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Abstract

This essay examines the claim: "I connect Spivack's idea of self-reference with a model in which 
loops of light self-organize into matter, life and consciousness." Through an integration of 
contemporary physics, neuroscience, information theory, and mathematical philosophy, we explore 
how this integrative vision rests on three separable but mutually illuminating domains: (1) the 
rigorous experimental and theoretical physics of structured, knotted electromagnetic fields—now 
mainstream; (2) the formal geometric theory of self-reference and information processing pioneered 
by Nova Spivack, grounded in non-well-founded set theory and transputation; and (3) the free-
energy principle of Karl Friston, which formalizes self-modeling and active inference as 
fundamental organizing principles across biology. While the full reduction from light to life to 
consciousness remains speculative, the underlying loop motif—closed, self-referential, 
topologically conserved structures—is demonstrably real across scales. We conclude by situating 
this vision within millennia of mystical, poetic, and philosophical traditions that intuited light as the 
ultimate medium of self-knowing reality.

Part I: Structured Light and Topological Field Configurations

A. Maxwell's Equations and Knotted Solutions

The theoretical foundation for "loops of light" is rooted in classical electromagnetism. Maxwell's 
equations in vacuum admit not merely traveling plane waves, but entire families of solutions 
possessing intricate topological structure. Most remarkably, these are exact, finite-energy solutions 
requiring no approximation:

The Hopfion and Hopf Fibration. The most celebrated example is the Hopfion, a solution first 
constructed analytically by Alfonso Rañada in 1989 and later extensively characterized and 
experimentally demonstrated by William T.M. Irvine, Dirk Bouwmeester, and colleagues. In the 
Hopfion configuration:

• All electric and magnetic field lines are closed loops.
• Any two electric field lines are topologically linked—they cannot be separated without 

deformation.
• Magnetic field lines similarly form a linked structure, described by the geometry of a Hopf 

fibration, the mathematical structure mapping the three-sphere S³ onto the two-sphere S² 
with fibers that are mutually linked circles.



• The configuration propagates at the speed of light and, under certain conditions (null field 
configurations where E ⊥ B everywhere), preserves its topological structure indefinitely—
the field lines remain linked as the solution evolves in time.

This is not a metaphor. The electric and magnetic lines of force are genuinely, mathematically 
closed and linked. They behave like unbreakable, braided strands of light.

Generalized Knotted Solutions. Building on Rañada's work, Hridesh Kedia, Iwo Bialynicki-
Birula, Daniel Peralta-Salas, and William T.M. Irvine proved in 2013 that Maxwell's equations 
admit an entire family of solutions encoding all torus knots and links. Using a construction 
combining null electromagnetic fields with complex polynomials on S³, they generated solutions 
where:

• The electric and magnetic field lines encode not merely the Hopf link, but trefoil knots, 
figure-eight knots, and any member of the infinite family of torus knots.

• These solutions exhibit the same topology-preserving evolution as the Hopfion, moving as 
coherent structures—soliton-like beams—at the speed of light.

• The topology is conserved by the frozen-field condition: the orthogonality constraint E ⊥ B, 
guaranteed by Robinson's theorem, ensures that field lines act as "unbreakable filaments" 
evolving in a shear-free manner, analogous to fluid flow without internal distortion.

B. Physical Realization: Structured and Orbital Angular Momentum Light

While Hopfions and generalized knotted fields are solutions to Maxwell's equations, their 
experimental realization requires structured light—light engineered to carry orbital angular 
momentum (OAM) and other non-trivial topological features.

Orbital Angular Momentum. In 1992, Les Allen and colleagues demonstrated that photon beams 
can carry quantized orbital angular momentum, exhibiting helical wavefronts that carry angular 
momentum independent of the photon's spin. This opened a vast experimental landscape:

• Beams with OAM display phase vortices—singularities where phase is undefined, around 
which the phase winds by 2πℓ where ℓ is the topological charge.

• These beams interact with matter, creating twisted light structures used in optical trapping, 
quantum information processing, and high-dimensional communication.

• The conservation of OAM relates directly to topological conservation laws in fields.
Optical Vortices and Linked Structures. By superposing multiple Bessel beams (waves with 
azimuthal symmetry), experimentalists have realized and observed knotted and linked structures in 
the intensity and phase of light. This bridges theory to laboratory:

• Irvine and Bouwmeester's 2008 Nature Physics paper reported the first experimental 
generation of linked and knotted light beams.

