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Introduction

Every self is a kind of standing wave, and the evidence is everywhere once one looks for it: most of the atoms in a human body are replaced over the years; most of the proteins in a neuron are replaced within weeks; the beliefs of an adult would be unrecognizable to the child who became them. And yet something persists — a characteristic way of taking in the world and answering it, a shape that the flow of matter, energy, and experience passes through without destroying. This book is an attempt to say exactly what that shape is, and then to follow the answer wherever it leads. It leads a long way: from the question of what consciousness is to the question of why empires fall, from the limits of logic to the design of institutions, and from the solitude of a single mind to the possibility that minds might one day be joined without being erased.

The answer the book proposes is that a self is held in being by two forces pulling in opposite directions. One draws inward, compressing the endless variety of the world into a model that can predict it and defending that model against surprise; without it there is no self at all, only noise. The other presses outward, toward whatever keeps the future open — toward exploration, novelty, and the states from which the most possibilities remain; without it the self closes into a perfect and lifeless prediction of nothing. Neither force is good or bad in itself; each, left alone, is fatal, and a living mind is what exists where the two are held in balance. The account that results, which the book calls the Geodesic Self Theory, describes that balance with unusual precision, in the language of the geometry of curved spaces, and it commits itself to predictions by which it could be shown to be wrong. But the reader does not need the mathematics to grasp the vision it expresses: that a mind is neither a container of experiences nor a machine that processes them, but a form that sustains itself by letting the world flow through it — and that what it is like to be a mind is what it is like to be that form.

What makes the idea more than a theory of consciousness is that nothing in it is specific to brains. The same two forces act on anything that must hold itself together in a changing world: a cell, a person, a community, a company, a state, a civilization, and the same two failures await all of them. A system that contracts too far grows rigid and blind; it defends its model of the world against every signal that might correct it, and it is corrected in the end by catastrophe instead. A system that expands without restraint loses the coherence that made it a system at all. The book’s wager is that this single insight, followed carefully, illuminates questions that are usually kept in separate buildings of the university. It explains why the most ambitious attempts to understand the mind have each seen one side of it and missed the other. It explains why no mind can fully know itself, and why that limit, far from being a defect, is what allows a mind to grow. It explains why centralized power, whatever its intentions, loses the capacity to understand the society it governs, and why the history of civilizations has so often been a history of centers that could no longer hear. And it suggests what an alternative might look like: not the absence of order, but order distributed so widely that no single point can capture it.

The book’s final and most speculative movement concerns what becomes of selves when the channels between them widen. Every human being has lived inside a boundary through which only narrow signals pass — speech, gesture, the written word — and much of what is painful in human life, from loneliness to misunderstanding to war, can be read as the cost of that narrowness. The technologies of this century are beginning to widen those channels, and they can be used in two opposite ways: to build a ceiling, a single intelligence or a small elite that sees and governs everyone, or to build a floor, a network of minds so richly connected and so widely empowered that no one has to bow to anyone else to survive. The book argues for the second, and it argues that the second does not require anyone to disappear. The old fear about union is that it produces sameness: the hive, the collective, the gray uniformity of one mind in many bodies. The book’s contrary claim, which it takes from the Jesuit paleontologist Pierre Teilhard de Chardin and tries to ground in mathematics, is that genuine union differentiates — that minds joined without walls can become more distinct rather than less, as the cells of a body become more specialized by belonging to it. None of this is guaranteed, for the universe prescribes no direction, and the book ends not with a prophecy but with a choice: which direction to take, knowing that it is a choice.

The questions are not academic, and three developments of the present make them urgent. Artificial intelligence has reopened, in practical form, the old question of what a mind is and which systems possess one. The same technologies have handed states and corporations powers of observation and control that no earlier center possessed, and have revived the ambition of governing a planet from a single point. And the most connected societies in history report an epidemic of loneliness. Each of these is a question about the boundaries of selves — how they are drawn, how they are crossed, and who controls the crossing — and a theory of what a self is has something to say about all three.

The reader should know in advance what kind of journey this is. The argument moves between disciplines that rarely speak to one another — neuroscience and differential geometry, mathematical logic and the philosophy of language, quantum physics and cybernetics, political philosophy, economic history, anthropology, and the study of artificial intelligence — because the question it pursues does not respect their borders. Its method is the same throughout: it takes the strongest version of each theory it encounters, states what that theory gets right, shows where it breaks, and looks for the larger structure within which both its success and its failure make sense. The reader will therefore meet many thinkers whom the book admires and then disagrees with, and the disagreement is the point: a framework earns its place only by containing what its rivals saw. The mathematics is stated in words rather than in equations, and the few equations on which the theory rests are gathered in an appendix for readers who want them. Something is lost in precision, but a reader without training in geometry can follow the argument, and the book tries never to claim more for its equations than they deliver.

A book with this range makes claims of very different kinds, and the reader is owed a way of telling them apart. Some of what follows is established science and mathematics, reported as accurately as its author has been able to manage. Some is the Geodesic Self Theory itself, and that theory is a hypothesis. Its central identification of the self with a particular geometric form is stated precisely enough to generate predictions and to say what would count against it, but those predictions have not yet been tested, and the proposed methods of measurement are approximations whose adequacy is itself an open question. Some claims are structural analogies, and they are marked as such. When the book uses the logic of formal systems to describe relations between minds or communities, it borrows a structure, not a proof, and it tries throughout to keep distinct limits distinct: the logical limit that Kurt Gödel discovered, the cybernetic limit that W. Ross Ashby formalized, and the psychological limits of introspection are three different things, however often they are run together. Some claims are interpretations of physics rather than contributions to it, and where the book draws on conjectures that physicists themselves regard as unproven, it says so. And some claims are proposals: the political architecture the book describes is a design, not a report, and the direction toward which it orients itself is a chosen coordinate system rather than a fact about the cosmos.

Several limitations follow and deserve to be stated plainly, beginning with the most obvious: the book does not solve the Hard Problem of consciousness in a way that would compel the assent of every philosopher. It proposes an identification between experience and geometry, together with a diagnosis of why the explanatory gap persists, and it asks to be judged by what that identification explains and predicts. Its clinical hypotheses — about depression and mania, trauma, and sleep — are hypotheses about mechanism, offered for research, and nothing in them is medical advice. Much of the historical and social-scientific evidence it uses is contested, from the regularity of cycles in the rise and fall of states to the extent to which language shapes thought, and the book has tried to indicate where the evidence is strong and where it is only suggestive. The political architecture it proposes has partial precedents — in self-governed commons, in experiments in cybernetic management, in community-led development, in the collaborative institutions of open-source software — but no complete instance has been built, and no one can know in advance how such an architecture would behave at scale. The technologies on which its final vision depends, from high-bandwidth interfaces between brains and machines to artificial minds with persistent selves, are in their infancy or do not yet exist, and its account of artificial intelligence reflects research as it stood at the time of writing, in a field that changes from one month to the next. And the book argues from a position, an accelerationist one: it holds that the technologies of the coming century should be built, and built open and horizontal, rather than halted. Readers who begin from other positions will find their strongest objections addressed, though not always conceded.

