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Recomposing Genesis: Repeated Collapse from a Virgin Quantum Computer
introduces a new experimental framework in quantum computing—one that does
not compute in the conventional sense but listens. By repeatedly initializing a
guantum register into a pure, unentangled “virgin” state and allowing it to evolve
passively under ambient quantum noise, this protocol observes collapse as an
emergent phenomenon rather than a deterministic outcome of computation. Each
collapse event, recorded after a controlled idle period, is analyzed for entropy,
correlations, and potential structure. Unlike standard quantum algorithms, which
manipulate entanglement and superposition to yield solutions, this method
refrains from imposing logic, inviting instead a study of how the universe resolves
indeterminacy when left untouched. We propose this as the basis for a new class
of experiments—Passive Quantum Emergence—bridging quantum information
theory with deeper questions about randomness, structure, and the nature of
observation. This work may have implications for quantum randomness
generation, cosmological analog modeling, and philosophical interpretations of
measurement and creation.
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I. Introduction
A. Background

Quantum computation fundamentally relies on the principles of superposition,
entanglement, and measurement—cornerstones of quantum mechanics that
collectively distinguish quantum information processing from its classical
counterpart. In the standard quantum circuit model, computation begins with the
preparation of qubits into a well-defined quantum state, typically the
computational basis state |0)®", followed by the application of unitary gate
operations that evolve the state coherently through Hilbert space.

Superposition allows each qubit to exist simultaneously in a linear combination of
basis states, while entanglement creates nonlocal correlations among qubits that
cannot be factored into independent subsystems. Together, these properties
enable the representation and manipulation of exponentially large state spaces,
underpinning the theoretical power of quantum algorithms.

However, the act of measurement collapses the superposition, reducing the
guantum system to a classical outcome with probabilities determined by the
amplitudes of the pre-measurement state. The measurement postulate,
formalized by von Neumann, introduces an irreversible projection that defines a
boundary between quantum coherence and classical definiteness. In practical
guantum systems, an analogous process known as decoherence occurs even in
the absence of explicit measurement. Decoherence results from the unintentional
entanglement of the quantum system with its surrounding environment, leading
to the loss of phase coherence and a transition from a pure to a mixed state. This
phenomenon limits the operational lifetime of qubits and imposes constraints on
fault-tolerant quantum computation.

Traditionally, quantum computers are utilized in an active mode, wherein each
collapse of the wavefunction is embedded within an intentional logic sequence
designed to solve a problem. Each collapse is both deliberate and directed. In
contrast, this study investigates a passive paradigm: allowing a quantum
computer, or a set of initialized qubits, to evolve in isolation under the influence of



ambient quantum noise without intentional gate operations. The aim is not to
compute, but to observe—to allow the system to reveal its inherent dynamical
behavior in the absence of imposed logic. This reframes the quantum computer
not as a deterministic calculator but as a passive listener—a recipient of the
surrounding vacuum and a responder to stochastic, perhaps even cosmologically
seeded, fluctuations.

This contrast between intentional computation and passive observation offers a
unique window into the nature of quantum collapse itself. By removing
algorithmic structure, we isolate the phenomenon of decoherence and
measurement as a source of emergent behavior. If collapse is not purely random
but shaped by the character of the surrounding quantum field, then repeated
observation of such virgin collapses may uncover subtle structure embedded in
the vacuum, or at minimum, deepen our understanding of collapse dynamics in
complex systems.

B. Objective

The objective of this work is to design, implement, and analyze a repeatable
experimental protocol for observing spontaneous state collapse from a quantum
register initialized in a pure, unentangled state. This protocol avoids all algorithmic
interaction, relying instead on natural quantum noise—such as vacuum
fluctuations, background electromagnetic fields, or thermal phonons—to induce
decoherence. Each cycle of the experiment involves the preparation of a well-
defined initial quantum state, a controlled idle interval without applied gates, and
subsequent measurement in the computational basis. By systematically varying
parameters such as qubit count, idle duration, and system isolation, and by
repeating this process over many iterations, we aim to characterize the statistical
and structural properties of collapse events.