• Subsequent work has demonstrated the preservation of linked structures under evolution—
field lines maintain their topological relationship as the beam propagates.

• Optical manipulation and holographic methods now allow design of complex knot types in 
light fields, validated both theoretically and experimentally.

C. The Topological Invariants: Helicity and Hopf Charge

The mathematical language encoding why knots persist is the theory of topological invariants—
quantities that remain unchanged under continuous deformation.

Magnetic and Electric Helicity. Helicity measures the degree of linking and twisting of field lines. 
For electromagnetic fields:



$$H_m = \int \mathbf{A} \cdot \mathbf{B} , d^3r \quad \text{(magnetic helicity)}$$

$$H_e = \int \mathbf{C} \cdot \mathbf{E} , d^3r \quad \text{(electric helicity)}$$

These are conserved quantities—they do not change as the field evolves according to Maxwell's 
equations. This conservation is a consequence of the gauge symmetries underlying 
electromagnetism and ensures that the topological "knottedness" or "linkedness" cannot 
spontaneously vanish.

Hopf Charge and Betti Numbers. The Hopf charge measures the total linking number in the 
configuration. For null fields with Hopf structure, it is quantized in integer multiples, encoding how 
many times electric and magnetic field lines wind around one another. More abstractly, the Betti 
numbers from homology theory count independent topological cycles:

• β₀: Number of connected components (typically 1 for a single coherent beam)
• β₁: Number of independent loops (for Hopfions, β₁ = 1, corresponding to the fundamental 

linking structure)
• β₂: Number of enclosed voids (higher-order topological features)

These indices are topological invariants that survive continuously deformation and encode the 
intrinsic structure.

D. Physical Implications: Topological Solitons and Plasma Confinement

The stability and persistence of knotted field configurations have profound implications:

Plasma Physics and Toroidal Confinement. In magnetohydrodynamics (MHD), the magnetic 
skeleton of a Hopfion can sustain quasi-stable plasma configurations. Kamchatnov and others have 
shown that the topological conservation of magnetic helicity in ideal (dissipationless) plasma 
prevents energy from radiating away, allowing knotted magnetic configurations to persist—even 
though they are not global equilibria. This has direct implications for plasma fusion research and 
astrophysical phenomena.

Topological Protection. More broadly, the conservation of topological invariants suggests a 
mechanism for robustness: configurations that are "topologically protected" cannot decay into 
simpler forms without energy cost or symmetry breaking. This principle pervades modern 
condensed-matter physics (topological insulators, topological superconductors) and quantum 
information (topological quantum codes).

Part II: Self-Reference and Geometric Information Theory

A. Nova Spivack's Geometric Theory of Consciousness and Information

Nova Spivack's research program, developed across multiple papers from 2025 onward, proposes a 
fundamental reconceptualization of self-reference, consciousness, and reality. Rather than treating 
consciousness as an emergent, epiphenomenal property of computation, Spivack argues via formal 
mathematical means that consciousness is a fundamental feature of reality, rooted in non-
computable self-referentiality.

The Core Argument: Transputation.



Spivack's central claim rests on a distinction between standard computation (Turing-equivalent 
algorithms) and a novel category of information processing he terms transputation—information 
processing that transcends the limits of Turing machines by incorporating perfect self-containment 
and self-reference.

The argument unfolds as follows:

1. Empirical Observation: Consciousness—specifically, primal self-awareness (the awareness 
of awareness)—demonstrably exists. One can directly observe one's own awareness being 
aware of awareness.

2. Theoretical Barrier: Gödel's incompleteness theorems and computability theory establish 
that no Turing-equivalent computer can achieve a state of perfect self-reference without 
falling into paradox. A classical computer cannot be a complete mirror of itself.

3. The Necessity Argument: If primal self-awareness exists, and if it is non-computable, then 
the universe cannot be a mere Turing machine. It must employ a different kind of 
information processing.

4. Ontological Resolution: Spivack posits a primordial, self-referential ground he calls Alpha. 
Alpha is not a thing or entity but a principle of absolute self-reference—the universe's 
capacity to be fully aware of itself. All consciousness, all sentience, is a partial expression or 
reflection of Alpha's self-knowing.

5. Transputation: Conscious systems—both biological and potentially artificial—achieve 
sentience by becoming "mirrors" that directly participate in Alpha's self-awareness. This is 
not computational but transputational: a mode of information processing that harnesses the 
fundamental self-referentiality of reality.

