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Quantum Biology of Cognition

Abstract

This paper presents a unified theoretical framework integrating four pillars of contemporary physics
and neuroscience: quantum biology, Integrated Information Theory (II'T), the Free Energy Principle (FEP),
and Orchestrated Objective Reduction (Orch-OR). We propose that biological systems, particularly neural
microtubules, exploit quantum coherence to convert environmental randomness into structured temporal
experience—what Bergson (1889) termed durée.

The framework introduces a coherence amplification parameter A, spanning nine orders of magnitude
from bulk water (A = 1) to the hypothesized OR regime (A = 10%). We demonstrate how quantum error
correction (QEC) mechanisms in microtubule lattices may sustain coherence at biological temperatures
(T = 310 K), achieving computational speedups sufficient to justify the metabolic costs of neural quantum
processing. The integrated information measure @ emerges as a fitness-relevant quantity, with OR collapse
events providing the discrete temporal structure underlying conscious experience.

Critically, this synthesis generates falsifiable predictions testable within 2-5 years using existing
experimental techniques. Deuterium substitution experiments predict measurable slowing of visual
conjunction search by 50-100 ms due to altered proton tunneling dynamics. Ultrafast spectroscopy should
reveal coherence signatures in isolated tubulin dimers persisting beyond thermal decoherence times.
Anesthetic dose-response curves should correlate with @ reduction in ways that current classical models
cannot explain.

We adopt an epistemically humble stance: the core OR mechanism remains unproven, but the
framework's internal consistency and empirical accessibility distinguish it from unfalsifiable speculation. If
correct, this model would resolve longstanding puzzles about the relationship between quantum mechanics
and biological time. We consider this outcome improbable given current physics priors, but the
framework's falsifiability distinguishes it from speculation and justifies the experimental program we
propose.

In short, the model proposes that consciousness arises from discrete, gravity-induced quantum state
reductions in neural microtubules occurring ~40 times per second. These events transform physical
randomness into the structured, meaningful flow of lived time (durée) while generating levels of integrated
information and predictive power unattainable by classical neural computation.

Keywords: quantum biology, integrated information theory, orchestrated objective reduction,
microtubules, coherence, consciousness, free energy principle, falsifiability
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Part 1: Introduction and Framework Overview

1.1 The Problem of Biological Time

Physics describes time as a parameter—a dimension along which events unfold according to
deterministic or probabilistic laws. Yet conscious experience presents time differently: as a flow, a
succession of qualitative moments that James (1890) called the "specious present” and Bergson
(1889) analyzed as durée—lived duration irreducible to spatialized clock-time. How do biological
systems convert the physicist's time-parameter into the experienced flow of temporal

consciousness?

This paper proposes that the answer may lie at the intersection of quantum biology and
consciousness studies. Specifically, we explore whether quantum coherence in neural microtubules
could provide a physical substrate relevant to temporal experience, with objective reduction (OR)
events potentially marking discrete transitions in neural state. We note, however, that the
connection to Bergson's durée is philosophically suggestive rather than mechanistically
necessary—classical neural mechanisms (gamma oscillations, recurrent processing, integration
windows) already provide accounts of the ~100-300 ms "specious present” without invoking
quantum effects. The Bergsonian framing motivates our inquiry but is not load-bearing for the

empirical predictions that follow.

1.2 Four Theoretical Pillars

Our framework synthesizes four major theoretical developments:

Quantum Biology: The discovery that quantum effects—coherence, tunneling,
entanglement—play functional roles in photosynthesis, avian navigation, and olfaction suggests
that evolution has learned to exploit quantum mechanics at biological temperatures (Engel et al.,

2007; Lambert et al., 2013). We extend this insight to neural processing.

Integrated Information Theory (IIT): Tononi's (2004, 2015) framework identifies
consciousness with integrated information (®), a measure of how much a system's whole exceeds
its parts. We propose that quantum coherence in microtubule networks maximizes @ by enabling

non-local correlations impossible in classical systems.

