended internal spaces). The selection of which
compactification manifold to use is not determined by the
theory’s intrinsic constraints, requiring external configu-
ration memory and directly violating the Closure Con-

straint (section [IIT Al).

2. The Principle of Algorithmic Determinism

To satisfy Map and Unitarity, the substrate geome-
try must be intrinsic and self-defining. It cannot depend
on arbitrary selection parameters or external boundary
conditions. We demonstrate that the constraints on the
possible dimensions eliminate all but one unique option:

1. Unitarity mandates even, self-dual, unimodular
lattices. By Kneser’s theorem, such lattices exist
only for n =0 (mod 8).

2. By the Closure Constraint (section [[ITA]), the
vacuum admits no external configuration memory.
Formally, the Information/Closure constraint acts
as an exact Kolmogorov complexity filter. The
Specification Complexity for the substrate must
satisfy K (Geometry | IE constraints) = 0 addi-
tional bits.

3. At n = 8: The Fjg lattice is the unique even self-
dual lattice [18]. Selecting this geometry from the
set of valid n = 8 solutions requires log,(1) = 0 bits
of external selection information.

4. At n = 16: Two non-isomorphic solutions exist
(Es @ Eg and Dj). Selecting between them re-
quires log,(2) = 1 bit of information. Because
the vacuum admits 0 bits of external configuration
memory (Closure Constraint), this 1-bit selection
cannot be realized: no physical mechanism exists
within the substrate to source this information.

5. At n = 24: Twenty-four distinct Niemeier lattices
exist, requiring log,(24) ~ 4.58 bits of selection
information, similarly violating the Closure Con-
straint.

6. The number of distinct even self-dual lattices grows
extremely rapidly with dimension. For example, in
dimension 32, there are more than 80 million such
lattices.

The Ejg lattice is selected not merely for its low dimen-
sionality, but because it is the only self-dual geometry
that requires zero bits of selection information. It
is uniquely self-defining. This differs from the A deriva-
tion, where surjection and continuum limit are forced by
causal continuity and atomicity (physical requirements)
not arbitrary choices between equivalents.

This unique self-consistent solution is selected prior to
the emergence of time, eliminating any argument of spon-
taneous symmetry breaking which would require fluctu-
ations, transition rates, and a dynamical framework that
does not yet exist and which the substrate must first gen-
erate.

The optimality of the Eg lattice extends beyond self-
duality: Viazovska’s proof establishes it as the densest
sphere packing in eight dimensions [19], the unique so-
lution to a geometric extremization problem. This rein-
forces its status as the substrate requiring zero selection
information. Eg is self-defining and geometrically opti-
mal.

B. The Projection (D =4 and v = 16)

The Eg lattice cannot process information by itself.
Processing requires a flow (Input vs. Output). The
projection must break the Eg symmetry to distinguish
the “Observer” (Spacetime) from the “System” (Internal
States).



1. The Symmetric Decomposition (External Spacetime vs.
Internal Symmetry)

The projection must be compatible with the self-
duality of the parent Eg lattice to maintain local prob-
ability conservation. Because Ejg is self-dual (A = A*),
any symmetric decomposition into orthogonal sublattices
(Es — L4y ® L4) must admit a specific glue group whose
coset structure exactly reconstructs the self-dual par-
ent. To avoid unbalancing the Unitarity requirement,
the state space must be partitioned into two symmetric
sectors that can support this exact quotient structure.

Candidate Rank-4 Subsectors: We evaluate rank-
4 root sublattices that can symmetrically embed in FEg.
The irreducible rank-4 root systems are Ay, By, C4, Dy,
and Fy. We restrict our search to sublattices admitting
a symmetric embedding Fs — Ly & Ly. B4 and C4 are
not simply-laced; their root lattices contain roots of two
distinct lengths, violating the Evenness requirement. Fjy,
while even, is not self-dual. This leaves A4 & A4 and
D4 & D, as the only mathematically viable candidates.

e The A; No-Go (Encoding Mismatch): The
A, @ Ay orthogonal subsystem has an index of 5 in
the parent Eg lattice. In an information-theoretic
framework, this quotient group (Fg/(Ay @ A4) =
Zs) requires mapping a 5-state system onto binary
hardware channels. Local hardware encoding of
a b-element group requires a discrete register of
[log,(5)] = 3 bits, but this necessarily introduces
23 — 5 = 3 phantom codewords with no geometric
referent. Under the Closure Constraint, the sub-
strate admits no extraneous structural data; these
unphysical states would constitute auxiliary con-
figuration memory, explicitly violating the require-
ment that the vacuum be entirely self-defining.

e The D, Solution (The Unitary Partition):
The D4 & D, orthogonal decomposition has an in-
dex of 4 in Eg. Because 4 is a perfect power of
two (logy(4) = 2 exact bits), its quotient group
(Zy x Zs) can be encoded perfectly without frac-
tional loss, satisfying Unitarity. Furthermore, Dy
(the root lattice of so(8)) is the unique rank-4
even lattice that supports Triality. This provides
the exact geometric symmetry required to subse-
quently construct the Map and Causality pillars

(section [TV B 2)).

Therefore, Eg — D,® D, is the strictly unique sym-
metric decomposition that preserves global Unitarity
while naturally generating the chiral structure required
for information processing.

This unique decomposition partitions the 8 dimensions
into two orthogonal sectors with distinct roles:

1. Sector A (External Spacetime): The first Dy
lattice defines the coordinate addresses of the lat-
tice nodes. Since the D4 root system has rank 4

(four linearly independent simple roots), it nat-
urally projects onto a 4-dimensional coordinate
manifold, fixing D=4 for spacetime. The rank
equals the number of independent Cartan genera-
tors, which specify the coordinate addresses; hence
rank 4 implies D = 4.

2. Sector B (Internal Symmetry): The second Dy
lattice encodes the internal configuration of each
node, its state within the substrate’s symmetry
structure. These four dimensions are not spatial
directions but internal degrees of freedom.

This structural partition explains why the substrate
must eventually appear 4-dimensional while possessing
complex internal forces, without requiring the hidden
spatial dimensions of Kaluza-Klein theory.

2. The Bit-Depth of the Node (v = 16)

To determine the information capacity (Bit-Depth) of
the lattice nodes we ask: what is the minimal geometric
structure required to define a persistent, distinguishable
signal on the lattice?

Geometric Translation: In a lattice, information states
are encoded as orientations, directional configurations
that can be rotated and transformed.

The mathematical structure governing these rotations
in an n-dimensional space is the Spin group Spin(n),
which describes how states change under geometric trans-
formations while preserving their essential properties.

The D, lattice spans 4 spatial dimensions, but its as-
sociated Lie algebra (so(8)) acts on 8-dimensional fun-
damental and spinor representations. As established in
section [[VB] each Dy, factor in the Es — Dy & Dy de-
composition therefore gives a local continuous rotation
symmetry of Spin(8). However, this structure faces crit-
ical information-theoretic limitations that prevent it from
satisfying the Map and Causality pillars.

1. The Map Constraint (Complex Phase):
While Spin(8) possesses chiral spinors (Left and
Right), they are mathematically Real (Majorana-
Weyl). In signal processing terms, this means a
state vector is identical to its conjugate (¢ = ).
A system built on this logic cannot distinguish a
signal from its inverse (Phase Ambiguity) because
it lacks complex phase information. To support a
stable Map, the system requires Complex Rep-
resentations () # 1), allowing for the encoding
of phase distinct from amplitude.

2. The Causality Constraint (Chirality): To sup-
port the Causality pillar (Arrow of Time), the
system must distinguish “Input” from “Output.”
Geometrically, this requires Chirality, the abil-
ity to distinguish Left-handed projections from



Right-handed projections. Odd-dimensional rota-
tion groups (such as Spin(9)) admit complex rep-
resentations but are inherently achiral, failing this
requirement.

3. The Minimal Geometric Group: We seek the
minimal geometric group rank that satisfies both
existential conditions:

e Complex (to encode Phase/Map)
e Chiral (to encode Flow/Causality)

Because the Spin(8) chiral spinors lack complex struc-
ture, and Spin(9) complex spinors lack chirality, the
unique minimal extension that simultaneously supports
Complex, Chiral representations (Weyl-Dirac spinors) is
Spin(10). Crucially, this does not imply that the Dy
substrate geometrically embeds a Spin(10) gauge group.
The substrate system strictly prohibits this, as Spin(10)
(rank 5) exceeds the structural capacity of the internal
Dy sector (rank 4). Rather, Spin(10) strictly defines the
informational payload size required to encode a per-
sistent signal. The size of this fundamental data packet is
given by the Weyl spinor dimension formula v = 27/2-1
for n-dimensional chiral spinors:

v=27"1=2'=16 (6)

To transmit this 16-channel payload without exceed-
ing the rank-4 internal budget, the node utilizes the rep-
resentations natively available to its Dy (s0(8)) geome-
try. Because D, possesses Triality, it supports indepen-
dent 8-dimensional representations (e.g., 81 and 8g). A
single node’s internal symmetry sector provides ex-
actly 8 +8 = 16 channels of hardware capacity, perfectly
matching the payload requirement.

Thus, v = 16 is established as the fundamental bit-
depth of the vacuum’s hardware; it is the minimal ca-
pacity necessary to resolve phase ambiguity and enforce
causality, an architectural requirement satisfied by the
Spin(10) spinor dimensions.