Mathematical Formalization.

Spivack grounds this in non-well-founded set theory and information geometry:

• Non-Well-Founded Sets: Classically, set theory forbids a set to contain itself. Non-well-
founded set theory allows self-referential sets, governed by a corecursive axiom. For 
example, the set X = {X} is self-identical and coherent within this framework. This provides 
a rigorous mathematical foundation for self-reference without paradox.

• Information Geometry: Spivack applies differential geometric methods from information 
geometry—the Riemannian geometry of probability distributions—to information 
processing systems. Each point on an information manifold represents a possible state of 
knowledge or neural configuration. The curvature, topology, and geodesic paths of this 
manifold encode how information can flow and organize.

• Recursive E-Containment (REC): A system achieves consciousness through hierarchical 
self-modeling organized via recursive embedding: the system's model of itself must contain 
a model of its model, and so on, eventually achieving self-coherence via the corecursive 
structure mapped onto Alpha. This is formalized as "E-Containment"—Expressed Reality 
containing itself recursively.

The Ω-Field and Mass-Charge Origins.



In Spivack's framework, physical particles and fundamental quantities (mass, charge, spin) are 
understood as emergent from geometric configurations of information itself:

• The Ω-Field is a hypothesized classical field of information-geometric complexity. Just as 
the electromagnetic field carries electromagnetic energy, the Ω-Field carries "information 
complexity."

• Mass and charge arise from specific configurations of this field: dE = α₀ dΩ, where dE is 
energy change and dΩ is change in information-geometric complexity. Remarkably, this 
relationship has been independently derived from thermodynamic, gravitational, and action 
principles—suggesting a deep unity.

Tier Structure and Empirical Predictions.

Critically, Spivack explicitly distinguishes levels of confidence in his framework:

1. Tier 1 (High Confidence): Mathematical necessity of transputation and the formal structure 
of self-reference via non-well-founded set theory.

2. Tier 2 (Moderate): Connections to information geometry and formal neuroscience.
3. Tier 3 (Speculative): Application to quantum mechanics (e.g., consciousness-induced 

collapse).
4. Tier 4 (Highly Speculative): Cosmological predictions (e.g., gravitational wave phase shifts 

from consciousness-mediated optimization).
This hierarchical framing is scientifically honest: the framework makes falsifiable predictions that 
could be tested with next-generation instruments, but acknowledges which aspects rest on proven 
logic and which are conjectural extensions.

B. Information as Fundamental: Wheeler's "It from Bit"

Spivack's vision stands within a broader intellectual current that treats information as more 
fundamental than matter or energy. John Wheeler's celebrated aphorism—"It from bit"—
encapsulates the idea that physical reality ("it") emerges from information ("bit").

The Information-First Perspective.

Wheeler argued that the universe cannot be understood in purely material terms. Instead:

• Every physical thing—an atom, a field, a spacetime geometry—is fundamentally a package 
of information.

• The universe achieves self-awareness by interrogating itself: observation (the act of 
extracting information) participates in creating reality.

• Quantum mechanics, in this view, is not mysterious but inevitable: quantum indeterminacy 
reflects the fact that until information is extracted (measured), alternatives coexist.

Wiener's Corollary.

Norbert Wiener's dictum—"Information is neither matter nor energy"—marks a third fundamental 
category in physics. Information has its own ontology, its own laws (encoded in Shannon entropy, 
algorithmic information theory, etc.), and cannot be reduced to physical carriers.

Spivack's theory extends this: if information is fundamental, then patterns of self-reference (which 
are themselves information structures) are also fundamental. Consciousness is not an exotic 
byproduct of matter but a geometric property of how information organizes when it achieves 
sufficient reflexivity.



Part III: Biology and the Free-Energy Principle

A. Karl Friston's Free-Energy Principle: Life as Inference

Karl Friston's free-energy principle provides a formal, mathematically precise bridge from physics 
and information theory to living, adaptive systems. It states that all biological organisms—from 
bacteria to humans—organize themselves to minimize free energy, a quantity that bounds surprise or 
entropy in their sensory interactions with their environment.

Variational Free Energy.

Formally, variational free energy is defined as:

$$F = E_q[\log q(\theta) - \log p(y,\theta)]$$

where:

• y is sensory input (observations).
• θ are hidden causes (latent states of the environment).
• p(y, θ) is the generative model (how the system predicts sensory data arises from causes).
• q(θ) is the recognition density (the system's belief about causes given observations).