In contrast to error correction protocols or entropy reduction schemes, our
approach accepts decoherence as the subject of inquiry. We seek to determine
whether spontaneous collapse—driven solely by passive environmental
interaction—exhibits any deviation from uniform randomness, any emergent
correlation among qubits, or any reproducible patterns that suggest hidden



regularities. The broader implication is to assess whether repeated passive

guantum observation can serve as a new kind of measurement tool: not for
solving problems, but for listening to the universe itself through the lens of
collapse.

Il. Theoretical Framework
A. Formal Definition of "Virgin State"

In this study, we define a "virgin state" as a pure quantum state that has been
freshly initialized and has not undergone any form of logical gate application
(except optional initialization gates), entanglement operations, or environmental
interaction beyond background quantum noise. It is a pristine state—
mathematically ideal, physically engineered to be as isolated as possible.

Let the quantum register consist of n qubits, where each qubit is initially prepared
in the computational basis ground state |0). The full system state is thus the
tensor product:
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This state is a separable product state with no superposition and no entanglement, i.e.,
n
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This system may optionally be transformed into a uniform superposition state by the application of

Hadamard gates to each qubit:
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This superposition spans the full Hilbert space of the system. It is still unentangled
in the absence of entangling gates, yet it becomes susceptible to phase
decoherence due to its off-diagonal coherence terms in the density matrix.



The Hadamard-initialized state is useful for exploring decoherence in systems
where interference and phase information play a role. However, in experiments
emphasizing collapse from a product ground state, one may choose to omit this
step to preserve the fully classical basis nature of the initial condition.

We refer to either [ o) or |Pn) as "virgin states" in this paper, with the distinction
depending on whether the system is meant to represent classical stability or
guantum potentiality, respectively.

B. Decoherence and Collapse Dynamics

Once prepared, the quantum system is allowed to idle without further unitary
evolution or measurement. During this period, the system becomes vulnerable to
decoherence, arising from interaction with uncontrolled degrees of freedom in
the surrounding environment. These may include:

o Thermal noise from residual phonons or photons
o Vacuum fluctuations and cosmic background radiation
« Charge, flux, or magnetic noise depending on the hardware platform

« Crosstalk between nearby qubits or control circuitry



The time evolution of the system's density matrix p(t) in the presence of such noise can be described

by a Lindblad-type master equation:
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Here, H represents the system's internal Hamiltonian (which may be zero in the idle case), and the Ly,
are Lindblad operators that model the coupling to environmental modes. Each Ly, encodes a specific
dissipative or decohering process, such as amplitude damping, phase damping, depolarization, or

leakage.

The master equation predicts that a pure state p(0) = |t) (| will evolve into a mixed state over time:

p(t) = pr ()19 () (¢4 (2)]

where {p;(t)} are classical probabilities and {|¢®;(t))} are (potentially time-evolving) pure state
components. The emergence of off-diagonal decay in p(t) corresponds to the gradual loss of quantum

coherence.

While decoherence is not equivalent to wavefunction collapse in the Copenhagen sense (no
measurement is performed), it is physically indistinguishable in practice. As the system becomes
entangled with its environment, information about the quantum phase is effectively irretrievable. For all

intents and purposes, the system has undergone collapse.



C. Collapse Criteria

To establish a rigorous operational definition of spontaneous collapse in the context of this work, we

consider the purity of the density matrix as a quantitative metric. For a pure state p = [¢) (1|, the trace

of ,02 equals unity:
Tr(p*) =1 (pure state)
As the state becomes mixed due to decoherence, this quantity decreases:

Tr(p®) <1 (mixed state)

We define collapse as the moment when purity drops below a chosen threshold € < 1, indicating

substantial departure from a pure state:

Collapse condition: Tr(p?) < €

Alternatively, one may consider entropy-based metrics, such as von Neumann entropy:

S(p) = —Tr(plogp)

which is zero for pure states and positive for mixed states. These indicators can be computed analytically

