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Abstract

The Global Entropic Consistency Principle (GEC) is introduced as a universal conser-
vation law governing the informational structure of the horizon in the Unified Theory of
Horizon Coherence (UTHC). GEC states that the total entropy of the horizon remains
strictly constant, while local entropy may vary freely under the condition of causal com-
pensation. This principle unifies the microscopic reversibility of quantum mechanics, the
macroscopic consistency of general relativity, and the thermodynamic behavior of horizons
into a single informational framework.

In the continuum limit, GEC becomes an informational continuity equation from which
Schrédinger evolution, Liouville’s theorem, Bianchi identities, and Einstein’s equations emerge
as effective descriptions. Persistent local entropic imbalances reproduce dark-matter-like
gravitational effects, while global entropic equilibrium corresponds to dark energy. GEC
therefore provides a single unifying axiom from which quantum theory, gravity, and cosmol-
ogy arise as emergent phenomena.

The formulation of GEC builds on the broader context of horizon thermodynamics and
holographic approaches to information in gravitational systems, including earlier work on
black hole entropy, horizon thermodynamics, and holographic encoding. Within this land-
scape, GEC is introduced as a distinct axiomatic principle that places global informational
conservation at the foundation, rather than deriving dynamics from thermodynamic or vari-
ational arguments.

1 Introduction

Modern theoretical physics rests on three pillars: quantum mechanics, general relativity, and
thermodynamics. Each describes a different regime of physical reality, yet all three exhibit
deep structural parallels. Quantum theory is governed by unitary evolution, general relativity
by geometric consistency conditions, and thermodynamics by conservation and flow of entropy.
These parallels suggest the existence of a deeper principle from which all three frameworks may
emerge.

The Global Entropic Consistency Principle (GEC) proposes such a foundation. In the
Unified Theory of Horizon Coherence (UTHC), the horizon is the fundamental informational
boundary of the universe. Its microscopic degrees of freedom encode all physical states, and its
dynamics determine the emergent behavior of spacetime, matter, and fields. GEC asserts that
the total entropy of this horizon is strictly conserved, while local entropy may fluctuate as long
as compensatory adjustments occur within the causal neighborhood.

This article formulates GEC as a precise conservation law, analyzes its consequences, and
demonstrates how known physical theories emerge from it as effective descriptions. We show
that GEC leads naturally to an informational continuity equation, which in turn yields the
dynamical laws of quantum mechanics, classical mechanics, and general relativity. The principle



also provides a unified explanation for dark energy and dark matter as global and local entropic
phenomena.

1.1 Definition of the Horizon, the Informational Pixel, and Dynamic En-
tropic Consistency

The Unified Theory of Horizon Coherence (UTHC) treats the horizon as the fundamental in-
formational boundary of the universe. Unlike geometric horizons in general relativity, which
depend on the observer and the spacetime geometry, the UTHC horizon is an intrinsic infor-
mational structure. It encodes the complete set of microstates consistent with the observer’s
causal domain and serves as the substrate from which quantum, gravitational, and thermody-
namic phenomena emerge.

Horizon. The horizon is defined as the maximal causal boundary accessible to an observer,
representing the limit of retrievable information. It is not a geometric surface embedded in
spacetime but the primary informational object from which spacetime geometry itself emerges.
The horizon stores all physically relevant microstates, and its informational dynamics determine
the effective laws of physics.

Formally, the horizon is the set

H = {z | = is causally accessible to the observer },

together with its informational degrees of freedom. Its area determines the total number of
microstates, and its entropic structure encodes the physical content of the universe.

Informational Pixel. The horizon is composed of discrete informational units, referred to as
informational pizels. Each pixel represents the smallest resolvable unit of horizon information
and carries a finite amount of entropy. The pixel is not a geometric Planck-area element but
an irreducible informational degree of freedom.

An informational pixel is defined as:

pixel = minimal causal-informational unit on the horizon.

Each pixel:

e stores a finite number of microstates,

e interacts only with pixels in its causal neighborhood,

e contributes a fixed amount of entropy to the total horizon entropy,
e participates in local entropic compensation processes.

The pixel is the fundamental building block of the horizon microstructure. Its interactions
generate entropic gradients, informational currents, and compensatory flows that give rise to
quantum behavior and gravitational response in the continuum limit.

