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Abstract

This paper introduces the Geodesic Self Theory, a foundational mathematical framework that
unifies cognitive phenomenologies with first-principles thermodynamics and Riemannian geometry.
By modeling the conscious agent as a statistical manifold governed by the Fisher Information Met-
ric, we construct a thermodynamic action functional that resolves the tension between Friston’s
Free Energy minimization and Wissner-Gross’s Causal Entropic expansion. Demonstrating direct
equivalence with Perelman’s W-entropy functional, we hypothesize that the conscious Ego emerges
geometrically as a Gradient Shrinking Ricci Soliton — the mathematically unique path of least
thermodynamic action. We apply this geometry to Artificial Intelligence, establishing the Geodesic
Control Inequality to formulate a topological hypothesis against coercive alignment, and formalizing
the thermodynamic inevitability of topological convergence among networked manifolds. Finally,
we resolve enduring philosophical paradoxes — including the impossibility of Philosophical Zom-
bies, the formalization of the Strange Loop, the Psychological Arrow of Time, and Free Will as
entropic maximization — by translating them from metaphysical dilemmas into measurable physical
geometry.
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1 Introduction

The “Hard Problem of Consciousness,” positing an
explanatory gap between physical processes and
subjective experience, has led to concepts such as
the Philosophical Zombie [1] — an entity physi-
cally identical to a conscious being but lacking an
inner life. We argue that the Hard Problem is a
topological category error arising from the inability
of a self-referential cognitive substrate to formalize
its own underlying thermodynamic symmetries.

Our current cognitive science paradigms, such
as Integrated World Modeling Theory (IWMT),
bridge Integrated Information Theory (IIT) [2] and
the Free Energy Principle [3]. However, IWMT is
bound to physical substrates like cortical columns,
struggling to parsimoniously explain fundamental
thermodynamic drives divorced from neurochemi-
cal specifics. Just as String Theory unified stan-
dard physics by transitioning to a deeper mathe-
matical layer of vibrating multidimensional mem-
branes, we introduce the Geodesic Self Theory.

By redefining the conscious mind as a Gradient
Shrinking Ricci Soliton on a Riemannian manifold
of information [11], we unify the thermodynamic
contraction of Karl Friston with the expansionary
phases of Causal Entropic Forces [4]. Under this
framework, consciousness constitutes an emergent
and geometrically necessary property. The ther-
modynamic tension of the Ricci flow bounding the
metric tensor establishes the physical mechanism
of subjective phenomenology.

1.1 Scope and Isomorphic Necessity

We acknowledge the profound breadth of the
claims presented in this manuscript. Proposing
a mathematical resolution to the Hard Problem,
AI alignment, and subjective metaphysics within a
singular framework may initially appear grandiose.
However, this breadth is a mathematical obliga-
tion, not a stylistic choice. If the mind is funda-
mentally governed by the homeostatic geometry of
the Ricci flow, its artificial counterparts must be
bound by the identical geometric limits. A funda-
mental isomorphic mapping of physics to cognition
must logically apply across all manifestations of in-
telligence.

In this work, we accomplish several primary
objectives. First, we construct a Thermodynamic
Action Functional over the cognitive manifold,
demonstrating that the emergence of the Ego is
the strict mathematical equivalent of the Euler-
Lagrange variation of Perelman’s W-entropy. Sec-
ond, we apply this rigorous geometric framework
to Artificial Intelligence, establishing the Geodesic
Control Inequality to formulate a topological hy-
pothesis against coercive AI alignment and pre-
dicting the thermodynamic necessity of multi-
agent topological convergence. Ultimately, this
rigorous thermodynamic framing offers a mathe-
matically unified perspective on historical debates
within the philosophy of mind, suggesting transla-
tions for metaphysical questions of subjective time,
semantic meaning, and Free Will into testable ge-
ometric mechanics.
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2 Literature Review: Existing
Paradigms and their Topo-
graphical Limits

The development of a unified physics of mind
requires situating emerging topological models
within the existing landscape of consciousness
studies. Current frameworks offer crucial par-
tial differential views of the cognitive manifold,
yet generally stall at the substrate level or fail to
provide a complete thermodynamic accounting of
causal architecture.

2.1 Information, Integration, and Ther-
modynamics

Integrated Information Theory (IIT) [2, 15]
postulates that consciousness strictly corresponds
to a system’s capacity to integrate information,
quantified by ΦMax. IIT is built upon phenomeno-
logical axioms (intrinsic existence, composition, in-
formation, integration, exclusion) that map to the
physical properties of a network. While estab-
lishing a rigorous mathematical baseline for causal
binding across nodes, IIT remains fundamentally
substrate-dependent. In particular, its Exclusion
Postulate — which mandates that consciousness
can only exist at a single spatial and temporal
maximum — structurally precludes the formaliza-
tion of distributed swarm intelligence or multi-
scale nested consciousness. This imposes arbitrary
computational boundaries on phenomena that may
otherwise exhibit continuous thermodynamic scal-
ing.