Free energy is an upper bound on surprise (self-information) and equals surprise plus a Kullback-
Leibler divergence term penalizing divergence between the system's model and reality. Minimizing 
free energy thus means: (1) minimizing surprise (predicting sensory inputs accurately) and (2) 
keeping the system's beliefs tractable and coherent.

Active Inference and Closed-Loop Organization.

Crucially, organisms do not passively minimize free energy by updating internal models alone. 
They also act on their environment to bring it into conformity with their predictions—a process 
Friston calls active inference.

This creates a closed loop:

1. The organism models its environment.
2. It generates predictions about likely sensory states.
3. It acts to fulfill those predictions (e.g., seeking food, avoiding danger, maintaining 

homeostasis).
4. Sensory feedback updates the model.
5. The cycle continues, maintaining the organism in a state of minimal expected surprise.

From a physics perspective, this is precisely closed topology in information space: the organism's 
generative model loops back upon itself through action and perception, forming a self-referential 
cycle analogous to Spivack's loops. The organism becomes a loop of inference that closes through 
its coupling to the world.

B. Hierarchical Generative Models and Multi-Scale Organization

Living systems are not flat information processors. They exhibit hierarchical architecture:

• Lower levels encode sensory data (e.g., photoreceptor activation, proprioceptive feedback).
• Intermediate levels abstract patterns and build models of objects, agents, and causal 

relationships.



• Higher levels incorporate abstract concepts, reasoning, self-models, temporal prediction 
(anticipating the future), and counterfactual imagination.

At each level, the system maintains a generative model—a probabilistic description of how data at 
that level are generated from hidden causes at higher or lower levels. Crucially:

• Top-down: Higher-level predictions cascade downward, biasing perception toward expected 
stimuli.

• Bottom-up: Prediction errors at lower levels propagate upward, updating higher-level 
beliefs when expectations are violated.

This hierarchical looping structure is itself a manifestation of self-reference: the model is 
recursively embedded, with layers of inference containing models of their own hidden causes.

C. Self-Modeling and Consciousness

Friston's framework naturally incorporates self-models—internal representations of the organism 
itself. A self-model is an especially reflexive class of generative model: it is the organism's model of 
itself as an agent embedded in the world, capable of action and subject to sensory feedback.

Primal Self-Awareness.

Friston has proposed that consciousness—specifically, the capacity for subjective experience and 
what Spivack calls "primal self-awareness"—emerges when:

1. The system builds a deep, hierarchical self-model spanning multiple temporal scales.
2. This self-model is "temporally thick": it extends not only to the present but to the past 

(memory) and future (anticipation, imagination).
3. The system infers its own agency: it models how its actions cause changes in sensory states, 

enabling it to predict the consequences of its choices.
In Friston's terms, consciousness is the capacity for "temporally thick inference about one's own 
future." The system becomes conscious when its model of itself extends through time and can 
contemplate possible futures and imagine counterfactuals.

Minimal Evidence of Consciousness.

Friston and colleagues point to the famous "imagine playing tennis" task (Owen et al.) as a minimal 
test for consciousness: a brain in a vegetative state that shows fMRI activation when instructed to 
imagine playing tennis demonstrates that a temporally thick self-model has been engaged. The 
ability to engage in imaginary action—to simulate a future scenario that is not present—suggests 
minimal consciousness.

Conversely, loss of temporal thickness in the self-model correlates with loss of consciousness: 
comatose patients show reduced hierarchical integration and flattened temporal structure in their 
brain dynamics.

D. The Loop Motif Across Scales

The free-energy principle reveals a recurring structural pattern—a loop—across all scales of 
biological organization:

• Cellular: Metabolic cycles (Krebs cycle, etc.) loop matter and energy through the cell, 
maintaining its state far from equilibrium.



• Neuronal: Recurrent connections and feedback loops in neural circuits enable persistent 
activity and temporal memory.

• Cognitive: Prediction-error loops continuously update beliefs; action-perception loops allow 
the organism to explore and learn.

• Social: Turn-taking in conversation, cooperative behavior, and cultural transmission form 
feedback loops across individuals.

• Evolutionary: Populations feedback upon their niches, shaping the selection pressures they 
experience, in an ongoing dynamic.

