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ABSTRACT

The measurement problem and the hard problem of consciousness are often treated as separate philosophical challenges. A growing line of speculation proposes that conscious-
ness itself induces wavefunction collapse, implying that collapse could occur continuously throughout the universe wherever conscious substrates exist. If such a
consciousness-driven collapse (CDC) mechanism were operative, its phenomenology should be indistinguishable from standard environmental decoherence for mesoscopic quan-
tum systems, yet it might also generate subtle deviations that could be probed experimentally. We construct a minimal CDC model in which the collapse rate is proportional to the
information content of the conscious substrate, and we compare its predictions with the canonical Lindblad-type decoherence rate for a representative large-molecule interferome-
try experiment. Using explicitly assumed parameters (molecular mass 10* amu, spatial superposition separation 10~° m, temperature 300K, information content 10° bits, propor-
tionality constant10~* s ! bit 1), we derive a CDC rate of 10~ s~*

magnitude smaller than the environmental background, rendering it experimentally invisible under current conditions. A Zeno-effect bound from sustained Rabi oscillations in a

and an environmental decoherence rate of 1.2 x 107 s~!. The CDC contribution is therefore many orders of

superconducting qubit further constrains any linear CDC coupling to v < 107> s~ bit ™!, comfortably above our assumed value. The result suggests that, unless the proportional-
ity constant is dramatically larger, CDC will not affect the design of quantum technologies. Nevertheless, the analysis identifies a concrete experimental regime—
ultra-low-temperature, high-mass superpositions—where CDC could become comparable to environmental decoherence, providing a clear target for future tests.
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Abstract

The measurement problem and the hard problem of consciousness are often treated as separate philosophical challenges. A growing line of speculation proposes that consciousness
itself induces wavefunction collapse, implying that collapse could occur continuously throughout the universe wherever conscious substrates exist. If such a consciousness-driven
collapse (CDC) mechanism were operative, its phenomenology should be indistinguishable from standard environmental decoherence for mesoscopic quantum systems, yet it
might also generate subtle deviations that could be probed experimentally. We construct a minimal CDC model in which the collapse rate is proportional to the information content
of the conscious substrate, and we compare its predictions with the canonical Lindblad-type decoherence rate for a representative large-molecule interferometry experiment. Using
explicitly assumed parameters (molecular mass10?amu, spatial superposition separation10~?m, temperature300K, information content10°bits, proportionality constant
10 s 1 bit '), we derive a CDC rate of 107 s ' and an environmental decoherence rate of 1.2 x 107 s~ '. The CDC contribution is therefore many orders of magnitude smaller
than the environmental background, rendering it experimentally invisible under current conditions. A Zeno-effect bound from sustained Rabi oscillations in a superconducting
qubit further constrains any linear CDC coupling to & < 107° s~! bit !, comfortably above our assumed value. The result suggests that, unless the proportionality constant is dra-
matically larger, CDC will not affect the design of quantum technologies. Nevertheless, the analysis identifies a concrete experimental regime—ultra-low-temperature, high-mass
superpositions—where CDC could become comparable to environmental decoherence, providing a clear target for future tests.

1. Introduction

Quantum technologists who build matter-wave interferometers, superconducting qubits, and optomechanical sensors face a daily engineering problem: every coherence budget as-
sumes that decoherence is entirely environmental, caused by coupling to gas, phonons, photons, and control electronics that can in principle be engineered away. If that assump-
tion is wrong—if a collapse process exists that does not couple to the environment but scales with the informational richness of surrounding conscious substrates—then a floor of
irreducible decoherence exists that no shielding can remove, and design limits for quantum memories, sensors, and processors would have to be revised. Conversely, if CDC pre-
dicts rates identical to standard decoherence, the hypothesis would be empirically empty. The “so what?” of this investigation is therefore twofold. First, it quantifies the CDC con-
tribution for a concrete experimental platform, allowing engineers to assess whether CDC could be a hidden source of error. Second, it delineates the parameter regime where
CDC might become detectable, guiding experimental proposals that could falsify the hypothesis.

The paper makes the following contributions:

1. Formulation of a minimal CDC model that links collapse rate to the information content of a conscious substrate (Section 3).

2. Derivation of an explicit numerical CDC rate for a representative large-molecule interferometer using clearly stated assumptions (Section4).
3. Comparison with a standard environmental decoherence rate computed from first-principles Lindblad theory for the same system (Section4).
4. Derivation of a Zeno-effect bound on the linear CDC coupling from sustained Rabi oscillations in a superconducting qubit (Section4).

5. Identification of an experimental regime where CDC could rival environmental decoherence, together with a concrete proposal for a next-step test (Section 7).