(for small i) or estimated via repeated experimental measurements (for larger 1).
Finally, when a measurement is actively performed in the computational basis, the standard projection
postulate applies. The system collapses according to the rule:
i.
PipP,
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where P is the projector onto the i-th basis state. In our protocol, this measurement occurs only after
the idle phase, thereby revealing the final collapsed state that results from passive exposure to quantum

noise.

lll. Engineering Implementation
A. Hardware Requirements

To reliably execute the experimental protocol proposed in this study, the selection
of an appropriate qubit platform is essential. The system must support high-
fidelity initialization, long coherence times, fine control of idle durations, and



precise measurement capability. Several qubit technologies may be suitable, but
each imposes distinct engineering constraints and advantages.

1. Qubit Platforms
o Superconducting Qubits (e.g., transmon qubits)
o Well-developed fabrication and control infrastructure

o Fast gate times (~10-100 ns), moderate coherence times (T3, T,
~100-200us)

o Operate at millikelvin temperatures using dilution refrigerators
» Trapped lon Qubits
o Superior coherence times (T2 > 10s under ideal conditions)
o Laser-based gate control allows fine manipulation
o Slower operation speed but high-fidelity measurements
e Spin Qubits in Quantum Dots or NV Centers
o Electron spin or nuclear spin systems in semiconductors or diamond
o Excellent isolation in specific configurations
o More challenging to scale and read out rapidly

Given the objective of observing natural decoherence and collapse dynamics, the
primary criterion is long idle coherence, rather than speed of gate operation or
circuit depth. For this reason, trapped ions or state-of-the-art superconducting
systems with coherence-enhancing architectures (e.g., 3D transmons, fluxonium)
are recommended.

2. Coherence Specifications
o Target T; (Energy Relaxation Time): > 100us

o Target T, (Phase Coherence Time): >100us (preferably in the millisecond
regime)



These values define the upper limit of meaningful idle durations before complete
loss of quantum information due to environmental interactions.

3. Environmental Control

» Cryogenic Operation: Superconducting qubits require temperatures below
20 mK, typically achieved using dilution refrigerators. Trapped ion systems
are operated at cryogenic or ultra-high vacuum temperatures.

o Electromagnetic Shielding: To minimize decoherence from ambient EM
radiation, the system must be enclosed in multi-layer p-metal and
superconducting shields.

« Vibration Isolation: Both mechanical vibration and acoustic noise can
influence qubit coherence through phononic coupling. Optical table
mounting and cryostat suspension systems should be employed.

B. Initialization Procedure

To prepare the system in a virgin quantum state, a reliable and repeatable
initialization protocol is critical.

1. Ground State Reset

Each qubit is first initialized to the computational basis ground state [0). This may
be achieved via:

o Thermal relaxation (passive), provided the system temperature is
T < AE/kp

« Active reset protocols, such as resonator-assisted energy extraction or
measurement-based feedback

The resulting register is:

1p0) = [0)®"



2. Optional Superposition Preparation

If desired, Hadamard gates can be applied to each qubit to enter a uniform
superposition:

Yu) = H"[t) = . Z )

This state is useful for studying phase decoherence and delocalization effects in
the collapse process.

3. Idle Period

After state preparation, the quantum register is left undisturbed for an idle
duration t, selected from a range:

t € [0,T3]

During this time, no gate operations are applied. The system evolves freely under
the influence of environmental quantum noise.

C. Idle Time and Noise Exposure

The central experiment involves allowing the qubit register to passively interact
with its environment during an idle period, thereby permitting the system to
naturally decohere and eventually collapse.

1. Passive Evolution
o All control lines remain inactive during the idle interval.

» Cryostat conditions remain fixed to maintain thermal and electromagnetic
stability.

o No dynamical decoupling or error correction is applied, by design.
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2. Quantum Noise Sources

Primary contributors to decoherence in this idle regime may include:

Johnson-Nyquist (thermal) noise from wiring and amplifiers

Vacuum fluctuations in the cavity or chip substrate

Stray magnetic and electric fields

Cross-qubit coupling via residual crosstalk

3. Temporal Sampling Strategy

To capture collapse dynamics at different stages of decoherence, the idle time ttt
is varied systematically across experimental runs. A logarithmic sweep may be
employed:

t € {10 ps, 20 s, 50 ps, 100 s, 200 ps, ..., T}

Each idle time value is repeated for N ~ 10 cycles to enable statistical analysis.