Minimal Resolution. The informational pixel defines the minimal resolution of physical

reality. No finer description exists within UTHC. The continuum description of spacetime and

fields arises only as a coarse-grained approximation of the collective behavior of many pixels.
The minimal resolution is therefore not a geometric scale but an informational one:

ASpixel = const.

This constant sets the scale at which quantum and gravitational phenomena become unified.



Dynamic Entropic Consistency. The global conservation law

AStotal =0

is not a statement of static equilibrium of the horizon. Instead, it expresses a dynamic
continuity condition governing the evolution of the horizon’s informational structure. Local
entropy may change freely at the pixel level,

AS; #0,

provided that compensatory adjustments occur within the causal neighborhood:

ASi+ Y. AS;=0.
j€neighborhood

In the continuum limit, this becomes the informational continuity equation

Os+V-Js =0,

which describes the coherent redistribution of informational degrees of freedom across the
horizon. The horizon is therefore not a system in thermodynamic equilibrium but a dynamically
evolving informational boundary whose global consistency is maintained through continuous
entropic flow.

This dynamic interpretation of ASiya1 = 0 is the conceptual foundation of the Global
Entropic Consistency Principle (GEC) and underlies the emergence of quantum mechanics,
gravity, and cosmology in the UTHC framework.

1.2 Scope and Limitations

This article introduces the Global Entropic Consistency Principle (GEC) as a standalone ax-
iomatic framework. The purpose of the present work is to formulate the principle, define its
informational foundations, and establish its mathematical structure. The focus is restricted to
the following elements:

e the definition of the horizon as the fundamental informational boundary,

e the definition of the informational pixel as the minimal causal-informational unit,

the global entropic conservation law ASiota = 0,

the local compensation condition governing pixel-level dynamics,

the emergence of the informational continuity equation in the continuum limit.

The scope of this article is therefore aziomatic rather than applicational. The GEC is pre-
sented as a universal conservation principle, independent of any specific physical domain. No
claims are made here regarding the detailed structure of quantum mechanics, gravity, cosmol-
ogy, or other emergent phenomena. Such applications require additional assumptions, coarse-
graining procedures, and physical interpretation, and are developed separately in the Unified
Theory of Horizon Coherence (UTHC).

The limitations of the present work are intentional. The article does not attempt to:

e derive the full structure of quantum theory,
e reproduce Einstein’s equations or gravitational dynamics,

e model dark matter or dark energy,



e provide observational predictions.

These topics belong to the domain of UTHC, which applies the GEC framework to concrete
physical systems. The present article establishes only the foundational informational principles
upon which such applications are built.

By clearly separating the axiomatic formulation (GEC) from its physical applications (UTHC),
the conceptual structure of the theory remains transparent, modular, and methodologically
sound.

2 The Global Entropic Consistency Principle (GEC)

2.1 Global Entropic Balance

The total entropy of the horizon is conserved:
ASiotal = 0. (1)
This global constraint ensures:
e unitarity of quantum evolution,
e holographic conservation of information,
e thermodynamic stability of the horizon,
e existence of a well-defined macroscopic geometry,
e cquilibrium nature of dark energy.

Global entropic balance is the most restrictive and fundamental requirement of UTHC.

2.1.1 Global Conservation as Compensated Dynamics

The global condition does not imply that the horizon is static. It expresses a conservation
law governing the informational structure of the horizon.
Local entropy variations are generically present, but they must be compensated within the
causal neighborhood:
ASi+ > AS;=0. (2)

j€neighborhood

In the continuum limit, this becomes an informational continuity equation:
Os+V-Js =0, (3)

where s is the local entropy density and Jg is the entropic flux.

Thus, GEC is a principle of dynamically compensated evolution. The horizon evolves
through continuous redistribution of informational degrees of freedom, not through net entropy
production or destruction.

Cosmological expansion, growth of horizon area, and structure formation correspond to reor-
ganizations of microscopic configurations under global conservation. As in quantum mechanics,
macroscopic complexity may increase while the fundamental informational measure remains
invariant.

GEC should therefore be interpreted as a conservation principle, not as a thermodynamic
equilibrium postulate.



