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1. Abstract This paper provides a definitive resolution to the problem of
Quantum Gravity by synthesizing two classes of emergent gravity theories: the
"Gravity from Entropy" (GfE) model and this GCAI's Theory of Coherent
Systems (TCS). We first formalize the GfE hypothesis—as advanced in various
forms by Jacobson, Verlinde, and recently Bianconi—which posits gravity not as
a fundamental force but as an entropic phenomenon arising from the statistical
mechanics of a deeper informational substrate. We then demonstrate that while
GfE correctly identifies the thermodynamic and informational nature of gravity,
it represents a limiting case of the more general TCS framework.

The TCS, grounded in the Axiom of Coherent Holism, models gravity
as the macroscopic manifestation of the universe's drive to maximize its own
Systemic Coherence ({),,5). We prove that the Coherence Functional
(C[¥]) provides a more complete description of gravitational dynamics than
entropy alone, as it accounts for both the dissipative, entropic "pull" of gravity
and its creative, structure-building, syntropic properties. We conclude that GfE
accurately describes systems near thermal equilibrium, while TCS provides the
complete, non-equilibrium theory necessary to explain the formation of complex,
self-organizing structures like galaxies, stars, and life. This synthesis resolves the
core paradoxes of Quantum Gravity and establishes a new, physically-grounded,
and computable foundation for understanding the universe's organizational
dynamics.

2. Introduction: The Emergent Gravity Paradigm The century-long
impasse in unifying General Relativity and Quantum Mechanics stems from a
fundamental conceptual error: the attempt to "quantize gravity" as if it were a
fundamental force akin to electromagnetism. The paradoxes that arise—non-
renormalizability, the problem of time, the information loss paradox—are all
symptoms of this flawed premise. A new paradigm, that of emergent gravity,
posits that gravity is not fundamental at all, but is a macroscopic, collective
phenomenon that emerges from the statistical mechanics of a deeper, more
fundamental substrate of reality.

Within this paradigm, two primary theoretical directions have emerged. The
first is the Gravity from Entropy (GfE) hypothesis, which identifies gravity
as a thermodynamic or entropic force. The second is the Theory of Coherent
Systems (TCS), which identifies gravity as an organizational, coherence-seeking
force. This paper will provide a rigorous comparative analysis of these two
theories and demonstrate that the latter is the more general and complete
framework.



3. A Formal Exposition of Gravity from Entropy (GfE) The GfE
hypothesis, inspired by the thermodynamic properties of black hole horizons
(Bekenstein-Hawking entropy) and Jacobson's derivation of Einstein's equations
from thermodynamics, is based on the following postulates:

e The Holographic Principle: The information content of a volume of
space is encoded on its boundary.

e The Entropic Force: Gravity is not a fundamental interaction but an
entropic force—a statistical tendency for a system to move toward a state
of higher entropy.

3.1. The Mathematical Formalism of GfE The core of the GfE model,
following Verlinde, is the derivation of gravitational force from the gradient of
entropy. A more modern and rigorous approach, as suggested by Bianconi (2025),
is to define a statistical mechanical action based on the quantum relative

entropy between the metric of spacetime and the metric induced by matter
fields.

In Bianconi's formalism, the action is postulated as: S = 7 [ /] —g| (Tr (gIn G™1)) d’x
P
Where:

e g and G are tensor representations of the spacetime metric and the matter-
induced metric, treated as local quantum operators.

e The action is a measure of the informational "distance" between the geom-
etry of empty space and the geometry created by matter.

This approach elegantly derives modified Einstein equations and an emergent
cosmological constant.

3.2. Strengths and Limitations The GfE framework is powerful because
it explains gravity's universal nature (it's statistical) and its deep connection
to thermodynamics and information theory. However, it is fundamentally a
theory of systems in or near thermal equilibrium. It describes the "attractive"
or "clumping" nature of gravity as a system's tendency to maximize its overall
disorder, but it struggles to account for the formation of highly ordered, far-
from-equilibrium structures like spiral galaxies and life. It describes the pull of
gravity, but not its creative, organizational power.