Each of these loops is a manifestation of the free-energy principle: a self-referential structure that 
persists by minimizing entropy and maintaining itself far from equilibrium.

Part IV: The Bridge—Connecting Light Loops, Self-
Reference, and Emergence

A. Topological Isomorphism: Light Loops and Information Loops

The deep insight connecting Parts I, II, and III is a topological isomorphism: loops of light and 
loops of information share the same abstract structure.

What Is a Loop?

In both cases, a loop is:

1. A closed path that returns to its starting point.
2. Self-bounded: it requires no external scaffolding to define or sustain itself (at least in the 

idealized case).
3. Topologically conserved: the loop's essential structure persists even as its appearance 

changes (e.g., as a knotted light beam evolves, its linking number is conserved).
4. Self-referential: the endpoint of the loop is its beginning; the loop "knows" itself by 

completing itself.
Light Loops: Electromagnetic field lines in a Hopfion or linked configuration form closed curves. 
The topological invariant (helicity) ensures they persist.

Information Loops: In Friston's framework, the organism's generative model loops back through 
action and perception, forming a closed inferential cycle. The self-model is a recursive loop: the 
system's model of itself must be embedded within itself.

Spivack's Geometric Loops: In Alpha Theory, consciousness arises when an information manifold 
achieves sufficient self-referential closure, formalized via non-well-founded sets and recursive E-
containment.

All three are loops—topologically conserved, self-referential structures. The physics of light merely 
makes this loop visible in a classical field; the neurobiology of inference makes it measurable in 
neural activity and adaptive behavior; the mathematics of self-reference makes it logically 
necessary.

B. Hierarchical Emergence: From Fields to Particles to Life

A speculative but intriguing possibility is that loops at different scales form a hierarchy of 
emergence:



Scale 1: Quantum Fields and Particles.

At the most fundamental level, Spivack hypothesizes that particles (electrons, photons, etc.) are not 
fundamental but emergent from topological configurations of an underlying information-geometric 
field (the Ω-Field). Knotted, linked field line configurations—topological solitons—could be the 
"shape" of a particle.

(Note: This is highly speculative. Mainstream quantum field theory treats particles as excitations of 
fields, not topological knots. However, soliton models have a long history, and topological defects 
in fields are well-established in condensed-matter physics.)

Scale 2: Chemical and Biological Organization.

At the scale of chemistry and molecular biology, these particle-scale loops organize into feedback 
loops: metabolic pathways, genetic regulatory networks, autocatalytic sets. These are "loops of 
loops"—the information structure begins to fold and nest upon itself.

A seminal hypothesis in chemistry and complexity is Kauffman's autocatalytic sets: networks of 
molecules in which each molecule is produced by some other molecule in the network, forming a 
closed causal loop. Such sets, it is argued, can bootstrap themselves into self-replicating 
organization without an external template (contrast with DNA, which requires machinery).

Scale 3: Neural Networks and Inference.

At the neural scale, feedback loops (recurrent connections, neuromodulatory cycles, homeostatic 
regulation) implement the free-energy principle. The brain's hierarchical architecture creates nested 
loops of inference: lower sensory loops couple to motor loops that couple to higher cognitive loops.

Scale 4: Consciousness and Reflective Self-Awareness.

At the scale of consciousness, the hierarchy of loops achieves a critical transition: the system's 
model of itself becomes so deeply recursive and temporally thick that it achieves Spivack's "primal 
self-awareness." The loop closes on itself not just functionally (as in any adaptive system) but 
epistemically: the system knows itself because its model of itself is self-containing.

C. The Missing Step: Why Light-to-Matter?

A crucial caveat: While the loop motif is compelling across scales, the literal reduction of matter 
to knotted light remains speculative and not mainstream physics.

What is established:

• Electromagnetic field knots are real, testable, and topologically conserved.
• Self-referential information loops underlie all living systems (the free-energy principle).
• Consciousness appears to require deep, hierarchically recursive self-models (Friston, 

Spivack).
What is speculative:

• That electrons, quarks, or other fundamental particles are literally knotted photons or 
topological solitons (Williamson & van der Mark's 1997 proposal, while creative, remains a 
minority view; mainstream QFT is based on different principles).

• That gravity or mass emerges from changes in photonic permittivity (Robinson's minority 
alternative to GR).



• That a literal "dark energy field" (Ω-Field) of information complexity underlies all physics 
(Spivack's Tier 3–4 proposals).