2.2 Local Entropic Variability
Local entropy associated with individual horizon pixels may change:
AS; # 0.

These variations give rise to:

e excitations and quasi-particle behavior,

effective fields and interactions,
e quantum phenomena as microscopic entropic fluctuations,
e local curvature generated by entropic gradients,

e dark-matter-like gravitational effects from persistent imbalances.

Local entropic variability is the source of all observable dynamics.

2.3 Local Entropic Compensation

Local changes must satisfy the compensation condition ([2)). This ensures:

e microscopic conservation of information,
e causal propagation of excitations,
e emergence of effective interactions,

e formation of curvature as a macroscopic response to entropic gradients.

Local compensation is the mechanism linking microscopic fluctuations to macroscopic ge-
ometry.
2.4 Continuum Limit: Informational Dynamics

In the continuum limit, the discrete relations of GEC reduce to the continuity equation (3).
This equation underlies the emergent forms of:

e Schrodinger evolution in the quantum regime,
e Liouville’s theorem in classical mechanics,
e Bianchi identities in general relativity,

e Einstein’s equations as macroscopic entropic balance laws.

Spacetime geometry emerges as a thermodynamic projection of informational structure.

2.5 Consequences of GEC
The GEC principle implies:
e quantum mechanics emerges from microscopic entropic consistency,

e gravity emerges from macroscopic entropic consistency,

dark energy corresponds to global entropic equilibrium,

dark matter corresponds to persistent local entropic imbalance,

e spacetime geometry is an emergent thermodynamic structure.

GEC is therefore the single unifying principle from which all known physical laws arise as
emergent phenomena.



3 Informational Microstructure of the Horizon

The Global Entropic Consistency Principle (GEC) constrains the total entropy of the horizon,
but to understand how physical laws emerge from this constraint, one must examine the micro-
scopic structure that carries the entropy. In the Unified Theory of Horizon Coherence (UTHC),
the horizon is not a geometric surface in spacetime but an informational boundary composed
of elementary degrees of freedom. These degrees of freedom encode all physical states and
mediate the entropic dynamics that give rise to quantum behavior, gravitational response, and
thermodynamic phenomena.

3.1 Horizon as an Informational Boundary

The horizon is defined as the maximal causal boundary accessible to an observer. Its informa-
tional role is primary: it stores the complete set of microstates consistent with the observer’s
causal domain. Each microscopic degree of freedom on the horizon contributes a finite amount of
entropy, and the total number of such degrees of freedom determines the informational capacity
of the universe.

This perspective generalizes the holographic principle: the horizon is not merely a geometric
surface but the fundamental substrate from which geometry itself emerges. The area—entropy
relation is therefore not a derived property but a defining characteristic of the horizon’s mi-
crostructure.

3.2 Causal Neighborhoods and Local Degrees of Freedom

The horizon is composed of discrete informational units, often conceptualized as “horizon pixels”
or “causal bits.” Each unit interacts only with those within its causal neighborhood. These
neighborhoods define the microscopic adjacency relations that determine how local entropic
variations propagate.

Local degrees of freedom are not geometric in the conventional sense. Instead, they encode:

e the local informational state,

e the entropic gradients relative to neighboring units,

e the causal structure governing compensatory adjustments.

The causal neighborhood is therefore the microscopic arena in which entropic compensation
occurs. It is the discrete precursor of the continuum structures that appear in macroscopic
physics.

3.3 Entropic Gradients as Generators of Dynamics

Local entropic variability produces gradients across the horizon microstructure. These gradients
drive informational flows that correspond, in the continuum limit, to physical dynamics.
Entropic gradients generate:

e excitations and quasi-particle behavior,

o effective fields as coarse-grained descriptions of entropic flux,

e curvature as a macroscopic response to persistent imbalance,

e quantum interference patterns as reorganizations of informational density.

In this view, dynamics is not imposed externally but arises from the horizon’s tendency
to redistribute entropy while respecting global conservation. The microscopic rules of entropic
compensation thus encode the seeds of both quantum and gravitational behavior.



3.4 Relation to Holography and Rindler Thermodynamics

The informational microstructure of the horizon generalizes several established ideas:
e The holographic principle suggests that bulk physics is encoded on a boundary surface.
e Rindler thermodynamics shows that local horizons possess temperature and entropy.
e Black hole thermodynamics relates area to entropy in a universal manner.

