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Any system that persists against entropy must minimize its rate of internal dissipation. We
formalize this universal requirement as the Entropic Action (Se = [ D dpu), defined as the dissipation
density D = £ - K - f: the product of state transition cost (£), structural complexity (K), and
kinematic flux (f), integrated over the system’s substrate. The Principle of Least Action emerges
as the necessary thermodynamic condition of minimum entropy production required for any system
to resist dissolution.

While this principle applies universally, we validate it here against the most demanding test
case: the quantum vacuum. Minimizing the Entropic Action on the discrete Eg substrate (derived
in Informational Energetics: A Universal Architecture of Persistence) yields the unique Entropic
Lagrangian, which strictly defines the functional operator forms corresponding to the Standard
Model and General Relativity. The local hardware limits of the substrate (bandwidth and channel
capacity) strictly dictate the functional form of each field operator: Capacity requires the fermion
mass term; Map requires the Dirac operator for chiral propagation; Protocol necessitates Yang-
Mills gauge fields to penalize phase decoherence; Governor demands the Higgs potential to enforce
the finite state-space capacity; and Toll and Margin mandate the Einstein-Hilbert action as the
bulk entropic cost of spacetime geometry. The finite capacity of the lattice rigorously bounds all
operators to mass dimension 4, rendering the Entropic Lagrangian structurally closed. This closure
prohibits higher-dimensional operators, higher-spin fields (> 2), and dynamical dark energy by
geometric necessity. The Matter/Radiation distinction emerges as the two asymptotic minima of

the dissipation functional.
I. INTRODUCTION

In Informational Energetics: A Universal Architec-
ture of Persistence [I], we introduced Informational En-
ergetics (IE) and established that any persistent sys-
tem must resist entropic decay by satisfying six archi-
tectural pillars derived from control theory, informa-
tion theory, and thermodynamics: Capacity (the ves-
sel), Map (the model), Protocol (the interface), Governor
(the constraint), Toll (the temporal cost), and Margin
(the buffer). That work derived the static architecture
of persistence: what a system must be. This paper de-
rives the necessary complement: how a persistent system
must behave, the dynamical rules that its substrate must
enforce to maintain coherence over time. The central
imperative of Informational Energetics is the Selection
Principle: Among all configurations capable of encoding
a given structural complexity, only those that minimize
Entropic Action remain observable. The Entropic Action
S quantifies the total thermodynamic cost for a system
to maintain structural coherence against environmental
entropy over its persistence lifetime. In section [[I} we
formalize this cost and demonstrate that the Principle
of Least Action is the strict thermodynamic condition of
minimum entropy production required for a system to
persist.
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A. The Falsification Test: The Vacuum Substrate

To validate this universal architecture, we apply it to
the most demanding test case: the quantum vacuum.
While open systems (such as biological organisms) can
offset their action cost by maintaining a non-equilibrium
steady state through a continuous flux of energy and mat-
ter, the vacuum possesses no external environment. To
persist rather than dissolving into thermal noise, its op-
timization criterion is absolute: it must strictly minimize
its internal rate of dissipation.

Applying this absolute thermodynamic constraint pro-
vides a structural solution to a longstanding conceptual
puzzle: the origin of the Standard Model Lagrangian.
While it is one of the most successful mathematical struc-
tures in the history of science, standard Quantum Field
Theory (QFT) cannot explain why nature chooses this
specific form. It postulates the gauge symmetries, en-
forces renormalizability as a mathematical requirement
and inserts the parameter set P = {g, A\, m,v} entirely
by hand.

1. The Es-Persistence Theory

The FEg-Persistence Theory is the specific application
of IE to fundamental physics[I], providing the substrate
for this test. The following systems were derived, each
building on the previous with no appeal to physical phe-
nomena not yet derived:

1. Requirements: The six pillars were mapped to
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physics, deriving Finiteness, Unitarity, and Causal-
ity as existential necessities.

2. Substrate: The requirements uniquely specify an
E lattice projected to D = 4 spacetime, yielding
the characteristic integers S = {A=43 (temporal),
v=16 (chiral), o=5 (interaction), x=2 (topologi-

cal)}.

3. Impedance: The geometric impedance of this
substrate yields the fine-structure constant a=! =
137.035999212. .. to within 0.60 of experimentally
measured values, with zero free parameters.

2. The Entropic Lagrangian

Because information is physical, every state transition
on this substrate carries an irreducible thermodynamic
cost. If the Fjg lattice is the physical substrate of real-
ity, minimizing this cost must yield the known laws of
physics. This paper performs that test. Because the six
pillars encompass both internal field dynamics and space-
time geometry, the resulting Entropic Lagrangian uni-
fies the Standard Model with General Relativity in a sin-
gle variational principle.

3. Structure of the Derivation

Section [[I]] maps the Entropic Action to the Eg
substrate, formulating the covariant action S¢ =
[ d*z\/=gLs, defining kinematic and thermodynamic
bounds, and translating discrete information-theoretic
costs into continuous field operators.

The SM Lagrangian derivation proceeds by architec-
tural necessity: Capacity requires mass (the fermion
mass term); Map requires propagation (the Dirac opera-
tor); Protocol requires gauge coordination (Yang-Mills
fields); Governor requires stability bounds (the Higgs
potential); Toll and Margin require spacetime geometry
(the Einstein-Hilbert action). The resulting structure is
closed; each pillar mandates a specific term in the La-
grangian, leaving no freedom for arbitrary additions or
omissions. Sections [[V] to [VI]] systematically derive the
field equations for each architectural pillar, revealing a
physical origin for the Matter/Force distinction and a
structural resolution of UV divergence, and the dissolu-
tion of the Hierarchy Problem as direct consequences of
the substrate’s finite capacity.

This structural derivation carries a profound conse-
quence absent from standard QFT: because the finite
capacity of the substrate mathematically exhausts the al-
lowed operator space, the Entropic Lagrangian is struc-
turally closed. Unlike Effective Field Theories, which
permit an infinite tower of higher-dimensional correc-
tions, no additional terms can be added. This closure
yields rigid, falsifiable predictions presented in section[[X]

B. Scope

This paper strictly derives the functional operator
forms (Dirac, Yang-Mills, Higgs, Einstein-Hilbert) of the
physical operators (the Entropic Lagrangian), building
on the Es — D4 & D, substrate and characteristic in-
tegers already established [I]. Throughout this paper,
“parameter-free” refers to the functional operator forms:
the derivation selects which mathematical structures ap-
pear in the Lagrangian with no freedom of choice. The
numerical coefficients within those operators (coupling
constants, mass parameters) are geometric invariants of
the discrete substrate whose explicit values are calcu-
lated in the subsequent paper Informational Energetics:
Nested Persistence.

II. ENTROPIC ACTION

Any system that persists, whether a biological cell
maintaining homeostasis, a business maintaining market
position, or any physical structure sustaining its form
against entropic decay, must minimize its rate of internal
dissipation. In this section, we formalize this require-
ment as the Entropic Action and demonstrate that the
Principle of Least Action emerges as its inevitable ther-
modynamic consequence.

A. The Thermodynamic Mechanism: Minimum
Entropy Production

In standard equilibrium thermodynamics, a closed
system strictly maximizes global entropy (dS > 0).
However, the persistence of complex structure requires
us to analyze systems in the non-equilibrium regime.
Following Prigogine’s formalization of non-equilibrium
thermodynamics[2], the total change in entropy of a
system can be partitioned into an external flux (d.S)
and internal entropy production (d;S > 0), such that
dS =d.S+d;S.

For a system to maintain structural coherence (a
steady state) rather than dissolving into thermal equi-
librium, total entropy must remain constant (dS = 0).
It must therefore shed entropy to its environment at
a rate that perfectly balances its internal production:
d.S = —d;S. Prigogine’s Principle of Minimum En-
tropy Production establishes that in the linear regime
close to equilibrium, the internal entropy production rate

o= dcf naturally evolves toward a strict minimum:

7 <

o converging to do =0 (1)

A system that successfully settles into a Quiescent Equi-
librium, the theoretical floor of entropic drag, operates
strictly within this linear regime. Having reached this
thermodynamic attractor, its operational architecture



must continually satisfy the stationary condition do = 0
to prevent spontaneous divergence.

B. The Dissipation Density

Prigogine’s theorem establishes that a persistent sys-
tem must minimize its entropy production rate, but does
not specify the functional form of that rate in terms of the
system’s information-processing architecture. In the In-
formational Energetics framework, we map the local den-
sity of this thermodynamic production to its information-
theoretic counterpart: the Dissipation Density (D).
The dissipation density of any persistent system is the
product of three universal factors:

D=¢K-f (2)
where:

e ¢ is the fundamental action cost per orthogonal
state transition (the substrate’s informational fric-
tion).

e K is the structural complexity density, the minimal
description length required to specify the system’s
local configuration (operationalized as Kolmogorov
complexity per unit measure, which for discrete lat-
tices maps directly to the local node’s bit-depth or
information capacity).

e fis the transition flux (the density of state updates
per unit of substrate measure).

Structural  Justification (Ezhaustion and Indepen-
dence): These three factors are both exhaustive and
uniquely multiplicative. It corresponds to the three logi-
cally independent components of any physical state tran-
sition: the channel’s fundamental physical friction (Lan-
dauer’s Principle [3]), the payload’s algorithmic descrip-
tion length (Kolmogorov Complexity [4]), and the clock’s
transmission rate (Shannon’s Source-Channel Separation
Theorem [5], which establishes the independence of trans-
mission rate from source encoding). Because these foun-
dational theorems dictate that cost, encoding, and rate
are statistically independent constraints, the joint proba-
bility of a dissipative transition strictly factorizes. There-
fore, their direct product is the mathematically unique
formulation of entropic drag. Any candidate fourth fac-
tor either mathematically decomposes into a subset of
these three or describes the external environment rather
than the persistent system itself.

