Reflected Quantum Collapse: A Symmetric Alternative to ORCH-OR via Complex
Conjugate Geometry

Douglas C. Youvan

doug@youvan.com

April 6, 2025

The measurement problem in quantum mechanics remains one of the most
enduring mysteries in physics and philosophy. Among its many proposed
resolutions, the ORCH-OR theory—developed by Roger Penrose and Stuart
Hameroff —suggests that quantum superpositions collapse through a gravitational
threshold within the brain’s microtubules, resulting in conscious awareness.
However, ORCH-OR rests on speculative physics and lacks a direct link to
computable or testable quantum processes. This paper introduces an alternative:
a time-symmetric, geometry-driven model of quantum collapse based on the
transformation z— -i*conj(z), which maps a quantum state into its complex-
conjugate reflection. We interpret collapse not as stochastic or gravitationally
triggered, but as a deterministic interference between forward-evolving and
conjugate-reflected states across dual Hilbert spaces. This yields a natural,
algebraic constraint on resolution, one that is consistent with antiunitary
symmetries and supports bidirectional time evolution. By framing consciousness
as the product of symmetry resolution—rather than gravitational thresholds—this
model connects quantum collapse to computationally simulatable phenomena,
offering a tractable alternative grounded in mainstream quantum mechanics.
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Abstract

We propose a time-symmetric and geometrically grounded alternative to the
ORCH-OR model of consciousness, which traditionally invokes gravitational
objective reduction as the mechanism of quantum state collapse. In our
framework, we reinterpret collapse as a natural outcome of interference between
a quantum state and its complex-conjugate counterpart, using the transformation
Z — —1Z as a foundational operation. This antiunitary transformation preserves
norm while reversing temporal and phase orientation, embedding a CPT-like
symmetry directly into the complex structure of quantum evolution.

Rather than relying on speculative spacetime thresholds or uncomputable
processes, we suggest that resolution of quantum ambiguity—potentially
perceived as conscious events—emerges from the alignment or cancellation of
amplitudes across dual, conjugate Hilbert spaces. Collapse is no longer stochastic
or extrinsic but encoded geometrically within the system’s extended algebraic
domain. This approach aligns with known quantum symmetries, supports
bidirectional evolution models, and offers a computable alternative compatible
with both circuit-based simulation and entangled state dynamics. By reframing
collapse through reflection, we introduce a novel and testable pathway for
exploring the physical underpinnings of consciousness and quantum
measurement.

1. Introduction

The ORCH-OR (Orchestrated Objective Reduction) theory, developed by Roger
Penrose and Stuart Hameroff, has long served as one of the most ambitious and
controversial proposals linking quantum mechanics to consciousness. At its core,
ORCH-OR posits that quantum superpositions within neuronal microtubules
collapse not due to environmental decoherence, but because of an objective
gravitational threshold. According to Penrose, when differing mass-energy
distributions in superposed states induce sufficiently distinct spacetime
curvatures, quantum coherence becomes physically unsustainable and undergoes



self-collapse—an intrinsic event driven by gravitational instability. Hameroff
further proposed that these collapses are biologically orchestrated within the
brain, leading to conscious moments.

While innovative, ORCH-OR faces significant challenges. The gravitational
objective reduction (OR) mechanism remains speculative and currently lacks
empirical support. The theory's reliance on unknown quantum-gravitational
dynamics and uncomputable processes places it outside the scope of standard
quantum mechanics and hinders testability. Additionally, the assumption that
consciousness arises specifically from biological quantum coherence in
microtubules has yet to find conclusive experimental validation.

In this work, we propose a replacement framework that addresses these
limitations. Rather than relying on collapse triggered by spacetime curvature, we
suggest that collapse can emerge geometrically, via interference between a
quantum state and its complex-conjugate reflection under the transformation

z — —1Z_ This transformation is norm-preserving, time-reversing, and
antiunitary—embedding key quantum symmetries (such as CPT invariance) into its
structure. In contrast to gravitational collapse, this mechanism is computable,
generalizable, and inherently time-symmetric.

Our goal is to offer a model of quantum resolution—potentially connected to
consciousness—that is fully embedded in the known formalism of quantum
theory, without invoking extrinsic collapse postulates. By grounding collapse in
geometric interference across reflected quadrants of the complex plane, we aim
to reframe conscious resolution not as a stochastic event, but as a natural
consequence of algebraic symmetry.

2. The Reflected Transformation < = —12

At the heart of our proposed framework is a transformation that is deceptively
simple in form yet rich in mathematical and physical implications:



z — —1iZ _ This operation combines two fundamental actions in the complex
plane: complex conjugation and multiplication by —i. Together, they encode a
norm-preserving, time-orienting, and phase-reversing transformation with deep
connections to known quantum symmetries.