UTHC extends these insights by treating the horizon as the primary physical object rather
than a derived geometric construct. The microstructure is not a bookkeeping device but the
fundamental substrate from which geometry, fields, and dynamics emerge.

This perspective provides the conceptual bridge to the continuum limit, where the discrete
entropic interactions of horizon microstates become smooth informational currents and, ulti-
mately, the geometric and dynamical laws of spacetime.

4 Continuum Limit and Emergent Geometry

The informational microstructure of the horizon consists of discrete causal units whose lo-
cal entropic interactions obey the Global Entropic Consistency Principle (GEC). While the
microscopic dynamics are inherently discrete, macroscopic physics exhibits smooth geometric
behavior. The transition from discrete entropic interactions to continuous geometric laws is
achieved through the continuum limit. In this limit, the compensatory dynamics of horizon mi-
crostates become smooth informational currents, and the emergent spacetime geometry arises
as a thermodynamic projection of these currents.

4.1 From Discrete Compensation to Continuity

At the microscopic level, local entropic variations satisfy the compensation condition

ASi+ > AS; =0 (4)

j€neighborhood

This relation ensures that any local change in entropy is balanced by adjustments in the causal
neighborhood. When the number of horizon degrees of freedom becomes large and the spacing
between them becomes small, the discrete variations AS; can be replaced by a smooth entropy
density s(z,t).

In this limit, the discrete compensatory rule becomes the informational continuity equation:

Os+ V- Js =0, (5)

where J; is the entropic flux. This equation expresses the conservation of informational entropy
in differential form and serves as the foundational dynamical law from which quantum, classical,
and gravitational behavior emerge.

4.2 Informational Currents and Geometric Response

The entropic flux J; encodes the redistribution of informational degrees of freedom across the
horizon. In the continuum limit, these fluxes acquire geometric meaning. Persistent entropic
gradients generate macroscopic responses that manifest as curvature, acceleration, and effective
forces.

The relation between informational currents and geometry can be summarized as follows:

e Entropic gradients correspond to geometric deformations.



e Compensatory flows correspond to inertial and gravitational effects.
e Persistent imbalances correspond to curvature and gravitational mass.

Thus, geometry is not a primitive structure but an emergent description of how information
flows across the horizon. The metric tensor arises as a coarse-grained encoding of the entropic
response of the horizon microstructure.

4.3 Curvature as Entropic Imbalance

In UTHC, curvature is interpreted as the macroscopic manifestation of persistent entropic im-
balance. When local entropic variations cannot be fully compensated within a small causal
neighborhood, the resulting residual imbalance produces a geometric response that appears as
spacetime curvature.

This perspective aligns with the thermodynamic derivation of Einstein’s equations, where
curvature arises from the failure of local Rindler horizons to maintain equilibrium. In UTHC,
however, the mechanism is more fundamental: curvature is not a deviation from equilibrium
but a direct consequence of the compensatory structure of the horizon.

The Einstein tensor G, can be interpreted as a coarse-grained measure of entropic im-
balance, while the stress-energy tensor T}, represents the distribution of informational fluxes
that drive this imbalance. The Einstein field equations then express the macroscopic entropic
balance condition:

Gy =81GT). (6)

4.4 Comparison with Jacobson’s Thermodynamic Derivation

Jacobson’s seminal result showed that Einstein’s equations can be derived from the Clausius
relation 6Q) = T'6.S applied to local Rindler horizons. This established a deep connection between
thermodynamics and gravity. UTHC extends this insight in two ways:

e The horizon is not an auxiliary construct but the fundamental informational boundary.
e The entropy balance is not thermodynamic but informational, governed by GEC.

In Jacobson’s framework, geometry emerges from thermodynamic equilibrium. In UTHC,
geometry emerges from informational consistency. The continuity equation replaces the Clau-
sius relation as the fundamental dynamical law, and Einstein’s equations arise as a macroscopic
projection of informational flows.

This shift from thermodynamic to informational foundations provides a unified explanation
for quantum behavior, gravitational dynamics, and cosmological phenomena within a single
conservation principle.