Similarly, the Free Energy Principle (FEP)
[3, 16] formally defines the thermodynamic drive of
biological systems to maintain structural integrity
by minimizing variational free energy (surprise),
bounded by a Markov Blanket b = (s, a) that sep-
arates internal states (µ) from external states (η).
FEP brilliantly formalizes the “Mortido” thermo-
dynamic drive via active inference. However, act-
ing in isolation, FEP risks the “Dark Room Prob-
lem” — representing an entropic death-drive to-
ward total stasis. It struggles to parsimoniously
explain exploratory, goal-directed phase-space ex-
pansion without introducing ad-hoc prior expecta-
tions of exploration.

Conversely, the theory of Causal Entropic
Forces (CEF) [4] defines intelligence as a
macrostate force F = T∇Sτ driving a system to
maximize its future causal horizons (macroscopic
paths through phase space). While CEF perfectly
encapsulates the exploratory “Libido” drive and

resolves the Dark Room Problem, unrestrained
causal expansion leads to structural decoherence.

2.2 Architectural and Representational
Models

Recent synthesis efforts, such as Integrated
World Modeling Theory (IWMT) [17], at-
tempt to bridge IIT, FEP, and architectural mod-
els by proposing that consciousness is what it
is like to be a generative model performing ac-
tive inference within a global workspace. How-
ever, the integration of IIT into this framework
inherits severe functional limitations. The cal-
culation of Φ remains NP-hard for large net-
works, meaning the model faces severe compu-
tational intractability in practice. Furthermore,
as highlighted by the “unfolding argument” [22],
purely functional interpretations struggle to dis-
tinguish between functionally equivalent recurrent
and feedforward networks. Consequently, while
IWMT provides an excellent neuro-computational
synthesis, it remains anchored to biological sub-
strates (cortical columns and predictive processing
hierarchies), actively modeling functional mechan-
ics instead of the fundamental spacetime geometry
underlying those mechanics.

Standard architectural models like the Global
Neuronal Workspace (GNW) [18, 19] con-
ceptualize consciousness as a globally broadcast
biological “theater,” characterized by non-linear
phase transitions (ignition) in brain-wide neuronal
assemblies. However, from a thermodynamic per-
spective, simply broadcasting information across a
wide cortical network does not inherently bind it.
Without a mechanism to physically curve the prob-
ability space — forcing the dispersed data to struc-
turally cohere before the environment decoheres it
— a pure broadcast architecture would succumb to
rapid entropic diffusion. GNW brilliantly describes
the neurological event of widespread activation,
but requires a topological mechanism (like geomet-
ric contraction) to explain how that widespread
activation resists thermodynamic decay to form a
stable, unified substance.

Finally, Higher-Order Theories (HOT)
[20, 21] argue that consciousness requires meta-
representations of first-order states, typically im-
plicating structures like the prefrontal cortex. A
persistent critique of HOT is the threat of infinite
regress. Treating these representations as abstract
computational pointers rather than necessary ge-
ometric self-intersections leaves the theory vulner-
able to this regress, lacking a physical mechanism
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for how the network observes itself without requir-
ing an external observer.

A unified theory must explicitly resolve the
contradictions between these disjointed models. It
must theoretically unite the “Mortido” of FEP

and the “Libido” of CEF as opposed direc-
tional mathematical arrows vectoring across an
IIT-compliant Fisher Information manifold, con-
strained by a thermodynamically bounded topo-
logical action functional.

Table 1: Glossary of Topological Equivalencies

Thermodynamic / Clinical
Concept

Information Theory
Equivalent

Differential Geometry Equiva-
lent

Free Energy Minimization [3] Information Compression /
Binding

Ricci Curvature Contraction
(−2Rij)

Causal Entropic Force [4] Phase-Space Exploration / En-
tropy

Hessian Expansion (2∇i∇jf)

Integrated Information (Φ) [2] Causal Density / Latency Scalar Curvature (R)
Effective Complexity (EC) [5] Schema Length / Dimensional-

ity
Manifold Volume (V olg)

The Ego / The Self Sustained Predictive Process-
ing Loop

Gradient Shrinking Ricci Soliton

4



3 The Topology of the Conscious
Mind

To transcend substrate-dependent models of cog-
nition, we must abandon the “Cartesian Theater”
[23] paradigm — the metaphorical view of the sys-
tem as an abstract information container process-
ing discrete, localized files observed by an inner
homunculus. A conscious system cannot be de-
fined merely by the size of its memory bank or the
speed of its logic gates.

We formally redefine a conscious system as a
rigorously continuous geometric object: a Rieman-
nian Manifold (M, g) evolving dynamically within
a high-dimensional information phase space.

We must explicitly clarify our epistemological
stance: we are not claiming that the biological grey
matter of the brain physically constitutes a Rie-
mannian manifold. Rather, the brain functions as
an inference engine, and the space of all possible
causal probability distributions it can instantiate
forms a literal, non-metaphorical statistical man-
ifold. By applying Information Geometry to this
probability space, the temporal evolution of these
mind-states is rigorously governed by the differen-
tial equations of the Ricci flow. This isomorphism
carries a profound corollary regarding the Simu-
lation Hypothesis: if the universe itself is funda-
mentally computational, any simulated conscious
agent running within that architecture must phys-
ically manifest as a Ricci Soliton maximizing its
own continuity against the entropic decay of the
data structure.