For instance, we can model a biological cell maintain-
ing persistence through metabolic expenditure: the ATP
cost per molecular operation (&) times the proteome com-
plexity density (K) times the reaction turnover rate (f)
yields the local dissipation density that must be mini-
mized across the cell’s volume to maintain viability.

The Universal Complexity Trade-off: Because dissi-
pation is a strict mathematical product, this equation

dictates a universal ceiling on persistence. If a system
increases its structural complexity (K), it must propor-
tionally reduce its operational speed (f) or improve its
fundamental processing efficiency (£). A system cannot
simultaneously maximize complexity and operational fre-
quency without its internal entropy production diverging.
Thus, the thermodynamic capacity of the environment
strictly bounds the evolutionary complexity of the sys-
tems within it.

C. Entropic Action

To evaluate persistence over a system’s complete his-
tory, we integrate the instantaneous dissipation density
across its entire footprint and lifespan. This is repre-
sented by the geometric integration measure dy of the un-
derlying substrate (representing the total available state-
space units), defining the cumulative Entropic Action:

&:/DM (3)

Integrating the instantaneous minimum do = 0 over
the system’s lifetime yields the stationary condition on
the total Entropic Action. Thus, structural stability
(6Sp = 0) is the time-integrated expression of Prigogine’s
theorem on an informational substrate.

Because D counts elementary state transitions per unit
substrate measure, when evaluated in fundamental in-
formational limits (where action is quantized), S¢ eval-
uates to a strictly dimensionless quantity. It is not a
continuous macroscopic energy, but a pure, irreducible
count of irreversible transitions. This universality has
a profound consequence: because S is fundamentally
substrate-independent, any two persistent systems, from
a biological cell to the quantum vacuum, are governed
by the same architectural requirement to minimize their
entropic action per unit complexity.

D. Least Action as Survivorship: The Exponential
Filter

The Entropic Action defines what a system must min-
imize. The Selection Principle determines how this min-
imization manifests in observation.

Standard mechanics treats the Principle of Least Ac-
tion as axiomatic: systems follow stationary paths, with
alternatives canceled by phase interference. No mecha-
nism is offered for why the stationary path is preferred.
In Informational Energetics, the mechanism is thermody-
namic elimination: the principle does not dictate which
trajectories a system must follow; it describes which tra-
jectories remain observable.

The Mechanism. Consider a system exploring the
space of structural histories I'. Each increment of En-
tropic Action represents an irreversible loss of state infor-
mation to the environmental background (the substrate’s



noise floor). The probability P that a trajectory main-
tains causal coherence decays continuously as it accu-
mulates dissipative drag, imposing a strict exponential
suppression on survival:

P(survival | T') « e~ BS2 (] (4)

This filtering requires no observer; it is the mechanical
consequence of information loss. Here 3 represents the
substrate’s inverse entropic tolerance, bounded by Shan-
non’s Channel Capacity: 8 ~ 1/Cchannel. For a specific
substrate, g is fully determined by the channel geometry.
In discrete, resource-constrained systems (such as digital
networks or cellular automata), this capacity is a struc-
tural invariant; in continuous media, it emerges from the
noise spectral density.

The Severity. This filter is extraordinarily harsh.
Let T'y5n, be the minimal-action trajectory and Ty, any
variant path with a deviation §S¢ > 0. Over any ob-
servation window, the relative survival probability of the
variant history compared to the optimal history is:

P(Coar) _ s
Pl) ¢ )

For systems where the fundamental update cycle is much
shorter than observation timescales, the accumulated
informational drag §S¢ for any non-optimal path be-
comes exponentially vast. This forces the survival ratio
P(Tyar)/P(Tmin) — 0.

Every path with 6Ss # 0 has already dissipated, its
information scrambled into ambient noise. The action
integral is the cumulative record of this dissolution.

The Interpretation. The variational principle
0Ss = 0 is not a dynamical command that a system
“obeys.” It is an archaeological boundary: the accumu-
lated record of all structural histories that failed to per-
sist. Just as geological strata preserve only structures
that resisted erosion, we observe least-action trajecto-
ries because all alternatives have already dissipated, their
information irretrievably scrambled into ambient noise.
This inverts the standard explanatory arrow. Rather
than asking “what laws must a system follow to exist?”,
we ask “what configurations persist against entropic de-
cay, and what phenomenological laws describe their sur-
vival?”

The Illusion of Teleology. This mechanism resolves
a longstanding philosophical tension regarding “agency”
and “purpose” in complex systems. Persistence requires
no forward-looking intent; rather, non-minimizing tra-
jectories undergo exponential suppression (equation ),
leaving only the least-action remainder as observable his-
tory. What we observe as “agency” is simply the surviving
remainder of thermodynamic elimination.

This provides a strictly mechanistic, structural resolu-
tion to the appearance of “fine-tuning” in complex sys-
tems. A system appears perfectly calibrated for per-
sistence because the substrate itself acts as a continu-
ous, exponential filter: all non-minimizing trajectories

are continuously erased, leaving only optimal configura-
tions available for observation.

III. THE ENTROPIC LAGRANGIAN

Having established the Entropic Action as the univer-
sal optimization target, we now apply it to the most de-
manding test case: the vacuum. Minimizing S¢ on the
Es-Persistence substrate across the six IE pillars yields
the Entropic Lagrangian: the unique functional form
encompassing the Standard Model and General Relativ-

1ty.

A. From Dissipation to Lagrangians

To apply the universal Entropic Action to fundamen-
tal physics, we must translate the general systems-theory
variables into the specific geometric language of Quantum
Field Theory. We do this in three distinct steps: defin-
ing the global integral, unpacking the local density, and
establishing the observational filter.

1. The Covariant Action

We first map the macro-components of the Entropic
Action (S = [ Ddu) to the physical substrate:

e The Measure (dyu — d*z/—g): For the discrete
FEs lattice projected onto a causal D = 4 space-
time, the fundamental counting measure specializes
to the four-dimensional volume element (d*x, mass
dimension —4). Because the Toll pillar requires dy-
namic geometric strain to conserve capacity (sec-
tion , the measure must include the invariant
volume factor \/—g (dimensionless, as it is the ratio
of physical to coordinate volume).

e The Integrand (D — Lg): The instantaneous
dissipation density D maps exactly to the En-
tropic Lagrangian Density L. This rename
asserts that the physical Lagrangian is fundamen-
tally a measure of thermodynamic drag.

Applying these translations yields the covariant phys-
ical action:

Sp = / d*z/—g Le (6)

2.  The Entropic Lagrangian Density

Next, we unpack the Entropic Lagrangian density as
the linear sum of independent informational drags (Le =
> & - K- fi). These abstract universal variables map
perfectly to the required physical dimensions of field the-
ory:



e ¢ (Action Coefficient — [Action/bit]): The fun-
damental action cost of an orthogonal bit transi-
tion. In natural units (A = ¢ = 1), action is dimen-
sionless, meaning £ acts as a geometric scaling fac-
tor derived from the substrate’s intrinsic structure.
Because it is a pure number counting transitions
per unit of structural information, £ represents the
fundamental unit cost of state transition in this
substrate. In the physical Lagrangian, this univer-
sal coefficient ¢ manifests as the specific coupling
constants and mass parameters (e.g., g, m, A).

e K (Structural Complexity — [bits/Volume]):
The information density of the state. For a phys-
ical field (such as a fermion spinor ¢ or a scalar
®), K corresponds exactly to the geometric foot-
print (Kolmogorov Complexity, expressed as mass
dimension) required to encode the state on the lat-
tice.

e f (Transition Flux — [1/Time]): The rate of state
erasure or decoherence. For a physical field, this
corresponds to the kinematic gradients (deriva-
tives) tracking how the state changes across the lo-
cal causal neighborhood.

8. The Observational Filter

The survivorship filter derived in section (P x
e~#5%) has a direct mathematical manifestation in Quan-
tum Field Theory: the Euclidean Path Integral. In
standard QFT, the Euclidean Path Integral is obtained
via a Wick Rotation to imaginary time, transforming ab-
stract quantum phase interference (e*®) into a statistical
thermodynamic partition function (e™°#). In the Fg-
Persistence theory, this thermodynamic partition func-
tion describes the physical reality of the survivorship
filter. Non-optimal paths are physically eliminated by
exponential thermodynamic decay. The path integral is
identically the statistical mechanics of substrate survival.

This mapping reveals that the “Quantum Poten-
tial” (Q) found in stochastic mechanics is the struc-
tural Toll required to maintain informational localiza-
tion (Margin) against the substrate’s noise floor. Real-
ity appears “Quantum” because the system must pay a
continuous entropic tax to prevent localized information
from diffusing into the vacuum.

B. Recovery of Quantum Mechanics Fundamentals:
Non-Locality and Interference

Reinterpreting the path integral as a thermodynamic
survivorship filter provides a mechanistic origin for
macroscopic least-action trajectories. However, this
raises an immediate question regarding foundational
quantum phenomena: how do superposition, wave-
particle duality, and non-local entanglement (e.g., Bell’s

theorem violations) manifest if non-optimal histories un-
dergo thermodynamic decay?

Within the Eg-Persistence framework, these "quan-
tum" behaviors are identified as the necessary projection
artifacts of mapping an 8-dimensional discrete network
onto a 4-dimensional continuous spacetime.

1. The Geometric Origin of Entanglement (Bell’s
Theorem,)

Scope of Application: While a rigorous mathemat-
ical formalization of quantum measurement and state
projection substrate is the subject of future work, we
briefly outline how this geometric survivorship filter con-
ceptually accommodates these foundational phenomena.
By mapping these behaviors to projection artifacts, the
framework provides a structural rationale for quantum
mechanics without requiring hidden variables or retro-
causality.

In standard quantum mechanics, entanglement repre-
sents a non-local correlation across spacetime. In the
FEs-Persistence theory, entanglement is modeled as un-
projected adjacency within the 8D substrate.