C. The Total Node Capacity (V)

We derive the total information capacity of a single
lattice node, which constrains the state space of all sub-
sequent derivations.

The projection Fs — D4 & Dy creates two orthogo-
nal, symmetric subsystems. As derived above, the inter-
nal sector requires a bit-depth of v = 16. Because the
projection must be compatible with the Self-Duality
of the parent Eg substrate, the Spacetime sector must
remain informationally symmetric to the Internal sec-
tor. Because the parent Fg substrate is exactly self-dual
(A = A*), the projection cannot introduce an informa-
tional asymmetry between the spacetime manifold and
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the internal state space without violating local proba-
bility conservation. Therefore, the maximal channel ca-
pacity supported by the geometric structure of Sector B
strictly dictates the required reciprocal capacity of Sec-
tor A. Because information capacity (bit-depth) is addi-
tive across independent orthogonal sub-spaces, the total
channel capacity N is simply the sum of the two sectors:

N = Vsector A + VSector B = 16 + 16 = 32 (7)

This integer N = 32 represents the total number of
distinct state channels available for encoding information
on the lattice substrate.

D. Dimensional Reduction: Geometric Origin of
The Metric Signature and Causality

1. The Requirements

To map the 16-channel signal onto a 4-dimensional
manifold without loss or ambiguity, the metric algebra
must satisfy two strict encoding constraints:

1. Complex Compression (Map): The 16 real
channels must be compressed into 8 complex de-
grees of freedom (16R — 8C). This requires the al-
gebra to naturally generate a geometric imaginary
unit (i) to encode phase information.

2. Chiral Sorting (Causality): The system must
distinguish “Input” from “Output” to enforce the
arrow of time. This requires the algebra to support
orthogonal projectors (Pr,, Pr) that split the signal
into directed halves (8C — 4Cp, 4 4Cp).

2. The Search Space

A 4-dimensional manifold admits two fundamental
metric signatures. We test each against the requirements:

e Option A: Euclidean Metric (+,+,+,+). In a
space where all dimensions are spatial, the volume
element (pseudoscalar w) squares to positive unity
(W? = +1).

e Option B: Lorentzian Metric (—,+,+,+). Ina
space with one temporal dimension, the Clifford al-
gebra volume element (the pseudoscalar w) squares
to negative unity (w? = —1).

8. The Unique Solution

The Euclidean metric fails the encoding test. Because
w? = +1, the center of the Clifford algebra is strictly
real (R @ R). It cannot generate the global geometric



imaginary unit ¢ required for complex phase compression,
nor can it support complex chiral projectors. A universe
with this signature would be a static, real-valued block
with no capacity for phase or flow.

The Lorentzian Metric is the unique valid solution:
(1, 3) is equivalent to (3, 1) by reordering, and (2, 2) fails
because w? = +1 in split signature, restoring the real
algebra. Because w? = —1, the Clifford volume ele-
ment functions identically as the geometric imaginary
unit (¢ = w). This naturally generates the complex struc-
ture required to compress the signal (v = 16) and the
chiral structure required to sort it.

Crucially, the metric projection assigns the Lorentzian
signature (—,+,+,+) exclusively to Sector A (Space-
time). Sector B (Internal Symmetry) retains the original
Euclidean signature (+,+,+,+) of the Eg algebra. This
asymmetry is the direct consequence of the Causality re-
quirement: only one D, factor can support a timelike
generator, and that assignment uniquely distinguishes
the spacetime sector from the internal sector.

Conclusion: The signature (—,+,+,+) is the only
algebraic structure capable of processing the system’s in-
formation content and is not an arbitrary choice. Physi-
cally, the negative sign of Time (dt? < 0) is the geometric
cost required to generate the imaginary unit i.

a. Physical Consequence: Once these algebraic
structures are established to satisfy the encoding require-
ment, they manifest in physics as fundamental proper-
ties of matter. The Matter/Antimatter distinction
emerges from the complex conjugation (1) <+ 1)) enabled
by the imaginary unit. Chirality emerges from the or-
thogonal projectors. These are not postulates, but un-
avoidable consequences of encoding a 16-channels onto a
4-dimensional Lorentzian manifold

E. The System Logic (¢=5 and x=2)

The Finiteness and Unitarity pillars require the vac-
uum to be homogeneous (no preferred positions) and self-
dual (informationally symmetric). For a node to pos-
sess both a coordinate address and a distinguish-
able Map while satisfying these constraints, the two
specifications must be orthogonal: independent, yet si-
multaneously well-defined. Geometrically, this requires
the substrate to support a topological defect, a localized
boundary structure capable of separating a region from
the vacuum, without specifying what occupies that re-
gion. The minimal embedding dimension for this orthog-
onal decomposition sets the rank of the interaction sym-
metry (o), the geometric degrees of freedom available for
force mediation.

1. The Topological Boundary (x = 2)

For a topological defect to be distinct from the vacuum,
its boundary must strictly separate the universe into two
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disjoint sets: “Inside” (The System) and “Outside” (The
Environment). We assert that the topological bound-
ary of a persistent topological defect must be a sphere
(x = 2) as the unique solution to the Binary Partition
Constraint.

We derive this by analyzing the Euler Characteristic
for closed, orientable surfaces:

X=2-2 (®)
where g is the genus (number of holes).

e The Exclusion of g > 1 (The Leaky Parti-
tion): Any topology with one or more holes (Torus
g = 1, Double Torus g = 2, etc.) fails to define a
strict binary separation.

— Information- Theoretic Failure: A genus g >
1 surface is not simply connected. It sup-
ports non-contractible loops, closed paths that
thread through the holes without intersecting
the surface. This creates informational ambi-
guity: information flux can traverse the topol-
ogy without being strictly partitioned into “In-
side” or “Outside,” rendering the total con-
served quantity associated with the boundary
ill-defined.

— Thermodynamic Failure: By the Gauss-
Bonnet theorem ([,, K dA = 27y), any sur-
face with g > 1 has x < 0, implying neutral or
negative total curvature. Such a surface can-
not support net positive entropic pressure (in-
formation density) against the bulk substrate:
it would structurally collapse.

e The Uniqueness of ¢ = 0 (The Sphere): The
sphere is the unique closed surface with g = 0,
yielding x = 2, the maximum possible value. It is
the only simply connected topology, ensuring that
all loops contract to a point. This forces all in-
formation flux to be explicitly either contained or
excluded, enabling the perfect binary partition of
state required for a persistent, distinguishable topo-
logical defect.

a. Forward Implication (System 2 Consequence):
The invariant y = 2 is the necessary and sufficient con-
dition for charge quantization. Because xy must be an
integer and y = 2 is the unique maximum for closed sur-
faces, the charge associated with this topology is discrete.
You can have 1 sphere or 2 spheres, but not 1.5 spheres.
This geometric constraint allows the continuous lattice
field to support discrete, countable units of charge.

2. The Embedding Invariant (o0 =5)

We derive ¢ as the minimal coordinate set required
to fully specify a persistent entity on the lattice. A lo-



calized state requires two independent pieces of informa-
tion: its spatial address (where it is) and its topolog-
ical boundary (what it is). These sectors are orthog-
onal, one describes position in the manifold, the other
describes the internal boundary structure, and together
they define the minimal embedding dimension:

e Spatial Freedom (D pqce = 3): The Causal-
ity pillar requires that one dimension of the D =4
manifold be allocated to the update stream (Time).
This leaves D — 1 = 3 dimensions for spatial con-
figuration.

This value Dgpace = 3 is strictly required by the
Topological Boundary Constraint. As derived
in section [[VET] the persistent defect must possess
an S? boundary (x = 2). A 2-dimensional spher-
ical boundary cannot be geometrically embedded
in a spatial manifold of fewer than 3 dimensions.
Therefore, 3D space is the minimal spatial dimen-
sion capable of supporting the exact topological de-
fect required for persistence. (In 3D, the second
homotopy group m(S?) = Z classifies these stable
localized topological defects).

e Topological Boundary (Dyoundary = 2): The
Map pillar requires the topological defect to be dis-
tinguished from the vacuum by a closed boundary.
As derived in section [VET] the unique simply-
connected solution is the sphere (S?). Regardless
of its location in the 3D spatial bulk, specifying
the internal state of this boundary requires 2 in-
trinsic coordinate parameters (e.g., 6, ¢). Because
this definition is independent of the defect’s spatial
position, these 2 degrees of freedom are informa-
tionally orthogonal to Dgpqace-

The Orthogonality Condition: A fundamental re-
quirement of the Homogeneity defined in System 0 is
that the internal definition of a topological defect (its
boundary topology) must be independent of its location.

Mathematically, this requires the total state space to
be a Direct Product of the spatial manifold and the
internal boundary manifold (Viotal = Vspace X Vooundary)-
Because the boundary definition does not depend on po-
sition, their vector spaces are orthogonal.

The dimension of the minimal interaction embedding
is the sum of these independent sectors:

g = dim(‘/space) + dim(%oundary) =3+2=5 (9)

F. The Fundamental Resonance (A = 43)

We derive the fundamental period of the lattice, the
temporal bit-depth of the vacuum. Three independent
constraints must be simultaneously satisfied.
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1. Unitarity and The Unique Factorization Domain
Constraint

To apply this Unitarity constraint, we must map the
physical period A to the algebraic structure of the causal
loop. As proven formally in appendix[B] a (1+1)D causal
sequence on a self-dual lattice forms an elliptic curve. For
the evolution operator to be uniquely invertible (Uni-
tary), this curve must possess Complex Multiplication
(CM) with a class number of h = 1. The self-duality
of the substrate mandates that the geometric period of
the loop (A) must equal the algebraic CM discriminant
(D). Consequently, the Unitarity requirement restricts
the temporal period A strictly to the Stark-Heegner num-
bers (the unique solutions for h = 1): {1, 2, 3, 7, 11, 19,
43, 67, 163}.