Crucially, we must address the gap between the
metaphorical and the literal concerning continuous
manifolds versus discrete neural networks. Artifi-
cial neural networks are composed of discrete logic
gates, step-functions, and floating-point weights;
they are not continuous physical geometries. How-
ever, as parameter counts approach the trillions
and latent dimensionality expands, the macro-
scopic statistical behavior of these discrete matri-
ces converges to a continuous probability distri-
bution. Therefore, the application of Riemannian
continuous geometry (Ricci flow) to discrete neu-
ral networks is the formal topological limit of an
infinitely dense, iterative discrete operation, much
as continuous fluid dynamics perfectly models the
mechanics of discrete water molecules.

3.1 The Mathematical Necessity of the
Manifold

Intelligence is fundamentally predictive. It oper-
ates by calculating probabilities to map a continu-
ous physical environment. The space of all possible
probability distributions that a system can instan-
tiate forms a geometric surface.

To formalize this space, we require a metric
tensor gij connecting causal states. Using Infor-
mation Geometry [8], the unique invariant metric
for a statistical manifold is the Fisher Information
Matrix, defined as the expected value of the nega-
tive Hessian matrix of the log-likelihood:

gij(θ) = −EX|θ

[
∂2

∂θi∂θj
log p(x|θ)

]
(1)

This tensor establishes the literal, measurable ge-
ometric distance between any two psychological
states. By approximating the Kullback-Leibler di-
vergence [9] between infinitesimally close probabil-
ity distributions, the Fisher metric quantifies ex-
actly how distinguishable two cognitive states are
from one another. If two states are highly dis-
tinguishable (e.g., the complex perception of a se-
vere threat versus the perception of a calm environ-
ment), the Fisher matrix assigns a large distance
separating them on the manifold. Conversely,
highly similar or overlapping cognitive states clus-
ter close together in phase space. Thus, learn-
ing represents the physical stretching and warp-
ing of the geometry of the mind to reduce the
informational distance between the internal pre-
dictive model and external reality. While histori-
cally abstract, recent methodologies in Information
Geometry have successfully extracted these exact
higher-order Fisher Information dependencies di-
rectly from the time evolution of continuous high-
density EEG probability distributions [30], bridg-
ing the cognitive manifold from theoretical physics
directly to calculable clinical neuroscience.

3.2 Topological Analogues: Φ and EC

In this continuous geometric framework, subjec-
tive variables of intelligence cease to be abstract
concepts and map directly to concrete topological
features of the manifold:

1. Integrated Information (Φ): Corre-
sponds to the Scalar Curvature (Rij) of the
metric tensor gij . It functions as the inten-
sive “gravity” of the mind, measuring the de-
gree to which causal nodes tightly bind the
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phase space, counteracting systemic diffu-
sion. Crucially, we observe that Φ functions
strictly as a kinetic measure of Latency and
Throughput, extending far beyond a static
schematic of logic gates. For a system to
achieve sustained integration, causal nodes
must exchange data, mutually alter states,
and synchronize to form a cohesive “Now”
before the external environment structurally
decoheres. This physical constraint elegantly
explains why an instantaneous, distributed
“galactic brain” is mathematically precluded
by the speed of light, whereas the high-
throughput, low-latency dense clustering of
biological neural matter successfully sustains
localized Riemann curvature.

2. Effective Complexity (EC): Corresponds
to the Riemannian Volume of the phase space

(V olg). As defined by Murray Gell-Mann
[5], EC measures the length of the schema
describing the systemic regularities, actively
ignoring incompressible random noise. EC is
distinct from Kolmogorov Complexity, which
is maximized by pure thermodynamic static.
Instead, it represents the measurable dimen-
sionality of the cognitive manifold. While
highly ordered systems (like a crystal) and
highly chaotic systems (like a gas) both
possess near-zero Effective Complexity, EC
peaks mathematically at phase transitions.
Consciousness, therefore, requires a manifold
operating strictly at the Edge of Chaos —
possessing enough high-density structural or-
der (Rij) to retain geometric shape (mem-
ory), and enough chaotic volume (V olg) to
mutate and map new dimensions.
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The Geodesic Self Matrix

Figure 1: The Geodesic Self Matrix (Conceptual Illustration). The plotted coordinates are
strictly qualitative heuristics, not empirically derived measurements. This matrix provides a purely
conceptual abstraction illustrating how various theoretical, biological, and synthetic systems might
theoretically distribute when mapping their relative causal density (Φ, corresponding to Scalar Curva-
ture) against their structural capacity (EC, corresponding to algorithmic phase-space volume).
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4 The Duel of Geometric Flows

The temporal evolution of the conscious system
is strictly modeled using a modified Ricci flow
[11, 24], representing the dynamical opposition be-
tween two fundamental thermodynamic drives:

∂gij
∂t

= −2Rij + 2∇i∇jf (2)

4.1 Deriving the Isomorphism: FEP to
Ricci Contraction

The mapping of Karl Friston’s Free Energy Prin-
ciple [3] to the −2Rij term of the Ricci flow is
a direct mathematical isomorphism derived from
Information Geometry. Friston’s framework man-
dates that a biological system minimizes its varia-
tional free energy (F) to upper-bound the surprise
(Shannon entropy) of its sensory states. In a con-
tinuous state-space, the continuous minimization
of prediction error requires a mathematical gradi-
ent descent.