2.1 Complex Conjugation and Time Reversal

The complex conjugate z reflects a point across the real axis, flipping the sign of its imaginary
component. In quantum mechanics, complex conjugation plays a critical role in defining time-reversal
operations. When applied to wavefunctions, it inverts phase and reverses evolution under certain

Hamiltonians. This action is inherently antilinear, mapping complex scalars a to their conjugates @.

2.2 Multiplication by -i: Phase Rotation

Multiplying by —i corresponds to a rotation by -1/2 in the complex plane. When
applied after conjugation, it maps a point from the upper-right quadrant into the
lower-right quadrant—effectively rotating and inverting its orientation in both
phase and time. The result is a clockwise half-turn combined with temporal
inversion, producing a geometric counterpart to CPT-like symmetry.

2.3 Antiunitary Structure

The combined transformation is antiunitary: it preserves inner product norms but
conjugates scalar coefficients. Antiunitary operators are foundational to Wigner’s
theorem, which classifies symmetries in quantum mechanics into two categories:
unitary (linear) and antiunitary (conjugate-linear). Unlike standard unitary
evolution, antiunitary transformations represent symmetries such as time reversal
(T) and charge conjugation (C), placing z — —z firmly within that domain.

2.4 Interpretation: Passage into H*

We interpret this transformation as moving a quantum state from its native
Hilbert space H into a conjugate space Hx. In this reflected domain, amplitudes
evolve in reverse, governed by conjugated dynamics. The duality between H and
Hx* forms the mathematical basis for time-symmetric quantum models, such as
the Two-State Vector Formalism, and is key to our reformulation of collapse.



Rather than invoking a special gravitational collapse event, we explore how
interference between trajectories in H and Hx* can act as a constraint on allowable
amplitudes—leading to resolution, collapse, or state actualization at points of
symmetry intersection.

3. Dual-State Evolution and Bidirectional Collapse

Standard quantum mechanics describes a system’s evolution as governed by a
single wavefunction [(t)), evolving unitarily from an initial condition forward in
time. However, alternative formulations—particularly those emphasizing time
symmetry—propose a richer framework involving both forward- and backward-
evolving quantum states. Among these, the Two-State Vector Formalism (TSVF),
introduced by Yakir Aharonov and collaborators, offers a compelling
reinterpretation of quantum measurement and collapse.

In TSVF, a quantum system between two measurements is described not by a
single state, but by two:

« A forward-evolving vector | (t)) originating from the past, and
« A backward-evolving vector |{(d(t)| originating from the future.

Together, these form a bidirectional structure that governs the behavior of the
system within the time interval. The wavefunction is not merely propagated from
initial conditions, but constrained by both initial and final boundary conditions.

3.1 Reflection as Conjugate Evolution

In our model, the transformation 2 — —%Z provides a concrete geometric
mechanism to express this dual evolution. The forward-evolving state remains in
the original Hilbert space H, while the reflected counterpart evolves in the
conjugate space Hx. The reflected trajectory is not merely a mathematical
artifact—it represents a real, mirrored quantum amplitude evolving under a
conjugated, phase-inverted rule.



The point of collapse, or "event resolution," then occurs not through a stochastic
projection but as the result of interference or intersection between a state and its
reflection. When the forward and reflected amplitudes meet with appropriate
phase alighment, they may constructively reinforce or destructively cancel—
leading to the realization of one outcome and suppression of alternatives.

3.2 Collapse as Geometric Constraint

Unlike traditional models of wavefunction collapse (such as the Copenhagen
interpretation or spontaneous collapse models like GRW), our framework requires
no random selection process. Instead, collapse emerges from a symmetry
constraint:

o The system must satisfy coherence across Ho rH*,

« And resolution occurs where the reflected amplitude intersects the original
in phase.

This transforms the notion of collapse from a probabilistic event into a geometric
necessity, derived from the structure of dual evolution. It provides a clean,
deterministic foundation for quantum measurement—and, potentially, conscious
experience—without the need to invoke randomness, observers, or gravitational
thresholds.

4. Mapping ORCH-OR to Reflected Collapse

The ORCH-OR theory was developed as an ambitious attempt to bridge quantum
mechanics, biology, and consciousness. Its core innovation was to propose a non-
computational, non-linear, gravitational collapse mechanism that occurs
objectively, without observation. This mechanism was then biologically embedded
within neuronal microtubules and assumed to be orchestrated by physiological
processes, giving rise to moments of conscious awareness.