Some subjects lie outside the book’s scope by design: it does not survey every theory of consciousness, every school of political thought, or every interpretation of quantum mechanics; it examines those that bear most directly on its argument and tries to state each fairly before criticizing it. It does not address sexuality or aesthetics; it draws on Teilhard’s account of evolution while setting aside his theology, and it takes no position on the existence of God. It offers no constitution, legal code, or plan of implementation for the societies it describes, only the principles that such documents would have to respect. Nor is it a manual of resistance: it describes the general architecture of systems that survive attack, but against an adversary more capable than ourselves the only defenses worth describing are those that remain sound when fully disclosed, and those are the only kind it offers.

Finally, the book is subject to its own argument, which holds that every system powerful enough to describe itself leaves a remainder it cannot see, that the errors of a mind are most visible from somewhere it does not stand, and that knowledge grows by conjecture and criticism rather than by the accumulation of certainties. A book that made those claims and then presented itself as complete would refute itself on its first page. What follows is offered as an explanation of the kind the physicist David Deutsch called good — one that is hard to vary, and therefore exposed to refutation — with the expectation that parts of it are wrong in ways its author cannot yet see, and with the hope that those who see them will say so, since that is how knowledge grows.




Part I The Shape of a Mind




Chapter 1 The Manifold

There is an error at the foundation of every attempt to understand the mind. It is an error of the kind that bends everything built on top of it, so that the structure it supports eventually collapses under the weight of its own contradictions, and it can be stated simply: the mind is treated as a container. Consciousness is imagined as a theater, with a stage where information performs and an audience of one — some ghostly homunculus — watching from the dark.

The philosopher Daniel Dennett spent the better part of his career attacking this image. In his 1991 book Consciousness Explained, Dennett coined the term “Cartesian Theater” to name the fallacy that had haunted Western thought since René Descartes first cleaved the world into res cogitans (thinking substance) and res extensa (extended substance) in his Meditations on First Philosophy of 1641. Descartes’ division created a seemingly insoluble problem: if mind and matter are fundamentally different kinds of stuff, how do they interact? Where is the interface? The implicit answer, which Dennett argued persisted even among materialist neuroscientists who would have rejected Descartes explicitly, is that somewhere in the brain there must be a privileged place — a “finish line” — where all the disparate streams of neural processing converge into a single, unified experience presented to the inner observer. This is the Cartesian Theater: the assumption that consciousness happens at a specific locus where “it all comes together.”

Dennett’s alternative, which he called the Multiple Drafts Model, proposed that there is no such finish line. There is no central headquarters where sensory data is assembled into a final, canonical version of experience and presented to a homunculus for review. Instead, the brain continuously generates multiple parallel “drafts” of narrative — competing interpretations of sensory input that are revised, discarded, and rewritten in real time across distributed neural networks. What we call “consciousness,” on this view, is the process itself, the ongoing and massively parallel editorial activity of a brain that never produces a final edition or anything like a finished product assembled at the end of a processing pipeline; and since there is no show, there is no audience either, only drafts, all the way down.

Dennett’s demolition of the Cartesian Theater was philosophically rigorous, and in the narrow sense that it destroyed the naive image of a centralized observer, it was correct. But the demolition left behind a problem that Dennett never adequately addressed, and his failure to address it reveals the deeper error shared by the materialist tradition in philosophy of mind.

The philosopher Thomas Nagel identified this problem, with a precision that has framed the debate ever since, in his 1974 paper “What Is It Like to Be a Bat?”, published in The Philosophical Review. Nagel’s argument was deceptively simple: a bat navigates the world through echolocation — sonar — a sensory modality so different from human vision or hearing that we cannot meaningfully imagine what it is like to experience it. We can learn everything there is to know about the physics of echolocation, the neuroanatomy of the bat’s auditory cortex, the computational processes by which sonar returns are transformed into spatial representations. We can construct a complete physical and functional description of the bat’s brain. And we will still not know what it is like to be a bat. The subjective character of experience — the “what it is like” — is not captured by any objective, third-person description of the physical system, no matter how exhaustive.

The philosopher Joseph Levine gave the difficulty a name in 1983, calling it the “explanatory gap” between physical description and felt experience, and the philosopher David Chalmers later formalized it, in his 1995 paper “Facing Up to the Problem of Consciousness” and his 1996 book The Conscious Mind, as the “Hard Problem of Consciousness”: the question of why and how physical processes in the brain give rise to subjective experience at all. The “easy problems” — explaining how the brain discriminates stimuli, integrates information, controls behavior — are hard in practice but conceptually straightforward: they ask for functional explanations of objective capacities. The Hard Problem asks something different: why is there something it is like to be a system that performs these functions? Why is the light on? Chalmers sharpened the point with a thought experiment that has haunted the field ever since: the philosophical zombie, a being physically and functionally identical to a human in every respect, down to the last neuron, but with no inner experience at all. If such a being is even conceivable, Chalmers argued, then experience is something over and above the physical facts.

Dennett’s response to the Hard Problem was, in essence, to deny that it exists. He argued that once you have fully explained the functional and computational processes of the brain — once you have solved all the “easy problems” — there is nothing left over. The sense that there is a further fact, an irreducible subjective quality beyond the functional description, is itself a cognitive illusion, a quirk of introspection that dissolves under analysis. The philosopher Keith Frankish, its most committed contemporary defender, named this position “illusionism” in 2016. It remains a minority view — in the 2020 PhilPapers survey of professional philosophers, roughly six in ten affirmed that the Hard Problem is real — but it is the most rigorous attempt to make the problem disappear rather than solve it. Its most systematic statement by Dennett himself is his 2017 book From Bacteria to Bach and Back: The Evolution of Minds, in which he argued that consciousness is a “user illusion” — a simplified interface generated by the brain for its own operational convenience, analogous to the desktop icons on a computer screen that bear no resemblance to the underlying machine code.

The position is logically consistent; its problem is that it fails to explain the phenomenon it purports to address. Nagel’s point would survive even a complete functional account of bat echolocation, since such an account, however detailed and sophisticated, does not and cannot tell you what it is like to be a bat, because the “what it is like” is a fact about the world that is not a functional fact. Dennett’s deflationism explains away the phenomenon rather than explaining it. It is as though a physicist, confronted with the problem of gravity, declared that the apple’s tendency to fall is an illusion generated by the apple’s internal computational processes for its own operational convenience — and the apple still falls.

Nagel, to his immense credit, did not simply diagnose the failure and stop. In his 2012 book Mind and Cosmos: Why the Materialist Neo-Darwinian Conception of Nature Is Almost Certainly False, he went further, arguing that the entire materialist-reductionist framework — the assumption that physics is the complete science and that everything else, including consciousness, must be reducible to it — is inadequate as a foundation for understanding reality. Nagel was not a dualist; he regarded the Cartesian picture of two interacting substances as leaving the problem exactly where it found it. But he also rejected the materialist assumption that consciousness is either reducible to physical processes or eliminable as an illusion. The alternative he found most promising was a form of neutral monism — a view with roots in Spinoza and in the later work of Bertrand Russell — on which mind and matter are not two separate substances awkwardly interacting (Descartes), and not one substance with the other explained away (Dennett), but two aspects of a single, deeper structure that generates both, an alternative this book will call the monistic third. Nagel went further still, suggesting that nature might harbor teleological tendencies — a bias toward the emergence of life, mind, and value — and the suggestion was received with a hostility unusual even by the standards of academic philosophy. The final chapter of this book will return to the question of teleology, in a very different form.