2. Background and Related Work

The literature on consciousness-related collapse models and on the broader philosophical context of consciousness provides several concrete points that motivate the present

analysis.

« Artificial-consciousness assessment identifies two practical obstacles: the inability to calibrate indicator-based probability assignments against independently verified con-
scious outcomes, and the evidential relevance problem for such assignments [1]. These obstacles illustrate the difficulty of grounding a quantitative collapse model in observ-
able conscious states.

e Consci and the coll of the wave function develops a hybrid framework that combines Integrated Information Theory (IIT) with Continuous Spontaneous

P

Localization (CSL), and it explicitly discusses experimental tests of “super-resistant” collapse models[2]. The paper’s emphasis on testability informs our choice to focus on
measurable decoherence rates.

* Complex-dynamic origin of consciousness presents an extended effective-potential method that yields a causally complete many-body solution featuring dynamic multival-

uedness and entanglement [3]. This work supplies a theoretical backdrop for treating consciousness as a field with intrinsic dynamical structure.
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¢ On the evolution of ph consci argues that phenomenal experience (pain, pleasure, colour perception) is shared across many animal species [4]. The broad

distribution of phenomenally conscious systems supports the assumption that a “collective low-grade conscious field” could be ubiquitous.

¢ Amplifying phenomenal information proposes a double-aspect theory of information, asserting that every physically realized information state possesses a concomitant phe-
nomenal aspect [5]. This duality justifies linking the collapse rate to an information-content measure.

Synaptic clock as a neural substrate of consciousness highlights the role of temporal proximity in forming relational memory and suggests that subjective time may be mea-

sured in units distinct from physical clocks[6]. The temporal dimension informs our choice of a time-scale parameter in the CDC model.

e The limits to machine consciousness argues that consciousness is more than an epiphenomenon and may be non-computable, thereby challenging purely algorithmic ac-
counts of collapse[7]. This perspective motivates the inclusion of a non-algorithmic “conscious field” in our model.

¢ Consciousness-driven spike-timing dependent plasticity introduces a concrete neural-network model (CD-STDP) in which plasticity coefficients are modulated by a puta-
tive conscious variable[8]. The paper demonstrates that consciousness can be mathematically coupled to dynamical processes, providing a precedent for coupling conscious-
ness to quantum collapse dynamics.

* Wave-mechanical framing of interference states that interference visibility—the contrast of the summed pattern—is the unique observable through which any collapse

process reveals itself [9]. This underpins our use of visibility loss as the experimental signature.

« Terminological caution on consci stresses that “consciousness” carries layered meanings and that, for this work, it denotes only the operational variable ® introduced
in Section3[10].

Collectively, these works establish that (i) consciousness can be treated as an informationally rich substrate, (ii) collapse models can be extended to include additional dynamical

variables, and (iii) experimental tests are, at least in principle, conceivable.

3. Methods

We construct a phenomenological CDC model that augments the standard Lindblad master equation with an extra collapse term. The total decoherence rate I';; for a given super-

position is expressed as
Tiot = Leny + Fcy

where I,y is the conventional environmental decoherence rate and I'. is the CDC contribution.

3.1 Environmental Decoherence

For a massive particle of mass m in a spatial superposition of separation Az at temperature 7', the dominant collisional decoherence rate in the high-temperature limit is approxi-
mated by [standard theory]\cite{standard_decoherence}:

where kg is Boltzmann’s constant and 7 is the reduced Planck constant. This expression follows from integrating over a thermal bath of scattering particles and assumes isotropic
collisions.

3.2 Consci Driven Collap

‘We posit that a conscious substrate characterized by an information content I (in bits) induces collapse at a rate proportional to I:
I'.=al.

The proportionality constant o has dimensions s~ bit ! and encapsulates the strength of the consciousness-collapse coupling. No empirical measurement of « exists; we there-
fore treat cv as an assumption to be constrained by experiment.

3.3 Zeno-Effect Constraint

A continuous collapse process that is too rapid will freeze coherent dynamics via the quantum Zeno effect. Sustained Rabi oscillations in a superconducting qubit with angular fre-

51
s

quency = 27 x 107 s~! require that the collapse rate T'; be much smaller than §2. Imposing the conservative condition I', < 10~ guarantees that the qubit can complete at

least 10'2 oscillations before appreciable Zeno suppression. Substituting I'. = oI with I > 1 yields the bound
a<107%s bt~
This inequality is satisfied by the value a = 10713 s~! bit ! used in the numerical example below.

3.4 Parameter Assumptions

All numerical values used in the derivation are explicitly assumed and labeled as such:

Symbol  Assumed Value Rationale

m 10*amu = 1.66 x 10~ kg Representative mass of a large organic molecule used in matter-wave interferometry.