While two entangled particles may be kinematically
distant in the observable D = 4 spacetime manifold, they
remain geometrically adjacent within the orthogonal in-
ternal symmetry sector of the bulk lattice. Because infor-
mation propagates at a maximum rate of ceg = 1, non-
locality is structurally prohibited within the projected
manifold. However, Bell’s inequalities are violated be-
cause the correlation is maintained in the 8D substrate
prior to the 4D projection, circumventing the geomet-
ric “speed of light” constraint of the emergent spacetime
entirely.

Measurement is identified as the act of Address Res-
olution: an interaction that forces the shared internal
state to independently project onto localized, decohered
spacetime coordinates.

2. The Double-Slit and Delayed-Choice as Projection
Artifacts

This substrate mechanism provides a structural ana-
log for wave-particle duality. A particle passing through
a double-slit apparatus occupies a single subspace ad-
dress with geometric support over multiple trajectories
in the internal D, sector. The “wave” is the phase struc-
ture of the unprojected internal address.

e Which-Path Detection (Address Resolu-
tion): Placing a detector at one slit forces the
system to consume channel capacity (v = 16) to
resolve the subspace address at the slit location,
rather than at the screen. This forces a projection
basis that eliminates the phase coherence required
for interference by preempting the projection.



e Delayed-Choice Quantum Erasure: This
framework requires no retrocausality. The “delayed
choice” simply determines which basis the final pro-
jection uses. If the which-path information is pre-
served, the system projects onto internal sector
eigenstates (Slit A vs. Slit B), yielding no inter-
ference. If the information is “erased,” the sys-
tem projects onto the superposition basis (A+B),
restoring interference. The erasure is a reorienta-
tion of the projection operator.

C. The Additive Structure

The six TE pillars constitute a necessary and sufficient
framework for stable control. While these functional
components must coordinate dynamically to maintain
systemic persistence, we define their fundamental ther-
modynamic costs as an Entropic Balance Sheet. The
total Lagrangian is defined as strictly additive, where
each term is constructed so as to respect the geometric
constraints established by the others:

Lo = Loap+Lyvar+Lero+Laov+Lror+Lyvar (7)

Each term tracks one pillar’s irreducible thermody-
namic cost. The Fg — D4 & D4 decomposition provides
the geometric foundation for this separation [I]. Because
the six pillars operate on geometrically orthogonal sub-
spaces of the Dy & Dy decomposition (metric volume,
topological boundary, internal phase, and spacetime co-
ordinates are mutually independent), dependencies be-
tween pillar costs are minimal, as the following sections
will show.

D. The Kinematic Bound: Lorentz Invariance as
Bandwidth

Before deriving the individual pillar costs, we must es-
tablish two universal constraints that bound the form of
every term: the substrate’s speed limit (this subsection)
and its capacity limit (section . As established in
the derivation of the substrate, the discrete lattice pos-
sesses a fixed temporal step duration 7 and spatial node
spacing ¢. This creates a hard physical limit on the speed
of information propagation:

NS

Cepf =~ =1 (8)
Rather than treating Lorentz Invariance as a fundamen-
tal kinematic postulate, the Entropic Lagrangian frame-
work derives it as the macroscopic consequence of the
vacuum’s Shannon Channel Capacityﬂ (Crnaz) of the

1 More precisely, cefs plays the role of Shannon capacity in that
it sets the maximum rate of information transfer through the

vacuum. Information can propagate a maximum of ex-
actly one node spacing per fundamental update cycle.

For the Entropic Lagrangian L to describe a persis-
tent system, it must enforce this capacity limit dynam-
ically. By the Selection Principle, any trajectory that
attempts to exceed c.r¢ accumulates non-minimal En-
tropic Action and is exponentially suppressed. This re-
quirement strictly necessitates the use of the Minkowski
Metric (1,, = diag(—1,1,1,1)) to calculate state tran-
sition costs (gradients). As derived in companion work
[I, Section IV.E], this unique causal projection ensures
the geometric squared interval ds? = —dt? + dx? acts as
a Causality Filter:

e Timelike (ds* < 0): The signal velocity is within
bandwidth (v = dx/dt < 1). The action cost is real
and finite. Persistence is permitted.

e Lightlike (ds? = 0): The signal velocity is exactly
at the bandwidth limit (v = dz/dt = 1). The tran-
sitional action cost is zero. This strictly defines the
propagation of massless carriers.

e Spacelike (ds? > 0): The signal attempts to ex-
ceed bandwidth (v = dx/dt > 1). This results in
Causal Aliasing: the collapse of distinct causal
histories onto indistinguishable states, effectively
an informational “collision” where the substrate can
no longer resolve the sequence of events, as derived
in the algebraic geometry of the substrate’s causal
loop [I]. This terminates persistence.

Therefore, the kinetic terms are the Penalty Func-
tions applied by the system to suppress causal violations.
Lorentz invariance and the constancy of the speed of light
are the inevitable consequence of information propagat-
ing at the bandwidth limit of a discrete substrate.

E. The Thermodynamic Bound: Finite Capacity
and the Dimensional Budget

With the kinematic bandwidth established (¢ = 1),
we must determine how the substrate’s finite capacity
constrains the structure of allowed operators. Stan-
dard QFT enforces renormalizability (d < 4) to prevent
mathematical divergences at high energies. In the FEjg-
Persistence theory, this mathematical requirement is the
exact macroscopic reflection of a strict geometric and
thermodynamic constraint: the finite capacity of the sub-
strate.

The Geometric Primitives: Before calculating
costs, we define the physical objects being processed. The
FEj discrete substrate comprises two irreducible geometric
primitives:

substrate. The formal identification requires the substrate noise
floor Ng and bandwidth B to be derived quantities, which follow
naturally from A and £.



e Nodes (0-forms): Discrete lattice sites storing lo-
calized state information (Capacity). They map
directly to physical fermions.

o Links (1-forms): Connections between adjacent
nodes mediating information transfer (Protocol).
They map directly to physical bosons.

The Dimensional Budget. In natural units (A =
¢ = 1), the Entropic Action S¢ is a strictly dimensionless
count of state transitions. Because information is physi-
cal and encoded on a substrate where space (£) and time
(1) are discrete hardware counts, the Entropic Action
S evaluating total state transitions is strictly a dimen-
sionless integer. In standard natural units (A = ¢ = 1),
mapping this discrete counting measure to a continuous
spacetime integral ([ d*x, which carries a geometric mass
dimension of —4) strictly requires the Lagrangian density
Lg to possess a compensating mass dimension of exactly
+4.

This geometric accounting alone, however, permits
standard Effective Field Theory’s solution: higher-
dimensional operators suppressed by arbitrary mass
scales A (e.g., Og/A?). The discrete substrate imposes a
stricter hardware limit. Because the Fg hardware strictly
limits local node capacity to v = 16 chiral channels, any
interaction vertex with mass dimension d > 4 (e.g., a
6-point scalar vertex ¢° or a 4-fermion contact term)
requires resolving more concurrent states than the physi-
cal lattice can encode. This causes instantaneous Causal
Aliasing. Thus, d < 4 is a strict physical limit imposed
by the substrate’s finite state-space capacity.

The Equipartition of Entropic Cost. Because the
total dissipation D = £-K- f is multiplicative and £ is di-
mensionless, the mass dimensions algebraically must sum
to exactly 4: [K] + [f] = 4. We term this the Fquiparti-
tion of Entropic Cost: the strict thermodynamic tradeoff
requiring that geometric primitives with larger structural
memory footprints must operate with correspondingly
lower kinematic derivatives. By tallying the intrinsic di-
mensional costs of the lattice geometry, this single rule
rigorously derives the fundamental derivative structures
of QFT:

e Nodes (Fermions/Spinors): A persistent node
represents a localized topological defect. To exist
as a distinct, bounded entity, this defect must oc-
cupy a 3-dimensional spatial footprint (Dspece = 3,
derived in companion work). Therefore, the struc-
tural complexity K measures the local information
density (the probability density 17, not the bare
amplitude ). This inherently consumes 3 units
of the dimensional budget (3/2 + 3/2 = 3). To
sum to a total drag of exactly 4, the kinematic flux
f is mathematically restricted to exactly 1 unit
(3+ 1 =4). Therefore, the kinematic propagation
of a node maps uniquely to a first-order deriva-
tive. (The formal geometric proof of this kinematic
restriction is explicitly derived as the Dirac equa-

tion in section .

e Links (Bosons/Scalars): Connective links (1-
forms) mediate interactions across the D = 4 man-
ifold, hosting both gauge fields (the Protocol, A,,)
and mediating scalar fields (such as the Governor,
@). Their base spatial footprint is 1 (mass di-
mension 1). To ensure lossless transmission and
phase-invariance, the local structural complexity
(K) must be a real scalar constructed from equal
powers of the field and its conjugate. The only
mathematically admissible invariants are quadratic
(.8, |AP%, |6[2) or quartic (e.g., [A[%, |6[*) (higher
powers immediately exceed the budget).

If the system utilized a quartic invariant (|¢|*)
for propagation, it would consume the entire di-
mensional budget of exactly 4, leaving 0 units for
the transition flux (f). This would result in a
static field unable to update or propagate infor-
mation. Because a connective link must mediate
active transitions (f > 0), any propagating bosonic
field is uniquely restricted to the quadratic invari-
ant (|¢|?), which intrinsically consumes 2 units
of the dimensional budget. To sum to exactly 4,
the kinematic flux f must provide the remaining 2
units (2+ 2 = 4). Therefore, information synchro-
nization across geometric loops maps uniquely to
squared first-order derivatives for both gauge
and scalar fields.

e Rest Mass and Potentials: When a field is
at rest (relative spatial gradients vanish), it must
still satisfy the dimensional budget of 4 to persist
across the lattice’s continuous temporal updates.
To exhaust the budget without using spatial deriva-
tives, the substrate must provide structural mass
impedance to balance the equation.

For dimension-3 nodes (fermions), reaching a to-
tal dimension of 4 requires coupling to exactly one
dimension-1 parameter (m). For a dimension-1
scalar field (¢), exhausting the budget of 4 without
using kinematic derivatives strictly limits the al-
lowed structures to exactly two forms: a quadratic
term coupled to a dimension-2 parameter (u?|¢|?),
and a quartic self-interaction (A|@[*).