2. Causality (The “Bandwidth”) Constraint

To satisfy Causality we apply the constraint
A > N = 32 (established in section [IIID) leaving:
A € {43,67,163}

3. The Self-Clocking Constraint (Causal Continuity)

This constraint imposes a strict upper bound on the
cycle length by addressing how the vacuum maintains
temporal synchronization.

e The Mechanism (Signal vs. Overhead): The
fundamental cycle A is not a single indivisible unit,
but a periodic causal loop composed of A discrete,
atomic temporal steps. These steps partition into
N = 32 active signal states (the informational pay-
load) and M = A— N overhead intervals (structural
processing latency where the metric advances but
state is static).

e The Self-Clocking Requirement: By the Clo-
sure Constraint (section , the vacuum pos-
sesses no external reference clock. The progression
of time must therefore be maintained intrinsically
by the lattice’s own state transitions. In informa-
tion theory, a data stream without an external ref-
erence is a Self-Clocking Signal.

e The Phase-Lock Limit: To maintain causal
phase-lock without an external clock, empty over-
head intervals (M) must be informationally an-
chored by active state transitions (N). If the num-
ber of empty steps exceeds the number of signal
states (M > N), by the Pigeonhole Principle,
the sequence must contain un-anchored consecu-
tive empty steps. Because these empty steps con-
tain zero distinct informational content, the local
node cannot differentiate or count them, resulting
in causal drift and the loss of temporal sequence



(Acausal Gaps). Furthermore, the node cannot rely
on its spatial neighbors to act as an external clock.
Because the lattice is translationally homogeneous,
all neighboring nodes are geometrically identical
during a static interval; they provide no differen-
tial information to break the temporal ambiguity.

e The Bound (Local vs. Global Phase-Lock):
To ensure causal continuity, Informational Ener-
getics mandates that the number of active signal
states (N) must equal or exceed the number of
empty metric updates (M). The Finiteness re-
quirement (section mandates that the sub-
strate be homogeneous: its local topology must
be identical at every position. Formally, this re-
quires the signal/overhead sequence to be maxi-
mally uniform (a Balanced Sequence in combina-
torics). For a binary sequence of length A with N
active states and M = A — N overhead intervals,
the Beatty/Fraenkel theorem guarantees the maxi-
mum run length of empty steps is [M/N]. To pre-
vent unanchored gaps (run length < 1), we require
[(A—N)/N] < 1, which strictly enforces the global
density bound N > M. This ensures phase-lock
is maintained across all configurations, mathemat-
ically equivalent to an RLL(0,1) constraint [20].

N>M = N>(A—-N) = A<2N (10)

Result: With N = 32, the upper limit for a self-
clocking fundamental cycle is A < 64. This rigorously
eliminates the remaining Stark-Heegner candidates 67
and 163, leaving A = 43 as the strictly unique geometric
solution for the temporal period.

G. Manifold Resolution

Given that the substrate is a D = 4 dimensional man-
ifold with fundamental temporal cycle A = 43, the theo-
retical maximum number of distinct spacetime slots the
local geometry can support per fundamental update cycle
is the product:

Ry = DA =4x43 =172 (11)

Persistent topological defects occupy subsets of this
address space; their operational costs in System 2 scale
with the fraction of R, utilized.

This completes the substrate’s information geometry:
v = 16 encodes what a single spinor holds, N = 32 the
total channels at a node, and Ry; = 172 the spacetime
addresses available per cycle.

H. The Entropic Loads: Resolution Limits of the
Vacuum

The vacuum’s persistence depends on three hierarchi-
cal scales of informational complexity. Each scale defines
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a resolution limit, a threshold below which signals dis-
solve into the substrate.

1. The Intrinsic Load (Lintrinsic = 23): Internal
Specification

The information required to specify a topological de-
fect’s internal state comprises three orthogonal compo-
nents. The chiral configuration (¥ = 16) encodes phase
and handedness. The interaction embedding (o = 5) en-
codes the coordinate degrees of freedom: spatial address
(Dspace = 3) and boundary coordinates (Dpoundary = 2,
the continuous parameters required to specify a point on
the boundary surface). The topological invariant (y = 2)
encodes the global identity of the boundary, the discrete
classification that distinguishes the sphere (x = 2) from
all other closed surfaces, independent of local coordi-
nates. Together these three orthogonal components set
the internal resolution limit: the precision with which the
vacuum can distinguish what a defect is (internal state)
from where it is (spatial position).

LGtrznszc:V+U+X:16+5+2:23 (12)

2. The Embedding Load (Lempea = 31): Manifold Address

The total information to specify a defect’s complete
configuration: internal state plus spatial address.

Because the chiral signal states are dynamic entities
within the D = 4 manifold, specifying their complete
state address requires more than just spatial coordinates.
In discrete control theory and state-space representa-
tions, uniquely specifying a dynamic state’s full trajec-
tory requires establishing both its position vector (D
dimensions) and its transition rate or orientation vec-
tor (D dimensions). This necessitates a total embed-
ding cost of 2D = 8 independent degrees of freedom to
uniquely specify the dynamic state address on the man-
ifold. (We note that this purely information-theoretic
requirement emerges in higher-level physics as Hamilto-
nian Phase Space and conjugate momentum, though we
rely only on the geometric state-space bound here).

Lembed = Lintrinsic +2D=234+8=31 (13)

3. The Substrate Load (Lsupstrate = 188)

The vacuum’s intrinsic structural complexity. This
sets the substrate capacity, the total information the vac-
uum must process per fundamental cycle.

e v = 16: Channel infrastructure. The spinor infor-
mation at each site.

e Ry (D - A) = 172: Manifold Resolution.



Lsubstrate = (R]W) +v= (4 X 43) + 16 = 188 (14)

I. The Es-Persistence System Specification

We have now identified a unique solution that satisfies
the architectural requirements of System O.

Substrate: The Eg Manifold. The D4y @ Dy
decomposition of Eg fixes D = 4 as the unique di-
mensionality supporting Finiteness and Causality.

e Capacity: The Operational Envelope (N =
32). The N = 32 chiral channels within each
A = 43 cycle define the total state-transition bud-
get. The clock period sets the envelope; the channel
count determines what fills it.

e Map: The Persistent Embedding (¢ = 5).
The sum of spatial (Dgpace = 3) and topological
(Dboundary = 2) degrees of freedom required to
uniquely embed a persistent entity in the manifold.

e Protocol: The Chiral Bit-Depth (v = 16).
The minimal spinor dimension admitting com-
plex structure and chirality, enabling lossless in-
formation propagation. Required by Unitarity for
read/write symmetry.

e Governor: The Topological Boundary (x =
2). The sphere (S?), unique simply-connected
closed surface, enforcing binary partition of state
and preventing field divergence. Required by
Finiteness.

e Toll: The causal cost of persistence (7 = —1,
M = 11). Structurally, the Lorentzian metric
(r = —1) encodes time by sacrificing one spa-
tial dimension’s definiteness. Operationally, the
M = A — N = 11 overhead intervals in the fun-
damental cycle provide the temporal slack required
for lossless state transitions.

e Margin: The Resolution Floor (L.ypeq = 31).
The total embedding dimension sets the geomet-
ric noise floor below which signals dissolve into the
substrate. In Quiescent Equilibrium, this floor is
saturated: the minimal resolvable signal (the elec-
tron mass, derived in Section is the proof of sol-
vency. The vacuum persists because its resolution
limit is exactly minimally sufficient.

J. Conclusion: FEs-Persistence theory

The constraints of Finiteness, Unitarity, and
Causality do not permit a family of solutions; they con-
verge on a unique geometric structure: the Eg lattice
projected onto a causal D = 4 manifold. This unique
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geometric structure is accompanied by the set of Char-
acteristic Integers: S = {A=43,v=16,0=>5, x=2}.

We have established the foundation of the Fg-
Persistence theory: a unique substrate on which other
systems can persist.

V. SYSTEM 2: THE GEOMETRIC
IMPEDANCE (o™ '), THE COST OF SUSTAINING
TOPOLOGICAL CHARGE AGAINST THE
LATTICE FLUX

The Fine-Structure Constant (o' a2 137) is the most
precisely measured coupling in physics, yet standard
quantum field theory offers no mechanism to derive its
magnitude from first principles; it remains an axiomatic
input.

In the Fg-Persistence theory the vacuum substrate
presents a natural impedance to sustaining topological
structure, measured in elementary operations per unit
charge. This is the Geometric Impedance (Z,), and
a~! is its exact value.

Scope of Derivation: In standard Quantum Field
Theory, coupling constants “run” with energy scale. This
section derives the bare geometric impedance of the vac-
uum substrate at its fundamental resolution floor (Qui-
escent Equilibrium). This invariant baseline represents
the fixed structural limit of the geometry; the emergence
of scale-dependent dynamics and renormalization is the
subject of subsequent papers in this series which depend
upon this foundational calculation.