While innovative, ORCH-OR depends on highly speculative and largely untested
assumptions—chief among them, the existence of a gravitational threshold for



objective reduction, and the functional role of microtubule quantum states in
cognition. Our reflected framework aims to preserve the time-symmetric and
coherence-driven spirit of ORCH-OR, while replacing its speculative elements with
a fully computable, deterministic, and geometrically defined collapse mechanism.

We summarize the conceptual mapping below:

ORCH-OR Concept Reflected Collapse Replacement

Objective reduction Interference with conjugate trajectory via R

Gravitational threshold Complex conjugate boundary condition (phase-aligned dual evolution)
Microtubules Any entangled quantum state (no biology-specific dependency)
Biological orchestration Phase alignment control across forward and reflected states
Conscious event Collapse across mirrored vector pairing at symmetry intersection

4.1 A Shift from Thresholds to Constraints

Instead of postulating that the mass-energy difference between superposed states
generates gravitational instability, the reflected framework models collapse as the
natural result of amplitude constraints. These arise when a quantum state and its
reflected counterpart—generated via the transformation 2 — —%Z —converge
with matching phase and magnitude, resulting in constructive resolution or
destructive cancellation.

This model does not require gravitational interaction, non-computability, or
specialized biological structures. It is generalizable to any coherent quantum
system and is compatible with current mathematical frameworks of quantum
mechanics, including time-symmetric interpretations and antiunitary symmetries.

4.2 Consciousness as Symmetry Resolution

In the ORCH-OR view, consciousness emerges when quantum collapse takes place
under orchestrated biological conditions. In our model, consciousness may
correspond to the moment of resolution between forward and conjugate



amplitudes—where uncertainty is geometrically and symmetrically constrained.
Consciousness is not triggered by gravity, nor random, but instead arises from
topological and phase coherence within a dual-evolution framework.

This reinterpretation opens the door to computational modeling, experimental
analogy, and broader physical applicability—positioning collapse not as a
mysterious reduction, but as a necessary event in a reflected quantum structure.

*
5. Diagrammatic Model of Collapse in H D H

To clarify the structural dynamics of reflected collapse, we introduce a diagrammatic model representing
dual-state evolution in the combined space H @ H*. This extended space contains both the original

guantum state and its reflected counterpart, evolving symmetrically but in opposite temporal and phase

orientations.

Let |1)(t)) € H denote the forward-evolving quantum state under the standard unitary evolution:

[P (t)) = Ult, t)]1(to))-

We apply the reflected transformation R such that:

RI$(t)) = —il(t)) € A,

which defines a conjugate trajectory evolving in a mirrored, time-reversed direction. This reflected

amplitude carries complementary information, including reversed phase and time orientation.



5.1 Evolution Diagram

We may visualize the system evolution as two converging trajectories:

Forward evolution in H

!
|\psi(t))

~

e <« Point of symmetry / phase alignment

S
R|\psi(t))
1

Reflected evolution in H*

The collapse occurs not randomly or due to decoherence, but at the intersection
point where:

1. The original and reflected amplitudes converge,
2. Their phases align (or cancel, depending on system conditions),
3. The total amplitude becomes constrained by conjugate symmetry.

This intersection defines the resolution point—the event we associate with
collapse and, potentially, a conscious experience.



5.2 Conscious Event as Symmetry Resolution

In this model, a "conscious event" is not the outcome of a probabilistic quantum
reduction nor the product of a gravitational threshold. It is instead the structural
convergence of dual amplitudes, constrained by internal symmetry.

e When |¢)(t)) and R|1)(t)) intersect in the extended space H & H,

¢ And when their relative phases satisfy a constructive or destructive coherence condition,

¢ A definite state is resolved—not arbitrarily, but as a consequence of geometric alignment in phase
N and structure.

And when their relative phases satisfy a constructive or destructive
coherence condition,

« A definite state is resolved—not arbitrarily, but as a consequence of
geometric alignment in phase and structure.

This is akin to quantum echo, bidirectional constraint, or standing wave formation
across time itself. Rather than "choosing" an outcome, the system must resolve
where the amplitude structure demands it—an elegant replacement for extrinsic
collapse.

6. Physical Feasibility and Testability

One of the most significant advantages of the reflected collapse model over
ORCH-OR is its grounding in known mathematical structures of quantum
mechanics. Rather than relying on speculative, currently untestable gravitational
collapse mechanisms, the reflected model is built entirely from antiunitary
symmetry, complex conjugation, and phase-encoded evolution—tools already
fundamental to the formalism of quantum theory. This makes the model both
physically compatible and, in principle, experimentally accessible.