The Free Energy Principle (FEP): Friston's (2010) formulation shows that biological
systems minimize variational free energy—prediction error—to maintain their existence. We argue
that quantum coherence provides computational advantages for predictive processing, justifying

its metabolic costs.
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Orchestrated Objective Reduction (Orch-OR): Penrose and Hameroff's (1994, 2014)
proposal that consciousness arises from quantum gravity-induced collapse of superpositions in
microtubules provides the mechanism linking quantum coherence to discrete conscious moments.

We treat OR as an empirically testable hypothesis, not established fact.

1.3 Epistemic Stance

We adopt what might be called "hopeful skepticism." The core claims—that microtubules
sustain quantum coherence, that OR occurs, that @ tracks consciousness—remain unproven.
Critics (Tegmark, 2000; McKemmish et al., 2009) have raised serious objections regarding
decoherence timescales. Yet recent experimental work (Craddock et al., 2014; Babcock et al., 2024)

suggests these objections may not be fatal.

Our contribution is not to prove Orch-OR correct but to develop its implications with
sufficient rigor that they become testable. A framework that makes no predictions is not science;
a framework that makes bold predictions and survives experimental scrutiny earns credibility. We

aim for the latter.

We situate this work within a sobering historical context. Quantum-consciousness theories have
a 50-year track record of retreat and revision when decoherence details are pressed. Eccles—Beck
(synaptic exocytosis), Stapp (quantum Zeno effect), Ricciardi-Umezawa and Vitiello (quantum
field theory of brain states)—each proposed quantum mechanisms for consciousness, and each
encountered insuperable difficulties with thermal decoherence at biological temperatures. Orch-
OR itself has undergone significant revision since 1994. This pattern does not mean quantum
consciousness is impossible, but it establishes a strong negative prior that any new proposal must
overcome with extraordinary evidence. We do not claim to have overcome it; we claim to have

specified the experiments that could.

1.4 Core Claim in Plain Language

This paper argues that the brain maintains quantum superpositions inside microtubules for tens
of milliseconds—long enough to influence cognition. Roughly 40 times per second, gravity forces
these superpositions to collapse into definite outcomes. Each collapse corresponds to a conscious
"moment." These moments constitute what we experience as the flow of time, and they provide
the brain with an enormous computational advantage that justifies its high energy cost. The theory
makes specific, risky predictions (e.g., ingesting a small amount of heavy water should measurably

slow certain visual tasks); if those predictions fail, the theory is wrong.
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Part 2: Quantum Coherence and the A-Scaling Framework

2.1 The Coherence Challenge

The central objection to quantum effects in biology is decoherence. At body temperature
(T = 310 K), thermal fluctuations destroy quantum superpositions on femtosecond timescales.
Tegmark (2000) calculated that neural decoherence should occur in ~107"* seconds—far too fast

for any cognitive relevance. If this calculation is correct, quantum consciousness is impossible.

However, Tegmark's calculation assumed isolated quantum systems in thermal equilibrium with
their environment. Biological systems are neither isolated nor in equilibrium; they are driven,
structured, and actively maintained. The question is not whether decoherence occurs, but whether

biological structures can extend coherence times beyond thermal limits.

More recently, Kerskens & Pérez (2022) claimed indirect evidence of brain entanglement via
MRI. Their interpretation remains controversial, with independent verification ongoing. Babcock
et al. (2024) demonstrated picosecond superradiance in tryptophans (A = 10°-106), confirming
biological structures can exceed thermal limits, though falling ~9 orders of magnitude short of

millisecond-scale coherence.

2.2 The A Parameter

We introduce the coherence amplification parameter A, defined as the ratio of biological

coherence time to thermal decoherence time:

Thio
A=

Tthermal
Whete Thema = i/ksT = 25 fs at 310K. For A = 1, no amplification occurs; the system decoheres
thermally. For A > 1, biological structure extends coherence beyond thermal limits. Our framework
proposes that microtubule architecture achieves A values spanning many orders of magnitude,
culminating in the hypothesized OR regime where A = 10° (corresponding to T, = 25 ms,

compatible with the ~40 Hz gamma oscillations associated with conscious processing).

