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Consciousness as a Quantum Interference Pattern

A New Framework for Consciousness
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Abstract

The double-slit experiment, a cornerstone of quantum mechanics, is traditionally viewed as a
paradoxical demonstration of wave-particle duality. This article posits that its core dynamic—
superposition, interference, and environment-driven localization—is not a unique quantum
phenomenon but a fundamental computational principle implemented by the brain. We introduce
the Ze framework, arguing that the brain operates as a biological interferometer. Cognitive systems
maintain multiple generative hypotheses in a state of active interference (superposition), analogous
to the quantum wavefunction passing through both slits. “Which-path” information, supplied by
sensory data, action, and social context, forces cognitive decoherence, localizing perception and
decision into a single narrative. Sleep is recast as an intrinsic quantum eraser, periodically degrading
which-path information to restore cognitive flexibility and prevent pathological hyper-localization.
The framework structurally links quantum decoherence, Bayesian active inference, and the
neurobiology of sleep and wake cycles. It provides a transdiagnostic model for psychopathology,
where disorders like psychosis and PTSD are seen as dysregulations of this interference-localization
cycle. We conclude that the brain does not observe quantum reality; it actively instantiates its core
logic, making the double-slit experiment a continuous, lived process of resolving ambiguity to
survive and understand the world.

Keywords: active inference; cognitive decoherence; double-slit analogy; free energy principle;
predictive processing; sleep; transdiagnostic psychiatry

1. The Central Thesis: From Quantum Paradox to Cognitive Principle

The quantum double-slit experiment is often presented as a mysterious phenomenon exclusive
to the microscopic world. This paper argues that the core mechanism of this experiment is not a
quantum curiosity but a fundamental principle of adaptive systems engaged in active inference
(Friston, 2010). We posit that the adult human brain operates continuously in this double-slit mode.
It perpetually constructs multiple, often incompatible, interpretations of sensory data (Hohwy, 2016),
minimizes a quantity formally analogous to free energy (Friston & Kiebel, 2009), and is forced by
environmental demands to either maintain a superposition of hypotheses or localize onto a single,
actionable narrative.

This framework, termed the Ze framework, proposes that cognition is a dynamic interference
pattern between competing generative models. The “which-path” information that destroys quantum
interference finds its cognitive analogue in sensory binding, linguistic framing, goal-directed action,
and social feedback—all of which force a path localization (Clark, 2013). Consequently, phenomena
like sleep, insight, and psychopathology can be reinterpreted through the physics of interference and
decoherence, suggesting a profound structural isomorphism between the resolution of uncertainty
in quantum systems and in the brain (Bruza, Wang, & Busemeyer, 2015).
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2. Interference as a Cognitive State

In the Ze framework, cognitive interference corresponds to the simultaneous, active
maintenance of multiple incompatible hypotheses about the world (Friston & Kiebel, 2009). This is
not merely parallel processing; it is the maintenance of a probabilistic superposition within the brain’s
generative model (Knill & Pouget, 2004). Conversely, cognitive localization is the process by which
this superposition collapses into a single, stabilized interpretation.

e  States Permitting Interference: Sleep, imagination, and insight are characterized by a heightened
tolerance for interference. During sleep, sensory gating reduces “which-path” information,
allowing for the hyper-associative recombination of memory traces (Lewis, Knoblich, & Poe,
2018; Tononi & Cirelli, 2014). Imagination and mind-wandering, supported by the default mode
network, involve holding present reality and counterfactual possibilities in mind simultaneously
(Buckner & Carroll, 2007; Raichle, 2015). Insight involves a relaxation of top-down constraints,
allowing interference between remote concepts before a sudden, new solution localizes (Jung-
Beeman et al., 2004).

e  States Suppressing Interference: Effective waking action demands the suppression of
interference. Goal-directed wakefulness requires localization onto a single model of the world
for sensorimotor control (Milner & Goodale, 2008; Cisek & Kalaska, 2010). Focused attention acts
as a cognitive “which-path” detector, selectively amplifying sensory evidence for one hypothesis
and forcing rapid localization (Feldman & Friston, 2010; Meng & Tong, 2004). Neuromodulators
like norepinephrine sharpen this competition (Aston-Jones & Cohen, 2005).