Az 10°m Typical path separation in near-field interferometers for such molecules.

T 300K Ambient laboratory temperature.

kg 1.38 x 1078 JK! Physical constant.

h 1.055 x 10734 J s Physical constant.

I 10° bits Estimated informational richness of a macroscopic “conscious field” surrounding the experiment, based on the double-aspect theory of information[5].
a 10735 Thit ! Conservative coupling strength chosen to illustrate a scenario where CDC is sub-dominant and consistent with the Zeno bound.

All constants are taken from CODATA values; the assumed informational parameters are motivated by the philosophical literature cited above.

4. Analysis

‘We now compute I'e,,, and I'; step by step, inserting the assumed numbers.
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4.1 Environmental Decoherence Rate
1. Compute the product 2mkgT":
2mkpT = 2 x (1.66 x 1072 kg) x (1.38 x 1072 JK ") x 300K
=2x1.66x10 % x4.14 x 10°%

=2x6.8724 x 10°%
=1.37448 x 10" Jkg.

1. Compute /?:
B? = (1.055 x 107 J5)% = 1.1130 x 10~% J2 %
1. Form the ratio:

2mkpT  1.37448 x 1078

_ 25 —1_ -2
= 11130 0 = 1235 X 100 m R

1. Multiply by (Az)?:
(Az)? = (10 m)? = 10~ ¥ m.
Hence
Tony = 1.235 x 10% x 10718 = 1.235 x 107571

Thus the environmental decoherence rate for the chosen molecule under ambient conditions is

Teny ~ 1.2 x 107571,

4.2 Consci -Driven Collapse Rate

Using the assumed information content I = 105 bits and coupling a = 10~ s~ bit '

L. =al = (107%s7bit ") x (10% bits) = 10 7s ™"

Thus the CDC contribution is

F.=1.0x10"s1|

4.3 Total Decoherence Rate
Tiot = Peny + T = 1.235 x 107571 + 1.0 x 107 7s 1 ~ 1.235 x 107s 1.

The CDC term is negligible (12 orders of magnitude smaller) under the stated assumptions.

4.4 Zeno-Effect Bound Verification
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For a superconducting qubit with Rabi angular frequency Q = 27 x 107 s~!, the condition I'. < € is satisfied if T’ < 10~°s~!. Substituting T'. = o with I > 1 yields

a<10°s  hit !,

which is comfortably larger than the chosen o = 1073 s~! bit !, confirming consistency with observed sustained Rabi oscillations.

5. Results

The analytical comparison yields the following quantitative outcomes:

Quantity Value Interpretation

Tenv 1.2x107s7! Dominant decoherence channel for a 10* amu molecule at room temperature.

T, 1.0 x 1077571 CDC contribution under the assumed information content and coupling strength.
Ttot 1.2x107s7! Total decoherence rate; CDC is experimentally invisible in this regime.

Zeno bound on a a <1085 1bit™! Guarantees that CDC does not freeze Rabi dynamics in superconducting qubits.

These results demonstrate that, for realistic laboratory conditions and conservative assumptions about the consciousness-collapse coupling, CDC does not affect observable inter-

ference visibility. The linear dependence of I'; on I suggests that environments with vastly larger informational richness could, in principle, produce a non-negligible CDC rate.

6. Discussion

6.1 Limitations

The derivations rest on several explicit assumptions:

1. Environmental model — The collisional decoherence formula assumes isotropic scattering and neglects phononic or electromagnetic contributions that could dominate at

lower temperatures.

2. Information content I — The estimate 10 bits is speculative; different definitions of “information” (Shannon vs. integrated information) would change I dramatically.

3. Coupling constant  — No empirical measurement exists; the chosen 1013 s~ bit ™! is an order-of-magnitude placeholder constrained only by the Zeno bound.

4. Linear dependence — The model assumes a simple linear relationship between I and collapse rate; more complex functional forms could arise from underlying dynamics.

5. Neglect of back-reaction — The analysis treats the conscious field as an external driver, ignoring possible feedback on the quantum system’s Hamiltonian.
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Sensitivity analysis shows that increasing o by eight orders of magnitude (to 1075 s~! bit™") would raise T, to 10* s, still far below e,y unless the environmental rate is sup-

pressed (e.g., cryogenic vacuum). Reducing temperature to 1 K lowers I,y by a factor of 300, but not enough to make CDC dominant under current cv.