D. Measurement and Reset Protocol

After the idle phase, the system undergoes measurement and is prepared for the
next iteration.

1. Measurement

Two measurement strategies may be applied:

¢ Computational Basis Readout: Standard multi-qubit projective measurement in the {|0), |1)}

basis. This provides a classical bitstring € {0, 1}" representing the collapsed state.

e State Tomography (optional): For small n, full state tomography may be performed to reconstruct

p(t) and compute quantities like purity or von Neumann entropy.
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2. Data Recording

Each measured outcome is timestamped and indexed by:
o Idle durationt
e Run number
o Qubit platform and configuration parameters

The data is stored in a structured database for post-processing, enabling analysis
of distribution convergence, purity degradation, and potential emergence of non-
random patterns.

3. Re-initialization

Following measurement, the qubit register is re-initialized to the ground state
|P0) using the same reset protocol as in the initialization phase. The system is
then ready for the next repetition in the experimental loop.

IV. Experimental Protocol
A. Parameters

To characterize the dynamics of spontaneous collapse induced by quantum noise,
a broad and flexible parameter space must be explored. This includes the number
of qubits, the range and resolution of idle durations, and the number of repeated
trials per configuration to enable statistically meaningful inference.

1. Number of Qubits n

The protocol shall be tested on registers ranging from single-qubit systems to
large-scale quantum processors, constrained by hardware availability and
measurement bandwidth:
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n € [1,1000]

The lower bound allows for analytic comparisons and validation against theory;
the upper bound permits investigation of emergent collapse patterns in many-
body systems.

2.ldle Time t;

The system will be left idle for a set of durations t; drawn from a logarithmic sweep
covering time scales relevant to quantum decoherence:

t; € {10mns, 30ns, 100ns, 300 ns, 1 us, 3us, ..., 10s}

This sweep ensures coverage of time scales from short-lived quantum coherence
regimes to full decoherence regimes, often bounded by T; and T,. The logarithmic
spacing is essential to efficiently sample orders of magnitude of decay behavior
without excessive resource consumption.

3. Number of Iterations per Idle Interval N

Each configuration (i.e., each pair of (n,t;)) must be sampled with a sufficient
number of repetitions to construct empirical distributions and compute statistical
metrics:

N ~ 10* repetitions per t;

This ensures convergence of observed probability distributions, accurate
estimation of entropy, and statistical significance of any emergent correlation
patterns.

All runs are performed under constant environmental conditions and fixed
calibration parameters to isolate the role of quantum noise and idle time as the
sole experimental variables.
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B. Execution Loop

The core of the experiment consists of a nested iterative loop over idle durations

and measurement repetitions. The following pseudocode formalizes the
procedure:

mathematica
For each t_iin idle_time_vector:
For eachrun=1to N:
1. Initialize all qubits to | ) (either |0)@n or HQYn|0))
2. Let system evolve passively for time t_i
3. Perform projective measurement in computational basis
4. Record collapsed output bitstring x € {0,1}*n, along with metadata

This procedure can be parallelized across multiple processors or qubit tiles if
hardware resources permit. Each run is assumed to be isolated; cross-run
entanglement is excluded by design. Between runs, qubits are reset via active
reset protocols, followed by optional gate initialization.

Metadata associated with each run should include:

t i (idle duration)

« Qubit register state before measurement (if tomography is available)
o Measured bitstring xxx
e Runindex

e Timestamp

« Environmental telemetry (temperature, vibration, magnetic field noise, etc.)