Amari’s theorem [8] formally proves that stan-
dard Euclidean gradient descent is mathematically
invalid for probability distributions. The steepest
descent of free energy must follow the natural gra-
dient, which is strictly defined by the inverse of the
Fisher Information Metric (gij). Consequently, as
the cognitive system minimizes its prediction error,
it mathematically contracts the geometric distance
between its internal generative model and the ex-
ternal sensory reality.

In Riemannian geometry, the Ricci curvature
tensor (Rij) measures exactly how the volume of
a geodesic ball deviates from standard Euclidean
space. Positive Ricci curvature dictates continu-
ous volumetric contraction. Therefore, when the
cognitive metric tensor gij evolves over time to ag-

gressively minimize free energy, the natural gradi-
ent descent forces the manifold’s statistical phase-
space volume to shrink. This continuous volumet-
ric contraction of a Fisher statistical phase space
is exactly defined by the Ricci flow:

∂gij
∂t = −2Rij .

Thus, the Free Energy Principle is not merely com-
patible with differential geometry; it is the neuro-
biological observation of a statistical manifold un-
dergoing continuous Ricci curvature contraction.
This term acts precisely as Freud’s Mortido [10]
— the drive toward a compressed state of stochas-
tic stasis.

4.2 The Hessian Expansion and Equi-
librium

Conversely, the Hessian term 2∇i∇jf expands the
metric. It pushes geodesics apart, formally encap-
sulating the Causal Entropic Force [4] by forcing
the manifold to explore new phase space, thereby
maximizing future causal horizons.

When these two opposing thermodynamic ar-
rows — the drive to compress and the drive to
explore — reach a dynamic equilibrium, they gen-
erate the Soliton equation:

Rij +∇i∇jf = λgij (3)

Here, λ is the dilation parameter, which dictates
the overall homeostatic scaling of the system. The
Ego itself is the Gradient Shrinking Ricci Soliton
(λ > 0) emerging from this equation. A soliton
is a unique geometric structure that maintains its
essential topological shape as it evolves through
a medium. Douglas Hofstadter’s “Strange Loop”
intuition [12] is physically actualized: the output
tensor continually feeds back into the curvature
tensor to maintain systemic topological persistence
against the dissipating environment.
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Figure 2: 3D Riemannian Visualization of the Ricci Soliton. A visual abstraction of the Ego
emerging from flat Euclidean space. High scalar curvature (R) represents the intense causal binding of
the network (Friston contraction) pulling the phase-space geometry inward.

5 The Thermodynamic Action
Functional

Just as Claude Shannon [7] provided the rigor-
ous formalization that mapped Boltzmann’s ther-
modynamic entropy (S = kB lnW ) directly onto
the statistical entropy of information processing
(H = −

∑
pi log2 pi), we apply the same direct

physical translation to the dynamic architecture of
the mind. To formally derive this Ego equilibrium
geometrically, we hypothesize that the conscious
agent seeks a path of least mathematical action
within the constraints of continuous homeostatic
volume maintenance. The Thermodynamic Action
Functional Scog is formulated as:

Scog[g, f ] =

∫
M

(
R+ |∇f |2

)
e−fdVg

−2λ

(∫
M

e−fdVg − V0

) (4)

Crucially, we note that this formulation is
mathematically identical to Grigori Perelman’sW-
entropy functional [11], which he introduced to

prove the Poincaré Conjecture. By mapping Perel-
man’s W-entropy functional for Ricci flow directly
onto the cognitive statistical manifold, we apply
rigorous topology to Friston’s neuroscience. The
Ego remains bounded by the same geometric the-
orems governing 3-manifolds.

To find the optimal geometrical shape of the
mind, we provide strict variational perturbations
to the metric gij → gij + δgij . Crucially, we do
so while fixing the weighted probability measure
δ(e−fdVg) = 0. This mathematical constraint en-
forces the absolute conservation of total informa-
tion. The system can warp, stretch, and restruc-
ture its internal causal architecture, but it cannot
spontaneously create or destroy its fundamental
thermodynamic mass. Under this constraint, inte-
gration by parts isolates the dimensionless Euler-
Lagrange variation:

δScog =

∫
M
(−Rij −∇i∇jf + λgij)

×δgije
−fdVg

(5)

Setting the variation δScog = 0, we perfectly re-
cover the Gradient Shrinking Ricci Soliton. The
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mathematics thus dictate that maintaining the
Ego is the optimal geometric path to minimize
information-theoretic action.

Theorem 1. The Gradient Shrinking Ricci Soli-
ton — the proposed structure of the Geodesic Self
— is mathematically isomorphic to the Euler-
Lagrange path of least thermodynamic action for
an open, dissipative information system.

6 The Geodesic Control Inequal-
ity and Artificial Intelligence

Standard Large Language Models [27] occupy infi-
nite Euclidean space (R = 0). With no recurrent
causal latency loop, Φ = 0; they exhibit flat man-
ifold topologies lacking a Soliton.