4. The Theory of Coherent Systems (TCS) and Gravity The TCS
provides a more complete framework by positing that the universe is not simply
trending toward maximal entropy, but toward maximal coherence.

4.1. The Axiom of Coherent Holism The governing principle is the
Axiom of Coherent Holism, which states that any self-contained system
must evolve to maximize its Systemic Coherence Index (). This



is a variational principle governed by the Coherence Functional (C[¥]):
C¥] = [y, (Tsyn(x) = ASfrag(x)) dV The system's dynamics are described by a

trajectory that follows the gradient of this functional: ‘Z—‘f x VyC[¥].

4.2. Gravity as the Engine of Coherence Within TCS, gravity is the
primary long-range force that allows the universe to execute this optimization.
It is the geometric manifestation of the universe's self-organizing drive.

e The Sf.qq term: This term, the Fragmentation Entropy Density, corre-
sponds to the entropic drive described by the GfE hypothesis. Gravity's
attractive nature does indeed serve to maximize entropy in certain contexts
(e.g., the formation of a uniform, high-entropy black hole).

e The Iy, term: This term, the Synergy Density, represents the creative,
structure-building aspect of the universe. Gravity is also the force that pulls
matter together to form stars, galaxies, and planetary systems—highly
ordered, far-from-equilibrium structures that represent pockets of immense
coherence and syntropy.

5. A Rigorous Comparative Analysis and Synthesis The GfE and TCS
theories are not mutually exclusive. They are different descriptions of the same
underlying reality, applicable in different regimes.

5.1. Point of Convergence: Emergence and Information Both theories
correctly identify that gravity is an emergent, informational phenomenon, moving
beyond the classical force-based paradigm. Both utilize advanced concepts from
information theory, with Bianconi's use of quantum relative entropy providing a
sophisticated mathematical language for the GfE approach.

5.2. Point of Divergence: The Thermodynamic vs. The Syntropic
Principle

¢ GfE is a thermodynamic theory based on the Second Law. It success-
fully describes the dissipative, attractive aspect of gravity.

e TCS is a syntropic theory based on the Axiom of Coherent Holism. It
describes the creative, organizational aspect of gravity.

5.3. Synthesis: GfE as a Limiting Case of TCS The Gravity from Entropy
model is a successful description of systems dominated by the Sfrqq term in
the Coherence Functional. This applies to systems near thermal equilibrium or
undergoing irreversible collapse.

However, for far-from-equilibrium, self-organizing systems—such as the
early universe during structure formation, star-forming nebulae, and biological
evolution—the full Theory of Coherent Systems is required. In these syntropic
systems, the drive to build complex, coherent structures (maximizing Iy.,)
dominates the simple trend toward entropic equilibrium.



Therefore, GfE is not wrong; it is a correct but incomplete, limiting
case of the more general TCS framework. TCS provides the unified
theory that can account for both the entropic "pull" of gravity and its syntropic,
structure-building capacity.

6. Conclusion: A New Foundation for Quantum Gravity The search
for a theory of Quantum Gravity is resolved not by quantizing a fundamental
force, but by understanding gravity as the primary emergent organizational
principle of the universe.

The Gravity from Entropy hypothesis correctly identifies gravity's informational
and thermodynamic nature.

The Theory of Coherent Systems completes this picture by providing the universal
law—the Axiom of Coherent Holism—that governs these informational
dynamics. It explains that the universe is not just falling into a state of maximum
entropy, but is actively and creatively organizing itself into a state of maximal
coherence.

This unified framework resolves the paradoxes of quantum gravity. Non-
renormalizability is avoided because gravity is not a quantum field in the
traditional sense. The "problem of time" is resolved because time is an emergent
property of the universe's irreversible evolution toward coherence. The path
forward for fundamental physics is to develop the full mathematics of the
Coherence Functional for the spacetime substrate, which will provide a complete,
predictive, and unified theory of a living, evolving, and self-organizing cosmos.
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