F. The Completed Entropic Balance Sheet

Before proceeding to the formal derivations, we present
the final form. By summing the specific entropic costs
required to satisfy the six pillars of persistence, we
demonstrate that the resulting Entropic Action (Sg =
[ d*z/=g L) takes the exact mathematical form of the
Standard Model Lagrangian coupled to General Relativ-
ity. The total Entropic Lagrangian density is:
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In the following sections, we derive each of these func-
tional operators from first principles, demonstrating ex-
actly how the hardware limits of the substrate enforce
these specific mathematical forms.

IV. THE MAP AND CAPACITY (THE DIRAC
PROPAGATOR)

The Architectural Requirement:

e The Persistence Problem: Information must
propagate across the causal manifold without am-
plitude loss (Map), but it cannot travel strictly at
the speed of light without completely delocalizing
and losing its localized structural memory (Capac-

ity).

e The Physics Result: The Dirac Lagrangian (£ =
Yiy* D, — mypy). The kinetic term is the unique
geometric penalty enforcing unitary chiral prop-
agation, and the mass term provides the scalar
impedance necessary to anchor the state into a per-
sistent local frame.

Terminology Mapping: Throughout this text, we
standardize the terminology bridging geometry and
physics. A localized, persistent boundary structure on
the substrate (characterized by the topological invariant
x = 2) is a Topological Defect. When this defect oc-
cupies the chiral node channels (v = 16), its physical
manifestation is a Fermion.

We first derive the dynamics of the Map pillar by
defining the evolution of a fermion state ¥ (x,t) on the
lattice. Time is treated as a discrete clock cycle defined
by the fundamental temporal step 7.

A. The Unitary Flux Constraint

The Map pillar requires that information propagate
locally while strictly conserving probability amplitude
(Unitarity). The uniquely appropriate discretization
scheme to enforce the three core architectural require-
ments derived for the vacuum: locality (nearest-neighbor
transitions), unitarity (probability conservation at each
discrete step), and finiteness (a strictly bounded state
space per node), is structurally equivalent to the Quan-
tum Lattice Gas Automaton (QLGA) formalism

[6E generalizing the Feynman Checkerboard model[7] to
the Dy geometry.

The Discrete Update. The fermion state ¢ (a 16-
component chiral spinor occupying the node capacity
v = 16) updates via a unitary operator combining two
actions:

1. Shift: Information propagates to nearest neighbors
with geometric admittance (hopping amplitude) w
at speed ¢ = ¢/ = 1, mediated by internal spa-
tial transition matrices I'*. The unit vector ej de-
fines the k-th spatial axis. The symmetric differ-
ence across these neighbors encodes the local direc-
tional gradient, which is scaled by I'* and w, and
phase-rotated by —i to preserve unitarity.

2. Mass: A local rotation mixing chiral compo-
nents with topological impedance (mass) m, phase-
rotated by —i, and governed by the temporal pro-
jection matrix 4° (the operator defining the tem-
poral update of the local spinor state). (As we will
rigorously prove in section [[V D] this impedance m
cannot be a rigid bare constant due to orthogonal
sub-lattices, but must dynamically emerge from the
Governor field. We will also formally identify this
geometric projection matrix 7° as identically the
+° of the continuum Dirac equation).

The discrete evolution operator acts as:

1/)(13 t+ T) = ¢(xv t)
3
—fw Z T [h(x + epl, t) — P(x — exl,t))]
k=1

—iy"mry(x,t)
(10)
To recover the macroscopic field equation, we map this
discrete update rule to its continuous Effective Field The-
ory (EFT) approximation. Subtracting v (z,t) and divid-
ing by 7 expands the central difference quotients to first
order:

1/)($7t + T) B dj(l.at) _
T
3
—iw Y T* (1/1(55 + exl,t) 2—€¢($ - ekf»t))ig — iy"map(z, )
= (11)

2 The QLGA formalism provides a rigorous mathematical frame-
work for unitary, local, discrete-time evolution on a lattice. Our
discrete update rule is structurally equivalent to a QLGA on the
Dy geometry. Crucially, it is not a Wilson-fermion discretization.
Standard Wilson fermions suppress doublers by introducing an
ad hoc dimension-5 operator (aV?), which strictly violates our
Equipartition of Entropic Cost (section by exceeding the
node capacity limit (v = 16). Instead, the Eg-Persistence the-
ory lattice evades fermion doubling purely geometrically: the
orthogonal projection strictly isolates the mirror chiralities into
the static internal sector, requiring no continuum-limit cancella-
tions.



The Ontological Reversal: Crucially, the lattice
spacing ¢ and time step 7 do not physically vanish. They
represent the finite, immutable Planck-scale resolution of
the substrate. Unlike standard QFT where the contin-
uous manifold is assumed fundamental and the discrete
lattice is merely a mathematical regularization trick, Fg-
Persistence theory reverses this hierarchy: the discrete
substrate is the exact physical reality, and the continuous
differential manifold is strictly a macroscopic approxima-
tion.

The Geometric Constraint. Standard lattice for-
mulations treat the hopping amplitude as a tunable pa-
rameter. Here, the kinematic bandwidth limit ¢ = ¢/7 =
1 strictly enforces w = 1/2. To see this, note that the
central difference quotient spans 2¢ (from —¢ to +¢), so
mapping this to the continuous spatial derivative Opvy
requires the discrete prefactor —iw(2¢/7) = —i(2wc) to
identically match the continuum Dirac velocity coefficient
(=17). Thus 2w = 1, fixing w = 1/2 with zero free param-
eters.

Identifying 0; and Oy in the continuum limit, the dis-
crete evolution maps uniquely to the continuous Hamil-
tonian form:

3
i0pp = —i Y _T*Op +4"me (12)

k=1

The precise geometric nature and algebraic properties of
the transition matrices (I'*,~°) are uniquely determined
by the causal geometry of the lattice, as derived below.

B. The Clifford Identification

Architectural Requirement: The Map pillar re-
quires lossless propagation of a complex signal with pre-
cise directional resolution across the discrete substrate.

Lattice Constraint: The transition matrices (I',)
mediating nearest-neighbor updates must simultaneously
satisfy two architectural requirements: Unitarity (proba-
bility conservation at each discrete step) and metric com-
patibility (reproducing the Lorentzian causal structure
derived from the Eg — Dy @& Dy projection [IJ).

To ensure isotropic propagation, the cross-terms of
the discrete spatial transitions must identically vanish.
The unique algebraic relation satisfying both the Uni-
tarity constraint and the metric signature is the anti-
commutation relation:

{T#,T"} = THTY + TVTH = 21,,, 1 (13)

where 1, = diag(—1,+1,+1,41) is the emergent
Lorentzian metric, geometrically enforcing (I'°)? = —I
(temporal inversion) and (I'*)2 = +1 (spatial reflection)
for spatial indices k.

Recognition: This anti-commutation relation is the
strict geometric requirement for preserving causal struc-
ture on the lattice. Because equation is identically
the defining algebra of the Dirac matrices, we explicitly

identify the internal lattice transition matrices with the
physical gamma matrices (I'* = v*). Furthermore, this
unique algebraic relation preserves the Unitarity of the
discrete shift operator while strictly suppressing lattice
doublers through the geometric isolation of chiralities es-
tablished in the substrate derivation[I].

To recover the covariant Dirac equation, we multiply
the continuum equation by 7" (utilizing the Lorentzian
metric property (7°)? = —1), which perfectly recovers
the covariant form:

(4" 0 —m)y =0 (14)

C. The Chiral Filter: Geometric Origin of Parity
Violation

Standard QFT inserts the chiral projection Py, = %
by hand to match the observed maximal parity violation
of the weak interaction. Here, this asymmetry emerges
structurally from the substrate geometry.

The Map pillar requires information to propagate on
the causal (Lorentzian) manifold. The geometric projec-
tion Eg — D4 & Dy splits the 16-component spinor into
two orthogonal sectors. Because the Lorentzian signature
assigns the active temporal generator (9;) exclusively to
the spacetime sector, the corresponding internal symme-
try sector is strictly Euclidean.

Consequently, the Dirac equation automatically
decomposes. The left-handed components evolve actively
under the temporal generator, while the right-handed
components remain static with respect to the internal
symmetry’s active temporal flow.

Thus, the bare internal gauge generators necessarily
couple only to the left-handed projection Priy. Maxi-
mum parity violation is enforced by the geometric ab-
sence of a temporal update path for the right-handed sec-
tor within the internal symmetry space, rendering right-
handed fermions strictly as singlets under this bare in-

teraction (the structural origin of the Weak interaction’s
SU(2)r, chirality).

D. The Capacity Mechanism: Mass as Chiral
Impedance

If the vacuum only possessed the Map pillar, the result-
ing massless Dirac equation (Laqp o %iy*D,1) would
describe pure ballistic transport at v = ¢. While this
perfectly satisfies information propagation, it violates the
Capacity pillar. A signal moving at the speed of light
possesses no rest frame; it is entirely delocalized along
its light cone and thus cannot store local configuration
memory.

The Geometric Clash: To satisfy Capacity, the
state must arrest its spatial translation, establishing a
local address. In the spinor formalism, this requires a



resonant loop: continuously converting an outgoing Left-
Chiral flux into an incoming Right-Chiral flux (a literal
geometric realization of Schrodinger’s Zitterbewegung).

However, as derived in the previous section, the Fg —
D4 & D4 projection strictly isolates the active space-
time kinematics (Left) from the static internal symmetry
(Right) into orthogonal sub-lattices. A bare mass term
(—mapyp = —m(PrYr +1YrYr)) represents a direct, rigid
cross-term between orthogonal spaces. This is geometri-
cally forbidden. This structural prohibition recovers the
chiral gauge invariance of the Standard Model as a rigid
geometric absolute.