In Quiescent Equilibrium, the time-integrated En-
tropic Action (equation (1)) reduces from a continuous
dynamic integral to a static discrete sum. For a persis-
tent topological defect evaluated over a single fundamen-
tal temporal cycle (7 = 1 in lattice units), the Entropic
Action S gefect counts the minimum number of elemen-
tary operations required to sustain the configuration:

S@,defect

Qtop

where S¢ defect 15 the Entropic Action required to sustain
the localized defect, and Q, = x/2 = 1 is the unit
topological charge (section X = 2 for the sphere).

On a discrete lattice substrate, Entropic Action is di-
mensionless: it counts the minimum number of elemen-
tary operations (lattice updates, link traversals, or sym-
metry transformations) required to sustain a field config-
uration against the vacuum’s entropic ﬂuXEI

-1 _

« = deo = (15)

2 An intuitive analogy: a communications channel has a maximum
data rate set by its bandwidth and noise floor. For a signal to
propagate, it must match the channel’s impedance and exceed
the noise floor. The Geometric Impedance is the total set of
structural requirements a signal must meet to propagate loss-
lessly on the physical substrate.



Since electromagnetic charge is quantized by the
boundary condition x = 2, a charge-bearing defect can
only persist if it pays the operational cost across all six
pillars of the Universal Architecture.

A. The Geometric Impedance Equation

Each term is derived below with zero free parameters.
The framework’s strict architectural limits: exhausting
the independent invariants of the Fs — D4 ® D4 pro-
jection, forbidding cross-terms via geometric orthogonal-
ity, and fixing signs via the Entropic Balance Sheet (sec-
tion , rigidly bound the space of valid equations to

this unique functional form:

1 X
-1 _
=Zpeo = TA - =
@ g Q/—’_\/ Ry —o A
CAP  pap ~—— N~
PRO GOV
(16)
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B. The Base Geometry: Minimal Wilson Loop

The dominant contribution to the vacuum impedance
(= 99.9%) comes from the fundamental geometry of the
interaction circuit. In gauge theory, this closed path is
known as the Wilson Loop.

For a topological defect to persist in the lattice, it
must complete a closed geometric cycle. We derive the
impedance of this loop as the sum of the Metric Path
and the Topological Closure.

1. The Resonant Circumference (Capacity)

Form: Circumference of the resonant cycle.

The metric sector measures the geometric action for a
topological defect to maintain coherence around the fun-
damental cycle. Causality requires a discrete temporal
cycle of length A. The Map pillar requires information
to propagate as a continuous phase front with complex
structure (section . The vacuum substrate is a self-
dual lattice with toroidal topology (section .

Derivation: In the continuum limit (A > ), where
the correlation length vastly exceeds the lattice spacing,
we must map the temporal modulus A to the spatial ge-
ometry of the loop. In natural units (¢ = 1), the tempo-
ral cycle A defines the maximum causal separation
between any two interacting points in the fundamental
state before the system resets. Geometrically, this max-
imum linear separation across the (1 + 1)D causal plane
constitutes the diameter of the defect’s influence.
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The Es — D4 @ D, projection preserves the Spin(8)
rotational symmetry in each sector. The self-duality con-
straint (A = A*) of the parent Eg substrate requires
that the global information network be invariant under
Fourier transform. Within the D, & D, projection, this
parent constraint imposes a strict structural symmetry
on the causal plane, which in the continuum limit corre-
sponds to perfect circular symmetry.

For a phase front to return to its initial state af-
ter traversing the causal horizon A, the path must be
geodesically closed around this diameter. On a rotation-
ally symmetric 2D surface, the unique geodesic bound-
ary enclosing the causal diameter A has circumference
C = wA. The diameter, not the radius, is the invari-
ant geometric quantity: a center would break the lattice
homogeneity.

The functional form is therefore uniquely deter-
mined:

ZCAPZWA (17)

While the underlying coordinate substrate is discrete,
Information Theory dictates that phase information (the
Map) operates on a continuous target space (S'). Be-
cause Unitarity and self-duality strictly require exact
Fourier invariance, the geometric action required for
phase closure cannot be a discrete polygon approxima-
tion (which would introduce fractional lattice errors).
Instead, the exact theoretical impedance relies on this
continuous symmetry limit, establishing the continuous
geometry 7 as a precise topological bound rather than a
macroscopic approximation.

This factorization, continuous geometry (m) scaling
discrete resonance (A) is the hallmark of smooth sym-
metry emerging from granular substrate. Alternative ge-
ometries (square: 4A, area: wAZ%/4) violate rotational
symmetry or dimensional consistency required by self-
duality and information propagation.

2. The Topological Boundary: Identity (Map)

Form: Topological invariant of the boundary con-

straint.

A Wilson Loop is defined by its closure. For a parti-
cle to distinguish itself from the vacuum, its boundary
must satisfy the Gauss-Bonnet condition (as established

in section [V E 1) for a closed surface (x = 2).
Znap = +Xx (18)

Without this term, the loop is an open string rather
than a persistent knot, preventing charge quantization.
The functional form is the unique integer invariant
satisfying exact quantization and minimal non-trivial
boundary.



8. Synthesis: The Base Impedance

The total geometric action of the minimal loop is the
sum of these two sectors:

Zbase = 7 - 43+ 2 ~ 137.088 . .. (19)

This base value matches the experimental Fine-Structure
Constant to within 0.03%. The remaining deviation
arises from the thermodynamic friction of the lattice.

C. The Thermodynamic Corrections

The physical lattice is discrete, resource-constrained,
and subject to thermodynamic friction. As derived in
section [[VG] thermodynamic costs scale with the frac-
tion of RM utilized.

1. Alignment Efficiency (Protocol)

Form: Linear strain ratio — boundary constraint di-
vided by bulk length.

The Fs — D4 ® D4 projection creates two orthogonal
subspaces: spacetime coordinates (Sector A) and inter-
nal symmetry (Sector B). The 5-fold internal symmetry
(o0 = 5) must align with the 4-dimensional manifold ge-
ometry (D = 4) for information to flow between sectors.
Misalignment creates friction; efficient alignment reduces
the total entropic burden.

This geometric mismatch consumes a portion of the
Manifold Resolution Rj;, leaving residual alignment ca-
pacity:

Cres = Ry — 0 =172 — 5 = 167 (20)

Since impedance is the inverse of admittance, and ef-
ficient alignment reduces the total entropic burden, the
geometric contribution is negative:

1 1
Zpro = ——— = ——— a —0. 21
PO = — 5 — = ~1g7 ~ 000399 (21)

The functional form is the minimal natural form
consistent with orthogonal decomposition, channel ca-
pacity, and impedance duality; linearity is selected by
the statelessness requirement of the Protocol pillar.

Structural Consequence: This term couples the exter-
nal spacetime sector to the internal symmetry sector.
Without it, the geometric projection Fgs — Dy ® Dy
would decouple, violating the self-duality required by
Unitarity.

2. Stabilizing Potential (Governor)

Form: Uniform Constraint Density (Topological in-
variant divided by causal period).
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The discrete Topological Boundary (xy = 2) must
constrain the resonant excitation distributed across the
A = 43 temporal slots. In the absence of this bound-
ary, the excitation would maximize entropy via unbound
distribution across all slots. The boundary enforces lo-
calization, preventing runaway divergence.

To satisfy the Governor pillar without introducing ar-
bitrary free parameters, we determine the exact entropic
organizational gain of this constraint by applying three
previously established structural rules of the substrate:

1. Homogeneity (Uniformity): As established in
System 0 (section [[IIB]), the vacuum substrate
must be translationally invariant. Therefore, the
stabilizing boundary constraint cannot be dispro-
portionately anchored to any preferred temporal
coordinate; it must be distributed mazimally wni-
formly across the fundamental causal cycle.

2. Periodicity (Exact Measure): The fundamen-
tal causal cycle is a closed, periodic loop. Because
a closed 1-dimensional loop has no edges, there are
no endpoint boundary corrections (i.e., no A — 1
“fencepost” intervals). The exact measure of the
temporal domain over which the constraint is uni-
formly distributed is exactly A.

3. Minimality (Linearity): In Quiescent Equilib-
rium, entropic action is minimized to its theoretical
floor. Higher-order polynomial couplings (such as
x?) would mathematically require non-linear self-
interaction vertices for the boundary. Because the
free vacuum operates exclusively on minimal in-
teractions (the Toll derivation independently con-
firms this restriction), higher-order self-interactions
are structurally forbidden. The geometric coupling
must be strictly ﬁrst—orderﬂ

By these three constraints, the exact geometric den-
sity of the topological boundary per temporal interval is
uniquely forced to be the linear ratio of the total discrete
boundary (x) to the total loop length (A).

As strictly required by the Entropic Balance Sheet
(section, an efficient boundary constraint prevents
runaway divergence, thereby reducing the total entropic
impedance of the system. Thus, the organizational gain
is strictly negative:

X 2
= -2 = ~ —0. 1 22
ZGOV 0.0465 ( )

3 Physically, this derivation establishes the informational-
geometric equivalent of a linear restoring force (Hooke’s Law).
Just as physical stability near an equilibrium point is governed
by the first-order linear term of a potential well, informational
stability in Quiescent Equilibrium is strictly bounded to this first-
order geometric strain.



This functional form is the unique exact linear con-
straint density permitted on a homogeneous, closed pe-
riodic loop.

3.  Entropic Transition (Toll)

Form: Joint entropic cost of state selection across or-
thogonal degrees of freedom.