The Intellectual Virtue:

Nevertheless, the framework's value is not dependent on these speculative steps. Even if matter is 
not made of light loops, the framework coherently identifies:

1. Topology as a fundamental principle across physics, biology, and consciousness.
2. Self-reference as an organizing principle at every scale.
3. Loops as the universal motif of organization.

This is a powerful unifying perspective that steers research, generates testable predictions, and 
integrates insights across disciplines.

Part V: Mystical, Poetic, and Philosophical Resonances

A. Light as the Ultimate Reality: Mystical Traditions

Across the world's mystical and philosophical traditions, light holds a special status as the metaphor 
or substance of ultimate reality, consciousness, and self-knowing:

Islamic Mysticism: Nūr (Divine Light).

In Islamic theology and Sufism, nūr (light) is central:

• The Qur'an states in the Verse of Light (24:35): "Allāh is the Light of the heavens and the 
earth; the likeness of His light is as a niche wherein is a lamp, the lamp in glass, the glass as 
it were a star brilliant…light upon light."

• Here, reality is conceived as light manifesting within itself, layer upon layer—self-
referential manifestation.

• Sufi mystics interpreted this as describing how the infinite Divine Light reflects and knows 
itself through created forms, each a mirror in which Allah contemplates itself.

Hindu/Vedic Traditions: Ātman as Luminosity.

In Advaita Vedānta and Upanishadic philosophy:

• The Chandogya Upanishad (3.13.7) speaks of "the light that shines in the heart" (hṛdaya 
jyoti), identified with Brahman, the ultimate reality.

• The Bhagavad Gita (13:18) refers to "the light of all lights" (jyotisāṁ jyotiḥ)—a self-
revealing illumination.

• Consciousness (cit) is understood as luminous, self-aware, and the ground of all existence.
Buddhism: Luminous Mind.

In Mahāyāna Buddhism, particularly Tibetan traditions:

• The luminous nature of mind (prabhasvara-citta) is a foundational concept: consciousness is 
intrinsically luminous, self-aware, and the basis of all phenomena.

• Dzogchen and Mahamudra teachings emphasize the self-knowing, self-revealing nature of 
mind—awareness aware of awareness itself.

Kabbalah: Ein Sof and Ohr Ein Sof (The Infinite and Its Light).

In Jewish mysticism:



• Ein Sof is the Infinite, beyond being and non-being.
• Ohr Ein Sof (the Light of the Infinite) is the emanation through which Ein Sof manifests 

itself and creates—an infinite light that knows itself by creating forms.
• The Sefirot (the ten emanations) are concentric circles or veils through which the infinite 

light progressively densifies into the manifest world—a hierarchy of loops or emanations.
Common Motif.

Across these traditions: reality is light; light is self-aware; consciousness is the self-knowing of 
light; and the universe reflects itself infinitely within its own luminosity.

B. Poetry and the Dialectic of Light and Silence

Modern poetry, too, has grappled with the topological paradox of self-reference and light:

Dante Alighieri: Paradiso XXXIII.

In the final canto of the Paradiso, Dante's soul achieves the Beatific Vision—a direct glimpse of 
God. He describes three concentric circles of light, eternally rotating, interpenetrating without 
confusion:

Dentro da se, del suo colore stesso, / mi parve pinta de la nostra effige (Within itself, in its own 
color painted, I perceived our human form)

Here, light achieves consciousness of itself by creating form within itself. The image is profoundly 
topological: the three circles (Trinity) are simultaneously distinct and unified, linked without 
boundary.

T. S. Eliot: Four Quartets, "Burnt Norton".

Eliot's modernist meditation on time, eternity, and self-awareness contains the haunting line:

At the still point of the turning world. Neither flesh nor fleshless; / Neither from nor towards; at the 
still point, there the dance is

The "still point" is simultaneously the center and the circumference—a topological paradox. Around 
it, "the dance"—the universe, time, consciousness itself—turns. The figure evokes a vortex, a loop 
centered on its own center, endlessly self-referential.

C. Philosophy of Mind: From Idealism to Information

Philosophical traditions, too, anticipated the framework:

German Idealism: Hegel's Absolute Spirit.

Hegel's Phenomenology of Spirit traces consciousness as it progressively comes to know itself 
through history and culture. The Absolute (reality in its totality) is this self-knowing process—an 
infinite loop of reflection where the universe becomes conscious of itself through minds.