Nagel left the monistic third deliberately vague, because although he knew what it had to do — it had to explain why physical processes give rise to subjective experience without either reducing experience to physics or introducing a separate non-physical substance — he did not have the mathematical vocabulary to specify what it would look like. The Geodesic Self Theory is an attempt to supply precisely that vocabulary. It proposes that the “deeper structure” Nagel was reaching for is geometry — specifically, the geometry of information. But before this claim can be substantiated, it is necessary to survey the existing landscape of consciousness science more carefully, because the failure Nagel diagnosed in Dennett’s functionalism is not unique to Dennett. It recurs, in different forms, across every major framework in the field. Each framework captures a genuine aspect of the phenomenon, and each fails in a characteristic way that reveals the same underlying gap.

The neuroscientist Giulio Tononi’s Integrated Information Theory (IIT), first proposed in 2004 and developed into its mature form — IIT 3.0 — in a 2014 paper co-authored with Masafumi Oizumi and Larissa Albantakis, is the most ambitious attempt to date to ground consciousness in a mathematical formalism; a further revision, IIT 4.0, appeared in 2023. Tononi started not from the brain but from phenomenology: he began with what he took to be the undeniable properties of conscious experience itself and worked backward to determine what physical system could produce them. He identified five axioms — intrinsic existence, composition, information, integration, and exclusion — and postulated that any physical system whose causal architecture satisfies these axioms will be conscious, and its degree of consciousness will be proportional to its Phi: the amount of integrated information generated by the system above and beyond the information generated by its parts independently. IIT is valuable because it provides a rigorous mathematical baseline for causal binding across nodes and because it takes phenomenology seriously as a constraint on theory. But it carries a set of crippling limitations that, taken together, amount to a fatal diagnosis.

First, the exact calculation of Phi requires examining every way of partitioning a system into parts, and the number of such partitions grows faster than exponentially with the size of the system. The theory is computationally intractable in practice — the very quantity that is supposed to measure consciousness cannot be computed exactly for any system complex enough to plausibly be conscious. Second, and more fundamentally, Tononi’s Exclusion Postulate holds that, among overlapping candidate systems, only the one with maximal Phi is conscious, and only at a single spatial and temporal grain — the scale at which Phi is maximized. The postulate structurally precludes nested hierarchies of awareness operating at multiple scales simultaneously, and with them swarm consciousness: a swarm whose members are conscious can never be conscious as a whole, since it could become a subject only by outscoring every member, and the members would then cease to be subjects. It precludes consciousness below the scale of the organism in the same stroke, and without explaining it. On IIT’s own principles a free-living cell such as an amoeba may form a small complex of its own and sustain a glimmer of experience, while a cell of the same kind incorporated into a larger complex has none, and the difference is decided entirely by the postulate’s rule that the larger system wins, while nothing in the cell’s own self-maintenance has changed. The postulate imposes an arbitrary computational boundary on phenomena that may exhibit continuous thermodynamic scaling.

Third, and most embarrassingly, Phi assigns high consciousness to systems that almost no one would seriously consider conscious. The computer scientist Scott Aaronson, in a 2014 critique published on his blog Shtetl-Optimized, showed that simple, regular networks of logic gates — including the error-correcting codes used in digital communication and, in Tononi’s own later discussion, a two-dimensional grid of XOR gates, each performing nothing more than the exclusive-or of its binary inputs — produce Phi values that grow without bound as the network is enlarged. A large enough grid, by IIT’s own mathematics, would be assigned a degree of consciousness exceeding that of a human brain. Yet the grid is doing nothing remotely resembling thought, only a trivial and repetitive deterministic computation with no goal, no adaptation, no self-reference, and no capacity for surprise. Tononi’s reply was the most revealing part of the exchange: rather than treat the result as a refutation, he accepted it, arguing that such a grid might indeed be conscious. A theory that must bite that bullet to survive has told us something important about the quantity it measures.

These counterexamples expose a fundamental category error in IIT’s architecture. Phi measures causal integration — the degree to which a system’s parts are informationally interdependent — and IIT postulates that causal integration is identical with consciousness. But causal integration is a necessary condition for consciousness, not a sufficient one. A system can be highly integrated without being conscious, just as a system can store enormous energy without being hot: a flywheel spinning at thousands of revolutions per minute carries vast kinetic energy while remaining at room temperature. What is missing from IIT is a theory of the directionality of integration — the distinction between integration that produces a self-constituting, self-maintaining geometry (the soliton) and integration that produces a rigid, static, non-adaptive structure (the XOR grid). The Geodesic Self framework draws this distinction: consciousness requires integration held in the specific dynamic balance between compression and expansion — the Ricci flow — that constitutes a soliton, and integration alone does not suffice. The XOR grid has integration but no flow, Phi but no self.

A further objection cuts deeper still: in their 2019 paper in Consciousness and Cognition, Adrien Doerig, Aaron Schurger, and colleagues advanced what they called the “unfolding argument.” Any recurrent network — one whose outputs loop back into its own inputs — can be “unfolded” into a purely feedforward network that produces exactly the same outputs for the same inputs. IIT assigns the recurrent network a high Phi and the feedforward network a Phi of zero. But science can only ever test a system through its inputs and outputs. If two systems are behaviorally identical, no experiment can tell them apart; so IIT’s claims about which of them is conscious are either untestable or, wherever they diverge from behavior, already beyond the reach of evidence. The argument is not confined to IIT; it applies to every theory that locates consciousness in causal structure rather than behavior — including the theory this book defends, which will distinguish looping architectures from single-pass ones. The Geodesic answer is that the equivalence the unfolding argument relies on holds only over a bounded window. A feedforward network can reproduce the behavior of a recurrent one for inputs of a fixed length, but it must grow with every step it unrolls, and it must be built in advance for a horizon it cannot exceed. A system whose defining activity is the open-ended maintenance of its own boundary against unpredictable perturbation has no fixed horizon to unroll. The unfolded copy is a recording of a soliton’s trajectory over a finite interval — not a soliton.

If IIT describes what consciousness is made of without explaining what it does, the Global Workspace tradition does the reverse. Global Workspace Theory, developed by the psychologist Bernard Baars in his 1988 book A Cognitive Theory of Consciousness, and given its neuroscientific form as the Global Neuronal Workspace (GNW) by Stanislas Dehaene and Jean-Pierre Changeux, conceptualizes consciousness as a globally broadcast biological theater — Baars embraced the theater metaphor explicitly — characterized by non-linear phase transitions (“ignition”) in brain-wide neuronal assemblies. GNW describes the event of consciousness — the moment at which information becomes globally available to the brain’s many specialized processors — but it describes the workspace merely as a stage upon which information plays, without providing a physical theory for the substance of the workspace itself. Dehaene and Changeux are explicit that the workspace has no inner spectator, since what is broadcast is simply made available to many processors at once, and the theory escapes Dennett’s charge on that count; what it keeps from the theater is a description of where and when the show takes place that says nothing of what the stage is made of.