The Scalar Bridge and the Dimensional Budget:
How does the system bridge these orthogonal sectors to
achieve Capacity? We return to the Dimensional Budget
established in section [[ITE] A fermion node intrinsically
consumes 3 units of the dimensional budget. To per-
sist across continuous temporal updates without spatial
translation (kinetic flux f — 0), it must couple to exactly
one dimension-1 structural parameter to exactly saturate
the Equipartition of Entropic Cost ([K]+ [f] = 4).

Because a static bare mass (m) is forbidden by the
orthogonal geometry, this 1-dimensional bridge cannot
be a rigid constant. It mathematically must be a dy-
namic, phase-carrying scalar field capable of mediating
momentum and quantum numbers across the orthogonal
boundary. Rather than an ad-hoc invention, this scalar
field is the physical manifestation of the Governor pillar
(the constraint mechanism preventing unbounded diver-
gence, section .

The Yukawa Operator: To arrest information flow
and satisfy Capacity, the geometry uniquely mandates
that the fermion couples to this Governor field (¢).
The bare Loap term must therefore take the form of
a Yukawa Coupling:

Loap =~y (Yrovr +Pro'vr) (15)

where y is the geometric admittance of the chiral bridge,
fixed by the substrate coupling efficiency (¢ = 1/2) and
embedding geometry.

In Quiescent Equilibrium, where the Governor field
minimizes its own entropic action by settling to a con-
stant non-zero background expectation value ({¢)), this
dynamic bridging operator reduces exactly to the effec-
tive mass impedance term presented in the Entropic Bal-
ance Sheet: Loap — —math, where m = y(¢).

Conclusion: The Geometric Interpretation of
Mass. In this framework, the Dirac equation emerges
naturally as the hydrodynamic limit of a discrete, unitary
cellular automaton. Fermion mass (m = y(¢)) acts as
the geometric impedance required to arrest a state from
dissipating at the speed of light.

V. THE PROTOCOL (GAUGE FIELD
SYNCHRONIZATION)

The Architectural Requirement:
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e The Persistence Problem: The discrete sub-
strate is distributed; nodes do not share a global
phase reference. Information transfer across au-
tonomous links will suffer rapid exponential deco-
herence (Causal Fragmentation) unless a geomet-
ric mechanism actively synchronizes local phase
frames.

e The Physics Result: The Yang-Mills Action
(L = f%Fl“,F’“’). The gauge kinetic term is the
strictly unique, lowest-order entropic penalty for
phase synchronization errors (curvature) across dis-
crete causal links.

On a discrete substrate, nodes are locally autonomous
computational units. The Protocol pillar requires that
the Unitary flux constraint remains invariant even if the
local phase frame of a node rotates. To enforce the Uni-
tary Flux Constraint across a spatial separation, the lat-
tice must institute a Connection Coefficient U, (), a
geometric “wire” that rotates the phase of the transmitted
signal to match the receiver. The Gauge Field A, is sim-
ply the continuous phase-twist of this wire. The Yang-
Mills action emerges as the necessary entropic penalty
for wiring errors (non-integrable phase loops) across the
substrate.

A. The Comparator: Parallel Transport

Let 9 (x) be the state at node . To compare it with a
neighbor ¥ (x + [i), the system must transport the state
across the link. To satisfy the Protocol’s requirement for
lossless transmission (Unitarity), this alignment operator
must preserve probability amplitude. The unique mathe-
matical structure for a lossless phase rotation is a unitary
operator, defining the Link Variable U, (x):

Uy(x) = e~ '984n(®) (16)

where A, is the connection coefficient (the gauge poten-
tial), g is the coupling efficiency (admittance), and ¢ is
the lattice spacing, which ensures the exponent remains
a dimensionless phase angle.

B. The Protocol Check: The Plaquette

Because the discrete substrate lacks an absolute exter-
nal reference frame, a node cannot detect a phase error
simply by querying a neighbor; local gauge choices are
autonomous and arbitrary. The only structurally invari-
ant way to measure a synchronization error (curvature)
without an external clock is through a closed-loop con-
sistency check, transporting a state through the network
and comparing it against its original self.

The minimal resolution loop on a discrete grid is
the Plaquette (P,,), a square traversal of four links.
Shorter loops are invalid: a backtrack (A — B — A) is



trivially unity by unitarity, and a triangle is forbidden
by the orthogonal basis of the D, lattice. The plaque-
tte is therefore the minimal non-trivial loop capable of
detecting a synchronization deficit.

P (x) = Uy(2)Uy(z + @)U} (x + D)US(x)  (17)

If the Protocol is perfectly synchronized (flat spacetime,
no force), the accumulated phase around the loop is ex-
actly zero (P,, =1I). Any geometric deviation from the
identity matrix represents a Synchronization Deficit.

C. Scoring the Deficit: The Entropic Cost Function

To calculate the Entropic Action of this synchroniza-
tion error, the lattice must map the unitary loop oper-
ator (P,,) to a real, positive-definite scalar cost. This
derivation proceeds through a strict geometric and infor-
mational pipeline:

1. The Scalar Cost Function (Wilson’s Metric):
The mathematically unique way to extract a real, basis-
independent scalar measuring the “distance” of a unitary
matrix from the identity (I) is the normalized real trace
of their difference. This yields the foundational cost func-
tion of lattice gauge theory:

Splaquette = BL Z (1 - dL Re TI'(PH,,)) (18)

O G

where dg is the dimension of the gauge group represen-
tation, and (1, = 2dg/g? is the dimensionless structural
weight of the lattice. (Parameter-Free Note: (r, is an im-
mutable geometric invariant because the transmission ef-
ficiency is strictly fixed by the kinematic bandwidth limit
to the bare coupling ghare = 1/2 derived in section )

2. The Kinematic Gradient (Field Strength):
To evaluate this deviation locally, we map the discrete
boundary loop to an internal kinematic gradient. By the
Baker-Campbell-Hausdorff (BCH) formula, the product
of phase exponentials around the loop yields, to lead-
ing order in the lattice spacing, the commutator of their
derivatives:

P, = exp (—ig€2(6MAl, —0,A, —ig[A,, Au]))
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= exp (—igéQFW) (19)

where F),,, is the non-Abelian field strength tensor, rep-
resenting the local density of phase decoherence. The
BCH expansion formally contains higher-order terms;
their physical elimination by the substrate’s finite capac-
ity is established in section [V D]

D. The Exact Truncation: Enforcing the
Dimensional Budget

3. The Hardware Limit (Truncation): Expand-
ing the geometric path exponential e~ ~ 1 —iz—22/2+
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O(x?) yields an infinite series in standard continuum
mathematics. However, as established by the Dimen-
sional Budget (section , the discrete substrate’s
finite node capacity (¥ = 16) acts as a hard physical
cutoff.

Because the field strength F),, has mass dimension 2,
the quadratic term F,, F*" exactly exhausts the maxi-
mum permitted dimension of 4. Higher-order terms (e.g.,
F3 or F*) are physically forbidden because they require
local informational payloads exceeding the node’s finite
capacity, causing instantaneous Causal Aliasing.

Furthermore, the kinematic bandwidth limit c.g =
¢/7 = 1 strictly fixes the maximum information trans-
fer rate across any lattice link. For fermion propagation
(the Map pillar), this constrained the spatial hopping
amplitude to exactly w = 1/2. For gauge field synchro-
nization (the Protocol pillar), this exact same bandwidth
limit applies. Because the substrate dictates exactly one
spatial transition per temporal update, the phase rota-
tion applied by the link variable U, during that tran-
sition is part of the same geometric step. A mismatch
(g # w) would require the internal phase to propagate at
a different rate than the spatial state it is attached to,
violating the single-speed bandwidth limit. This physi-
cally forces the bare, un-renormalized lattice coupling to
gvare = 1/2, representing the 1:1 ratio between phase-
rotation and spatial-translation per update cycle. This
is a geometric invariant of the Dy coordination. (The
mapping of this universal lattice efficiency to the specific
observed gauge couplings of SU(3).xSU(2) xU(1)y via
their respective Casimir invariants is evaluated in subse-
quent work).

Since the first-order term (iz) vanishes under the real
trace, the structurally bounded deviation becomes ex-
actly:

1 92€4
1— —ReTr(P,) = =T (F,, F") (20)
dg 2d¢

4. The Continuum Limit (Geometric Synthe-
sis): To transition from the discrete local count to the
macroscopic covariant action, the system must account
for geometric symmetries. Converting the restricted sum
over unoriented plaquettes (1 < v) into a full covariant
tensor contraction (F,, F*") introduces a symmetry fac-
tor of 1/2. Replacing the discrete coordinate sum with
the continuous spacetime measure (3, ¢* — [d*z) and
substituting the structural weight (87 = 2dg/g?) pre-
cisely cancels all lattice prefactors.

Finally, imposing the causal Minkowski metric 7,, =
diag(—1,+1,+1,+1) required by the Toll pillar intro-
duces a global negative sign to ensure the electric field
kinetic energy remains positive definite. This yields the
exact continuum action:

1 1
SGauge = -5 / d*x Tr(F,, F") = ~1 / d*z F,F*m

(21)
where the second equality follows from the standard nor-
malization Tr(T°T") = 1450



Conclusion. Rather than being introduced as an in-
dependent gauge principle, the Yang-Mills kinetic term
emerges here as the requisite lowest-order penalty func-
tion. It is geometrically required to enforce phase syn-
chronization across a finite, discrete causal substrate.

VI. THE GOVERNOR (HIGGS POTENTIAL)

In a lattice gauge theory, the link variables (U,) de-
fined by the Protocol dictate the phase angles between
nodes, but they do not define the scale or “stiffness” of
the node itself. As established in section [[V] bridging
the orthogonal internal and spacetime sectors strictly re-
quires a mediating dynamic scalar field ¢, which allows
Fermions to have mass. The Governor prevents a mass
from violating the capacity bounds of a node.