The Toll pillar requires the irreducible cost of state
transitions, bounded below by Landauer erasure. The
lattice has N = 32 chiral channels (section [IV CJ).

Derivation: On a self-dual lattice, the simplest non-
trivial interaction involves three sites: two inputs and
one output (or vice versa). This is the minimal vertex
that preserves information flow while allowing non-trivial
dynamics. Two-point interactions are trivial (propaga-
tion only). Four-point interactions are excluded for two
reasons: asymmetric four-point vertices distinguish a
central site, breaking the translational homogeneity of
section symmetric four-point vertices (equivalent
legs) require additional coupling constants not present in
the substrate’s characteristic integers, violating the ex-
haustion of invariants.

Each leg of the three-point vertex selects independently
from N = 32 channels. By the homogeneity requirement,
coupling probability is uniform across symmetry degrees
of freedom. The joint probability of selecting one spe-
cific configuration is (1/N)? = 1/N3.

The interaction must couple to the topological bound-
ary x = 2 through the available o = 5 symmetry degrees
of freedom, giving relative coupling strength y/o. The
transition must occur through an available spacetime ad-
dress Ry = 172, with fraction (1 — o/Rys) of addresses
not consumed by symmetry overhead.

Since these three constraints operate on disjoint de-
grees of freedom (channel selection, boundary cou-
pling, spacetime availability), their probabilities multi-
ply. The functional form is therefore geometrically
constrained to:

1 x o _s
VA =—-=-|1-—=—]) =118 x10 23
TOL= N3 ( RM) X (23)

Alternative forms (1/N? for pairwise interactions,
1/N* for four-point, or additive combinations) violate ei-
ther the minimal vertex principle or probability bounds.

4. Resolution Floor (Margin)

Form: Unit signal divided by the orthogonal configura-
tion phase-space volume.

For a state to persist, its informational content must
exceed the substrate’s resolution limit. The Margin is the
entropic cost to distinguish a unit signal from the back-
ground noise floor. On a discrete substrate, the minimum
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resolvable signal is the reciprocal of the total configura-
tion count: a single distinguishable state diluted across
the full phase-space volume.

Because the Eg — D4 @ D4 projection partitions the
lattice into strictly orthogonal geometric sectors, the to-
tal configuration volume (Veop fig) is rigidly mandated by
the mathematical product of these independent degrees
of freedom. A persistent state’s total geometric footprint
is the product of three orthogonal manifolds:

e The State Vector (Lempea = 31): The total in-
formational capacity required to specify the embed-
ded state’s internal configuration and spatial ad-

dress (derived in Section [[V H 2).

e Interaction Aperture (0 +1 = 6): A discrete
lattice comprises two irreducible geometric prim-
itives: Links (1-forms) and Nodes (0-forms). The
o = 5 interaction degrees of freedom operate on the
Links, mediating flow. The Node itself contributes
one additional discrete degree of freedom: the bi-
nary distinction between “occupied” and “vacuum”
at that site. This is not a positional coordinate
(which is already counted in Lempeq), but an oc-
cupancy quantum number—the minimal informa-
tional flag required to specify that a defect exists
at this locus. The total hardware aperture is thus
oc+1=6.

e The Causal Area (A?): The spacetime extent of
one fundamental resonance cycle. Because causal-
ity restricts propagation to a (1+1)D causal plane
(1 spatial dimension, 1 temporal dimension), the
area swept by one full cycle is strictly A x A = A2,

Multiplying these independent dimensions yields the
total geometric phase-space volume. The Margin
impedance is uniquely determined as the inverse of this
volume, representing the dilution of a single quantum of
information across the maximum possible coordinate un-
certainty:

1 1

Z = =
MAR ‘/;onfig Lembed ' (U + ]-) - A?

~ 291 x107°
(24)

Alternative functional forms (such as addition) are
mathematically forbidden: the joint configuration count
of independent sub-spaces is their Cartesian product, not
their union. The product structure is a theorem of com-
binatorics, not a modeling choice.

a. Physical Consequence: Electron Mass as Resolu-
tion Floor. Zp;ar establishes the electron as the min-
imum resolvable coupling of the substrate: any charged
configuration with coupling lighter than this threshold
cannot maintain a stable topological boundary against
the vacuum flux. This doesn’t set the absolute mass, but
Z v ar fixes the ratio:

Me  ZMAR
XX
Mp Zgeo

(25)



The Planck/electron mass hierarchy is therefore a geo-
metric consequence of the substrate’s signal-to-noise ra-
tio, not a free parameter.

b. Physical Consequence:  The Scale of Matter
(Atomic Length). This resolution floor simultaneously
determines the spatial scale of the periodic table. The
Bohr Radius (ag) emerges as the ratio of the vacuum’s
geometric impedance (signal strength) to the electron’s
mass resolution (noise floor).

The fine-structure constant is the inverse geometric
impedance (o = 1/Zg,). Substituting these structural
definitions into the Bohr radius formula reveals the vac-
uum’s Dynamic Range, the signal-to-noise ratio of the
lattice:

B Zgeo

Z eo
ag = —gc0

26
ZMAR (26)

c Mg
(In natural units i = ¢ = 1, we have ap = Zgeo/ZrraR-)
Because the electron mass is fixed by the persistence
margin (M AR) and the coupling is fixed by the lat-
tice topology, the fundamental scale of chemistry
is structurally locked: the Angstrom scale (1071° m) is
the immutable theater of atomic interaction. While com-
plex atoms vary in effective radius, the underlying unit
of atomic architecture is fixed by the lattice resolution.

D. Sector Independence and Linearity

Parameters in Zg., follow section with organi-
zational gains reducing structural costs. Because the six
pillars operate on disjoint geometric degrees of freedom
within the Fs — D4 @ D, projection, the total Entropic
Burden is strictly linear:

Zgeo =Y | Zi (27)

=1

The term Zpro mediates between the orthogonal
D4 & D, sectors by operating on the residual capacity
(Rp — o) that spans both subspaces. It is the coupling
term precisely because it measures the alignment cost of
information flow across the sector boundary, while the
sectors themselves remain geometrically disjoint.

Why linear? In lattice natural units (h =£¢=c = 1),
action is a dimensionless count of elementary opera-
tions. The lattice enforces three constraints: discrete-
ness (operations are atomic), minimality (no sub-steps),
and additivity (independent costs sum). Cross-terms
would require interference between orthogonal sectors;
the D4 & D4 decomposition forbids this.

The speed of light ¢ = 1 sets the maximum rate of
causal propagation: information traverses exactly one
lattice spacing per update cycle. This maximal prop-
agation rate is the relativistic analogue of the Shannon
channel capacity: the fundamental bound on information
transfer through the substrate.
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With h = ¢ = ¢ = 1, all coefficients in equation ([16))
are fixed integers or geometric constants; no continuous
parameters remain available for tuning.

E. Completeness and Uniqueness of the Finite Sum

A standard quantum field theory framework treats a
as a fundamental input parameter or a running coupling
requiring experimental measurement. In contrast, the
FEg-Persistence theory derives its geometric impedance as
a strictly finite, six-term sum.

This truncation is a structural requirement. The equa-
tion is uniquely determined by two constraints:

1. The Six Pillars: The six sectors correspond one-
to-one with the Universal Architecture of Persistence.
The functional forms range from mathematically forced
to physically natural:

e Zyap: Rigorously unique, the Euler characteristic
x = 2 is the maximal integer for simply connected
closed surfaces, and linear counting is required for
exact quantization.

e Zcap: Geometrically forced by rotational symme-
try and geodesic closure in the continuum limit
(discrete corrections O(1073) are below current ex-
perimental precision).

e Zpro: Denominator form forced by self-duality
and capacity exhaustion; linearity selected by state-
lessness requirement.

e Zaov: Linear strain ratio uniquely selected by
Quiescent Equilibrium: higher-order terms require
self-interaction vertices absent in the free vacuum.

e Zror: Probability-theoretically forced by indepen-
dence of orthogonal constraints; the three-point
vertex is the minimal nontrivial interaction.

e Zyar: Product structure forced by combinatorial
independence of orthogonal geometric sectors; (o +
1) counts the irreducible lattice primitives (links +
node occupancy) through which a defect couples to
the substrate.

2. Exhaustion of Invariants: The characteristic in-
tegers S = {A = 43,v = 16,0 = 5,x = 2} completely
exhaust the independent invariants of the Fs — D4 @® Dy
projection. Note that v = 16 enters the a~! equation
only through N = 2v = 32, the total node capacity de-
rived in section [V .C} no term involves v independently
because the chiral bit-depth is fully allocated to the chan-
nel structure.

Because the pillars operate on orthogonal degrees of
freedom, there are no geometric cross-terms. No addi-
tional invariants exist to construct further terms. The
summation o~ = Z?:1 Z; is therefore the unique, min-
imal, and complete basis of persistence consistent with
the substrate geometry.



F. Numerical Validation

Summing the geometric components:

a;allc =137.035999212... (28)

Recent experimental values in Table [l do not form a
simple consensus, reflecting ongoing metrological tension.
Morel (2020) and Parker (2018) measure a~! kinemat-
ically using photon recoil (Rubidium and Cesium, re-
spectively). Fan (2023) determines ! via the electron
anomalous magnetic moment (g — 2). That these inde-
pendent measurements are mutually exclusive is an open
problem in standard metrology. CODATA (2022) synthe-
sizes these conflicting inputs, so its uncertainty reflects
this tension rather than a single clean result.