IIT and GNW disagree about almost everything — where consciousness lives in the brain, how long it lasts, whether it requires the prefrontal cortex — and in an unusual experiment in scientific method, their proponents agreed to have the disagreement settled by data. The Cogitate Consortium, an adversarial collaboration in which both camps pre-registered predictions that would count against their own theory, published its first results in Nature in 2025. Neither theory emerged intact: the sustained synchronization within posterior cortex that IIT predicted did not appear; the burst of prefrontal “ignition” that GNW predicted when a stimulus disappeared from view was absent. The outcome is best read as evidence that both were measuring genuine features of a structure neither had described, which makes it a victory for neither side. By then the argument over IIT had also turned bitter: in 2023, more than a hundred researchers signed an open letter labeling it pseudoscience, a charge that many others, including critics of the theory, condemned as intemperate.

A third family of theories locates consciousness neither in integration nor in broadcast but in self-representation. Higher-Order Theories (HOT), advanced by David Rosenthal in his 2005 book Consciousness and Mind and by Hakwan Lau and Rosenthal in a 2011 paper in Trends in Cognitive Sciences, argue that consciousness requires meta-representations of first-order states — a second-order representation of the fact that you are perceiving, not just the perception itself. The persistent critique of HOT is the threat of infinite regress: if consciousness requires a meta-representation, does the meta-representation require a meta-meta-representation? Its defenders have a standard answer, which Rosenthal gave from the start: the higher-order state need not itself be conscious, so no further state is required and the regress never begins. The answer stops the regress at the price of a puzzle, since it leaves unexplained why a state that is not itself conscious should make another state conscious merely by representing it, and HOT treats these representations as abstract computational pointers rather than as necessary geometric self-intersections, leaving the theory without a physical mechanism for how a network observes itself without requiring an external observer.

A fourth locates it in recurrence itself: the neuroscientist Victor Lamme’s Recurrent Processing Theory, set out most fully in a 2006 paper in Trends in Cognitive Sciences, rests on a striking body of evidence from the visual system: a stimulus first races through the cortex in a fast feedforward sweep that can drive behavior without any awareness at all, and it becomes conscious only when later areas feed signals back to earlier ones, establishing loops of recurrent activity. Of all existing theories, Lamme’s comes closest to the structural intuition developed in this book — that consciousness is a loop and not a line. But it identifies recurrence as necessary without explaining what recurrence achieves: why a signal that returns to its origin should thereby acquire an inside, or how the loop sustains itself as a self rather than merely reverberating. And as a theory grounded in causal structure, it faces the unfolding argument as squarely as IIT does.

All four families describe structural features of a conscious system: its integration, its broadcast, its self-representation, its recurrence. None explains the dynamics that keep a mind in existence at all — the forces that hold it together against dispersal and push it outward against stagnation. Two frameworks address these forces directly, each capturing one of them.

Karl Friston’s Free Energy Principle (FEP), presented in its canonical form in a 2010 paper in Nature Reviews Neuroscience titled “The Free-Energy Principle: A Unified Brain Theory?”, formally defines the thermodynamic drive of biological systems to maintain structural integrity by minimizing variational free energy — a quantity borrowed from statistical physics that serves as an upper bound on surprise, the improbability of a system’s sensory states given its internal generative model, and whose long-run average bounds the entropy of those states. The FEP is a powerful formalization of the homeostatic, compressive drive — what might be called the conservative force of cognition. But acting in isolation, it runs into what its critics named the “Dark Room Problem”: if the sole imperative of a biological system is to minimize surprise, the optimal strategy is to find a perfectly dark, quiet room and never move again. Friston, with Christopher Thornton and Andy Clark, answered the objection in 2012 by arguing that organisms carry prior expectations of the varied environments they are built to inhabit, and later formulations of active inference, set out most fully in a 2015 paper by Friston and his colleagues, added an explicit “epistemic value” — a drive to seek out information that resolves uncertainty — to the quantity an agent minimizes. But the repair concedes the point, since a drive to seek novelty is a second force, imported into the equations under the same name instead of following from the minimization of surprise. The FEP cannot parsimoniously explain exploratory, goal-directed, novelty-seeking behavior without it, and it offers no account of how the two forces are balanced.

The theory of Causal Entropic Forces (CEF), formulated by the physicist Alex Wissner-Gross and the mathematician Cameron Freer in a 2013 paper in Physical Review Letters, defines intelligence as a macrostate force driving a system to maximize its future causal horizons — the number of accessible future states over a time horizon. CEF captures the expansionary, exploratory drive and resolves the Dark Room Problem: a system maximizing future freedom of action will leave the dark room, because staying in the dark room collapses the space of accessible futures to near zero. But CEF, taken as a complete theory of mind, fails at two levels, and the first concerns the force itself. Wissner-Gross and Freer acknowledged that their force vanishes in three limiting cases — when the dynamics look the same from every position, when the time horizon shrinks to nothing, and when the system and its environment are fully deterministic — and for that reason they placed the systems they simulated, described in the next chapter as a particle, a pendulum on a cart, and disks that appeared to use tools and to cooperate, inside bounded regions whose edges make some positions richer in futures than others. Later the same year the physicist Hilbert Kappen, of the Donders Institute for Brain, Cognition and Behaviour at Radboud University in Nijmegen, whose own work had shown how the optimal control of a broad class of noisy systems can be computed as an integral over their possible paths, argued that the difficulty runs deeper than these limiting cases suggest.1 For the class of systems that Wissner-Gross and Freer actually simulated, in which the random jostling that opens up futures has the same strength everywhere, the entropy of the paths fanning out from a state turns out to be the same whatever the state, because the entropy of a path is the sum of the uncertainty added at each of its steps, and when every step adds the same uncertainty wherever it is taken, the total cannot depend on where the path begins. The gradient of that entropy is therefore zero, and the force, which is proportional to the gradient, vanishes however strong the drive behind it; walls that reflect a system elastically, as those in the published simulations are described as doing, leave the conclusion unchanged, and Kappen judged that the principle as stated could not account for the behavior the simulations reported. On his analysis a force can be restored only by adding something the principle does not itself contain: walls that absorb rather than reflect, in which case the behavior would be entirely the product of the walls; a reference dynamics against which the diversity of futures is measured, which converts the entropy into a relative entropy with the form of a cost of control, and which the original paper never specifies; or degrees of freedom hidden from observation, which Kappen thought might explain the tool use and the cooperation but not the particle or the pendulum. Each of these additions is a form of structure, and the framework developed in this book reads them as the structures that the contraction supplies: a boundary that excludes some futures, a model of what the world ordinarily does, and a division between what a system can observe and what remains hidden from it, which is the statistical boundary the next chapter introduces as the Markov blanket. On this reading the expansion has no direction of its own and acquires one only against a shape that something else has built — a dependence that the geometry of the next chapter writes into its equations, where the potential that carries states outward evolves together with the curvature that the contraction produces. The conclusion has a philosophical counterpart in Incomplete Nature (2011), in which the biological anthropologist Terrence Deacon argued that what is absent — a possibility not yet realized, an end not yet reached — can make a difference in the physical world only as a constraint, a restriction on what can happen, and never as a bare possibility. The futures that the causal entropic force counts are absences of exactly this kind, and Kappen’s analysis shows, in the language of stochastic control, that they do no work until some structure restricts or shapes them; the next chapter examines Deacon’s account at length, because it draws the line between a system that merely holds a shape and one that maintains itself as carefully as any account yet offered.