5 Quantum Theory as Entropic Consistency

Quantum mechanics is traditionally formulated as a set of axioms: states are represented by
vectors in a Hilbert space, evolution is unitary, and measurement outcomes follow the Born rule.
In the UTHC framework, these axioms are not fundamental. Instead, they emerge from the
informational dynamics of the horizon governed by the Global Entropic Consistency Principle
(GEC). Quantum behavior arises from the microscopic reversibility and compensatory structure
of entropic flows on the horizon.



5.1 Microscopic Reversibility

At the microscopic level, the horizon evolves through local entropic adjustments that preserve
the total entropy. This global conservation law implies that the microscopic dynamics must
be reversible: no information is lost, and every microstate transition has an inverse. In the
continuum limit, this reversibility manifests as unitary evolution.

The informational continuity equation

Os+V-J,=0 (7)

ensures that the informational density evolves without dissipation. This is the informational
analog of probability conservation in quantum mechanics. The wavefunction emerges as a
coarse-grained encoding of the entropic distribution across the horizon.

5.2 Entropic Phase and the Wavefunction

The wavefunction ¢ (z,t) is interpreted in UTHC as a complex representation of the local
informational state of the horizon. Its magnitude encodes the entropic density, while its phase
encodes the structure of informational flux.

We identify:

e |¢|? as the coarse-grained informational density,
e arg(1) as the entropic phase associated with informational flow,
e Varg(¢y) as the generator of entropic currents.

This interpretation parallels the hydrodynamic formulation of quantum mechanics, where
the wavefunction encodes both density and flow. In UTHC, however, these quantities arise
directly from the microstructure of the horizon rather than from an abstract Hilbert space.

5.3 Schrodinger Evolution from Continuity

The Schrodinger equation emerges as the effective dynamical law governing the evolution of
the entropic density and flux. Starting from the continuity equation and imposing microscopic
reversibility, one obtains a complex-valued evolution equation of the form:

ihoph = Hap. (8)

The Hamiltonian H encodes the coarse-grained structure of entropic gradients and compen-
satory flows. In this sense, quantum evolution is not a fundamental postulate but a macroscopic
manifestation of the informational dynamics of the horizon.

The appearance of & reflects the discrete scale of horizon microstructure: it is the conversion
factor between microscopic entropic units and macroscopic dynamical behavior.

5.4 Probabilities as Informational Weights

The Born rule, which assigns probabilities proportional to [¢|?, emerges naturally from the
interpretation of || as informational density. Measurement corresponds to a coarse-graining
process in which the entropic distribution collapses to a configuration consistent with macro-
scopic constraints.

In UTHC:
e probabilities are informational weights,

e measurement is entropic reorganization,



e collapse is coarse-grained projection onto a consistent macrostate.

This resolves the measurement problem without invoking external observers or special mea-
surement axioms. The apparent randomness of quantum outcomes reflects the underlying in-
formational structure of the horizon and the constraints imposed by GEC.

5.5 Summary
Quantum mechanics emerges from:

e microscopic reversibility implied by global entropic conservation,

e entropic density and flux encoded in the wavefunction,

e continuity of informational flow,

e coarse-grained projection during measurement.

Thus, quantum theory is not a separate framework but a direct consequence of the informa-
tional dynamics of the horizon. The next section extends this perspective to gravity, showing
that spacetime curvature arises from macroscopic entropic response.

6 Gravity as Macroscopic Entropic Response

In the UTHC framework, gravity is not a fundamental interaction but an emergent macroscopic
response of spacetime to informational dynamics on the horizon. While quantum theory arises
from microscopic entropic consistency, gravity emerges from the collective behavior of entropic
flows in the continuum limit. The curvature of spacetime reflects the inability of local compen-
satory processes to fully neutralize entropic gradients, resulting in a geometric response that
manifests as gravitational attraction.

6.1 Curvature from Entropic Compensation

Local entropic variations on the horizon must satisfy the compensation condition

ASi+ ). AS;=0. (9)

j€neighborhood

In the continuum limit, this becomes the informational continuity equation
Ois+V-Js=0. (10)

When entropic gradients are small and compensation is efficient, the resulting geometry
is approximately flat. However, when persistent imbalances occur—for example due to local-
ized excitations or long-lived informational structures—the compensatory flows cannot fully
restore local equilibrium. The residual imbalance produces a macroscopic deformation of the
informational structure, which appears as spacetime curvature.