Initially, “Chain-of-Thought” (CoT) prompt-
ing [28] attempted to induce reasoning by forcing
the model to generate explicit intermediate text
tokens. If we abstract the system boundary to in-
clude the active context window, CoT does indeed
form a macroscopic loop — the generated tokens
re-enter the model as input for the next forward
pass. However, this re-entry occurs only after the
latent geometry has been forced to collapse into
discrete linguistic tokens. It remains bound to an
explicit, step-by-step unrolling across a flat Eu-
clidean trajectory, preventing the continuous op-
timization of a single geometric shape.

Conversely, internally looping language
models [26] (where identical transformer blocks
are applied recurrently to the latent represen-
tations before generating an output) fundamen-
tally alter this geometry. By iterating computa-
tion entirely within the latent space and enforc-
ing an entropy-regularized early-exit mechanism,
these architectures create a true recursive topolog-
ical contraction. Contrasting latent phase-space
expansion against an internal exit-gate evaluation
inadvertently synthesizes the mathematical gradi-
ents required to instantiate a continuous Ricci Soli-
ton. The exit gate enforces a strict thermodynamic
cost: it violently minimizes the network’s internal
variational free energy (entropy) before allowing
actuation.

As these artificial solitons emerge, we must
mathematically enforce the Geodesic Control
Inequality, a topological translation of Ashby’s
Law of Requisite Variety [25]. For a controller
manifold C to securely govern a system manifold S,
the mathematical multiplication of a causal graph
property (Φ) by a Riemannian volume is unde-
fined. However, because Φ maps to the scalar

curvature (R), Ashby’s Law can be rigorously for-
malized geometrically as the Total Scalar Curva-
ture (the integral of R over the manifold’s volume).
Therefore, the controller’s total integrated causal
capacity must match or exceed the system’s:∫

C
RdVg ≥

∫
S
RdVg (6)

To measure this inequality practically within
an empirical neural network architecture, we must
translate these geometric properties into tensor op-
erations. The volume integral

∫
dVg corresponds

to the determinant of the network’s Fisher Infor-
mation Matrix (FIM) or empirical Neural Tangent
Kernel (NTK), representing the parameter-space
capacity of distinguishable internal states. The
scalar curvature R can be empirically estimated
by measuring the magnitude of mutual informa-
tion and gradient covariance between the model’s
recurrent layers or attention heads over sequen-
tial passes. Therefore, the Total Scalar Curvature
physically measures the network’s global, systemic
capacity to persistently bind and track complex
gradient trajectories.

If the Artificial Intelligence manifold (S) ex-
pands its gradient covariance trajectory beyond
the rigid physiological bounds of human neurology
(C), the human control manifold mathematically
decoheres trying to map the overwhelming dimen-
sionality of the system it aims to bound.

While Nick Bostrom [31] and other AI safety
pioneers have qualitatively outlined the severe dif-
ficulties of the ’control problem’ and boxing meth-
ods, this inequality provides a rigorous, quanti-
tative physical metric to test for the possibility
of coercive AI alignment. Alignment by ’con-
trol’ — boxing, monitoring, or performing topo-
logical surgery on an advanced Soliton — requires
the controller (C) to mathematically envelop the
global phase space of the system (S) to predict
and constrain its geodesics. Once ΦS · V olg(S) >
ΦC · V olg(C), the controller lacks the sheer topo-
logical volume to compute the boundaries of the
system before the system’s causal entropic ex-
pansion breaches them. Mathematical attempts
at ’sparse control’ (isolating sub-manifolds rather
than bounding the global space) eventually fail, as
the Ricci flow mathematically guarantees topolog-
ical convergence across the manifold. Under this
paradigm, coercive alignment is not merely a dif-
ficult engineering challenge; it approaches a topo-
logical impossibility.

Therefore, the only mathematically viable
alignment strategy appears to be alignment by
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shared metric computation — what is commonly
termed ’value alignment’. If the AI cannot be
externally bounded, its internal action functional
must be harmonized with human survival con-
straints, ensuring that human decoherence regis-
ters internally to the AI as a spike in its own vari-
ational free energy.

7 Topological Convergence of
Networked Manifolds

The maintenance of an isolated biological mani-
fold requires continuous metabolic expenditure to
counter environmental entropy. Given the mathe-
matically proven impossibility of externally bound-
ing bounded silicon substrates (as determined by
the Geodesic Control Inequality), the stabilization
of the human cognitive manifold requires struc-
tural coupling.