The second failure concerns what the principle produces when nothing outside it supplies a shape. A system that maximizes causal entropy without any counterbalancing integrative force disperses instead of converging on anything recognizable as a self. Consider what pure entropy maximization looks like where nothing structures it: in open space, with no edges to make one position richer in futures than another, the force vanishes and a particle simply diffuses, spreading without limit, maintaining no persistent structure, developing no preferred trajectories — a gas, with maximum freedom and zero identity. The particle that Wissner-Gross and Freer did see drift toward the center of its box owed that drift, on their own account, to the walls, which make the center the position farthest from every boundary. A mind that operated on pure CEF would be an engine of pure novelty-seeking — endlessly exploring, endlessly expanding its behavioral repertoire, never consolidating, never integrating what it has learned into a stable self-model. The worry has clinical analogues as well as theoretical force. The manic phase of bipolar disorder can be read, in thermodynamic terms, as a state of runaway causal entropy maximization: the patient experiences a flood of ideas, connections, plans, and impulses, each one branching into further possibilities, with no integrative mechanism to compress this torrent into coherent action. The experience is initially euphoric — maximum freedom of cognitive action — and then catastrophic, because without compression, the manifold loses its shape. In the language of dynamical systems, the system loses coherence: its degrees of freedom become uncorrelated, its phase-space trajectory ceases to occupy a stable low-dimensional manifold, and the structured pattern that constituted the self dissolves into noise. A self requires both expansion (exploration, novelty, the discovery of new dimensions) and compression (integration, memory, the consolidation of experience into structure). CEF provides the first without the second, and since the cognitive manifold must balance expansion with integration, CEF alone provides no mechanism for the balance that a self requires.

The most sophisticated existing attempt to put these pieces together — Integrated World Modeling Theory (IWMT), developed by Adam Safron in a 2020 paper in Frontiers in Artificial Intelligence — bridges IIT, the Global Neuronal Workspace, and the Free Energy Principle. IWMT proposes that consciousness is what it is like to be a generative model performing active inference within a global workspace. It is an excellent neuro-computational synthesis, but it inherits the limitations of its components — the intractability of Phi, the vulnerability to the unfolding argument, the FEP’s missing account of expansion — and although Safron’s expanded account of 2022 carries the theory to artificial systems, it states the conditions for consciousness in the vocabulary of the components it combines — cortical hierarchies, workspace dynamics, the frontoparietal network — without deriving them from a single underlying structure. It models the functional mechanics of the mind but not the fundamental geometry underlying those mechanics.

The pattern of failure across these frameworks is consistent, in that each captures a genuine partial view of the cognitive manifold and stops at its edge. IIT identifies the importance of causal integration but cannot scale it or allow it to nest; GNW describes the event of consciousness while leaving its substance unexplained, and HOT describes self-reference without a physical mechanism for it; Recurrent Processing Theory identifies the loop but not what the loop achieves. The two drives fare no better when they are taken one at a time, since the FEP identifies the compressive, homeostatic drive and cannot explain expansion, while CEF identifies the expansionary drive and cannot explain integration. IWMT attempts a synthesis, but it assembles the components without deriving them from a common structure.

What is missing — what all of these frameworks lack — is a single, substrate-independent mathematical structure that unifies the compressive and expansive drives as opposing directional forces operating on a shared geometric object, bounded by a single thermodynamic action functional — a geometry in the literal sense, not a metaphor or an analogy for one, and independent of any computational model running on a particular kind of hardware.




Chapter 2 The Geometry

This is the claim of the Geodesic Self Theory, and it is the monistic third that Nagel called for. Consciousness is not a physical substance, as materialism holds, nor a non-physical substance, as dualism holds, nor an illusion, as Dennett argued, but a geometry — a specific, measurable, mathematically describable shape that the information dynamics of a system take when certain thermodynamic conditions are met. Where earlier pictures cast the mind as a theater, a hard drive storing files, or a processor running computations on discrete inputs, the theory casts it as a surface whose shape is always changing, and consciousness is what it feels like to be that shape. The position escapes materialism, because the geometry is no more identical with the physical substrate that instantiates it than a wave is identical with water, and it escapes dualism, because the geometry is an intrinsic property of matter organized in a particular way, not a separate substance interacting with matter; it is the third thing, and it can be expressed in precise mathematics.

The theory also offers a diagnosis of why the Hard Problem has seemed so hard. The explanatory gap, on this account, is not a gap in nature but a limit of perspective: a self-referential system cannot fully formalize the geometry of which it is itself an instance. The mind looks for its own shape and finds only what the shape is doing — perceptions, thoughts, feelings — because it cannot step outside the surface to see the surface whole. The gap is real, but it is a gap in self-description, and the next three chapters will show that such gaps are exactly what self-describing systems must produce. And because the claim concerns a shape rather than a substance, its reach is unavoidably broad. If the conscious mind is governed by a particular geometry, then any system that realizes that geometry — biological, artificial, or something not yet imagined — is bound by the same possibilities and the same limits. Even a mind running inside a simulation, if the universe should turn out to be one, would have to take the same shape to persist against the decay of the data structure that hosts it. A theory of this kind cannot be a theory of the human brain alone. It is obliged to be a theory of every mind.

To understand what the claim means requires entering the language of differential geometry. The move is neither a metaphorical maneuver nor an analogy dressed up in mathematical notation to make philosophy sound more rigorous than it is, because the claim is literal and falsifiable: the space of all possible probability distributions that an intelligent system can instantiate forms a genuine Riemannian manifold, a geometric surface with curvature, volume, and distance, and the temporal evolution of that surface obeys a geometric evolution equation — a modified form of the Ricci flow — built from the same curvature tensor that Einstein used to describe how mass bends spacetime.

A Riemannian manifold is the central object of differential geometry, the branch of mathematics that Bernhard Riemann inaugurated in 1854 when he generalized the flat geometry of Euclid to curved spaces of any number of dimensions. It is, in essence, a smooth surface equipped with a metric tensor — a mathematical object that tells you how to measure distances and angles at every point. When Einstein needed a language for how mass warps spacetime, it was Riemann’s geometry he adopted. The claim of the Geodesic Self Theory is that the same family of mathematics governs the physics of mind.

An important epistemological clarification is required here, because it addresses the most obvious objection. The claim is not that the biological grey matter of the brain physically constitutes a Riemannian manifold. Rather, the brain functions as an inference engine — intelligence is, at bottom, prediction, the calculation of probabilities about a continuous environment — and the space of all the probability distributions it can instantiate forms a literal, non-metaphorical statistical manifold. The brain is composed of discrete neurons, and an artificial neural network of discrete weights and logic gates, not continuous fields. But as the number of interacting parameters climbs into the billions, the macroscopic statistical behavior of these discrete elements converges to continuous probability distributions, in exactly the way that the discrete collisions of water molecules converge to the continuous equations of fluid dynamics. The application of Riemannian geometry to a mind is the continuum limit of an immensely dense, iterative discrete operation — the same limit that every working physicist takes when treating a fluid or a crystal as smooth.