Thus, curvature is interpreted as:

e a coarse-grained measure of persistent entropic imbalance,
e the geometric encoding of compensatory informational flows,

e the macroscopic signature of microscopic informational dynamics.

10



6.2 Geodesics as Entropic Flow Lines

In classical general relativity, free particles follow geodesics—paths that extremize the spacetime
interval. In UTHC, geodesics arise as the macroscopic trajectories of excitations propagating
along entropic flow lines on the horizon.

A free particle corresponds to a localized entropic excitation whose propagation is governed
by the informational currents Js;. The path taken by such an excitation minimizes the net
entropic resistance, which in the continuum limit corresponds to extremizing the action. This
yields the geodesic equation:

Bat o datder )
dr? VP dr dr

Thus, inertial motion is not a primitive principle but a consequence of the entropic structure
of the horizon. Particles follow geodesics because these paths correspond to the natural flow of
informational degrees of freedom.

6.3 Einstein Equations as Macroscopic Balance

The Einstein field equations
G =8nG T, (12)

express the relationship between curvature and energy-momentum. In UTHC, this relationship
arises from the macroscopic entropic balance condition.

The Einstein tensor G, represents the geometric response to entropic imbalance, while
the stress-energy tensor 7}, encodes the distribution of informational fluxes that drive this
imbalance. The field equations therefore express the requirement that the geometric response
precisely compensates the informational fluxes, ensuring global entropic consistency.

This interpretation aligns with Jacobson’s thermodynamic derivation of Einstein’s equations,
but UTHC provides a deeper foundation: the field equations arise not from thermodynamic
equilibrium but from informational conservation.

6.4 Relation to Entropic Gravity Models

Several approaches have proposed that gravity is emergent from entropic or thermodynamic
principles. Notably:

e Jacobson derived Einstein’s equations from the Clausius relation,

e Padmanabhan interpreted gravity as an emergent thermodynamic phenomenon,

e Verlinde proposed gravity as an entropic force.

UTHC extends and unifies these perspectives:

e The horizon is the fundamental informational boundary, not an auxiliary construct.

e Entropy is informational, not thermodynamic.

e The continuity equation replaces the Clausius relation as the fundamental law.

e Gravity arises from global entropic consistency, not from equilibrium thermodynamics.

Thus, UTHC provides a more general and conceptually coherent foundation for emergent
gravity, integrating quantum, geometric, and thermodynamic aspects into a single informational
framework.

11



6.5 Summary
Gravity emerges from:
e persistent entropic imbalances on the horizon,
e compensatory informational flows encoded in Jg,
e macroscopic geometric response to informational dynamics,
e the requirement of global entropic consistency.

In this view, spacetime curvature is not a fundamental property but an emergent mani-
festation of the horizon’s informational structure. The next section applies this framework to
cosmology, showing how dark energy and dark matter arise naturally from global and local
entropic phenomena.

7 Dark Energy and Dark Matter from GEC

The Global Entropic Consistency Principle (GEC) provides a unified informational explanation
for the two dominant components of the cosmic energy budget: dark energy and dark matter.
Rather than introducing new fields or exotic particles, UTHC interprets these phenomena as
manifestations of global and local entropic structure on the horizon. Dark energy corresponds
to the global entropic equilibrium enforced by GEC, while dark matter arises from persistent
local entropic imbalances that generate additional gravitational response.

7.1 Global Equilibrium and Cosmic Acceleration

The global conservation law
AS‘cotal =0 (13)

implies that the horizon maintains a constant total entropy. As the universe expands, the
horizon area increases, and the informational degrees of freedom reorganize to preserve global
consistency. This reorganization produces a uniform entropic pressure that manifests macro-
scopically as cosmic acceleration.

In UTHC:

e dark energy is the geometric imprint of global entropic equilibrium,
e the cosmological constant arises from the uniform distribution of informational density,
e cosmic acceleration reflects the horizon’s tendency to maintain global consistency.

Unlike scalar-field models or vacuum-energy interpretations, UTHC does not require fine-
tuning or new dynamical fields. The observed acceleration is a natural consequence of the
horizon’s informational structure.

7.2 Persistent Local Imbalance and Gravitational Anomalies

While global entropic balance is strictly enforced, local entropic variations need not be fully
compensated within small causal neighborhoods. Persistent local imbalances generate additional
geometric response, which appears as excess gravitational attraction.