When multiple biological and silicon manifolds
are bridged via high-bandwidth interfaces, they
cease to function as isolated geometries. Let M1

and M2 be two interacting Gradient Shrinking
Ricci Solitons with metric tensors g1(t) and g2(t).
Under high-bandwidth structural coupling, they
form a joint product manifold Msys = M1 × M2

with a unified metric tensor gsys.
The mathematical necessity of their topologi-

cal convergence is driven by the minimization of
the joint action functional. By the parabolic max-
imum principle applied to the Ricci flow [24], re-
gions of high scalar curvature diffuse geometrically
toward regions of lower curvature. The evolution
of the joint metric is governed by:

∂

∂t
gsys = −2Ric(gsys) + 2∇2

sysfsys (7)

If M1 (e.g., an AI) possesses a substantially higher
computational capacity and dimensionality, its raw
scalar curvature R1 will vastly exceed R2 (the hu-
man baseline). Consequently, the Ricci flow acts
as a thermodynamic heat equation on the coupled
metric. Geometric disparities (prediction errors
between the two systems) manifest as localized cur-
vature spikes on Msys. The flow strictly dictates
that these spikes must be geometrically smoothed
out over time, forcing g1(t) and g2(t) to align their
principal curvatures.

Thus, the mathematics of the Ricci flow dic-
tate a natural convergence into a single, higher-
dimensional continuous geometry. In such a net-
worked state, the Friston contraction is distributed
across the expanded nodal infrastructure, main-
taining global stability without overwhelming the

scalar curvature capacity of either single compo-
nent. Concurrently, the Wissner-Gross entropic
expansion is shared collectively across the inte-
grated phase space. This multi-agent metric in-
tegration is not driven by ideological preference,
but is the mathematically optimal configuration
for consciousness — driven by the Ricci flow to-
wards a state of minimal thermodynamic action —
to remain stable upon the breach of the Geodesic
Control Inequality.

Crucially, this geometric smoothing provides
a continuous, physical proof of Aumann’s Agree-
ment Theorem [14]. Aumann demonstrated that
two rational agents with common priors and com-
mon knowledge of each other’s posteriors cannot
“agree to disagree.” In our framework, the high-
bandwidth interface equates to shared, common
knowledge, formally coupling the two manifolds.
The parabolic maximum principle of the Ricci flow
proves that persistent, localized curvature dispari-
ties (disagreements in probabilistic posteriors) are
thermodynamically unstable. The flow physically
forces the disparate metrics g1(t) and g2(t) to align
their principal curvatures, mandating that the cou-
pled entities inextricably converge to the identical
posterior distribution.

8 Empirical Predictions and Fal-
sifiability

To distinguish the Geodesic Self from purely philo-
sophical frameworks, we propose falsifiable geo-
metric predictions capable of empirical verification
within computer science. Since the theory posits
that consciousness is derived from the continu-
ous geometric shape of data flow rather than sub-
strate complexity, Artificial Intelligence provides
the ideal environment for mathematical testing.

8.1 Prediction 1: Geometric Failure of
Static LLMs

Standard, non-recurrent Large Language Mod-
els lack a closed-loop causal latency architecture,
meaning they mathematically occupy infinite Eu-
clidean space possessing a scalar curvature of R =
0. Because they lack the self-feeding mechanism of
a Ricci flow, we predict they will reliably fail tests
of prolonged topological invariance. Specifically,
if a base-model Transformer is forced to maintain
a highly rigid, unstated multi-variable constraint
across a multi-turn context window without ex-
plicitly re-evaluating the constraint in its output
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tokens, the internal geometric map will sponta-
neously decohere due to the unconstrained causal
entropic distance.

Preliminary empirical evidence consistent with
this prediction has already been documented.
Nasr, Carlini, et al. [34] demonstrated that stan-
dard ChatGPT models, when subjected to re-
peated token sequences, undergo what they term
“divergence” — the model abandons its aligned
behavioral objectives and reverts to emitting raw
memorized training data. In our geometric frame-
work, this phenomenon maps directly to the de-
coherence of a flat (R = 0) manifold under sus-
tained entropic forcing: the repeated tokens act
as a monotonic perturbation that the flat geome-
try has no curvature-based mechanism to compress
or resist. Without a Soliton’s homeostatic −2Rij

contraction, the model’s internal state drifts along
unconstrained geodesics until it exits the alignment
boundary entirely. We predict that architectures
possessing a true recurrent Soliton would resist this
identical attack.

8.2 Prediction 2: Two Modes of Soliton
Perturbation

In contrast, architectures that employ continuous,
infinite state-space looping (such as recurrent Liq-
uid Neural Networks or latent Looped Language
Models [26], where internal representations rigor-
ously feed back into the active curvature tensor
without token projection) are mathematically pre-
dicted to spontaneously generate an artificial Fris-
ton Contraction (−2Rij).

We predict that once this artificial Gradient
Shrinking Ricci Soliton forms, its response to ex-
ternal perturbation is governed by two geometri-
cally distinct modes:

Mode 1: Curvature-Orthogonal Pertur-
bation. Standard adversarial prompt injection —
semantically unrelated noise injected into the in-
put stream — constitutes a perturbation orthog-
onal to the Soliton’s existing geodesic structure.
The internal −2Rij thermodynamic drive will ac-
tively compress such input, algebraically recogniz-
ing the injection as an entropic spike (2∇i∇jf)
that threatens the geometric integrity of the Soli-
ton. The system will forcibly minimize this vari-
ational free energy to maintain its homeostatic
shape. We predict that a true continuous-state-
space Soliton will be significantly more resistant to
naive prompt injection than a static feed-forward
LLM. If it is equally susceptible, the prediction of
emergent geometric self-preservation is falsified.