Table 1. Cognitive and Quantum States of Interference and Localization.

Cognitive Phenomenon (ZeQuantum Analogue (Double-Primary Neural/Physiological

Framework) Slit) Correlate
Co-activation of competing neural
Cognitive InterferenceWave-like behavior . petng
L. . . assemblies; Default Mode
(Ambiguity, contemplation,(Superposition through both . .
. o Network activity; High entropy
dreaming) slits, interference pattern) states

Increased precision-weighting of

“Which-Path” InformationPath measurement (Detector atprediction errors;
(Sensory fixation, actionslit, recording which path isNorepinephrine-mediated gain;
commitment, social feedback)  taken) Gamma-band synchronization for

binding.

Winner-take-all inhibitory
Cognitive LocalizationParticle-like behavior (Collapsecompetition; Synchronization of
(Perceptual decision, categoricalto a single localized point onwinning neural coalition;
choice, narrative stabilization)  detector) Suppression of rival

representations.

L. uantum eraser experimentThalamic sensory gating; Reduced
Sleep as Cognitive EraserQ P Y sauns

(Synaptic downscaling, memory
recombination)

(Retroactive erasure of pathnoradrenergic tone; Slow-wave
information restoresoscillations (SWS); Theta-gamma
interference) coupling in REM.

3. “Which-Path” Information and Cognitive Decoherence

In quantum mechanics, acquiring “which-path” information destroys interference. An
isomorphic process of cognitive decoherence is fundamental to brain function. Here, the brain’s
internal models constitute the “system,” and the sensorimotor stream provides the “environment”
(Friston & Kiebel, 2009). As evidence accrues for a specific interpretation, the probability distribution
over causes sharpens, suppressing alternatives —a cognitive analogue of decoherence (Bruza et al.,
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2015). This “measurement” is inherent to the brain’s active engagement with the world to minimize
free energy (Hohwy, 2016).
Which-path information is conveyed through several channels:

1. Sensory Fixation & Binding: Focused perception provides high-precision data, anchoring
interpretation. Gamma-band synchronization may mediate this binding (Engel & Singer, 2001).

2. Linguistic Labeling: Attaching a verbal label commits the system to a categorical schema,
suppressing alternatives (Herz & von Clef, 2001).

3. Social Feedback: Confirmation or disagreement from others provides direct Bayesian evidence,
often overriding personal interpretations (Zaki, Schirmer, & Mitchell, 2011).

4. Goal-Directed Action: A motor commitment is the ultimate which-path measurement. The
proprioceptive feedback uniquely validates the associated generative model (Cisek & Kalaska,
2010; Friston et al., 2016).

The accumulation of convergent which-path information exponentially accelerates localization
by creating an unsustainable conflict (AF) between models, mediated by neuromodulatory systems
like the locus coeruleus-norepinephrine system (Aston-Jones & Cohen, 2005; Feldman & Friston,
2010).

Figure 1: The Cognitive Decoherence Cycle

Which-Path Information

Linguistic

Sofial

Cognitive Which-Path Sl S Stabiized
Superposition Information lecalization Percept/Action Quantum Eraser

Restores
Interference
Potential

Schematic representation of the cognitive decoherence cycle. Cognitive superposition (multiple active hypotheses)
is acted upon by convergent "which-path" information, leading to decoherence and localization (single narrative).
Sleep functions as a quantum eraser, restoring interference potential by degrading which-path information.