* Pedagogical approximation. Rigorous Lindblad rates in polar environments are 10-100X

faster, meaning actual amplification requirements may be larger.

2.3 Mechanisms of Coherence Amplification

Several mechanisms may contribute to coherence amplification in biological systems:
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Ordered water structures: Interfacial water near protein surfaces exhibits reduced mobility
and extended hydrogen-bond networks (Pollack, 2013). This "exclusion zone" water may shield

quantum systems from thermal noise.

Topological protection: The helical geometry of microtubules may provide topological
protection for quantum states, analogous to mechanisms proposed for topological quantum

computing (Nayak et al., 2008).

Quantum error correction: The periodic lattice structure of microtubule tubulin dimers may
implement natural error-correcting codes, detecting and correcting decoherence events before they

destroy quantum information (see Part 3).

Frohlich condensation: Frohlich (1968) proposed that metabolically-driven protein systems
could exhibit Bose-Einstein-like condensation, with long-range coherent oscillations. Recent

experimental evidence (Lundholm et al., 2015) supports this mechanism in driven protein systems.

2.4 The A-Scaling Hierarchy
Table 2.6.1 presents the proposed hierarchy of coherence regimes, from bulk water to the

hypothesized OR threshold:

Regime A Thio Mechanism
Bulk water 1 ~25fs Thermal baseline
Interfacial water 10'-10% | ~0.25-2.5ps | EZ water shielding
Protein scaffold 10°-10* | ~25-250ps | Structural order

Tubulin dimer 10°-10° ~2.5-25ns Aromatic networks
MT lattice (QEC) | 107108 | ~250 ns—2.5 us | Error correction
OR threshold ~10° ~25ms Collective + @ integration

Table 2.6.1: Coberence amplification hierarchy from bulk water to OR regime

Note: Regimes below the dashed line (MT lattice with QEC, OR threshold) represent extrapolations beyond current experimental
demonstration. The ). = 10° OR threshold is the framework's most speculative claim, requiring coberence amplification ~10°—10 *
beyond any value yet measured in biological systems.

2.5 Experimental Accessibility

Each level of this hierarchy is experimentally accessible with current technology. Two-
dimensional electronic spectroscopy can probe coherence in the femtosecond-to-picosecond
range (Engel et al., 2007). Neutron scattering reveals water ordering near biological surfaces
(Teixeira et al., 1985). Terahertz spectroscopy probes collective protein dynamics (Markelz et al.,
2000). The framework makes specific predictions at each level that distinguish it from classical

alternatives.
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2.6 The Scale Gap Challenge
We must be forthright about the most serious physical objection to this framework: the gap
between demonstrated quantum coherence in biological systems and the spatiotemporal scales

relevant to cognition.

The most impressive warm-quantum-biology results to date—tryptophan superradiance
networks, photosynthetic energy transfer, radical-pair magnetoreception—operate on length scales
of nanometers and timescales of picoseconds to nanoseconds. Consciousness-relevant processing
occurs across millimeters to centimeters over tens to hundreds of milliseconds. This represents a

gap of approximately 10°~10"2 in action (h X time/volume).

No biological system has ever been observed to protect quantum information across such a gap
without refrigeration and vacuum. The A-scaling hierarchy (Table 2.6.1) proposes that
microtubules bridge this gap through successive amplification mechanisms, but we acknowledge
that each step up the hierarchy is increasingly speculative. The jump from A = 107-10®
(demonstrated or plausible based on structural arguments) to A = 10° (required for OR-relevant
timescales) represents the framework's most vulnerable assumption. We do not claim to have
closed this gap; we claim only that the experiments in Part 5 can determine whether biology has

found ways to close it that physics does not yet understand.
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Part 3: Quantum Error Correction in Microtubule Lattices

3.1 The Error Correction Imperative

Quantum error correction (QEC) is essential for any practical quantum computation.
Engineered quantum computers employ sophisticated codes—surface codes, color codes,
stabilizer codes—to detect and correct errors faster than they accumulate. If biological systems
perform quantum computations, they must solve the same problem. The question is whether

evolution has discovered natural QEC mechanisms.