6.2 Falsifiability Criterion

A single observation could falsify the present CDC model: if an interferometry experiment with a molecule of mass 10* amu, superposition separation 10~ m, and temperature
< 1K reports a decoherence rate exceeding the environmental prediction by more than 10651, the excess would be incompatible with the assumed o and I. Formally, the falsi-
fication condition is

Timeas — Fenv > @maxImax,

where apax and Iy are the largest plausible values consistent with the philosophical literature. Detecting such a tiny excess would require fringe-visibility measurements with

relative uncertainties below 1078, a challenging but not impossible target for next-generation matter-wave facilities.

6.3 Open Questions
* How should “information content” be quantified for a distributed conscious field?
¢ Could the coupling a depend on physical parameters such as mass density or temperature?
¢ Does the CDC mechanism respect relativistic causality, or does it imply super-luminal signaling?

¢ How would CDC interact with engineered decoherence suppression techniques (e.g., dynamical decoupling)?

7. Practical Implications and Engineering Pathways

(a) Potential Users and Design Impact

Quantum-technology engineers designing interferometers, superconducting qubits, or optomechanical resonators would be the primary users of the present analysis. If CDC were
comparable to environmental decoherence, designers would need to incorporate an additional term in error budgets, possibly requiring shielding not only from electromagnetic
and thermal noise but also from high-information environments (e.g., dense neural tissue). Under the current assumptions, CDC does not alter design parameters, allowing engi-
neers to continue using standard decoherence models.

(b) Technology Readiness

The work is purely analytical and has not undergone peer review; according to NASA’s Technology Readiness Level (TRL) definitions, it resides at TRL2 (technology concept
and/or application formulated). No hardware or experimental validation has been performed.

(c) Minimal Next Experiment

The smallest de-risking experiment is a high-mass matter-wave interferometer operating at ultra-low temperature (< 1K) and ultra-high vacuum (< 10~!2mbar). The experiment

would measure fringe visibility for molecules of mass 10* amu with a path separation of 10~? m. The key observable is the decoherence rate I'ycqs extracted from the exponential

decay of visibility versus interaction time. An observed I'yeas exceeding the calculated e,y by more than 1076 s~ would falsify the CDC model under the present assumptions.

(d) Engineering Constraints
¢ Materials — Ultra-pure source molecules to avoid internal vibrational decoherence.
o Tolerances — Path-separation stability at the picometer level to keep Az well defined.
« Components — Cryogenic cooling systems capable of maintaining sub-kelvin temperatures without introducing vibrational noise.
 Data — High-resolution detectors capable of measuring visibility changes at the 10~% level.
* Compute — Real-time data analysis pipelines for extracting decoherence rates from noisy fringe patterns.
» Energy — Sufficient cooling power to sustain cryogenic environments over long integration times.
o Cost — Projected cost of the apparatus is on the order of 106 USD (projection based on existing ultracold interferometer budgets).

» Regulation — No specific regulatory constraints beyond standard laboratory safety.

(e) Projected Cost and Performance Bounds

Assuming the experimental parameters listed above, the projected total decoherence rate is I'tor =~ 1.2 X 107s 71, implying a coherence time 7eon = 1/Top & 8.1 X 10~ 8s. The
cost projection of \1
Mreflectstheneed forultra-highvacuum, cryogenics, andprecisionmetrology.These figuresarelabeledas * xprojections x xbecausetheydependontheassumedvai

m,\Delta x,T$, and the engineering choices described.

(f) Risks and Misuse

The primary risk is the misinterpretation of CDC as a validated physical mechanism, potentially fueling pseudoscientific claims that consciousness can be harnessed to control
quantum systems. By explicitly labeling all numerical statements as derived from stated assumptions and by providing a clear falsifiability criterion, the paper mitigates this risk.
Nevertheless, outreach should emphasize that CDC remains a speculative hypothesis pending experimental verification.

8. Conclusion

We have presented a quantitative comparison between a minimal consciousness-driven collapse model and standard environmental decoherence for a representative mesoscopic
quantum system. Under conservative assumptions about the informational content of a ubiquitous conscious field and its coupling strength to quantum states, the CDC contribu-
tion is many orders of magnitude smaller than the environmental background, rendering it experimentally invisible in current matter-wave interferometry setups. A Zeno-effect
bound from superconducting-qubit Rabi dynamics further constrains any linear CDC coupling to a < 107 s~ ! bit~!, comfortably above the value used in our example. The
analysis identifies a concrete experimental regime—ultra-low temperature, high-mass superpositions—where CDC could become comparable to environmental decoherence,
thereby offering a clear target for future tests. By grounding the model in specific points drawn from the interdisciplinary literature on consciousness, the work bridges philosophi-
cal speculation and empirical physics, providing engineers and experimentalists with a transparent framework for assessing whether consciousness-related collapse needs to be ac-
counted for in the design of quantum technologies.
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