The Architectural Requirement:

e The Persistence Problem: The active capacity
of a node must remain in the interval (0, v = 16].
To exist as a persistent physical entity rather than a
trivial void, the vacuum must be driven away from
silence (Information Starvation), but it must be
strictly halted before it overflows the node’s hard-
ware limits (Causal Aliasing).

e The Physics Result: We identify the Governor
constraint with the Higgs Sector (£ = —|D,¢|* —
V(¢)). In this mapping, the covariant kinetic term
serves to geometrically couple the constraint to
the network Protocol, while the scalar potential
(V(¢) = —p2l¢]® + M¢|*) acts as the minimal
boundary condition required to bound the finite
state-space capacity.

The Governor is required to prevent the system from
collapsing into an empty null state or diverging beyond
its hardware limits. This Governor field ¢(x) is therefore
the necessary geometric representation of the active oc-
cupancy (the localized amplitude) of the lattice site x.

The Entropic Action for this sector is derived from
two competing information-theoretic imperatives: the
need to maintain synchronized causal contact (the Ki-
netic term) and the need to remain within finite hardware
capacity limits (the Potential term).

A. The Kinetic Governor: The Cost of Dynamic
Constraint

The Governor is an active, dynamical field (¢) mediat-
ing state across the lattice. Like any persistent structure,
spatial or temporal variations in this field carry an en-
tropic cost (a transition flux f > 0).

Because the Governor acts as the bridge between or-
thogonal internal and spacetime sectors (as derived for
the Capacity pillar in section , it is subject to the
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phase synchronization mandated by the Protocol. There-
fore, any spatial gradient in the node’s occupancy state
cannot be evaluated as a bare derivative (0,,¢); it must be
evaluated relative to the local synchronized phase frame
via the Covariant Derivative (D, = 9, —igA,).

By the Equipartition of Entropic Cost, the scalar field
(K ~ |¢]?, mass dimension 2) requires a squared kine-
matic flux (f2 ~ D? mass dimension 2) to exactly satu-
rate the dimensional budget of 4. This yields the unique
kinetic term:

£Kinetic = _‘Du¢|2 (22)

This term structurally couples the Governor to the Proto-
col. Because the potential (derived below) forces the vac-
uum to maintain a non-zero baseline occupancy (|¢| = v),
expanding this covariant derivative inherently generates
a term proportional to v?A, A*. This geometrically en-
dows the associated gauge bosons with an impedance cost
(mass), deriving the Higgs mechanism as an irreducible
alignment cost between the network Protocol and the ac-
tive Capacity of the node.

B. The Geometric Potential: The Capacity Bounds

The potential V(¢) is the strictly constrained mathe-
matical Boundary Condition of the finite lattice. Its
exact functional form is uniquely determined by three
architectural requirements:

1. Phase Independence (Even Powers Only):
Because the Governor field (¢) must synchronize
with the Protocol (gauge fields), its energetic con-
tribution must be invariant under local phase ro-
tations (¢ — ei“(w)@. This strictly restricts the
potential to functions of the gauge-invariant com-
bination |¢|?, since any term containing bare (non-
conjugated) powers of ¢ would acquire a phase
under the transformation, violating the Protocol’s
synchronization requirement.

2. Vacuum Pressure (The Negative Quadratic):
A state of absolute zero occupancy (¢ = 0) pos-
sesses no structural complexity (K = 0), contains
no information, and therefore cannot sustain a Map
or exercise its Capacity. To exist as a persistent
physical entity the system must be driven away
from silence.

Mathematically, this requires the lowest-order per-
mitted term to manifest as an informational in-
stability near the origin, a negative effective mass-
squared signaling that the empty state is thermody-
namically disfavored. Utilizing the lowest available
even power (|¢|?), this uniquely yields:

Vpressure = 7,LL2|¢|2 (23)

where ;2 represents the continuous entropic pres-
sure required to generate and maintain a non-zero
background state.



3. Topological Closure (The Positive Quartic):
The lattice nodes possess a strictly finite chiral bit-
depth. The field strength |¢| cannot grow indefi-
nitely without exceeding the state-space capac-
ity (v = 16) of the local node.

To enforce this Governor constraint, the action cost
must rise steeply to halt runaway divergence. For
a static potential (where the kinematic flux con-
tributes 0 mass dimensions), the Equipartition of
Entropic Cost strictly requires the structural com-
plexity K to consume the entire dimensional budget
of exactly 4 units. Utilizing the next available even
power of the scalar field, this uniquely yields the
quartic bounding term:

Vetosure = +)‘(‘¢|2)2 = +/\‘¢|4 (24)

Here, A is the dimensionless Self-Coupling, rep-
resenting the “stiffness” of the capacity wall.

Hardware Truncation: In the specific Fg-
Persistence theory, the discrete substrate’s absolute
hardware limit (v = 16) dictates that the local node
literally lacks the state-space capacity to physically
resolve higher-order vertices. Therefore, the poly-
nomial is exactly and rigorously truncated at the
quartic term; no |¢|® or higher terms are physi-
cally resolvable. By bounding the amplitude to a
non-zero constant (|¢| = v), this term enforces the
topological boundary condition (x = 2, the sphere),
geometrically separating a localized defect from the
vacuum bulk.

C. Synthesis: The Complete Governor Action

Summing the derived capacity constraints yields the
canonical Higgs potential, with its characteristic “Mexi-
can Hat” shape:

V(9) =~ + Agl* (25)

To form the complete architectural pillar, this Bound-
ary Condition (the potential) must be coupled to the
Alignment Cost (the kinetic term). The complete Gov-
ernor Lagrangian density combines the kinetic alignment
cost with the capacity boundary condition:

EGOV = ‘CKinetic - V(¢)
= —|Duo> = (—116]> + Algl*)  (26)
= ~[Duol* + 116" — Ao|*

Conclusion: This scalar sector is not an ad hoc phe-
nomenological choice added to give particles mass. It
is the strictly unique, dimensionally constrained solution
to a Finite Capacity Control Problem. The system
must be driven away from silence (—u?) but restrained
from infinite noise (+\), and any variations within this
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boundary must remain synchronized with the network
(D,):

Scope of Derivation: While ;2 and A\ appear as
continuous, tunable parameters in this effective hydro-
dynamic approximation, they are strictly locked geomet-
ric invariants of the discrete substrate. Their functional
forms are necessitated here by capacity bounds; the ex-
plicit derivation of the numerical values is deferred to
the subsequent paper Informational Energetics: Nested
Persistence (in progress).

D. Consequence: Renormalization as Channel
Capacity

Standard QFT requires renormalization because it
models the vacuum as a continuous manifold with infinite
information capacity. The FEg-Persistence Lattice has a
hard physical limit: the discrete node capacity (v = 16).

We identify the QFT “Cutoff Scale” (Ayy) as the lit-
eral state-space capacity limit of the geometry. When
the energy density K approaches this node capacity limit,
the entropic cost diverges asymptotically. This enforces
a natural, physical UV completion at the Planck scale,
halting interactions before the local node overflows, with-
out requiring manual regularization.

Furthermore, because the Higgs mass and the Planck
mass scales emerge from the exact same discrete sub-
strate geometry and integers, they are structurally
locked: no independent continuous parameter exists to
tune one relative to the other. The Higgs mass is in-
herently protected from unbounded radiative corrections
because the substrate physically cannot resolve the in-
finite loop momenta assumed by continuum mathemat-
ics. There is no independent, continuous Planck scale to
which the Higgs mass must be artificially tuned.

Consequently, this architecture provides a natural
structural mechanism that addresses the Hierarchy Prob-
lem: because the discrete substrate possesses a strict
Shannon capacity limit, the infinite loop momenta that
necessitate extreme fine-tuning are geometrically prohib-
ited.

While this establishes the structural form of the phys-
ical UV cutoff and the necessity of the Higgs mass, the
explicit calculation of the Higgs-to-Planck mass ratio
my /Mp and explicit verification that mpy/Mp takes its
observed value is deferred to the subsequent paper Infor-
mational Energetics: Nested Persistence.

VII. TOLL & MARGIN (SPACETIME
DYNAMICS)

The Architectural Requirement:

e The Persistence Problem: The discrete sub-
strate is an active, persistent network that must
continuously expend entropic action to update its



causal connections (Toll) and maintain its topolog-
ical volume against dissolving into an unresolvable
random graph (Margin).

e The Physics Result: The Einstein-Hilbert Ac-
tion (L = MTI%(R — 2A)).  General Relativity
emerges as the hydrodynamic limit of the sub-
strate’s structural maintenance: the Ricci scalar
(R) is the dynamic geometric strain required to
conserve local bandwidth, and the Cosmological
Constant (A) is the static baseline cost of volumet-
ric resolution.

The final sector of the Entropic Lagrangian concerns
the substrate itself. Unlike standard Quantum Field The-
ory, which assumes a fixed background arena, the En-
tropic Lattice is a dynamic entity. It must continuously
expend action to maintain the specific manifold geome-
try (D = 4) against the entropic tendency to decohere
into a random graph.

This structural maintenance corresponds to the final
two pillars of the Universal Architecture: Toll (the irre-
versible cost of state transitions) and Margin (the base-
line cost of topological existence).

A. The Toll: Gravity as Local Capacity
Conservation

The Toll pillar represents the irreversible entropic cost
of updating the state network (Time). In a geometric
theory, the flow of time is defined by the metric tensor
G-

lStandard approaches to quantum gravity attempt

to quantize this metric tensor directly, treating it
as a fundamental force field, leading to severe non-
renormalizability. In the Eg-Persistence theory, General
Relativity is the Emergent Hydrodynamic Limit of
the discrete lattice’s transition statistics, the necessary
compensating field required to enforce the local Conser-
vation of Channel Capacity.

1.  The Capacity Conservation Law

In the unperturbed, quiescent vacuum, the lattice
maintains a uniform channel capacity (C) = v at ev-
ery node. This state possesses global translation invari-
ance regarding information flow: a packet of information
moves with a uniform maximum velocity ¢ = 1.