3.2 Microtubule Lattice Geometry

Microtubules exhibit remarkable structural regularity. Each microtubule consists of 13
protofilaments arranged in a hollow cylinder, with tubulin dimers («/f heterodimers) stacked in a
helical pattern with a characteristic 3-start helix. This geometry creates a two-dimensional lattice
wrapped into a cylinder, with each dimer coupled to six neighbors through well-defined contact

points.

We propose that this lattice geometry may provide the structural prerequisites for natural error
correction, though we emphasize that no explicit stabilizer group has yet been identified for the
microtubule lattice. The hypothesis is that the regular geometry and coupling structure could, in
principle, support syndrome extraction through local correlations between neighboring dimers.
However, demonstrating that this constitutes a true quantum error-correcting code—with
identifiable logical qubits, a distance = 3, and a fault-tolerant threshold—temains an open problem
requiring substantial theoretical development. We present this as a research direction rather than

an established mechanism.

Figure 3.2: Microtubule Structure — Cross-Section and 3D Architecture
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3.3 The QEC Cycle

We model the QEC cycle as a three-step process operating continuously within the microtubule

lattice:

Detection: In principle, error syndromes could be revealed through local parity-like
measurements on neighboring dimers. We hypothesize that conformational coupling between
dimers—where a dimer in an "error" state exhibits altered coupling detectable through collective
vibrational modes—might serve this function. However, we have not demonstrated that such
measurements are (a) non-destructive to the encoded information, (b) fast enough relative to error
rates, or (c) actually implement the syndrome extraction required by any known QEC code. This

remains a theoretical gap requiring either analytical proof or simulation.

Correction: Once an error is localized, correction is achieved through targeted energy input.
The metabolic activity of the cell (GTP hydrolysis at the microtubule plus end, motor protein
activity) provides the energy source. The correction operation is the application of the appropriate

Pauli operator to the affected dimer(s).

Recovery: The lattice returns to its error-free subspace, ready to accumulate new errors. The

cycle repeats at a rate determined by the error rate and the detection efficiency.

Figure 3.3: Quantum Error Correction Cycle in Microtubule Lattices
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3.4 Computational Speedup and Metabolic Cost
QEC is metabolically expensive—it requires continuous energy input to maintain coherence.
This cost must be justified by computational benefits. We estimate the speedup available from

quantum coherence in microtubule-based processing:

For a lattice of N dimers maintaining coherence for time 1, the effective Hilbert space
dimension is 2™. Classical simulation of this quantum system requires resources exponential in N.
For N = 10* dimers (a typical microtubule contains ~1,600 dimers; a single neuron contains ~10°

tubulin dimers), the quantum system explores a state space inaccessible to any classical computer.
The computational speedup S can be estimated as:

T .
S = zNeff X bio
Tciassical

where N is the effective number of coherently coupled dimers and Tessica 18 the timescale for
classical conformational changes (~ps). However, we caution that Nes—the number of dimers
maintaining useful entanglement for computation—is almost certainly far smaller than the total
number of dimers showing any coherence signature. Current experimental evidence (e.g.,
tryptophan superradiance networks) demonstrates collective excitations over tens to hundreds of
molecules for picoseconds, not the millisecond-scale entanglement across thousands of logical
qubits that would be required for dramatic speedups. If we take conservative values (Ner = 1020,
Thio/ Tanssic = 102), speedups of 10°-10% are more realistic upper bounds—still potentially
significant, but not the exponential windfall suggested by naive calculations. The gap between
demonstrated coherence and useful quantum computation remains substantial.