6.1 Compatibility with Standard Quantum Mechanics

The transformation 2 7 —%Z , While antiunitary, does not violate quantum
principles. In fact, Wigner's theorem ensures that any symmetry in quantum
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theory must be either unitary or antiunitary. Time-reversal operations and charge
conjugation—cornerstones of CPT symmetry—are modeled as antiunitary
transformations. Our use of this structure places the model within the same
domain as well-established quantum symmetries.

Additionally, we make no modification to the Schroédinger equation or to the linear
evolution of the wavefunction in H. Instead, we introduce a parallel evolution in
the conjugate space H*, derived from known mathematics, and let collapse
emerge from inherent constraints in dual amplitude structure.

6.2 Representability in Extended Quantum Circuits

Though antiunitary transformations cannot be implemented as single unitary
gates in physical quantum systems, they can be simulated using extended circuit
models that include:

« Ancilla qubits and entangled subsystems,
o Postselection and measurement-based control,

« Hybrid classical-quantum feedback loops for phase alignment tracking.

*
This opens the door to simulating the dual-evolution system HoOH using
available hardware, especially within quantum virtual machines or tensor network
frameworks.

Furthermore, non-Hermitian quantum systems—those described by PT-symmetric
Hamiltonians—already demonstrate experimental implementations of phase-
reversing and antiunitary behavior in optical systems, cold atoms, and microwave
resonators. These platforms offer promising testing grounds for aspects of the
reflected collapse model.

11



6.3 Potential Experimental Signatures

Because the model predicts collapse to occur where forward and conjugate
amplitudes align, we may seek interference effects between:

« Entangled quantum systems with delayed postselection,
« Time-reversed propagation paths in weak measurement experiments,
o Complex amplitude mappings across conjugate bases.

Certain quantum optics experiments (e.g., quantum erasers, delayed-choice
entanglement swapping) already hint at retrocausal behavior. Our model predicts
that collapse-like resolution should correlate with phase-symmetric interference
between forward and backward-evolving components—a feature that could be
explicitly tested.

6.4 In Contrast with ORCH-OR

Feature ORCH-OR Reflected Collapse
Collapse Mechanism Gravitational threshold (Penrose Amplitude interference via conjugation
OR)
Physical Basis Quantum gravity (speculative) Complex symmetry and antiunitary structure
Mathematical Non-computable, postulated Within guantum formalism (Wigner's
Compatibility collapse theorem)
Biological Dependence Microtubules Not required
Experimental Testability Extremely limited Compatible with entanglement, optical
systems

In summary, our reflected collapse model is not only conceptually coherent but
ready for exploration using current or near-future quantum technologies.
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7. Implications for Consciousness, Computation, and Time

The reflected collapse model invites a reinterpretation of quantum measurement
and consciousness not as results of stochastic randomness or external
observation, but as natural outcomes of coherent symmetry resolution between a
guantum system and its reflected counterpart. This view has profound
implications—not only for how we think about consciousness, but also for our
understanding of computability, causality, and the directionality of time.

7.1 Consciousness as Symmetry-Bound Information Resolution

In the traditional ORCH-OR framework, conscious moments are said to arise when
a superposed quantum state collapses due to gravitational instability within neural
microtubules. In our model, such "moments" are reframed as resolutions across
reflected Hilbert space sectors, arising from the constructive or destructive
interference between forward-evolving and conjugate-reflected amplitudes.

This interpretation suggests that consciousness does not depend on specific
biological architecture or exotic gravitational phenomena. Rather, it emerges
where amplitude symmetry imposes a resolution—where the system must

“choose” a realized outcome because the structural coherence of 7t © H
demands it. In this view, a conscious event is a symmetry-locked reduction of
ambiguity, realized not by chance but by constraint.

7.2 Collapse as Emergence from Dual Coherence

Unlike models that posit random or externally triggered collapse, our reflected
formulation casts collapse as an emergent phenomenon. When a quantum state
and its conjugate reflection converge in phase, orientation, and evolution
trajectory, the system can no longer sustain superposition—it resolves not
arbitrarily, but as a direct consequence of internal structure.
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This is conceptually analogous to how standing waves form from counter-
propagating signals: the result is not random but entirely determined by boundary
conditions and symmetry. In our case, these boundaries are complex-conjugate,
temporal, and phase-geometric—structured around the transformation # = —1Z,
Consciousness may then be interpreted as a computationally emergent,
symmetry-resolving event.