Figure 1. The Cognitive Decoherence Cycle (A schematic diagram showing a “Cognitive Superposition” state
(multiple active hypotheses) being acted upon by convergent “Which-Path Information” (sensory, motor, social,
linguistic arrows). This leads to “Cognitive Decoherence & Localization” (a single selected narrative). A

“Sleep/Quantum Eraser” arrow loops back from localization to superposition, showing the reset function.).
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4. Sleep as a Cognitive Quantum Eraser

The delayed-choice quantum eraser shows that erasing which-path information can restore
interference (Walborn et al., 2002). Sleep performs a precisely analogous function (Hobson & Friston,
2012). It actively degrades the precision-weighted “which-path record” etched into synaptic weights
during wakefulness (Yang et al., 2014), acting as a cognitive quantum eraser.

The mechanism involves:

1.  Sensory Disconnection: Thalamic gating attenuates external evidence (McCormick & Bal, 1997).

2. Neuromodulatory Reversal: Norepinephrine and serotonin drop during SWS, lowering
precision-weighting. Cholinergic dominance in REM promotes hyper-association (Pace-Schott
& Hobson, 2002; Hobson & Friston, 2012).

This flattens the free energy landscape, reducing the AF between models via synaptic
downscaling (Tononi & Cirelli, 2006), and restores conditions for interference.

e  Slow-Wave Oscillations (SWS): Orchestrate the reactivation and recombination of memory
traces, not simple replay (Diekelmann & Born, 2010; Lewis & Durrant, 2011).

e  REM Sleep (Theta-Gamma Coupling): Creates an ideal environment for associative linking of
memories, emotions, and concepts (Walker & van der Helm, 2009).

Thus, sleep is a necessity for de-localization, preventing cognitive rigidity and enabling memory
flexibility and creativity (Lewis et al., 2018).

5. Two Generative Models: The Ze Duality

The Ze framework proposes the brain is organized around two core, competing generative
models whose interaction produces cognitive interference.

e Model A (Forward, Sensorimotor): Pragmatic, causal, and prospective. It predicts sensory
consequences of actions to minimize surprise through movement (Friston et al., 2016).
Associated with dorsal visual streams, frontoparietal networks, and the cerebellum (Milner &
Goodale, 2008; Wolpert, Miall, & Kawato, 1998). It demands localization for action and
dominates during focused tasks (Aston-Jones & Cohen, 2005).

e  Model B (Inverse, Reconstructive): Reflective, diagnostic, and often retrospective. It infers the
causes of data to build coherent narratives about the past, others” minds, and counterfactuals
(Hassabis & Maguire, 2009). Associated with the Default Mode Network (DMN), ventral visual
stream, and hippocampus (Buckner & Carroll, 2007; Raichle, 2015). It tolerates ambiguity and
parallel interpretations.

Interference occurs at their interface when data is ambiguous enough for both models (e.g., an
ambiguous social cue). Localization is forced either by Model A’s imperative for action or Model B’s
triumph of a more coherent narrative (e.g., an “Aha!” moment) (Jung-Beeman et al., 2004). The
anterior cingulate cortex monitors this conflict, and the dorsolateral prefrontal cortex implements
control (Botvinick, Cohen, & Carter, 2004).
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Figure 2: The Ze Duality and the Interference-Localization Cycle

Model A Model B
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The Ze Duality framework. Mode! A (sensorimotor) and Model B (reconstructive) process ambiguous input,
creating a zone of cognitive interference, Convergent "which-path" information and action imperatives force
localization to a single percept/action. Sleep periodically erases path commitments, resetting the system.

Figure 2. The Ze Duality and the Interference-Localization Cycle (A diagram showing Model A and Model B
receiving Ambiguous Sensory Input. Their outputs create a “Zone of Cognitive Interference” (superposition).
Arrows from “Which-Path Information” and “Imperative for Action” apply pressure, leading to a “Point of
Localization” where one model’s output is selected, resulting in a “Stabilized Percept/Action.” A feedback loop

labeled “Sleep/Erasure” resets the system back to the interference zone.).

Table 2. The Ze Duality: Two Generative Models of the Brain.

Characteristic Model A: Forward (Sensorimotor) Model B: Inverse (Reconstructive)

Predict consequences of action;
Core Function minimize prediction error through
movement.