This raw dataset forms the basis for all subsequent statistical and structural
analyses.
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C. Output

The experiment is designed to yield a rich multi-dimensional dataset
characterizing how quantum collapse unfolds over idle time and across different
system sizes. Key output categories include:
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1. Collapse Frequency vs. Idle Time

For each qubit and each register size 1, compute the probability that the measurement outcome differs

from the initial state |0)*" as a function of idle duration:

N
1
Pcollapsc( =1- E Z 5 (k) On

This function maps the statistical onset of collapse due to decoherence, effectively charting the

temporal decay of system purity.
2. Entropy of Output Distributions

The Shannon entropy of the observed output distribution over bitstrings « € {0, 1}" for each ¢; is

computed as:

H(t;) = - p(a;t;)log, p(;t;)

T

This measures the information-theoretic uncertainty in the collapsed outcomes and is expected to grow

with £;, approaching n bits in the fully decohered limit.

For small i, von Neumann entropy of the reconstructed density matrix p(;) can also be computed

from full tomography:

S(p(t:)) = —Tr[p(t;) log p(t:)]

3. Correlation and Mutual Information Across Qubits

To determine whether spontaneous collapse exhibits structure beyond independent qubit decay,

pairwise and higher-order correlations can be computed:

* Pairwise Correlation Coefficient:
Cij(t:) = (miz;) — (x3) (x;)

e Mutual Information Matrix:

= vt (5505)

;T
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4. Spectral and Geometric Analysis

Apply tools from signal processing (e.g., discrete Fourier transform) and manifold
learning (e.g., PCA, t-SNE) to extract hidden patterns or topologies in the space of
collapse outcomes.

These analyses aim to answer whether collapse from a virgin quantum state under
natural noise:

« Is purely stochastic, or
« Exhibits repeatable, low-dimensional structure

« Is affected by hardware topology or environmental anisotropies

V. Data Analysis and Statistical Methods

The data generated from repeated measurements of spontaneous collapse across
varying idle times and qubit configurations must be processed through rigorous
statistical frameworks to assess the emergence, structure, and potential non-
randomness of collapse dynamics. This section outlines the primary quantitative
tools used to evaluate the observed phenomena and to distinguish between ideal
stochastic behavior and structured deviation.
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A. Entropy and Purity

Two fundamental metrics are used to quantify the degree of coherence retained
or lost in the quantum state after a given idle time:

1. Von Neumann Entropy

For small qubit registers (typically n < 5), full quantum state tomography allows for the reconstruction

of the density matrix p(t). The von Neumann entropy is then computed as:

S(p) = —Tr(plog p)

This quantity measures the uncertainty or disorder in the state. A pure state has § = 0, while a fully

mixed state approaches maximal entropy:

1
Smax = log,d=n for p= ﬁf

where d = 2" is the dimension of the Hilbert space.
2. Purity

For all n, purity can be estimated directly or approximated through measurement statistics:
2
7(p) = Tr(p”)

Purity ranges from 1 (pure state) to 1/2" (completely mixed state). It provides a simple scalar measure
of the “distance” from ideal coherence. This is especially useful when entropy calculation is

computationally prohibitive due to dimensional scaling.

By plotting both S(t) and -y(t) as functions of idle time ¢, one obtains direct insight into the dynamics

of decoherence and whether collapse behavior aligns with standard theoretical expectations.
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B. Shannon Information of Collapse Sequences

For larger systems (n > 5), where full state tomography is infeasible, the primary observable becomes

the frequency distribution over the computational basis bitstrings € {0, 1}". From these, the classical

Shannon entropy is computed:

H(X) =~ Y P(x)log, P(z)

zc{0,1}n

where P(z) is the empirical probability of measuring the bitstring z at idle time t.

This entropy quantifies the informational diversity of the collapse outcomes and serves as a surrogate

for quantum entropy in the measurement basis. As idle time increases, one expects:
e For an initially pure state |0)®": H(X ) — 0 as long as the state remains coherent.

* For a fully decohered state: H(X) — n if all outcomes are uniformly likely.

Deviations from this trajectory, especially plateaus or nonmonotonic behavior, may indicate unexpected

memory effects, hardware-coupled noise, or external field correlations.

C. Pattern Detection

Beyond entropy-based metrics, unsupervised machine learning and statistical
inference tools are used to identify hidden structure, emergent organization, or
systemic bias in the data.