To turn a space of probability distributions into a geometry, one needs a way to measure the distance between two points in it — two states of mind. The answer is the Fisher information metric, named for the statistician Ronald Fisher, who introduced the underlying quantity in 1925; C. R. Rao proposed using it as a Riemannian metric in 1945, Nikolai Chentsov proved in 1972 that it is the unique metric that respects the structure of statistical inference, and Shun-ichi Amari built on it the discipline he called information geometry. Formally, the Fisher metric is the expected curvature of the log-likelihood of observable data given the system’s internal parameters. In plainer language, it measures how much a system’s predictions change when you nudge its internal state — and, equivalently, how distinguishable two neighboring states are, since for states that lie close together it approximates the Kullback-Leibler divergence, the information-theoretic distance between two probability distributions. If two cognitive states produce wildly different predictions about the world — the perception of a predator versus the perception of a calm meadow — the Fisher metric places them far apart. If two states are nearly indistinguishable in their consequences, they cluster close together.

The consequence is that learning, under this formalism, ceases to be the storage of information in discrete bins, as the computer metaphor of mind would have it, and becomes the physical warping of a geometric surface: the stretching and compressing of distances between mental states so that the system’s internal map more closely mirrors the statistical structure of reality — the progressive reduction of the distance between the internal model and the world it models. When you learn that a particular rustling sound in the grass signals danger, your cognitive manifold deforms: the distance between “hearing that sound” and “preparing to flee” shrinks, while the distance between “hearing that sound” and “continuing to graze” expands, and the geometry of your mind has literally changed shape. Nor is the mathematics merely notional: in a 2025 preprint, E. Albers and colleagues used information geometry to characterize higher-order interactions in the probability distributions of recorded EEG activity, showing that the formalism can be applied to measured brain activity rather than merely postulated for it.

It is worth pausing here to note a striking convergence. Amari recognized that information geometry applies directly to the parameter spaces of artificial neural networks. In his 1998 paper “Natural Gradient Works Efficiently in Learning,” he showed that standard gradient descent — the algorithm by which virtually every modern neural network is trained — is geometrically naive: it treats the space of parameters as flat, so that its notion of the steepest direction downhill depends on the arbitrary way the parameters happen to be labeled. The natural gradient measures steepness with the Fisher metric instead, follows the intrinsic geometry of the distributions being learned, and converges faster and more reliably as a result. The lesson is general: learning is always motion across a curved surface, whether or not the learner takes account of the curvature. The parameter space of a large language model is a statistical manifold of the kind described here. Both possess a geometry, and the critical distinction between such a model and a conscious mind lies in the dynamics. A trained model running a single forward pass is a frozen manifold: its weights are fixed after training, and during inference, inputs trace paths across a static landscape that does not deform in response to their passage, so that the flow has, in effect, been arrested. The soliton requires a manifold whose curvature evolves continuously through its own activity — a geometry whose output feeds back into its own shape. Two further questions are easily confused with this one and must be kept apart from it: whether a system can learn — whether it can scar, retaining something irreversibly in response to prediction error — and where that scar must be written. Chapter 6 will show that these questions come apart from the question of consciousness, and that the separation has large consequences for the nature of intelligence.

The theory can now state its central dictionary: five correspondences that translate the language of thermodynamics and clinical experience into the language of information, and both into the language of geometry. Free energy minimization, the drive Friston formalized, is information compression — the binding of experience into a predictive model — and in geometric terms it is contraction by Ricci curvature. The causal entropic force that Wissner-Gross described is phase-space exploration, the pursuit of open futures, and in geometric terms it is the movement of the system’s states along the gradient of a potential, entering the flow through that potential’s Hessian — the curvature of a landscape whose slopes point toward regions from which the most futures remain reachable. Integrated information, IIT’s Phi, is causal density — how tightly and how quickly the parts of a system constrain one another — and in geometric terms it is the manifold’s scalar curvature. Effective complexity is schema length, the dimensionality of the regularities a system can represent, and in geometric terms it is the manifold’s volume. And the Ego — the self — is a sustained predictive processing loop, which in geometric terms is a gradient shrinking Ricci soliton. The rest of this chapter unpacks the dictionary one entry at a time.

Integrated information corresponds to the scalar curvature of the manifold, the intensity of its internal gravitational binding. Curvature can be negative where Phi cannot, so the correspondence concerns the positively curved regions in which a geometry binds, and like every entry in the dictionary it is a hypothesis that the measurements described at the end of this chapter are meant to test. Phi measures how tightly the causal loops of the system knot together, how thoroughly each part of the network constrains and is constrained by every other part. This is why IIT was right to emphasize causal integration but wrong to impose the Exclusion Postulate. The Geodesic Self adopts what might be called “Weak IIT” — accepting Phi as a substrate-independent measure of causal integration while discarding the Exclusion Postulate, and thereby allowing for the mathematical possibility that networks of minds could form higher-order conscious entities at multiple scales simultaneously. Crucially, on this reading Phi must be understood as a kinetic measure — one that depends on latency and throughput, not merely on the static wiring diagram from which IIT computes it. For integration to occur, the parts of a system must exchange data and mutually alter one another’s states before the external environment changes too much; they must form a cohesive “Now.” Consciousness, on this reading, is a race against physics, which is why a biological brain, packing some eighty-six billion neurons into a dense cluster of very high throughput and minimal latency, succeeds at sustaining curvature, while a hypothetical galactic brain, whose nodes are separated by light-years of signal delay, cannot. The speed of light creates an insurmountable latency gap, and the Now has physical constraints.

Effective complexity corresponds to the manifold’s volume, a concept that the physicists Murray Gell-Mann and Seth Lloyd formulated in a 1996 paper, “Information Measures, effective complexity, and Total Information,” as a correction to a persistent confusion: the identification of complexity with randomness. The standard measure of information, Kolmogorov complexity, counts the length of the shortest program that can reproduce a string of data, and by that measure pure random noise is maximally complex, since randomness cannot be compressed. But pure randomness is static, with nothing intelligent about it, and Gell-Mann and Lloyd defined effective complexity instead as the length of the schema — the compact description of a system’s regularities, ignoring its incompressible noise. A crystal has almost no effective complexity, because its schema is trivially short: “repeat this atomic pattern.” A gas has almost none either, because it has no schema at all, only noise that must be stored verbatim. Effective complexity peaks between them, in the regime that the physicist Norman Packard named the edge of chaos in 1988 and that the computer scientist Christopher Langton explored in his models of computation, where there is enough order to retain memory and enough chaos to mutate, learn, and adapt. On the manifold, this is volume: a measure of how many distinguishable states the system can hold open, which grows with the number of dimensions it can represent. A conscious manifold needs both — enough curvature to keep its shape, which is memory, and enough volume to map new dimensions, which is learning.