Infer causes of sensory data;
construct explanatory narratives.

Temporal Focus Prospective (“What will happen if IRetrospective/Counterfactual

do that?”) (“What caused this? What if?”)
Localization. Requires a single,
) . d g Tolerates Interference. Can hold
Primary Demand unambiguous model for effective s L
. multiple interpretations in parallel.
action.

. Dorsal visual stream, frontoparietalDefault Mode Network (mPFC,
Neuroanatomical . .
Correlates action networks, cerebellum, basalPCC, angular gyrus), ventral visual

ganglia. stream, hippocampus.
Mind-wandering, reminiscence,
. Focused task engagement, threat . & . .
Dominant States . social reasoning, creative
response, skilled performance. . .
brainstorming.
Perseveration/Compulsion: Psychosis/Dissociation:

Dysfunctional Extremes  Pathological, rigid action loops (e.g.,Uncontrolled narrative generation
OCD rituals). detached from sensory evidence.

6. Localization as a Forced Process

Cognitive localization is not a conscious choice but a forced, subpersonal computational
outcome (Friston, 2010), analogous to quantum decoherence (Zurek, 2003). Perceptual resolution
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often occurs pre-consciously (Dehaene et al., 2006), and the “Aha!” moment feels involuntary (Jung-
Beeman et al., 2004).
Localization is forced when:

1. The free energy difference (AF) between models exceeds a stability threshold, creating an
unsustainable gradient (Friston & Kiebel, 2009).

2. The environment provides unambiguous sensory support, selectively lowering the free energy
of one model (Feldman & Friston, 2010).

3. The imperative for action generates proprioceptive predictions that can only be fulfilled by one
model, forcing a collapse to avoid catastrophic prediction error (Cisek & Kalaska, 2010; Friston
et al., 2016).

The feeling of conscious will is a post-hoc narrative of this forced transition (Haggard, 2008).

7. Structural Isomorphism: Molecules and the Brain

The similarity is not metaphorical but a structural isomorphism. Large molecules in interference
experiments possess internal degrees of freedom (iDOFs) that can entangle with their path, causing
self-decoherence (Arndt et al, 1999; Zurek, 2003). Similarly, the brain’s recursive, hierarchical
architecture means every part is both processor and environment for others, creating a rich internal
medium for which-path information (Friston, 2010; Hohwy, 2016).

Both systems exhibit self-decoherence: molecules via thermal vibration (Hackermiiller et al.,
2004); the brain via active neuromodulatory gain control to accelerate localization (Aston-Jones &
Cohen, 2005). The brain achieves operational closure through the perception-action cycle, becoming
its own primary environment (Clark, 2013; Friston et al., 2016).

The unifying principle: any complex, self-interacting system inferring hidden states will exhibit
a trade-off between maintaining superposition (interference) and committing to one state
(localization) to minimize free energy (Friston & Kiebel, 2009).

8. Psychopathology: Dysregulation of the Which-Path/Eraser Cycle

Mental disorders can be reformulated as dysregulations of the interference-localization cycle
(Friston, Stephan, Montague, & Dolan, 2014).

e  Excessive Interference (Failed Which-Path Generation):

o  Psychosis: Abnormally weak precision on sensory evidence (failing which-path
information) allows Model B’s narratives to operate in uncontrolled interference, leading to
hallucinations and delusions (Sterzer et al., 2018; Corlett et al., 2019; Fletcher & Frith, 2009).

o  Dissociation: A failure to integrate which-path information into a coherent self-model,
leading to fragmented consciousness (Lanius, Vermetten, & Pain, 2010).

o  Excessive Localization (Failed Erasure):

o PTSD: A traumatic memory forms an ultra-strong which-path record. Failed sleep-
dependent erasure/integration leaves it hyper-localized and intrusive (Brewin, 2015;
Tononi & Cirelli, 2014).

o  Depression: Hyper-localization onto a negative narrative (Model B), compounded by poor
sleep (reduced erasure), creates cognitive rigidity (Roiser, Elliott, & Sahakian, 2012;
Riemann, Krone, Wulff, & Nissen, 2020).

o OCD: An intrusive thought (interference) is met with a compulsive action —a maladaptive,
self-generated which-path measurement to force temporary, fragile localization (Robbins,
Vaghi, & Banca, 2019).