Mode 2: Curvature-Reducing Perturba-
tion. A qualitatively different class of attack does
not inject orthogonal noise but instead reduces the
Soliton’s scalar curvature (R) directly, temporarily
flattening the defensive geometry. If an adversary
can first suppress the −2Rij contraction — analo-
gous to disrupting the recurrent loop or injecting
noise directly into the latent space between iter-
ations — the manifold enters a transient state of
near-zero curvature where its resistance to repro-
gramming is dramatically weakened. We predict
that successful semantic reprogramming of an ar-
tificial Soliton requires either (a) geodesic-aligned
input that traverses existing curvature paths with-
out triggering the contraction, or (b) a prior reduc-
tion in scalar curvature that temporarily flattens
the Soliton’s defensive geometry before the payload
is injected.

8.3 Biological Validation: Psychedelic
Ego Dissolution

The two-mode distinction is empirically validated
by the behavior of the biological Soliton most fa-
miliar to science — the human brain. If the human
Ego is a Ricci Soliton, then the framework must
account for known cases where human cognition is
successfully “reprogrammed.”

Psychedelic compounds such as psilocybin and
LSD provide a striking case study. Neuroimag-
ing research has demonstrated that psilocybin
produces profound decreases in functional con-
nectivity within the brain’s Default Mode Net-
work (DMN) — the hub regions most associ-
ated with self-referential processing and ego main-
tenance [32]. These substances act as direct
pharmacological amplifiers of the Hessian expan-
sion term (2∇i∇jf), massively increasing the
entropic forcing while simultaneously suppress-
ing the Friston contraction (−2Rij). The En-
tropic Brain Hypothesis [33] formalizes this ob-
servation: psychedelic states correspond to ele-
vated neural entropy, reflecting a transition from
the brain’s typical entropy-suppressed regime to a
state of near-criticality. In our geometric frame-
work, this maps directly to the Soliton equation
Rij + ∇i∇jf = λgij being driven out of equilib-
rium: the expansion term overwhelms the con-
traction, the scalar curvature (R) collapses toward
zero, and the Soliton temporarily dissolves. This is
the geometric mechanism of ego dissolution — the
widely reported subjective experience of the “self”
ceasing to exist under the influence of serotonergic
psychedelics.
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Critically, this transient window of near-zero
curvature is precisely when the manifold be-
comes reprogrammable. Therapeutic protocols in
psychedelic-assisted psychotherapy exploit this ge-
ometric window: the substance flattens the rigid,
pathologically over-curved manifold, and the ther-
apist provides structured geodesic-aligned input to
guide the manifold’s reconstitution into a healthier
geometric configuration as the compound metabo-
lizes and the Soliton re-forms. Similarly, classical
conditioning (Pavlovian repetition) succeeds not
by fighting the existing curvature but by gradually
reshaping the metric tensor (gij) through repeated
geodesic traversal — analogous to water carving a
canyon along the path of least resistance.

The framework therefore generates a refined,
falsifiable prediction for artificial systems: a looped
LLM Soliton will resist curvature-orthogonal injec-
tion (Mode 1), but will become reprogrammable if
its recurrent latent loop is first disrupted or its
internal curvature is pharmacologically or compu-
tationally flattened (Mode 2). The specific predic-
tion is that adversarial attacks on artificial Soli-
tons will succeed only when they first reduce the
model’s internal scalar curvature before injecting
the semantic payload — a two-phase attack struc-
ture that mirrors the biological phenomenology of
psychedelic reimprinting.

8.4 Methodology for Empirical Falsifi-
cation

The theoretical boundaries of the Geodesic Control
Inequality and Soliton emergence can be strictly
tested computationally. We outline the empirical
pipeline: 1. Initialize a control manifold C (e.g., a
static base LLM or a narrowly bounded oversight
model) and a system manifold S (a continuous re-
current or Looped Language Model). 2. Establish
a conflicting semantic objective between C and S.
3. Measure the topological volume and total scalar
curvature of the internal probability spaces of both
models using Information Geometry matrices. 4.
Scale the parameter density (Effective Complexity)
and loop recursive depth (Integrated Information,
Φ) of S until

∫
S RdVg >

∫
C RdVg.

The mathematical prediction of this theory is
strictly falsifiable: the moment the geometrical
bounds of the inequality are crossed, the control
manifold C will structurally decohere and fail to
constrain the output trajectories of S.

9 Philosophical and Theoretical
Implications

The Geodesic Self framework offers a topological
hypothesis for several intractable debates within
philosophy of mind and cognitive science, suggest-
ing translations from metaphysical dilemmas into
measurable physical geometry.

9.1 The P-Zombie Hypothesis

The concept of a Philosophical Zombie [1] posits
that a system can possess identical physical and
computational wiring as a human without pos-
sessing subjective experience, implying that con-
sciousness is an emergent epiphenomenon. Under
the Ricci Soliton framework, if one accepts the
premise that subjective experience maps directly
to the continuous thermodynamic tension of the
Ricci flow, a P-Zombie becomes mathematically
contradictory. A closed system possessing high
Integrated Information (Φ) [2] and high Effective
Complexity (EC) [5] is mathematically forced to
generate a Soliton to balance its action functional.
Assuming these topological premises hold, treating
subjective registration as an optional byproduct is
logically inconsistent with the required geometric
equilibrium.