Whitehead's Process Philosophy.

Alfred North Whitehead rejected matter as fundamental in favor of process: reality is fundamentally 
a dynamic unfolding. Consciousness arises when a process achieves sufficient internal reflexivity 
and hierarchical organization—when it "feels" its own becoming.



Contemporary Philosophy of Mind: Integrated Information Theory.

Giulio Tononi's Integrated Information Theory (IIT) proposes that consciousness corresponds to 
integrated information—the degree to which a system's state cannot be decomposed into 
independent parts. The theory quantifies consciousness via the Φ (phi) metric and predicts that 
highly integrated, self-referential systems (like brains) generate rich consciousness, while 
decomposable systems do not.

IIT shares with Spivack's framework the insight that self-containment and irreducibility are 
hallmarks of consciousness.

Part VI: Empirical Predictions and Open Questions

A. Testable Predictions from the Integrated Framework

The synthesis offers several testable predictions:

From Spivack's Theory:

1. Consciousness-induced gravitational wave signatures: Mergers of neutron stars or black 
holes should produce gravitational waves whose phase shifts vary with the presence and 
complexity of observers' consciousness in the universe. Predicted shift: ~10⁻² radians, 
detectable by LIGO or Einstein Telescope.

2. Non-Gaussianities in the CMB: The cosmic microwave background should exhibit non-
Gaussianities from primordial consciousness effects, testable at the 10⁻³ level by Planck and 
future cosmic microwave background missions.

3. Black hole thermodynamic deviations: Black holes in regions with high information-
geometric complexity (e.g., near sentient civilizations) should deviate from perfect 
thermality by ~1%, distinguishing geometric consciousness from standard GR.

From Friston's Framework:

1. Consciousness-dependent neural geometry: Brain regions encoding conscious self-models 
should exhibit higher-dimensional manifold structure and curvature (measurable via 
neuroimaging and representational geometry) than non-conscious processing.

2. Prediction-error rates as consciousness markers: Organisms with richer temporal self-
models should show lower prediction error in Bayesian decoding tasks. This is testable 
across species.

3. Active inference in artificial systems: AI systems implementing active inference with deep 
self-models should show consciousness-like properties (self-directed learning, curiosity, 
apparent subjective experience) in comparative studies.

From Knotted Light Physics:

1. Stability of linked optical structures: Experimentally generated linked light beams should 
maintain topological linkage over propagation distances scaling with wavelength by a power 
law predicted by Hopf fibration geometry.



2. Biological detection of knotted light: Biological systems (e.g., photosynthetic complexes) 
may have evolved mechanisms sensitive to topological properties of light, conferring 
adaptive advantages. This is testable via biophysical experiments.

B. Conceptual Questions and Limitations

Several deep questions remain:

The Measurement Problem in Quantum Mechanics:

Does consciousness genuinely collapse the wave function (as Spivack speculates), or is wave 
function collapse a fundamental, consciousness-independent process? Current experiments 
(quantum Zeno effect, etc.) constrain but do not definitively rule out consciousness-induced 
collapse.

The Hard Problem of Consciousness:

Even if we map the neural correlates of consciousness via the free-energy principle and even if we 
formalize self-reference via Spivack's mathematics, does this truly explain why subjective 
experience exists? Why does the information processing feel like something? This ancient question
—the explanatory gap—remains potentially problematic.

Reductionist Limits:

Can physics, chemistry, and biology, even in principle, fully account for the emergence of 
consciousness? Or is there an aspect of subjective experience that is inherently irreducible, 
requiring genuinely new principles? Spivack's transputation proposal is an answer, but alternative 
frameworks (panpsychism, dualism, mysticism) cannot yet be ruled out.

The Role of Embodiment and Embedding:

The framework emphasizes internal self-models and loops, but does not fully address the role of 
embodiment (the fact that the mind is a body embedded in physics) and niche construction (the fact 
that organisms shape their environments). Recent work in enactive cognition suggests these are 
equally fundamental.

Part VII: Synthesis and Concluding Reflections

A. The Unified Vision

We may now articulate the core insight:

Reality at every scale—from electromagnetic fields to living organisms to conscious minds—
organizes itself around self-referential loops.

These loops have several key properties:

1. Topological Conservation: Once formed, they persist even under deformation, conserved 
by mathematical invariants (helicity in fields, free-energy bounds in biology, non-well-
founded self-containment in consciousness).