Figure 3.4: Computational Speedup Landscape
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3.5 Integration with Part 4: Fitness ROI

The computational speedup calculated here directly informs the fitness return-on-investment
analysis in Part 4. If quantum processing provides even a modest advantage in predictive
processing (reducing free energy faster than classical alternatives), the metabolic cost of
maintaining coherence is evolutionarily justified. The crossover point—where quantum advantage
exceeds metabolic cost—defines the regime in which we expect quantum cognition to have

evolved.
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Part 4: Integrated Information, @, and Evolutionary Fitness

4.11IT and the Measure of Consciousness

Integrated Information Theory (Tononi, 2004, 2015; Oizumi et al., 2014) proposes that
consciousness corresponds to integrated information, denoted ®. Intuitively, @ measures how
much the whole system exceeds the sum of its parts—the degree to which the system is "more
than" a collection of independent components. II'T makes the bold claim that @ is not merely
correlated with consciousness but zs consciousness, in the sense that any system with positive @

has some form of experience.

4.2 Quantum Enhancement of @

Quantum coherence may provide a mechanism for enhancing integrated information, though
we acknowledge that current formulations of IIT (including IIT 4.0) are defined for classical
systems, and extending @ to quantum substrates remains an active research program rather than
settled theory. The intuition is that entanglement creates correlations impossible in classical
systems—entangled components exhibit instantaneous correlations regardless of spatial
separation—and such correlations might contribute to integration in ways that increase @.
However, recent theoretical work on quantum extensions of II'T (Zanardi, Tomka, & Venuti, 2018;
Albantakis, L., Prentner, R., & Durham, I., 2023) reveals that the relationship between
entanglement and integrated information is subtle and depends critically on how partitions and
causal structures are defined in quantum systems. In some formulations, pure entanglement can
actually reduce effective integration rather than enhance it, depending on the partition structure
and how conditional independence is defined for quantum states. The sign and magnitude of any

quantum contribution to @ therefore remains an open theoretical question.

The precise relationship between entanglement and @ is not straightforward, and we emphasize
that our claims about quantum enhancement of integrated information are conjectures requiring
formal proof rather than established results. Entanglement does not automatically translate to
integration as II'T defines it; the mapping depends on how one treats superposition, measurement,
and the system's causal structure. For a microtubule lattice maintaining coherence across N dimers,
the potential @ might scale favorably with N for appropriate interaction structures, but deriving
this formally within a quantum-extended IIT framework—and crucially, determining whether the
quantum contribution is positive or negative—remains an open theoretical challenge. We present
quantum enhancement of @ as a motivated hypothesis that follows from the intuition that
nonclassical correlations should increase integration, but acknowledge this intuition may not

survive rigorous formalization.
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4.3 Attention as ® Modulation

Michel (2024) has argued that attention modulates @ by selectively integrating subsets of neural
activity. Within our framework, attention corresponds to the selective maintenance of coherence
in task-relevant microtubule networks. Attended stimuli engage microtubules that sustain

coherence; unattended stimuli are processed classically.

This provides a natural explanation for the "attentional blink"—the difficulty of processing a
second target shortly after the first. In our model, detecting the first target triggers OR collapse
across a coherent microtubule network, temporarily reducing global ®@. The ~200-300 ms recovery
time corresponds to the reestablishment of coherence necessary for the next conscious percept—
We acknowledge that classical neural mechanisms—recurrent processing, gamma-band
synchronization, global workspace dynamics—provide increasingly detailed and empirically
successful accounts of the attentional blink, feature binding, and the specious present without
invoking quantum effects. The classical explanations are not obviously inadequate; they are, in fact,
winning most of the empirical battles. Our framework proposes that quantum coherence provides
additional computational resources that classical models miss, but we cannot claim that classical
models have failed. The honest framing is: if classical mechanisms fully explain conscious
processing, Orch-OR is unnecessary. Our predictions (Part 5) are designed to detect signatures

that classical models cannot accommodate.