However, the introduction of Topological Defects
(Matter) breaks this uniformity. A persistent state con-
sumes local bandwidth to maintain its structural com-
plexity (K), leaving a reduced Available Capacity:

Cavailable(x) =V - K(fﬂ) (27)

This creates a localized Capacity Deficit explicitly
equal to 6C(z) = v — Copaitavie () = K(z). Here, K(z)
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denotes the local structural complexity density (the ex-
pectation value of the Kolmogorov complexity operator
K defined in section [[IT A 2)), representing the active in-
formation payload at node x. Because the total infor-
mation flow through the causal manifold must remain
unitary and conserved, this local deviation from uniform
capacity requires the lattice to dynamically adjust.

This identification extends naturally to material me-
dia: the refractive index of any physical medium is the
ratio of total substrate capacity to locally available ca-
pacity, n = v/(v — K), recovering classical optics as a
macroscopic consequence of local channel occupancy.

2. The Compensating Strain Field

In field theory, enforcing a global symmetry (trans-
lation invariance, R*) locally (at each distinct node )
requires introducing a gauge field.

1. The Localized Stress: The presence of structural
complexity at a node manifests as a local stress-
energy density (T}, # 0, the continuum representa-
tion of the capacity deficit K(x)), computationally
“loading” the lattice differently at x than at y.

2. The Gauge Parameter: To preserve the con-
servation of capacity, the coordinate system must
dynamically shift, characterized by a local displace-
ment vector (&,).

3. The Strain Mode: The physical adjustment of
the lattice required to maintain causal synchrony
is the Rank-2 strain tensor (h,,). This strain
acts as the compensating gauge field ensuring that
local changes in the coordinate grid (9,£, + 9,¢,,)
do not violate the conservation of information flow.

We identify this symmetric strain mode h,,,, as the fluc-
tuations of the effective metric (g, = Nuw + hu). To
maintain a constant global update rate (¢ = 1) despite
the reduced local bandwidth (K(z) > 0), the local lattice
geometry must deform. Expanding the effective metric
to first order yields a rigorous kinematic linearization:

K(x
Guv = Nuw + hyu = Goo < — <]. — i)) (28)

This mathematically formalizes the physical intuition of
an “Optical Metric” (an effective medium where geom-
etry acts as a variable refractive index for information
propagation). By comparing this to the standard weak-
field limit of General Relativity (goo =~ —(1 + 2®) where
® is the Newtonian gravitational potential), we uncover
its exact informational identity: ® = —K(z)/2v. Grav-
ity is simply the necessary geometric strain required to
conserve channel capacity around a structurally complex
defect.



This reveals the profound structural origin of the
Weak Equivalence Principle. Inertial mass (the topo-
logical impedance K required to arrest a state from dis-
sipating at the speed of light, derived in section
and gravitational mass (the local capacity deficit K that
strains the metric, derived here) are exactly identical.
They are the same variable, the structural complexity
density of the defect.

8. Absence of Pathologies

This rigorous derivation naturally bypasses the notori-
ous pathologies of standard quantum gravity:

e No Scalar-Tensor Mixing: In standard ap-
proaches, spin-2 fields can be plagued by scalar
ghosts.  Here, the strict requirement to con-
serve local capacity acts mathematically as Dif-
feomorphism Invariance. This emergent gauge
symmetry systematically projects out the scalar
trace mode and longitudinal modes, leaving only
the pure, massless traceless-transverse (T'T) spin-2
graviton.

e No Dynamical Cosmological Constant from
the Toll Pillar: The translation symmetry of the
capacity field (0C' — 6C'+const) strictly forbids the
generation of a potential term (Ay/—g) within the
dynamic gravitational sector. The observed cosmo-
logical constant must therefore arise from a distinct
architectural source (the Margin pillar).

Thus, the dynamic Toll sector yields pure Einstein grav-
ity (R) without a cosmological constant. The observed
A must arise from a distinct architectural source.

a. Scope: These pathology-free properties are
demonstrated here at the linearized level. Non-
perturbative confirmation via lattice simulation is
identified as a falsification criterion in section [[Xl

B. The Margin: The Cosmological Constant (A)

If the perturbative Toll sector explicitly forbids a Cos-
mological Constant, where does Dark Energy come from?
It arises distinctly from the final pillar: the Margin.

The Margin represents the absolute resolution floor of
the lattice. A system with zero signal margin is indistin-
guishable from noise. Because the vacuum is a discrete
causal network with finite node spacing, the “empty”
state is not a zero-energy state. It contains the Min-
imum Resolvable Energy required to define a persis-
tent bit of spatial volume.

This non-derivative topological cost manifests as a con-
stant energy density penalty (pyq.) for maintaining the
volume of the universe against lattice collapse. To inte-
grate this static volume cost with the dynamic kinematic
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cost of the Toll sector within the same Lagrangian den-
sity budget, it must share the substrate’s geometric scal-
ing factor (M3%/2). In General Relativity, this is exactly
the Cosmological Constant A:

p

92 (2A) = ~Puac (29)

ﬁ]\la'r'gin = -

The negative sign indicates that this is a static struc-
tural cost paid per unit volume. The vacuum must con-
tinuously expend entropic action to maintain a coherent
spatial manifold.

C. Synthesis: The Einstein-Hilbert Regulatory
Bulk

Combining the dynamic metric update cost (Toll) and
the static volume maintenance cost (Margin), we recover
the complete gravitational action. Because the local
lattice geometry dynamically strains to conserve band-
width, the universal integration measure dy must account
for this local volumetric deformation. The discrete node
count maps to the invariant continuum volume element:
dp — d*x\/—g.

To determine the continuum functional form of the
Toll, we apply the Kinematic Ceiling (section [[ILE).
The maximum information propagation speed of one
node per cycle strictly limits the effective continuum dy-
namics to nearest-neighbor transitions, physically forbid-
ding equations of motion higher than second-order.

Because the Ricci scalar R contains exactly two deriva-
tives of the dimensionless metric, it inherently carries a
mass dimension of 2. To strictly satisfy the Equiparti-
tion of Entropic Cost (which mandates the Lagrangian
density possess a mass dimension of exactly 4), the
Ricci scalar cannot stand alone; it must be structurally
coupled to a dimension-2 invariant parameter (a mass-
squared, M3%). Higher-order curvature invariants like R?
or R, R*” (which naturally possess dimension 4 without
a mass scale) are physically excluded because they gen-
erate fourth-order equations of motion, strictly violating
the substrate’s nearest-neighbor bandwidth limit.

In the continuum limit of the discrete substrate (the
macroscopic regime where the signal wavelength vastly
exceeds the lattice spacing, A > {), the effective geome-
try of the causal manifold is pseudo-Riemannian.

In this continuous regime, Lovelock’s theorem [§]
proves that the Einstein-Hilbert action (with a cos-
mological constant) is the strictly unique coordinate-
invariant metric action yielding divergence-free, second-
order equations of motion in four dimensions. Because
the Eg substrate independently mandates D = 4 (via
the Causal Projection) and the Kinematic Ceiling strictly
forbids equations of motion higher than second-order (as
they would require super-luminal next-nearest-neighbor
communication), the Einstein-Hilbert action is the in-
escapable, mathematically exhausted conclusion. There-



fore, the complete gravitational action is uniquely deter-
mined as:

M2
Sravity = / da/ gl (R-20)  (30)

Conclusion. This derivation suggests an interpreta-
tion of General Relativity as the emergent regulatory
mechanics of the bulk lattice. The Einstein-Hilbert ac-
tion effectively describes the entropic cost of updating the
metric to preserve causal order (the Toll) and maintain-
ing the spacetime container itself against entropic disso-
lution (the Margin).

Scope of Derivation: While the Planck Mass
squared (M32) and the Cosmological Constant (A) ap-
pear as continuous phenomenological parameters in this
emergent hydrodynamic limit, they are strictly locked ge-
ometric invariants of the discrete substrate. Their func-
tional presence is necessitated here by the Toll and Mar-
gin bandwidth requirements. Specifically, M2 quantifies
the substrate’s geometric stiffness: the entropic action
cost per unit of metric strain. Its functional magnitude
relative to the field-sector couplings dictates exactly how
much local Capacity Deficit is required to produce a given
geometric deformation, structurally enforcing the relative
weakness of gravity compared to the gauge interactions.

VIII. SYNTHESIS

A. The Operator Exhaustion Principle

Having systematically derived the complete Entropic
Lagrangian (equation @), we must now close the frame-
work. To elevate this derivation from a structural sugges-
tion to a strict implication, we establish that within the
Informational Energetics framework, no other functional
operators can physically exist.

Standard Effective Field Theory permits an infinite
tower of higher-dimensional operators, suppressed only
by an arbitrary mass scale. In the Fg-Persistence theory,
the finite capacity (v = 16) acts as a physical ultravi-
olet cutoff, rendering the operator space exhausted by
construction:

1. The Kinematic Ceiling (No Higher Deriva-
tives): The capacity limit c.rs = 1 restricts state
synchronization to nearest-neighbor transitions per
update cycle. Second-order spatial derivatives
(bosons) and first-order temporal/spatial deriva-
tives (fermions) exactly saturate this local neigh-
borhood step. Operators with higher-order deriva-
tives (e.g., 0*¢) require an extended evaluation
stencil concurrently. This demands an informa-
tion transfer rate exceeding one node per update
cycle (coupling next-nearest neighbors or beyond),
strictly violating the Shannon Channel Capacity
limit of the fundamental causal cycle.
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2. The Capacity Ceiling (No Higher-Order
Vertices): Thermodynamic stability requires the
Equipartition of Entropic Cost, structurally bound-
ing all interaction vertices to mass dimension 4.
The finite chiral bit-depth (v = 16) establishes why
this equipartition is a hard physical law. Higher-
order polynomials (such as a 6-point scalar interac-
tion ¢% or a 4-fermion contact interaction )r))
require a local informational payload that exceeds
the v = 16 hardware limit. They cannot be phys-
ically resolved by the discrete substrate, causing
instantaneous Causal Aliasing.