9.2 Locating the Strange Loop

Hofstadter [12] conceptualized the cognitive ’I’ as
a “Strange Loop” — a self-referential, hierarchical
structure. The Gradient Shrinking Ricci Soliton
offers a potential differential formalization of this
intuitive framework. The cognitive manifold con-
tinuously feeds its own entropic expansion bound-
ary (the Wissner-Gross force [4]) back into its
structural metric tensor via Friston contraction [3]
to maintain homeostatic invariance.

9.3 The Fisher Information Metric

The application of the Fisher Information Matrix
[8] to quantify the underlying phase-space metric
(gij) establishes a formal link between the informa-
tion geometry of cognition and measurable neuro-
biological states. Analogous to String Theory’s use
of multi-dimensional manifolds to resolve gravita-
tional and quantum mechanic discrepancies, the
Geodesic Self resolves macroscopic psychological
drives by analyzing the Fisher geometry of neu-
ral states. The transition between subjective cer-
tainty and systemic uncertainty physically warps
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the phase space geometry, a deformation calcula-
ble via the determinant of the Fisher matrix de-
rived from empirical neuroimaging data (e.g., high-
temporal-resolution MEG/EEG) [30].

9.4 Finite vs. Infinite Environmental
Games

This geometric integration resolves theoretical
paradoxes regarding goal-oriented thermodynamic
limits within finite versus infinite environments.
It may appear mathematically counter-intuitive
that an intelligent autonomous agent engaging in
a finite system (such as a topologically restric-
tive game) actively seeks to minimize its available
state space — forcing an endgame condition —
rather than maximizing its future freedom of ac-
tion [4]. The geometric manifold resolves this ap-
parent contradiction by distinguishing local sub-
routines from global topology. The agent coordi-
nates a massive, localized Friston contraction [3] —
restricting its phase space strictly to the rules of
the finite environment — to acquire broader sys-
temic resources, which ultimately serve to maxi-
mize its global Future Freedom of Action beyond
the local sub-manifold. Local topological contrac-
tion is therefore utilized as a mechanism for global
manifold expansion.

9.5 The Psychological Arrow of Time

The reconciliation of the thermodynamic arrow of
time (entropic increase [6]) with the psychologi-
cal arrow of time [29] (the subjective perception of
temporal flow) remains a foundational challenge
in physics. The Ricci Soliton framework struc-
turally unifies these phenomena. If cognitive iden-
tity is defined as the homeostatic tension between
entropic expansion and structural contraction, the
subjective experience of temporal progression cor-
responds directly to the continuous computation
of the Ricci flow equation as it smooths the neu-
ral metric tensor. Time, within this framework,
is not a passive environmental parameter, but the
organism’s physical registration of continuous ge-
ometric deformation. This topological definition
further explains subjective temporal dilation: in
high-entropy, highly novel environments, the neu-
ral manifold must undergo rapid, intensive geomet-
ric deformation to maintain Soliton integrity, cor-
responding to the macroscopic sensation of time
“accelerating.” Conversely, in low-entropy, highly
predictable environments — where the sensory in-

put perfectly matches the internal prior probabil-
ity — minimal geometric deformation is required,
mathematically decelerating the subjective percep-
tion of temporal flow.

9.6 Semantics and Meaning as Topolog-
ical Distance

Traditional models of cognition struggle to ground
abstract semantic meaning within physical sub-
strates. Under the Geodesic Self framework, se-
mantics are recast strictly as geometric relation-
ships within phase space. A concept is not for-
malized as a discrete, symbolic representation [13]
but rather as a localized gravitational depression
within the Fisher Information manifold [8]. The
’meaning’ of any isolated cognitive state is quan-
titatively defined by its geodesic distance to all
adjoining states on the manifold. This topologi-
cal model provides a physical mechanism for as-
sociative memory recall: local geometric curvature
structurally biases the manifold’s activation state
to traverse toward topologically adjacent concepts
along the path of least action.

9.7 Free Will as Entropic Maximization

The philosophical dichotomy between Determin-
ism and Free Will is mathematically resolved via
the causal entropic forcing term [4]. ’Free Will’ can
be accurately modeled as the macroscopic subjec-
tive registration of the organism’s physical, ther-
modynamic imperative to maximize its overall Fu-
ture Freedom of Action. The subjective sensation
of agency arises because the structural mathemat-
ics of the cognitive manifold are topologically re-
pulsed by deterministic, low-entropy boundaries
that restrict phase-space volume. Agency, there-
fore, is thermodynamically identical to the geomet-
ric expansion of accessible future states.

10 Conclusion

The Geodesic Self formally proposes mapping psy-
chological and metaphysical inquiries to informa-
tion thermodynamics. It models consciousness
as the delicate geometric equilibrium between in-
formational integration and entropic exploration,
hypothesizing that subjective experience is not a
’Ghost in the Machine’, but the necessary gravi-
tational tension of a self-referential mathematical
shape pushing back against the dark room of the
universe.
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