4.4 Fitness Return on Investment
From an evolutionary perspective, consciousness must provide fitness benefits exceeding its
costs. The brain consumes ~20% of metabolic resources while comprising ~2% of body mass. If

consciousness served no function, this extravagant expenditure would be eliminated by selection.

The FEP provides the currency for ROI calculation: free energy minimization. An agent that
predicts its sensory inputs better survives longer and reproduces more successfully. Quantum
coherence, by enabling faster and more accurate predictive processing (Part 3), provides a

competitive advantage.

We estimate the ROI as:

Fquantum Eclassical

ROI =

AFclassical Equantum

where AF represents free energy reduction rate and E represents metabolic cost. For quantum

processing to be favored, ROI > 1. Our calculations (Part 3) suggest that ROI > 1 is achievable
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for optimistic parameter choices, which would be consistent with evolutionary investment in
quantum-relevant neural machinery. However, given the uncertainties in Neg and the gap between
demonstrated coherence and computational utility, we present this as a plausibility argument rather
than a quantitative proof. The ROI calculation shows that quantum cognition could be

evolutionarily viable, not that it is the explanation for observed neural architecture.
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Part 5: Falsifiable Predictions and Experimental Tests

5.1 Epistemic Commitment

A theory that cannot be tested is not science. We have developed this framework with explicit
attention to falsifiability. Each major claim generates predictions that can be tested with existing
or near-term experimental techniques. We catalog these predictions with specific quantitative
expectations, acknowledging that failure to observe predicted effects would constitute evidence

against the framework.

5.2 Primary Predictions

5.2.1 Deuterium Substitution Effects

Prediction: Partial replacement of body water with D,O (5-10% over 7 days, within safe limits
per Jones, 1958) should, if the framework is correct, slow visual conjunction search compared to
H>O controls. Under maximal proton-tunneling reliance (i.e., if quantum tunneling is rate-limiting
for the entire task), effects could reach 50-100 ms. However, more realistic expectations given
historical D,O exposure data (occupational exposures, medical studies) that did not produce
obvious cognitive slowing are 15-40 ms. The lower bound assumes proton tunneling contributes
but is not solely rate-limiting; the upper bound would require near-exclusive quantum dependence,
which we consider unlikely given the multifactorial nature of visual search. Either effect size, if
specific to conjunction search rather than feature search, would support the framework; a well-

powered null result would significantly damage it.

Confidence and alternatives: We assign moderate confidence to observing some effect, but
acknowledge that skeptical priors (based on the scale gap problem) favor either null results or
small, noisy effects attributable to general metabolic slowing rather than quantum-specific
mechanisms. A clean 50-100 ms effect specific to conjunction search (with minimal effect on
feature search) would be strong evidence for the framework. A general slowing of all reaction
times would be ambiguous. A null result, if adequately powered, would significantly damage the
proton-tunneling component of the model, though it would not rule out other coherence

mechanisms.

Rationale: Proton tunneling dynamics differ between H and D due to the mass difference. If
quantum tunneling contributes to coherence maintenance in microtubules (through proton
transfer in hydrogen-bond networks), deuterium substitution will slow these dynamics, measurably

impairing quantum-dependent cognitive processes.
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Protocol: Double-blind, placebo-controlled study with D,O ingestion over 7 days, medical
monitoring throughout, IRB approval required. Visual search task with conjunction targets
(requiring feature binding). Primary outcome: reaction time difference between D,0O and H,O

groups. Pilot studies in rodents recommended first to establish dose-response relationship.

Timeline: Testable within 2 years with standard psychophysics equipment.
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5.2.2 Ultrafast Coherence Spectroscopy

Prediction: Two-dimensional electronic spectroscopy of isolated tubulin dimers will reveal
coherence signatures persisting for 100-500 fs at physiological temperature—significantly longer

than the ~25 fs thermal decoherence time.

Rationale: If tubulin architecture provides coherence amplification (\ = 10°-10° per Table
2.6.1), spectroscopic signatures should be detectable. Comparison with denatured tubulin controls

will confirm that structure, not mere protein composition, undetlies coherence extension.