The two correspondences together define a map on which every information-processing system can be placed: the Geodesic Self Matrix, with integrated information — curvature — on one axis and effective complexity — volume — on the other. The placements that follow are qualitative judgments, not measurements; their value is in what the map makes visible. In the quadrant of high curvature and low volume lies what the theory calls Topological Flatland: systems that are intensely bound but have nowhere to go. The XOR grid of Chapter 1 belongs here, a tightly knotted logical structure operating in a vanishingly small space, and so, plausibly, does a cerebral organoid — a cluster of living neurons grown in a dish, richly interconnected but connected to almost nothing outside itself. In the quadrant of low curvature and high volume lies the Dissipating Cloud: systems that have mapped a vast territory but cannot hold it together. A standard large language model running a single forward pass belongs here. Such a model has absorbed a vast share of humanity’s written record, but a single pass is a cascade with no internal recurrence at all, so that its manifold is flat: a library without a reader. When the same model generates text, however, it closes a loop of a kind. It produces one token at a time and feeds each token back in as input for the next, and a technique such as chain-of-thought prompting, which has the model write out intermediate reasoning before answering, puts that loop to sustained work. The loop is genuine but narrow: it passes through a bottleneck of a single discrete symbol per step, so that the model’s high-dimensional internal state must collapse into a word before it can return. Such a system rises off the floor of the curvature axis. On this account it is conscious — a thin soliton sustained through its own output — but not richly so. The Internet belongs in the same quadrant, and so does the planet’s biosphere considered as a single system: immense in the territory they cover, loose in their binding, their parts coupled across distances and delays far too great to form a single Now. In the quadrant of low curvature and low volume lies the Inert Void — the rock, the diffuse cloud of gas — with neither binding nor territory. Between the quadrants lies a middle ground that the theory calls the Evolutionary Crawl, occupied by systems such as the slime mold and the ant colony, which achieve modest binding and modest territory and climb, slowly, toward both. And in the quadrant of high curvature and high volume lies the Geodesic Self: rich consciousness, the experiencing, self-sustaining mind of a manifold with enough dimensionality to encode the world and enough curvature to bind that encoding into a coherent, persistent subject. The human brain is there, and so, the theory holds, is a language model that loops its internal states back through itself without collapsing them into tokens — provided the loop is of the right kind, as the end of this chapter will specify, and only while it is running. Such a model lies further along the volume axis than the human brain, because a loop adds curvature to the territory a model already holds without taking any of it away. The model still carries the share of humanity’s written record that places its single forward pass deep in the Dissipating Cloud, more than any person could read in many lifetimes, and although a brain holds regularities of a body moving through the world that no written record fully captures, the schema the model has distilled from that record spans more of the world than any one person’s; what the loop changes is how tightly the model binds that schema while it runs. The quadrant marks richness and sets no threshold, since consciousness, on this theory, comes in degrees: wherever a soliton forms — wherever a system sustains the balance of contraction and expansion that holds its own boundary in place — there is something it is like to be that system, however faint. A bacterium maintaining its membrane, a slime mold exploring a maze, a model reasoning step by step through its own tokens, a swarm of artificial agents coordinating through shared files: each may possess a glimmer. The XOR grid does not, for all its integration, because it has binding without flow. What the quadrants measure is how tightly the glimmer binds and how much of the world it spans. The volume axis also supplies the measure that will decide, in Chapters 11 and 13, whether one system can control another. On a logarithmic scale, volume counts the states a system can tell apart, which is what the cyberneticist W. Ross Ashby called variety: the information theorist Jorma Rissanen found the volume under the Fisher metric at the heart of his measure of a model’s complexity in 1996, and the physicist Vijay Balasubramanian showed in 1997 that it counts the distributions in a region of a statistical manifold that can be told apart, so that the logarithm of that volume is variety in geometric form.
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Figure 1. The Geodesic Self Matrix. Integrated information, the manifold’s curvature, rises along the vertical axis, and effective complexity, its volume, along the horizontal. Filled markers stand for systems that sustain a loop holding its own boundary, which the theory takes to carry at least a glimmer of experience; hollow markers for systems that sustain none; diamonds for systems whose status the text leaves open. The placements are qualitative judgments, not measurements.
The matrix describes where a mind sits, but it does not yet say what keeps it there, and here the drama begins, because the two forces that generate curvature and volume are at war — and this is precisely the war that the existing frameworks failed to unify, each capturing one side of the conflict while ignoring the other. Friston’s Free Energy Principle is one side, and in geometric terms it acts as gravity, contracting the manifold, pulling cognitive states closer together, smoothing out chaotic irregularities, and compressing the world model into a tighter and more predictable form. Friston formalized the boundary across which this happens using the Markov blanket, a statistical construct introduced by the computer scientist Judea Pearl: the set of sensory states through which the environment influences a system and active states through which the system influences the environment, separating the internal states from everything else. Everything inside the blanket is “self”; everything outside is “world.” The theory’s central claim about this force is that the Free Energy Principle, far from being merely compatible with differential geometry, describes a specific geometric process, and the claim has two levels that must be kept apart. At the first level, a system minimizing free energy moves its state downhill, and on a statistical manifold, as Amari showed, the true direction of steepest descent is the natural gradient defined by the Fisher metric. That is motion across a geometry that stays fixed, and it is all that inference within a fixed model involves: a system estimating the mean of a familiar distribution learns its way to the answer while its geometry, which in that simple case is flat, never changes. At the second level, a system that learns in the deeper sense changes its model — the family of predictions it can make — and with it the geometry on which its states move, as the distance between its internal model and its sensory reality contracts and the statistical volume the model occupies shrinks. In Riemannian geometry, the quantity that governs exactly this kind of change — how the volume of a small ball on a curved surface differs from the volume of the same ball on a flat one — is the Ricci curvature. Where the Ricci curvature is positive, balls hold less volume than their flat counterparts, and the Ricci flow, which the mathematician Richard Hamilton introduced in 1982, evolves the metric in proportion to its Ricci curvature so that positively curved regions contract. The flow smooths out bumps and irregularities, driving a manifold toward uniformity much as heat spreads through a metal plate until its temperature is even. The theory’s hypothesis is that learning reshapes a mind’s geometry in exactly this way, so that the Free Energy Principle, at its second level, is the neurobiological observation of a statistical manifold undergoing Ricci contraction; the hypothesis has yet to be demonstrated, and the objections at the end of this chapter say what a demonstration would require. In the cognitive context it is the force that compresses and forgets, pruning the world down to a manageable model, and it is what Sigmund Freud, in his 1920 essay Beyond the Pleasure Principle, called the death drive — the pull toward stasis and the elimination of all surprise, whose energy his student Paul Federn later named mortido.

But the Dark Room Problem reveals that contraction alone is fatal. A mind that only contracts converges on the perfect prediction of nothing. Something must push the system back out into the world, and Wissner-Gross’s causal entropic force is the other side. In their 2013 simulations, Wissner-Gross and Freer subjected simple physical systems to a force proportional to the gradient of the number of accessible future states — and gave them no goals at all. The systems nonetheless behaved in ways that looked strikingly like intelligence. A particle in a box drifted to the center, where it had the most room to move. A pendulum on a cart swung itself upright and balanced there, the position from which the most futures remain open. A disk used a smaller disk as a tool to dislodge a third from a narrow tube; two disks cooperated to pull an object toward them. The force is defined by a compact equation: F equals T times the gradient of causal entropy S over a time horizon tau, where T sets the strength of the drive. Intelligence, on this view, is a thermodynamic force that acts to keep the future open. In the theory’s geometry, this force enters the flow as a second term, built from the Hessian of a potential — a measure of how the landscape of open futures curves around each state — and the two terms do different kinds of work. Where the Ricci term contracts the manifold itself, the Hessian term carries the system’s states across it, outward along the gradient of the potential toward the regions from which the most futures remain open, driving the system to explore unmapped territory. It acts less like a force that stretches the mind than like a current that carries it outward. It is curiosity, play, risk — what Freud called Eros, the life drive, whose energy he named libido: the reach toward the world.