Source Value (o™ ') Dev.
Morel (2020) 137.035999 206 £ 0.000 000 011 [2I] 0.58¢
Fan (2023) 137.035999 166 £ 0.000 000 015 [22] 3.090

Parker (2018) 137.035999 046 + 0.000 000 027 [23] 6.160
CODATA (2022) 137.035999 177 + 0.000 000 021 [24] 1.68¢c

Table I. Numerical comparison of the Es-Persistence Theory
theoretical derivation against experimental values. Deviation

is computed as |a_}, — o |/Teap-

The Eg-Persistence derivation strongly aligns with the
Rubidium recoil measurement of Morel (2020) to within
0.580, but deviates by 3.09¢ from Fan (2023).

a. The QED Extraction Tension and the Quantiza-
tion Gap: We must explicitly address the 3.090 tension
between our geometric prediction and the Fan (2023)
measurement. We do not claim this tension confirms our
framework; rather, we identify a structural reason why
such a systematic offset might arise.

Morel (2020) measures « kinematically. In our frame-
work, this is a direct macroscopic probe of the geometric
impedance that does not rely on quantum loop correc-
tions. Fan (2023), however, extracts a by fitting experi-
mental data to a 10th-order (5-loop) QED perturbative
expansion.

Standard QED calculates this expansion utilizing di-
mensional regularization, which implicitly assumes con-
tinuous spacetime and infinite resolution. In the FEjg-
Persistence theory, spacetime is a discrete lattice with
finite channel capacity (v = 16). While the continu-
ous QED approximation is extraordinarily successful at
lower loop orders, 5-loop QED achieves a fractional pre-
cision of ~ (a/m)% ~ 10710, At this extreme threshold,
the continuous-spacetime assumption underlying dimen-
sional regularization may introduce systematic bias when
the loop-order complexity approaches the substrate’s fi-
nite channel capacity.

We term this ~ 3 x 10719 threshold the Quantization
Gap. This aligns with Freeman Dyson’s 1952 proof [25]
that the QED perturbative series is fundamentally diver-
gent due to vacuum instability. Our framework provides
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a structural hardware mechanism for this divergence: the
continuous mathematical expansion breaks down when
the computational complexity of the field interaction ex-
ceeds the finite bit-depth of the vacuum.

This breakdown scale can be heuristically estimated
by comparing Feynman diagram multiplicity to the sub-
strate’s channel capacity. The number of QED dia-
grams grows factorially with loop order; at 5-loop pre-
cision, the electron anomalous magnetic moment calcu-
lation requires evaluating 12,672 distinct diagrams. Si-
multaneously, the available combinatorial state space of
the fundamental causal loop scales as v = 16". At
n = 4 to n = 5, the factorial diagram complexity
(~ 10%) reaches parity with the hardware phase-space
limit (16* = 65,536), marking the threshold where the
continuous expansion saturates the substrate’s discrete
bit-depth.

This yields a rigorous, asymmetric falsification crite-
rion: if pure kinematic measurements continue to con-
verge to a~! ~ 137.035999212 while 6+ loop QED
extractions systematically diverge from this value, the
Quantization Gap is confirmed. Conversely, the conver-
gence of both methods to a single, identical value differing
from our geometric prediction by > 50 would decisively
falsify the Fg-Persistence theory.

G. Corollary: Quantization of Charge

The geometric impedance Zg., fixes the electromag-
netic coupling «. By the standard definition o =
e?/(4meghc), the elementary charge is:

4dmeghe
=4/ — 29
€ Zoes (29)

Charge is a flow constraint: the geometric impedance re-
stricts information flux through a x = 2 topological de-
fect to discrete values. Quantization follows from integer
invariants, not field-theoretic anomaly.

H. The Von Klitzing Constant (Rx)

While the relation Rx = Zp/2a is a known alge-
braic identity in standard electromagnetism, the FEjg-
Persistence theory provides a novel structural interpre-
tation for its components. Specifically, the factor of 2
emerges geometrically from the Spinor Double Cover, it
is the winding number required for a spinor to return to
its initial phase after traversing the manifold, not a mere
artifact of SI unit conventions.

A geometric impedance should manifest as a measur-
able physical resistance. The Quantum Hall Effect pro-
vides exactly this test: it measures the resistance of a
single quantum channel with parts-per-billion precision,
independently of a~'. Three structural facts of the sub-
strate yield Rx directly:



1. Single Channel Limit: The vacuum substrate
supports discrete transmission channels. One chan-
nel has impedance Z.pannei-

2. Spinor Double Cover: Fermions are spinors. To
complete a closed circuit and return to initial phase,
the carrier traverses the manifold twice (720°).
The measured resistance is the vacuum impedance
shared across two windings: Rx = Zehannel/2-

3. Geometric Coupling: The Characteristic
Impedance of Free Space Zy is the macroscopic
transmission resistance of the lattice substrate it-
self. The framework derives the dimensionless scal-
ing between a single channel and the bulk medium
as Zchannel/ZO = a;elty~
Combining these yields the strict geometric relation-

ship Rx/Zy = a_. /2. Expressing this structural ratio

geo

in the SI unit system (where Zy = pgc = 376.7312) yields:

Z
R = ) - 0y, ~ 25812.80746041Q  (30)

e Experimental Value (CODATA
25812.807 45 + 0.000 01 £2 [24]

2022):

e Precision: The geometric prediction lies within
1.940 of the Quantum Hall resistance.

Physical consequence: The flatness of QHE plateaus.
R = Rk /n, regardless of impurities, reflects the lattice’s
discrete bit-depth: resistance is quantized by channel
count, offering a structural origin for the topological pro-
tection traditionally attributed to electron wavefunction
topology (Chern numbers) [26], 27].

I. The Planck Charge Ratio

The ratio e/qp =~ 0.085 is a known numerical iden-
tity but has lacked structural explanation: why should
the electromagnetic coupling set the attenuation between
natural and observed charge? In the Eg-Persistence the-
ory this is a necessity, the geometric impedance Zg,
enforces a safety margin between operating charge and
substrate breakdown.

The elementary charge appears as the Planck charge
attenuated by the square root of the lattice impedance:

e= R (31)

geo

ﬁ
—
—
-3

a. Physical consequence: Safe Load Limit. The elec-
tron represents the safe operating limit of the vacuum.
While the substrate can theoretically support a unitary
charge (¢p), the geometric impedance restricts propagat-
ing charge to = 8.5% of this maximum.
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b. Physical consequence: Vacuum Breakdown as Ca-
pacity Limit (Schwinger Limit). The Schwinger critical
field E. = m2c®/eh marks where external electric fields
spontaneously produce e™e™ pairs. The Coulomb field of
an elementary charge evaluated at the reduced Compton
wavelength X = ii/m.c is precisely a times weaker:

_c s =ak, = Ee
471'60)\ deo

(32)

The geometric impedance Zg., ~ 137 therefore repre-
sents the safety factor between the characteristic field of
a fundamental charge and the vacuum breakdown thresh-
old. Any localized excitation attempting to concentrate
flux beyond this margin hits the non-linear Schwinger
ceiling, resolving into particle-antiparticle pairs, enforc-
ing the substrate’s capacity limit.

VI. CONCLUSION

This work introduced Informational Energetics (IE),
a framework deriving the minimal architecture of persis-
tence from control theory and information theory. We
established that any system resisting entropic decay re-
quires six irreducible components (Capacity, Map, Pro-
tocol, Governor, Toll, Margin), each demonstrated by its
failure mode when removed.

We tested IE in its most demanding domain: funda-
mental physics. We proposed that the fundamental laws
and structures of reality are not arbitrary axioms, but
emergent consequences of a universe optimized for persis-
tence. Translating the six pillars to physical requirements
(Finiteness, Unitarity, Causality) uniquely determined
the vacuum substrate: the Eg lattice projected onto a
causal 4D manifold. This projection intrinsically gener-
ates the Lorentzian metric signature and chiral fermions,
bypassing the historical Distler-Garibaldi no-go theorem,
yielding the Characteristic Integers S = {A = 43,v =
16,0 = 5, x = 2} with no free parameters. The derivation
was not a search over possibilities, but a sequence of con-
straints eliminating all but a unique substrate and cru-
cially, this derivation is entirely self-contained: no step
appeals to physical observation or measured quantities
not already derived from the framework. Each system
builds exclusively on the previous, with IE as the sole
foundation.

This architectural necessity upends standard cosmo-
logical assumptions. The dimensional constraint n = 0
(mod 8) carries profound consequences: observed 4D
spacetime must be emergent rather than fundamental,
and 10D superstring theory is strictly excluded as a stan-
dalone substrate, as it requires ad hoc auxiliary spaces
that violate the Closure Constraint (section .

The ultimate test is falsifiable contact with experi-
ment. The geometric impedance Zy., yields a=! =
137.035999212, agreeing with the kinematic recoil mea-
surement of Morel (2020) at 0.58¢c and CODATA (2022)
at 1.680. The same impedance determines Rg to



0.08 parts per billion and the elementary charge e =
qp/+\/Zgeo, which emerges not as a fundamental input,
but as a flow constraint enforcing the Schwinger vac-
uum breakdown limit. The Bohr radius emerges as
ap deo/ZMAR7 locking chemistry to the lattice res-
olution. This paper establishes the substrate and the
static foundation of the Fg-Persistence theory.