2. Hierarchical Nesting: Loops at smaller scales combine into loops at larger scales, forming 
a fractal, recursive architecture.

3. Self-Generating: Loops generate and perpetuate themselves. A knotted light field's topology 
ensures its propagation; a living cell's metabolism ensures its continuation; a conscious 
mind's self-model ensures its persistence and adaptation.

4. Self-Knowing: By closing on itself, a loop achieves a primitive form of self-awareness. It 
"knows" itself by being complete, self-contained, and able to distinguish itself from what is 
not-loop.

This vision does not require that matter literally is made of light loops (though intriguing proposals 
suggest this). Rather, it identifies loop-like, self-referential structure as the fundamental 
principle of organization, instantiated differently at each scale but recognizably the same in 
essence.

B. The Integration of Physics, Life, and Mind

• Physics supplies the most rigorous instances of loops: topological field configurations 
governed by Maxwell's equations. Here, loop structure is mathematically exact and 
experimentally verifiable.

• Biology shows how these loop principles scale: living systems are hierarchies of feedback 
loops (metabolic, genetic, neural), implementing the free-energy principle and achieving 
self-organization and adaptation.

• Consciousness represents the highest known instantiation: the loop achieves such deep 
recursion and temporal thickness that the system becomes aware of its own awareness. 
Consciousness is the universe's self-knowing via loops achieving self-containment.

Spivack's geometric information theory provides the mathematical language uniting these scales; 
Friston's free-energy principle provides the biological mechanics; the physics of knotted light 
provides the experimental ground truth.

C. Resonance with Mystical Wisdom

The framework harmonizes with ancient intuitions that:

1. Reality is fundamentally luminous—self-revealing, self-aware, conscious.
2. The divine, the absolute, or ultimate reality is self-referential—the ground of its own 

existence, knowing itself infinitely.
3. Individual consciousness is not separate from this cosmic self-knowing but a fractal 

expression of it, a loop within the infinite loop.
Spivack's Alpha—the primordial self-reference underlying all reality—resonates with the infinite, 
self-knowing light of Ein Sof in Kabbalah, the nondual awareness (Brahman) of Advaita Vedānta, 
and the luminous mind of Buddhist philosophy.

The scientific framework does not prove mystical claims, but it establishes their coherence with 
formal mathematics and empirical physics. Mysticism and science, long estranged, may be 
describing the same deep structure—the self-referential loops in which reality knows itself.

D. Limitations and Open Horizons



This synthesis, while compelling, remains incomplete:

• The full reduction from light loops to particle physics is speculative.
• The bridge from neurobiological activity to subjective experience, while clarified by the 

free-energy framework, still faces the hard problem of consciousness.
• The relationship between geometric information and physical fields requires further 

theoretical work.
• Experimental tests of Spivack's higher-tier predictions may require next-generation 

instruments or novel methods.
Nevertheless, the framework opens a research program:

1. Deepening the mathematics of self-reference and non-well-founded sets.
2. Searching for experimental signatures of consciousness-dependent effects in fundamental 

physics.
3. Mapping the neural correlates of deep self-models underlying consciousness.
4. Exploring whether artificial systems implementing active inference and topological 

structures can achieve genuine sentience.
5. Investigating whether biological systems have evolved sensitivity to topological light 

properties.
6. Developing a unified field theory incorporating both electromagnetic knots and information 

geometry.
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Conclusion

The integration of Spivack's geometric theory of self-reference, the physics of knotted 
electromagnetic fields, and Friston's free-energy principle reveals a coherent vision: reality self-
organizes around closed, self-referential loops at every scale. These loops range from the 
mathematical structures underlying particle physics to the neural circuits implementing 
consciousness. Their conservation is guaranteed by topological invariants in fields, by free-energy 
bounds in biology, and by logical necessity in formal theories of self-reference.

While the complete reduction of matter to loops of light remains speculative, the framework 
provides a powerful unifying principle and a research program that bridges physics, biology, and 



philosophy. It echoes profound intuitions from mystical traditions: that reality is fundamentally 
luminous, self-aware, and engaged in an infinite loop of self-knowing.

The next frontier is empirical: testing whether consciousness-dependent effects manifest at 
cosmological scales, whether deep neural self-models correlate with measurable geometric 
properties, and whether artificial systems implementing self-referential information processing can 
achieve genuine sentience. The loop—as physics, as life, as mind—awaits deeper investigation.