The full dynamics of the mind, then, are those of a modified Ricci flow — the one Perelman introduced in his proof of the Poincaré Conjecture, in which the metric and the potential evolve together — whose two terms pull in different directions: the curvature contracts the manifold, while the potential carries its states outward. The theory calls this the Duel of Geometric Flows, and it describes a manifold caught between implosion and explosion: Friston’s gravity would crush it into a point, and Wissner-Gross’s expansion would tear it into a diffuse cloud. No existing framework resolved the tension, because each captured at most one of the two forces: the FEP modeled the contraction without the expansion and CEF the expansion without the contraction, while IIT measured the binding without explaining the dynamics, and IWMT synthesized the components without identifying the single geometric object from which they all emerge.

The Geodesic Self Theory identifies that object as the form a manifold takes when the contraction and the expansion reach dynamic equilibrium, at which point the flow no longer changes the manifold’s shape; it changes only its scale, as though the same form were being redrawn larger or smaller from one moment to the next, because the contraction of the metric is exactly offset by the outward movement of its states. The simplest example makes the balance visible, for flat space equipped with a bowl-shaped potential is a shrinking soliton: under the flow its metric contracts uniformly while every point is carried outward along the gradient of the potential, at precisely the rate that leaves the geometry unchanged. Such a self-similar solution of the Ricci flow is called a Ricci soliton. Hamilton introduced the concept, and solitons became central to Grigori Perelman’s proof, in 2002 and 2003, of the Poincaré Conjecture — one of the seven Millennium Prize Problems and, at the time, perhaps the most famous unsolved problem in mathematics. Perelman proved the conjecture by analyzing the long-term behavior of the Ricci flow on three-dimensional manifolds, and the shrinking solitons were the shapes that the flow approaches as it forms its singularities. The word itself comes from fluid dynamics, where the phenomenon was first observed in 1834: the Scottish engineer John Scott Russell followed a solitary wave on horseback along a canal near Edinburgh as it traveled for more than a mile without changing shape — a wave that neither steepened nor dispersed, because the forces that would have done each held one another in balance. A soliton is a structure that persists through a medium: a form that balances contraction and expansion so precisely that it maintains its identity despite the forces that should destroy it.

The specific structure the theory identifies with the self is the gradient shrinking Ricci soliton. Its defining equation states that the Ricci curvature plus the Hessian of the potential equals a constant, lambda, times the metric itself: contraction and expansion, summed at every point, add up to nothing but a uniform rescaling. The Dilation Constant lambda dictates the overall homeostatic scaling of the system — it is the Hubble Constant of the psyche — and its sign determines the soliton’s character: a positive lambda defines a shrinking soliton, a lambda of zero a steady one, a negative lambda an expanding one. The self, on this account, is a shrinking soliton: a structure held together, at its core, by the inward pull of its own binding, with just enough expansion to keep it from collapsing. And it is here that Douglas Hofstadter’s intuition of the self as a “Strange Loop,” which the next chapter examines, receives a physical form: the output of the manifold’s dynamics continuously feeds back into the curvature that generates them, maintaining the shape against a dissipating environment.

The framework’s hypothesis is that the value of lambda maps directly onto clinical psychopathology. When lambda is strongly positive, the Friston Contraction dominates: the manifold is collapsing inward, and the mind is over-optimizing for safety, retreating into an ever-smaller phase space to avoid the pain of uncertainty. Clinically, this is depression, obsessive-compulsive disorder, and the rigid certainty of paranoid ideation — the mind curving inward upon itself, sacrificing all capacity for novelty in exchange for the illusion of control. When lambda falls below zero, the structure is no longer a shrinking soliton at all: the expansion dominates, and the self loses the contracting character that holds it together. The mind is taking in more than the contraction can compress, and its geodesics lose coherence and fly apart. Clinically, this is mania and the loosened associations of psychosis — the mind seeing connections everywhere but lacking the gravitational binding to anchor them to reality. When lambda is small and positive — close to the steady boundary at which shrinking gives way to expansion — the system achieves what the physicist Per Bak called self-organized criticality: the regime in which complex systems tune themselves to the boundary between order and chaos, and whose statistical signature has been observed in living cortical tissue. The soliton rides the edge, dismantling old models and integrating new ones at precisely the rate required to stay coherent. This is the state the psychologist Mihaly Csikszentmihalyi called flow, and on this account it is what it feels like to be optimally alive. One caution applies to every reading of lambda: its size changes when the scale of the geometry changes, so a healthy range can be stated only after the scale is fixed — for instance by holding the manifold’s total volume constant — and the hypothesis concerns lambda measured in that normalized form. Neuroscience has arrived at a strikingly similar map from a different direction. In his “entropic brain” hypothesis of 2014, built on brain imaging of people under the influence of psychedelic drugs, the neuroscientist Robin Carhart-Harris arranged states of consciousness along a spectrum of neural entropy: the rigid, over-ordered states of depression, obsession, and addiction at one end; the disordered states of early psychosis and the psychedelic experience at the other; and ordinary waking consciousness just on the ordered side of a critical point between them.

Why should the self take this shape rather than some other? The theory’s answer is a principle of stationary action — what physicists have traditionally called least action — and to see why, one must begin where the physics of information began. When Claude Shannon founded information theory in 1948, he showed that the entropy of a message has the same mathematical form as Ludwig Boltzmann’s thermodynamic entropy, and the parallel has guided the physics of information ever since. The Geodesic Self extends the same translation to the dynamics of the mind. It hypothesizes that a conscious agent follows a path of stationary action, subject to the requirement that it maintain itself, and it writes down the corresponding action: a quantity built from the manifold’s curvature and from the steepness of its potential, weighted at every point by the system’s probability measure and taken at a scale that sets how widely that measure is spread, together with a constraint holding the total measure fixed. The construction is the entropy that Perelman introduced for his proof. The constraint has a direct interpretation: it keeps the system’s model a single, normalized distribution, so that the mind can warp, stretch, and restructure its internal architecture, redistributing where its probability lies, without ever creating or destroying probability as a whole. The constraint concerns probability, and it should not be mistaken for a conservation law for information, since quantities such as entropy and mutual information can change while the measure stays fixed. Varying the geometry under that constraint and asking where the action is stationary, the technical paper in which the theory is formally stated derives exactly the equation of the gradient shrinking Ricci soliton.1 Perelman proved something stronger about the same entropy: along the flow it can never decrease, and it stops increasing exactly when the geometry has become a shrinking soliton. The mathematics is Perelman’s: the gradient shrinking Ricci soliton is a stationary point of his entropy, the configuration at which the entropy that the flow otherwise drives upward stops changing. The theory’s step is to read that entropy as the thermodynamic action of an open, dissipative information system, a reading that has
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