The architecture established here is static: six pil-
lars constraining any persistent system, but not how it
evolves. The companion paper Informational Energetics:
Entropic Action (in preparation) formalizes the Entropic
Action as the universal variational principle governing
this cost. It demonstrates that minimizing it on the Fg
lattice derived here, uniquely yields the operators of the
Standard Model and General Relativity. This provides
a powerful cross-validation: the substrate derived here
from static geometric constraints, and the dynamics de-
rived independently from thermodynamic minimization,
converge on the same physics. With the Lagrangian,
the substrate can extend deriving the complete Stan-
dard Model parameter inventory (including the Yang-
Mills Mass Gap and the CKM/PMNS matrices), and re-
solve current cosmological tensions.
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The physics derivation is the proof of concept, not the
endpoint. Informational Energetics proposes that persis-
tence is the organizing principle of reality at every scale.
If the vacuum substrate is uniquely determined by per-
sistence requirements, then by the Selection Principle,
any persistent system above it is solving the same archi-
tectural problem with different materials. The fabric of
physical reality, its geometry and substrate, is not the
foundation of this framework. It is the first test.

ACKNOWLEDGMENTS

The author is an independent researcher and received
no external funding for this work.

I would like to thank Brian Sheppard for rigorous and
constructive feedback.

I would like to thank my friends and family for their
patience and support throughout decades of discussions
as I tried to understand every field I became interested
in and the recurring, overarching patterns I saw.

[1] J. A. Wheeler, Information, Physics, Quantum: The
Search for Links, in Proceedings III International Sym-
posium on Foundations of Quantum Mechanics, edited
by W. J. Archibald (Physical Society of Japan, 1989) pp.
354-358.

[2] R. Landauer, Irreversibility and Heat Generation in the
Computing Process, IBM Journal of Research and De-
velopment 5, 183 (1961).

[3] E. Verlinde, On the origin of gravity and the laws of
Newton, |Journal of High Energy Physics 2011, 29 (2011).

[4] G. Bianconi, [The Thermodynamics of the Gravity from
Entropy Theory| (2025), version Number: 2.

[5] A. G. Lisi, An Exceptionally Simple Theory of Every-
thing (2007), arXiv:0711.0770 [hep-th].

[6] J. Distler and S. Garibaldi, There is No “Theory of Ev-
erything” Inside E8, Communications in Mathematical
Physics 298, 419 (2010)!

[7] L. Bombelli, J. Lee, D. Meyer, and R. D. Sorkin, Space-
time as a causal set, Physical Review Letters 59, 521
(1987).

[8] C. Rovelli, | Quantum Gravity, 1st ed. (Cambridge Uni-
versity Press, 2004).

[9] T. Jacobson, Thermodynamics of Spacetime: The Ein-
stein Equation of State, Physical Review Letters 75, 1260
(1995).

[10] R. C. Dorf and R. H. Bishop, Modern Control Systems,
13th ed. (Pearson, 2017).

[11] K. J. Astrém and R. M. Murray, Feedback systems: an
introduction for scientists and engineers (Princeton Uni-
versity Press, Princeton, 2008).

[12] N. Margolus and L. B. Levitin, The maximum speed of
dynamical evolution, Physica D: Nonlinear Phenomena
120, 188 (1998).

[13] J. D. Bekenstein, Universal upper bound on the entropy-

to-energy ratio for bounded systems, Physical Review D
23, 287 (1981).

[14] R. C. Conant and W. Ross Ashby, Every good regulator
of a system must be a model of that system f{, Interna-
tional Journal of Systems Science 1, 89 (1970).

[15] C. Shannon, Communication in the Presence of Noise,
Proceedings of the IRE 37, 10 (1949).

[16] J. D. R. D. Raadt, ASHBY’S LAW OF REQUISITE VA-
RIETY: AN EMPIRICAL STUDY, Cybernetics and Sys-
tems 18, 517 (1987).

[17] H. Nyquist, Regeneration Theory, Bell System Technical
Journal 11, 126 (1932).

[18] J. H. Conway and N. J. A. Sloane, |Sphere Packings,
Lattices and Groupsl, edited by M. Artin, S. S. Chern,
J. M. Frohlich, E. Heinz, H. Hironaka, F. Hirzebruch,
L. Hérmander, S. Mac Lane, C. C. Moore, J. K. Moser,
M. Nagata, W. Schmidt, D. S. Scott, Y. G. Sinai, J. Tits,
B. L. Van Der Waerden, M. Waldschmidt, S. Watan-
abe, M. Berger, B. Eckmann, and S. R. S. Varadhan,
Grundlehren der mathematischen Wissenschaften, Vol.
290 (Springer New York, New York, NY, 1988).

[19] M. Viazovska, The sphere packing problem in dimen-
sion $8%, Annals of Mathematics 185, [10.4007/an-
nals.2017.185.3.7 (2017).

[20] K. Immink, Runlength-limited sequences, Proceedings of
the IEEE 78, 1745 (1990).

[21] L. Morel, Z. Yao, P. Cladé, and S. Guellati-Khélifa, De-
termination of the fine-structure constant with an accu-
racy of 81 parts per trillion, Nature 588, 61 (2020).

[22] X. Fan, T. Myers, B. Sukra, and G. Gabrielse, Measure-
ment of the Electron Magnetic Moment, [Physical Review
Letters 130, 071801 (2023).

[23] R. H. Parker, C. Yu, W. Zhong, B. Estey, and H. Miiller,
Measurement of the fine-structure constant as a test of


https://doi.org/10.1147/rd.53.0183
https://doi.org/10.1147/rd.53.0183
https://doi.org/10.1007/JHEP04(2011)029
https://doi.org/10.48550/ARXIV.2510.22545
https://doi.org/10.48550/ARXIV.2510.22545
https://doi.org/10.48550/arXiv.0711.0770
https://doi.org/10.48550/arXiv.0711.0770
https://doi.org/10.1007/s00220-010-1006-y
https://doi.org/10.1007/s00220-010-1006-y
https://doi.org/10.1103/PhysRevLett.59.521
https://doi.org/10.1103/PhysRevLett.59.521
https://doi.org/10.1017/CBO9780511755804
https://doi.org/10.1103/PhysRevLett.75.1260
https://doi.org/10.1103/PhysRevLett.75.1260
https://doi.org/10.1016/S0167-2789(98)00054-2
https://doi.org/10.1016/S0167-2789(98)00054-2
https://doi.org/10.1103/PhysRevD.23.287
https://doi.org/10.1103/PhysRevD.23.287
https://doi.org/10.1080/00207727008920220
https://doi.org/10.1080/00207727008920220
https://doi.org/10.1109/JRPROC.1949.232969
https://doi.org/10.1080/01969728708902152
https://doi.org/10.1080/01969728708902152
https://doi.org/10.1002/j.1538-7305.1932.tb02344.x
https://doi.org/10.1002/j.1538-7305.1932.tb02344.x
https://doi.org/10.1007/978-1-4757-2016-7
https://doi.org/10.1007/978-1-4757-2016-7
https://doi.org/10.4007/annals.2017.185.3.7
https://doi.org/10.4007/annals.2017.185.3.7
https://doi.org/10.1109/5.63306
https://doi.org/10.1109/5.63306
https://doi.org/10.1038/s41586-020-2964-7
https://doi.org/10.1103/PhysRevLett.130.071801
https://doi.org/10.1103/PhysRevLett.130.071801

the Standard Model, |Science 360, 191 (2018).

[24] P. J. Mohr, D. B. Newell, B. N. Taylor, and E. Tiesinga,
CODATA recommended values of the fundamental phys-
ical constants: 2022, Reviews of Modern Physics 97,
025002 (2025)k

[25] F. J. Dyson, Divergence of Perturbation Theory in Quan-
tum Electrodynamics, Physical Review 85, 631 (1952).

[26] D. J. Thouless, M. Kohmoto, M. P. Nightingale, and
M. Den Nijs, Quantized Hall Conductance in a Two-
Dimensional Periodic Potential, Physical Review Letters
49, 405 (1982),

[27] M. Kohmoto, Topological invariant and the quantiza-
tion of the Hall conductance, Annals of Physics 160, 343
(1985).

Appendix A: Geometric Origin of Chiral Fermions

Distler and Garibaldi [6] demonstrated that a
signature-preserving embedding of the Standard Model
within Fg cannot accommodate chiral fermions without
unobserved mirror partners. Their theorem holds for all
embeddings where the algebraic structure remains Eu-
clidean (8,0). We include this brief derivation for read-
ers seeking explicit verification that the metric signature
change (8,0) — (1,3) @ (4, 0) evades the theorem by ren-
dering mirror states dynamically inert.

The Egs-Persistence theory employs the symmetric de-
composition Fg — Dy @ Dy (derived in section
coupled with the Metric Projection (8,0) — (1,3)® (4,0)
(derived in section, which falls outside this assump-
tion. As established in section [[VD] the internal symme-
try sector retains the original Euclidean signature (4,0)
and therefore lacks a timelike generator.

a. Formal Resolution: The Distler-Garibaldi con-
straint assumes a signature-preserving embedding. We
explicitly violate this assumption. Rather than an alge-
braic homomorphism, we perform a geometric subspace
restriction onto an observable Lorentzian spacetime man-
ifold (e.g., Minkowski space R':3). The orthogonal de-
grees of freedom, which contain the mirror states, reside
strictly within the Euclidean internal sector.