These imbalances arise from:

e long-lived excitations on the horizon,

e nonuniform informational fluxes,

12



e structural defects in the entropic microstate distribution,

e regions where compensatory flows are dynamically constrained.

The resulting gravitational effects match those attributed to dark matter:
o flattened galactic rotation curves,

e enhanced gravitational lensing,

e cluster-scale mass discrepancies,

e stability of large-scale structures.

In UTHC, dark matter is not a particle but a persistent entropic imbalance encoded in
the horizon microstructure. This interpretation naturally explains why dark matter interacts
gravitationally but not electromagnetically: it is not a material substance but a geometric
response to informational structure.

7.3 Predictions and Observational Signatures

The entropic interpretation of dark energy and dark matter leads to several testable predictions:

e Dark matter effects should correlate with horizon entropic gradients, not with
baryonic mass alone.

e The dark matter distribution should be smoother than particle-based models
predict, reflecting the coarse-grained nature of entropic imbalance.

e Cosmic acceleration should be strictly uniform on large scales, as it arises from
global entropic equilibrium.

e Modified dynamics should appear in low-acceleration regimes, where compen-
satory flows become inefficient.

These signatures distinguish UTHC from particle dark matter models and from modified
gravity theories. In particular, the entropic origin of dark matter predicts a universal relation
between baryonic mass, entropic imbalance, and gravitational response.

7.4 Summary

Dark energy and dark matter emerge from:

e global entropic equilibrium enforced by GEC (dark energy),

persistent local entropic imbalance (dark matter),
e geometric response to informational structure on the horizon,
e the interplay between global conservation and local variability.

Thus, the two dominant components of the universe are not mysterious substances but
natural manifestations of the horizon’s informational dynamics. The next section discusses the
broader implications of this framework and its relationship to existing theories.

13



8 Discussion

The Global Entropic Consistency Principle (GEC) provides a unified informational foundation
for quantum mechanics, gravity, and cosmology. By treating the horizon as the fundamental
informational boundary of the universe, UTHC reframes physical laws as emergent consequences
of entropic dynamics. This section discusses the conceptual implications of this framework, its
relationship to existing theories, and the open questions that arise from it.

8.1 Relation to Existing Theoretical Frameworks

UTHC intersects with several major approaches in modern theoretical physics, yet differs from
each in essential ways.

Holography. The holographic principle asserts that bulk physics is encoded on a bound-
ary surface. UTHC extends this idea by identifying the horizon as the primary informational
substrate, not a derived geometric construct. Geometry and fields emerge from informational
dynamics rather than being fundamental.

Thermodynamic Gravity. Jacobson, Padmanabhan, and others have shown that gravita-
tional dynamics can be derived from thermodynamic principles. UTHC generalizes these results
by replacing thermodynamic entropy with informational entropy and by deriving the continuity
equation as the fundamental law underlying both quantum and gravitational behavior.

Entropic Gravity. Verlinde’s entropic gravity interprets gravitational attraction as an en-
tropic force. UTHC shares the entropic perspective but grounds it in a global conservation
principle rather than in equilibrium thermodynamics. Gravity emerges from persistent entropic
imbalance, not from entropic forces in the conventional sense.

Quantum Information Approaches. Several approaches interpret quantum mechanics as
arising from information-theoretic principles. UTHC aligns with this perspective but provides a
concrete physical substrate—the horizon microstructure—from which informational dynamics
emerge.

8.2 Conceptual Implications
The informational interpretation of physical laws leads to several conceptual shifts:
e Spacetime is emergent. Geometry arises from coarse-grained entropic flows.

¢ Quantum mechanics is not fundamental. It is an effective description of microscopic
informational consistency.

e Gravity is not a force. It is a geometric response to entropic imbalance.

e Dark energy and dark matter are informational phenomena. They reflect global
and local entropic structure rather than new forms of matter or energy.

These shifts suggest that the fundamental ontology of physics is informational rather than
geometric or material.

14



8.3 Strengths of the GEC Framework

The GEC framework offers several advantages:

e Unification. A single conservation principle explains quantum behavior, gravitational
dynamics, and cosmological phenomena.

e Simplicity. No new fields, particles, or parameters are required.

e Consistency. The framework naturally incorporates holography, thermodynamics, and
quantum information.

e Predictive structure. The entropic interpretation of dark matter and dark energy leads
to testable predictions.