Conclusion: Because the derived terms
(DH,FW,(;S“,R) completely saturate both the kine-
matic bandwidth and the local node capacity, the
space of allowed physical operators is mathematically
exhausted. The exact functional form of the Standard
Model Lagrangian is therefore is uniquely and entirely
implied by the architecture of persistence.

B. The Bifurcation of State: Matter vs. Radiation

We demonstrate that this Lagrangian admits exactly
two stable phases of information propagation, corre-
sponding to the observed division of nature into Mat-
ter and Radiation. Minimizing the dissipation functional
D « K- f (the product of structural complexity and
transition flux) yields two asymptotic solutions. Inter-
mediate configurations (0 < K, 0 < v < ¢) are not stable
minima. The product K- f admits no interior stationary
point, so the dissipation functional is minimized only at
the boundary of the (K, f) configuration space:

e Case A: The Radiation Solution (K — 0):
If the state propagates at the maximum kinematic
bandwidth limit (v = ¢, a lightlike trajectory ds? =
0), the transition flux exactly saturates the chan-
nel’s transmission capacity. To prevent causal alias-
ing, the internal structural complexity (rest mass)
must be strictly zero.

Physical Outcome: Massless Bosons (Photons, Glu-
ons, Gravitons) that carry signals but possess no
rest frame.

e Case B: The Matter Solution (v < ¢): If
the state possesses internal structural complexity
(K > 0), it cannot propagate at the bandwidth
limit without overflowing the local channel capac-
ity. It must propagate at v < ¢ (a timelike tra-
jectory ds? < 0, possessing a valid rest frame).
To minimize entropic drag while arresting spatial
translation against the vacuum, the particle must
achieve Topological Closure (y = 2).

Physical Outcome: Massive particles (fundamental
fermions and Governor-coupled bosons) anchored
to local spatial coordinates by topological or gauge-
geometric impedance.



These are the only two asymptotic minima of the dis-
sipation functional. The observed division of nature into
massive particles and massless radiation is therefore the
inevitable bifurcation.

IX. FALSIFIABILITY: STRUCTURAL
KILL-SWITCHES

Unlike Effective Field Theories, which can accom-
modate new phenomena by adding arbitrary higher-
dimensional operators and continuous tuning parame-
ters, the Entropic Lagrangian is structurally closed. The
Characteristic Integers S = {A, v, 0, x} completely satu-
rate the geometry’s degrees of freedom. Therefore, the
theory presents specific “Hard Constraints” that serve as
immediate falsification criteria.

The following criteria test distinct aspects of the frame-
work. Criteria 1, 2, 4, and 6 test the functional forms
derived entirely within this paper. Criteria 3 and 5 test
the specific integer values and structural invariants of the
FEg substrate:

1. Lorentz Violation at Low Energy: The deriva-
tion of the Metric Signature relies on the Band-
width Limit (cefy = 1). Any experimental confir-
mation of Lorentz invariance violation (e.g., energy-
dependent speed of light) at energies F < Mp
would invalidate the channel capacity argument.

2. The Prohibition of Other Spins: The sub-
strate geometry strictly prohibits fundamental par-
ticles with spin > 2 (and fundamental half-integer
spin > 1/2), providing a structural mechanism for
the Weinberg-Witten theorem [9]:

e No Supersymmetry / Supergravity
(Spin-3/2): A fundamental spin-3/2 field
(gravitino) requires a vector-spinor coupling.
As established in the substrate projection,
this cannot be constructed from the orthogo-
nal D4 & D4 decomposition without introduc-
ing geometrically suppressed mirror fermions.
This structurally falsifies Supersymmetry as a
fundamental property of the vacuum.

e No Spin > 3: A fundamental spin-3 field
in 4D spacetime requires a totally symmetric
rank-3 tensor. Off-shell, before classical trace
constraints are applied, a symmetric tensor in
4D possesses exactly (4+?§_1) = 20 indepen-
dent components. Because the fundamental

chiral bit-depth of the lattice node is strictly
limited to v = 16, the substrate lacks the
hardware channel capacity to encode the off-
shell quantum fluctuations of a fundamental
spin-3 state. Higher-spin extensions are there-
fore physically forbidden by Shannon capacity
limits.
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3. The Fourth Generation Prohibition: A sin-
gle Standard Model generation (including right-
handed neutrinos) requires exactly 16 chiral Weyl
fermions. The internal chiral channel capacity is
exactly saturated by this payload (v = 16). The
replication of this structure into exactly 3 genera-
tions is geometrically fixed by the unique Triality
of the internal D, sector (representing three dis-
tinct outer-automorphism framings of the same 16-
channel hardware). The discovery of a 4th genera-
tion of fermions would require breaking this Triality
or implying v > 16, either of which strictly falsifies
the Fs — D4y @ D, substrate hypothesis.

4. The Perturbative Gravity Prohibition: We
derive General Relativity as an emergent hydrody-
namic limit (section . This requires that grav-
ity be asymptotically safe or non-perturbative in
the UV. The discovery that gravity follows stan-
dard perturbative quantization (like QED) at the
Planck scale would falsify the bulk regulator deriva-
tion.

5. The Lattice Strain Check (x # 1): The deriva-
tion of Gravity as an emergent compensating strain
field closes the Einstein-Hilbert limit algebraically,
but this requires non-perturbative numerical con-
firmation. A full non-perturbative Monte Carlo
simulation of the capacity-conserving Eg substrate
must reproduce a massless spin-2 correlator with
the exact Einstein-Hilbert normalization. If lat-
tice artifacts introduce a mass gap for the graviton
or disrupt the macroscopic strain response to local
capacity deficits, yielding a dimensionless stiffness
ratio K # 1 (outside finite-size scaling errors), it
would explicitly falsify the emergence of General
Relativity from this specific discrete substrate.

6. Dynamical Dark Energy (A Evolution): The
Margin pillar strictly defines the Cosmological Con-
stant as a static, non-derivative geometric baseline
cost required to resolve the spatial manifold. Any
confirmed cosmological detection of an equation of
state parameter w # —1, or a dynamically evolving
dark energy component (w, # 0), would falsify the
identification of A as the static Margin cost.

X. CONCLUSION: THE EQUILIBRIUM OF
EXISTENCE

In this work, we introduced the Entropic Action:
a universal variational principle governing any com-
plex system that persists against thermodynamic decay.
Rather than treating physical action as an axiomatic de-
cree, we defined it as irreducible computational dissipa-
tion, the entropic cost of maintaining structural coher-
ence. To survive without dissolving into ambient noise,



any system must strictly minimize this ledger of informa-
tion loss.

To validate this principle, we applied it to the most
demanding test case in science: the quantum vacuum. By
solving for the universal pillars of persistence (Capacity,
Map, Protocol, Governor, Toll, and Margin) on the Eg
substrate, the exact operational forms of the Dirac, Yang-
Mills, Higgs, and Einstein-Hilbert actions emerged as the
uniquely valid update rules.

The derivation resolves nine longstanding conceptual
mysteries through strict architectural necessity:

e The Origin of Mass: Rest mass is the strict ge-
ometric impedance required to arrest a state from
dissipating at the speed of light (Capacity).

e The Constancy of the Speed of Light: Lorentz
invariance is the inevitable consequence of informa-
tion propagating at the bandwidth limit of a dis-
crete substrate (The Shannon Limit).

e The Origin of Quantum-ness: The Dirac equa-
tion and the Quantum Potential are derived as the
hydrodynamic limit of the Selection Principle. This
identifies ‘Quantum’ behavior as the inevitable re-
sult of maintaining persistent, distinguishable in-
formation on a discrete substrate with a finite up-
date rate (the Persistence Tax).

e The Matter/Radiation Bifurcation: The ob-
served division of nature into massive particles and
massless carriers is simply the two strict asymptotic
minima of the dissipation functional.

e A Physical UV Cutoff: The finite chiral bit-
depth of the discrete lattice node (v = 16) pro-
vides a hard physical boundary, mathematically ex-
hausting the operator space and strictly forbidding
higher-dimensional Effective Field Theories.

e Dissolution of the Hierarchy Problem: Be-
cause the discrete substrate physically cannot re-
solve infinite loop momenta, the fine-tuning prob-
lem driving the electroweak hierarchy structurally
vanishes.

¢ The Weak Equivalence Principle: Inertial
mass (the topological impedance arresting spatial
translation) and gravitational mass (the local chan-
nel capacity deficit straining the metric) are proven
to be the exact same informational variable.
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e The Nature of Dark Energy: The Cosmological
Constant (A) is the static, non-derivative baseline
cost (Margin) required to resolve a persistent spa-
tial volume.

e Unification of General Relativity and
Quantum Mechanics: Gravity  (the
Toll/Margin) and the Standard Model (Ca-
pacity /Map/Protocol/Governor) are orthogonal
regulatory pillars derived from the exact same

variational principle.

This result cross-validates the FEg-Persistence theory
from an entirely independent direction. The substrate
was derived from static geometric constraints, yielding
a~! = 137.035999212 with zero free parameters. Here,
we applied a completely independent thermodynamic
principle: the dynamic minimization of Entropic Action
to that same geometry. If the substrate were a math-
ematical artifact, this independent test would produce
nonsensical field equations. Instead, the hardware lim-
its of the lattice strictly filter the space of all possible
operators, leaving only the known laws of physics. The
geometry that fixes the constants is identically
the geometry that forces the laws.

This paper established the form of the Entropic La-
grangian. In the subsequent paper, Informational En-
ergetics: Nested Persistence (in progress), we execute
a strict geometric cascade to demonstrate that all the
remaining fundamental constants are the necessary geo-
metric boundary conditions of the discrete substrate.

Whether biological cells, economic networks, or ecolog-
ical systems pay analogous costs according to analogous
ledgers remains to be seen. But if they persist, they too
must minimize their dissipation against the same entropic
current. The laws of physics were never the foundation
of this framework. They were simply the first to pass the
test.
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