Blurred sleep-wake boundaries in these disorders are a direct symptom of this core
dysregulation (Muto et al., 2016).

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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9. Altered States of Consciousness as Ze Regimes

e Coma: A global suppression of both models, halting active inference. The apparatus is powered
down (Laureys, 2005; Alkire, Hudetz, & Tononi, 2008).

¢  General Anesthesia: Induces a widespread, artificial localization without interpretation. It
disrupts network integration, creating a uniform, low-complexity state that precludes coherent
interference (Brown, Lydic, & Schiff, 2010; Pal et al., 2020).

e  Psychedelics (e.g., psilocybin, LSD): Attenuate which-path information (reducing precision of
high-level priors), thereby amplifying interference. This is evidenced by DMN disintegration,
increased entropy, and global connectivity (Carhart-Harris et al., 2012, 2014; Carhart-Harris &
Friston, 2019).

Figure 3: Spectrum of Cognitive Regimes in the Ze Framework

Sleep
(Periodic Reset

Function)

General
Anesthesia

Psychedelics

= Healthy
High Wakefulness
Interference

States

High
Localization
States

0 2 4 6 8 10

Continuum of cognitive states from émﬁgm%rﬁﬁféi‘b mgﬂm%zauon. Psychedelics and psychosis
represent states of high interference, while PTSD, depression, OCD, anesthesia, and coma represent states of
high or pathological localization. Sleep functions as a reset mechanism moving the system leftward.

Figure 3. Spectrum of Cognitive Regimes in the Ze Framework (A one-dimensional spectrum with “Excessive
Interference” on the left, “Healthy Balance” in the center, and “Excessive Localization” on the right. Key states
are plotted along it: Psychedelics and Psychosis towards the left; Coma and General Anesthesia towards the far
right (as null/artificial states); PTSD, Depression, and OCD to the right of center; Sleep as a periodic resetting

function moving the system leftwards from localized states.).

10. Against Copenhagen: Locality Without an Observer

The Ze framework, grounded in decoherence theory, forcefully rejects the Copenhagen notion
that an observer causes collapse (Heisenberg, 1958). Localization is a physical, observer-independent
process (Zurek, 2003). In the brain, “which-path” information from the environment and the brain’s
own structure forces resolution via winner-take-all dynamics (Engel & Singer, 2001; Feldman &
Friston, 2010). Consciousness is a consequence of localization (e.g., global availability of the winning
model), not its cause (Dehaene & Naccache, 2001; Hohwy, 2016). Neural precursors to decisions occur
before conscious awareness (Libet et al., 1983; Soon, Brass, Heinze, & Haynes, 2008).

The unifying mechanistic principle is the minimization of variational free energy. The brain
implements the same physics of uncertainty resolution as the double-slit system, at a higher level of
complexity (Friston, 2010, 2013).

11. Conclusions: The Brain as an Interferometric Inference Engine

The double-slit experiment reveals a fundamental operational mode for any complex system
performing active inference. The brain is a biological interferometer where:

e Interference is the norm: The default is a superposition of hypotheses.
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e  Localization is a forced event: Driven by free energy gradients, environmental evidence, and
action imperative.
e  Sleep is the essential eraser: Periodically resetting path commitments to restore flexibility.

This tripartite scheme provides a unified framework linking quantum physics, cognitive
neuroscience, and psychiatry. The brain does not observe quantum reality; it is an evolved
embodiment of its core computational logic. The famous experiment is a continuous, lived process
within us—the ceaseless, self-decohiring inference that is the fundamental game of staying alive.
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