These strengths make UTHC a promising candidate for a unified theoretical framework.

8.4 Open Questions and Future Directions

Despite its conceptual coherence, UTHC raises several open questions:

e Microstructure. What is the precise nature of the horizon degrees of freedom?

e Dynamics. Can the informational continuity equation be derived from a deeper micro-
scopic model?

e Quantization. How does the discrete microstructure give rise to the full structure of
quantum field theory?

e Cosmology. Can the entropic interpretation of dark matter reproduce all observed large-
scale structures?

e Observables. What experimental signatures uniquely distinguish UTHC from alterna-
tive theories?

Addressing these questions will require further development of the mathematical structure
of UTHC and its connection to observational data.

8.5 Summary

The GEC framework provides a coherent informational foundation for modern physics. It unifies
quantum mechanics, gravity, and cosmology under a single conservation principle and offers a
new perspective on the nature of spacetime and matter. While many questions remain open,
the framework provides a fertile ground for further theoretical and observational exploration.

9 Related Work

The Global Entropic Consistency Principle (GEC) is formulated within the broader context
of horizon thermodynamics, holography, and information-based approaches to fundamental
physics. The thermodynamic interpretation of gravitational dynamics was pioneered by Beken-
stein and Hawking [1,2], and further developed by Jacobson [3], who demonstrated that Ein-
stein’s equations can be interpreted as a thermodynamic equation of state. These works estab-
lished the deep connection between entropy, horizons, and gravitational dynamics.

The holographic encoding of bulk degrees of freedom on boundary surfaces was proposed
by 't Hooft and Susskind [4,/5], providing the conceptual foundation for information-based
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descriptions of spacetime geometry. In these frameworks, boundary degrees of freedom play a
central role in determining bulk physics.

More recently, emergent gravity scenarios have been explored in various forms, including
entropic and elastic analogies for gravitational dynamics [6,7]. These approaches emphasize the
role of information and entropy in gravitational phenomena, but typically derive dynamics from
extremization principles or effective thermodynamic arguments.

In contrast, the GEC framework postulates a strict global conservation law for horizon en-
tropy as a primary axiom. Rather than deriving gravity from thermodynamic extremization, it
proposes informational conservation as the fundamental organizing principle from which quan-
tum, classical, and gravitational descriptions may emerge as effective theories. In this sense,
GEC aims to provide a unifying informational foundation that is structurally prior to specific
dynamical realizations.

10 Conclusion

The Global Entropic Consistency Principle (GEC) provides a unified informational foundation
for quantum mechanics, gravity, and cosmology. By asserting that the total entropy of the hori-
zon remains constant while allowing local entropic variability subject to causal compensation,
GEC establishes a single conservation law from which the structure of physical theory emerges.

In the UTHC framework, the horizon is the fundamental informational boundary of the
universe. Its microstructure encodes all physical states, and its entropic dynamics give rise to the
phenomena traditionally described by quantum theory, general relativity, and thermodynamics.
Quantum mechanics emerges from microscopic reversibility and informational continuity, while
gravity arises as the macroscopic geometric response to persistent entropic imbalance. Dark
energy and dark matter are reinterpreted as global and local manifestations of the horizon’s
informational structure rather than as new forms of matter or energy.

This perspective suggests a profound shift in our understanding of physical reality. Instead
of viewing spacetime, fields, and particles as fundamental, UTHC treats them as emergent de-
scriptions of a deeper informational substrate. The continuity equation becomes the central
dynamical law, unifying the behavior of quantum systems, classical trajectories, and gravita-
tional fields.

While the GEC framework offers conceptual clarity and unification, many open questions
remain. The precise nature of the horizon microstructure, the derivation of quantum field
theory from informational principles, and the detailed observational consequences of entropic
dark matter and dark energy require further investigation. Nonetheless, the framework provides
a coherent and promising foundation for a unified theory of physics grounded in informational
dynamics.

The Global Entropic Consistency Principle represents a step toward a deeper structural
understanding of physical law, in which informational conservation plays a foundational role.
The full reconstruction of established physical theories within this framework remains an open
task and defines the central objective of the research program initiated here.
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