7.3 Computability, Retrocausality, and Time Symmetry

The reflected collapse model also offers a promising avenue for integrating
quantum mechanics with computation and time:

« Computability: By replacing stochastic or gravitational collapse with
algebraically defined amplitude interactions, the model brings collapse into
the realm of simulation and algorithmic analysis. This supports
computational exploration of consciousness-like dynamics.

o Retrocausality: The dual-state formalism naturally implies bidirectional time
evolution. A system is no longer purely governed by initial conditions; final-
state information in Hx also constrains behavior. This is alighed with two-
state vector theory, weak measurement experiments, and post-selection-
dependent effects.

« Time Symmetry: The transformation Z — —%Z embeds CPT-like invariance
into collapse. Time is not broken by collapse, but mirrored. Consciousness in
this model may reflect a temporally symmetric informational process,
woven across mirrored trajectories.

By reframing consciousness and measurement as geometry-resolved, symmetry-
driven phenomena, we move toward a view where quantum information is not
merely processed in time, but shaped by time’s full symmetry. The implications
ripple outward: from neuroscience and cognitive theory, to computational
physics, to the very foundations of temporal ontology.
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8. Conclusion

We have presented a time-symmetric, geometry-based alternative to the ORCH-
OR model of consciousness, replacing its reliance on speculative gravitational
thresholds with a computable, antiunitary mechanism grounded in standard

quantum formalism. By introducing the transformation ¢ — _’iz, we mapped
quantum collapse onto the interference between a forward-evolving state and its
complex-conjugate reflection—effectively casting resolution not as a mysterious
reduction, but as a geometrically compelled event occurring within an extended,
bidirectional Hilbert space.

This reframing offers several advantages. First, it preserves coherence with well-
established quantum principles, including Wigner’s classification of symmetries
and CPT invariance. Second, it replaces stochastic or non-computable collapse
mechanisms with constraint-based coherence resolution, which may be
simulatable and representable in extended quantum computing architectures.
Finally, it invites new interpretations of consciousness as an emergent process tied
to symmetry, duality, and informational convergence—rather than biological
specificity or gravitational collapse.

Looking forward, we see a clear path for advancing this framework:

o By simulating dual-amplitude evolution in hybrid classical-quantum
systems,

« By implementing antiunitary-like behavior using circuit-level workarounds
and entangled ancilla,

« And by exploring this model's implications for conscious state transitions,
guantum cognition, and informational ontology.

This approach not only grounds the measurement problem in formal, geometric
guantum theory—it opens the door to a more universal, computable, and testable
understanding of consciousness in the quantum world.

15



References

1.

Penrose, R. (1996). On gravity's role in quantum state reduction. General
Relativity and Gravitation, 28(5), 581-600.
https://doi.org/10.1007/BF02105068

. Hameroff, S., & Penrose, R. (1996). Orchestrated reduction of quantum

coherence in brain microtubules: A model for consciousness. Journal of
Consciousness Studies, 3(1), 36-53.

. Wigner, E. P. (1959). Group Theory and its Application to the Quantum

Mechanics of Atomic Spectra. Academic Press.

Aharonoy, Y., & Vaidman, L. (1991). Complete description of a quantum
system at a given time. Journal of Physics A: Mathematical and General,
24(10), 2315. https://doi.org/10.1088/0305-4470/24/10/018

Ghirardi, G. C., Rimini, A., & Weber, T. (1986). Unified dynamics for
microscopic and macroscopic systems. Physical Review D, 34(2), 470.
https://doi.org/10.1103/PhysRevD.34.470

Pearle, P. (1989). Combining stochastic dynamical state-vector reduction
with spontaneous localization. Physical Review A, 39(5), 2277.
https://doi.org/10.1103/PhysRevA.39.2277

Bender, C. M., & Boettcher, S. (1998). Real spectra in non-Hermitian

Hamiltonians having PT symmetry. Physical Review Letters, 80(24), 5243.

https://doi.org/10.1103/PhysRevLett.80.5243

Nielsen, M. A., & Chuang, I. L. (2010). Quantum Computation and Quantum

Information. Cambridge University Press.

Hardy, L. (2005). Probability Theories with Dynamic Causal Structure: A New

Framework for Quantum Gravity. arXiv:gr-qc/0509120.

10.Youvan, D. C. (2025). Reflected Quantum Structure: Dual Hilbert Spaces,

Mirror Time, and Categorical Conjugation in the Complex Plane. DOI:
10.13140/RG.2.2.15603.03369

16



11.Youvan, D. C. (2025). Fractal Determinism and Quantum Entanglement: A
Reflected Complex Framework. DOI: 10.13140/RG.2.2.23152.78080

17