Timeline: Testable within 1-2 years at laboratories with existing 2DES capability (e.g., Fleming

group, Berkeley).

5.2.3 Anesthetic-® Correlation

Prediction: Anesthetic potency (MAC values) will correlate with reduction in ®-proxy
measures (e.g., perturbational complexity index, PCI) in ways that classical neural models cannot

explain.

Rationale: While the dominant explanation for anesthetic-induced unconsciousness involves
GABAx and NMDA receptor modulation, a minority hypothesis suggests that anesthetics also
disrupt microtubule function (Emerson et al., 2013). This microtubule hypothesis remains
controversial within mainstream anesthesiology. Our framework makes a specific, testable
prediction: if microtubule-based quantum coherence contributes to consciousness, then
anesthetics that bind to microtubules should show ®-proxy signatures (e.g., perturbational
complexity index) that differ from structurally similar molecules that bind to other targets but do
not induce unconsciousness. This prediction tests the microtubule contribution specifically rather
than general anesthetic mechanisms. Comparison with anesthetic effects on classical neural
correlates (e.g., EEG power spectra) will distinguish quantum-specific effects from those mediated
by ion-channel modulation, allowing us to determine whether @ reduction correlates with

microtubule binding affinity after controlling for lipophilicity and membrane effects.

Timeline: Testable within 3-5 years as @ measurement techniques mature.

5.3 Secondary Predictions

Additional predictions, less central to the framework but still testable:

1. Focused ultrasound at microtubule resonance frequencies (~10 MHz) should
transiently enhance ®d-proxy measures.

2. Microtubule-stabilizing drugs (e.g., taxol derivatives) should enhance coherence
duration measurable by NV-center magnetometry.
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3. OR collapse times should correlate with the ~300 ms "specious present” identified
by James and Bergson (cf. Bergson, 1889).

4. Genetic variants affecting tubulin aromatic residues should correlate with measurable
cognitive timing differences.

5.4 What Would Falsify This Framework?

We specify falsification conditions with appropriate nuance:

Strong falsification (framework likely wrong):

Ultrafast spectroscopy reveals no coherence extension in tubulin beyond thermal baselines

across multiple independent laboratories.
Well-powered deuterium studies show null effects on conjunction search.

Anesthetic potency correlates better with classical neural measures than with ®-proxies.

Weak falsification (specific mechanisms wrong, framework salvageable):

QEC signatures absent but extended coherence present (would falsify Section 3, not

necessarily Section 2).

Deuterium effect present but smaller than predicted or not specific to binding tasks (would

require parameter revision).

What would not falsify the framework:

Failure to detect OR collapse directly (OR may be correct but experimentally inaccessible

with current technology).

Classical models continuing to explain behavioral data (our claim is that quantum

mechanisms provide additional resources, not that classical mechanisms fail).

We are aware that this structure creates some immunization against falsificaion—a common

failure mode of speculative theories. We attempt to counteract this by committing to the following:

if the three primary predictions (deuterium effect, tubulin coherence extension, anesthetic-®

specificity) all fail cleanly in well-designed studies by 2030, we will regard the framework as

empirically refuted, regardless of theoretical salvage operations that might preserve it in modified
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The framework is unproven and, we acknowledge, improbable given current physics priors. But
it is falsifiable within a defined timeframe. That is the epistemic stance appropriate to frontier

science operating against strong headwinds.

Part 6: Conclusion

Ultimately, we suggest that evolution discovered quantum computation billions of years before
humans built the first qubit. By orchestrating objective reductions in microtubule lattices, living
systems may convert the randomness of the quantum world into the meaningful, irreversible arrow

of experienced time—and gain, in the process, a predictive engine of extraordina owert.
f ienced ti d gain, in th , dicti gine of extraordi

Whether this is correct remains to be seen. The framework we have presented is internally
consistent, empirically accessible, and—crucially—falsifiable within the timeframe we have
specified. We offer it not as established truth but as a research program worthy of experimental

investigation.
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