Because this Euclidean sector possesses signature
(+,+,+,+), its isometry group is the compact rotation
group SO(4). This group fundamentally lacks the time-
like translation generator (Py = 9;) present in the space-
time Poincaré group ISO(1,3) required for dynamical
evolution.

Consequently, because the internal SO(4) group and
the spacetime Poincaré group commute, the mirror states
Pmirror POssess no temporal Hamiltonian relative to the
observable manifold. They satisfy the strictly station-
ary condition 0;¥mirror = 0. In an information-theoretic
framework, a state without a time-evolution operator
cannot propagate or encode a changing signal; it acts en-
tirely as a static internal degree of freedom (a quantum
number). Mirror fermions are therefore geometrically
suppressed. They do not propagate on the observable
(1, 3) manifold, evading the Distler-Garibaldi theorem by
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violating its implicit premise: that the full Eg algebra
acts dynamically in spacetime.

Appendix B: Algebraic Geometry of the Causal
Loop and Complex Multiplication

This appendix provides the formal mathematical
derivation bridging the physical requirement of Unitarity
to the algebraic necessity of the Stark-Heegner numbers,
as referenced in section [V 11

1. The Setup: Dimensional Reduction to the
Causal Plane

Information propagation on the Eg substrate (Ds®Dy)
is fundamentally local: a signal from one node to another
defines a 1-dimensional spatial trajectory evolving over
1-dimensional time, restricting causal propagation to a
(1+1)D Causal Plane.

Because the vacuum possesses a fundamental tempo-
ral cycle, this sequence of updates must eventually close,
forming a periodic loop of length A.

2. Mathematical Translation: The Elliptic Curve

Topologically, a discrete, periodic (1+1)D causal plane
forms a 2-dimensional real torus (T?). To analyze this
rigorously as a 1-dimensional complex torus (an Elliptic
Curve), it must be endowed with a complex structure.

The causal plane is spanned by one spatial step (dx)
and one temporal step (0t). As derived in section
the Lorentzian metric signature assigns the temporal di-
mension a geometric imaginary character: §¢t =i - dz (in
natural units ¢ = 1).

Consequently, the causal lattice tiles the complex plane
C with a real spatial period w; = 1 and a geometric imag-
inary temporal period. This defines a complex lattice
A=7Z-1®Z- z, yielding the elliptic curve C/A governed
strictly by the complex modular parameter z.

Because the trajectory is physically constrained to the
discrete, self-dual structure of the underlying FEg lat-
tice, z cannot be a generic continuous complex variable.
The discrete, self-dual lattice structure constrains z to
a Complex Multiplication (CM) point, a fixed point of a
Mboébius transformation with integer coefficients acting on
the moduli space. This requires z to satisfy a quadratic
equation az?+bz+c = 0 with a, b, ¢ € Z and discriminant
b? — 4ac=—-D < 0.

3. Lemma 1: The Identification of Period and
Discriminant (D = A)

To utilize the theory of Complex Multiplication, we
must formally bridge the physical geometric period A to
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the algebraic CM discriminant D.

Lemma: For a unitary causal loop on a self-dual dis-
crete lattice, the geometric temporal period A is identi-
cally equal to the CM discriminant D.

Proof:

1. Lattice Basis: The causal loop defines a complex
torus C/A with lattice basis {1, z}, where the real
axis represents the spatial step and the imaginary
axis represents the temporal step.

2. The Geometric Norm: The temporal period A
dictates that the state history closes exactly after
A discrete updates. Algebraically, this requires the
temporal generator z to satisfy 22 +A = 0, placing
the system in the imaginary quadratic field K =

QW-A4).

3. Self-Duality Constraint: To preserve the self-
duality of the parent Eg substrate (A = A*), the
partition function Zj(z) = Oa(2)/n(z)® must be
invariant under the modular inversion S : z —
—1/z. This restricts z strictly to the ring of in-
tegers O of the field K.

4. The Discriminant Mapping: From Step 2, the
causal loop resides in the imaginary quadratic field
K = Q(v/—A). By the theory of algebraic number
fields, the fundamental discriminant of K equals
—A when A =3 (mod 4), and —4A otherwise. In-
spection of the Stark-Heegner candidates surviv-
ing the Causality constraint A > N = 32, namely
{43,67,163}, confirms that each satisfies A = 3
(mod 4). Therefore, the fundamental discriminant
of K is exactly —A, and the magnitude of the CM
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discriminant D = |disc(K)| = A exactly, with no
fractional remainder. l

4. The Failure Mode: Isogeny Classes and Causal
Degeneracy

For the system to preserve quantum Unitarity, the
history of a state traversing this causal loop must be
uniquely reconstructable. Mathematically, this requires
the endomorphism ring of the elliptic curve to be a Prin-
cipal Ideal Domain (PID), which corresponds to a class
number of h = 1.

We analyze the failure mode where h > 1. In this
regime, the ideal class group of the field is non-trivial.
By the theory of Complex Multiplication, this dictates
that multiple non-isomorphic elliptic curves will share
the exact same endomorphism ring.

Physically, these isogenous curves represent topologi-
cally distinct causal histories. However, because they are
locally indistinguishable by their norm structure, a phys-
ical measurement at the output node cannot determine
which of the h inequivalent curves generated the state.

This local indistinguishability manifests as Causal
Degeneracy. The causal history is fundamentally
erased, not merely unknown. This ambiguity explicitly
violates the unitary requirement that the evolution oper-
ator be uniquely invertible (UTU = I).

5. The Resolution: The Unitarity Constraint

To prevent effective information loss and preserve Uni-
tarity, the universe must strictly forbid non-trivial ideal
class groups in its fundamental causal cycles. The alge-
braic field defining the cycle must possess h = 1. By
Lemma 1 (D = A), this strictly restricts the geomet-
ric temporal period A to the Stark-Heegner numbers
D e{1,2,3,7,11,19,43,67,163}.



	Informational Energetics: A Universal Architecture of Persistence
	Abstract
	Introduction
	Information Theoretical Context of Physics
	Testing the Framework: Deriving the Vacuum
	The E8 Lattice: Substrate vs. Algebra

	Distinction From Physics-First Approaches

	Theoretical Context: Informational Energetics
	The Universal Architecture: Derivation from First Principles
	The Necessary Components of Control
	The IE Reframing: From Performance to Persistence
	The Universal Architecture of Persistence
	The Entropic Balance Sheet

	Proof of Necessity: The Failure Modes
	Argument for Sufficiency
	Note on Systemic State: Quiescent Equilibrium
	The Scope of Informational Energetics

	System 0: The Specification, The architectural requirements for persistence: Finiteness, Unitarity, Causality
	The Closure Constraint
	Persistence Requires CAP, MAR via Finiteness
	Persistence Requires MAP, PRO via Unitarity
	Lattice Must Be Positive Definite
	Lattice Must Be Mappable to a Torus
	Lattice Must Be Even
	Lattice Must Be Self-Dual and Unimodular (Read/Write Symmetry)

	Persistence Requires GOV, TOL via Causality
	Summary: The Architectural Requirement of the Vacuum

	System 1: The Projection, The E8toD4D4 geometric projection that uniquely satisfies the System 0 requirements
	The Lattice Selection (E8)
	The neq0mod8 Constraint
	The Principle of Algorithmic Determinism

	The Projection (D=4 and nu=16)
	The Symmetric Decomposition (External Spacetime vs. Internal Symmetry)
	The Bit-Depth of the Node (nu16)

	The Total Node Capacity (N)
	Dimensional Reduction: Geometric Origin of The Metric Signature and Causality
	The Requirements
	The Search Space
	The Unique Solution

	The System Logic (sigma=5 and chi=2)
	The Topological Boundary (chi=2)
	The Embedding Invariant (sigma=5)

	The Fundamental Resonance (Delta=43)
	Unitarity and The Unique Factorization Domain Constraint
	Causality (The ``Bandwidth'') Constraint
	The Self-Clocking Constraint (Causal Continuity)

	Manifold Resolution
	The Entropic Loads: Resolution Limits of the Vacuum
	The Intrinsic Load (Lintrinsic): Internal Specification
	The Embedding Load (Lembed): Manifold Address
	The Substrate Load (Loverhead)

	The E8-Persistence System Specification
	Conclusion: E8-Persistence theory

	System 2: The Geometric Impedance (alpha^-1), the cost of sustaining topological charge against the lattice flux
	The Geometric Impedance Equation
	The Base Geometry: Minimal Wilson Loop
	The Resonant Circumference (Capacity)
	The Topological Boundary: Identity (Map)
	Synthesis: The Base Impedance

	The Thermodynamic Corrections
	Alignment Efficiency (Protocol)
	Stabilizing Potential (Governor)
	Entropic Transition (Toll)
	Resolution Floor (Margin)

	Sector Independence and Linearity
	Completeness and Uniqueness of the Finite Sum
	Numerical Validation
	Corollary: Quantization of Charge
	The Von Klitzing Constant (RK)
	The Planck Charge Ratio

	Conclusion
	Acknowledgments
	References
	Geometric Origin of Chiral Fermions
	Algebraic Geometry of the Causal Loop and Complex Multiplication
	The Setup: Dimensional Reduction to the Causal Plane
	Mathematical Translation: The Elliptic Curve
	Lemma 1: The Identification of Period and Discriminant (D=Delta)
	The Failure Mode: Isogeny Classes and Causal Degeneracy
	The Resolution: The Unitarity Constraint