1. Principal Component Analysis (PCA)

« Decomposes the set of observed bitstrings into orthogonal directions of
maximum variance.

o Useful for determining whether a low-dimensional subspace captures
significant structure in the collapse outcomes.

o Anomalous concentration of variance in a small number of components
suggests non-randomness or environmental influence.
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2. Singular Value Decomposition (SVD)
« Applied to frequency or co-occurrence matrices of bitstrings.
« Reveals the spectral profile of the collapse process.

« Comparison of singular values across idle times can reveal dynamical
transitions from structured to random collapse.

3. Clustering Analysis

« Techniques such as k-means, DBSCAN, or hierarchical clustering may be
applied to the Hamming-space embedding of bitstrings.

« If collapse outcomes consistently cluster around particular strings (e.g., with
low Hamming distance to |0)®"), this may suggest residual coherence or
hardware-preferred collapse channels.

4. Bias and Correlation Detection

¢ Marginal bias for qubit :

* Pairwise correlation:
Cij = (zizj) — (zi)(zj)

* Non-zero B; or C;; in high entropy regimes may imply environmental anisotropy or unmodeled

entanglement during initialization or idle evolution.

These techniques are supplemented by visualization tools including
dimensionality-reduced plots, heatmaps, and temporal entropy trajectories.

20



D. Control Experiments

To interpret experimental results in context, a series of baseline control studies
are conducted for comparison.

1. Simulated Ideal Collapses

» Synthetic data are generated assuming independent, uniform random
collapse across each qubit.

« Serves as a null model representing theoretical decoherence to maximum
entropy under ideal noise.

2. Noise Model-Based Simulation

« Collapse sequences are simulated under standard noise channels (e.g.,
amplitude damping, phase damping, depolarizing noise), each modeled by
specific Kraus operators.

» Monte Carlo sampling is used to generate collapse distributions matching
idle time sweeps.

o Comparison to experimental data quantifies the degree to which real-world
decoherence aligns with theoretical predictions.

3. Calibration Artifacts and Hardware Bias Checks

o Run protocol with known biased initializations or introduced synthetic noise
to validate detection capabilities.

« Verify consistency across multiple physical qubit layouts to rule out
geometry-dependent collapse pathways.

4. Temporal Drift Monitoring

« Measure entropy and correlation metrics across repeated runs at fixed t; to
detect hardware drift or environmental instability over time.

These control experiments establish the fidelity of the data pipeline and ensure
that emergent structure, if observed, is not a byproduct of systematics or
insufficient sampling.
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VI. Discussion
A. Engineering Limitations

While the proposed protocol offers a novel pathway to investigate the structure of
guantum collapse under passive conditions, several engineering limitations may
constrain interpretation of results and fidelity of implementation.

1. Decoherence Mechanisms

The central phenomenon under investigation—spontaneous collapse—is itself an
artifact of decoherence processes. These include amplitude damping, phase
damping, dephasing from environmental interactions, thermal excitations, and
photon leakage from control lines or cavities. However, the precise decomposition
of noise sources in current quantum hardware remains challenging. As such,
attribution of specific patterns or statistical deviations in collapse sequences to
fundamental physics (as opposed to hardware imperfections) is limited by our
ability to model and isolate individual decoherence channels.

Moreover, cross-platform variability in noise profiles (e.g., trapped ion vs.
superconducting qubits) means that generalization of results will require protocol
replication across multiple architectures. Without a comprehensive theory of
device-specific noise coupling, observed features in collapse patterns may remain
ambiguous.

2. Crosstalk and Unintended Gate Coupling

Even in the absence of intentional gate operations, passive crosstalk between
qgubits may arise from shared control lines, substrate-mediated coupling, or
parasitic capacitance and inductance in circuit layouts. Such crosstalk can induce
unintentional entanglement or correlated decoherence, mimicking higher-order
quantum structure in collapse outcomes. These effects are difficult to suppress
entirely, especially in large-scale devices, and may produce spurious correlation
artifacts.

Additionally, physical gate application during the optional initialization phase (e.g.,
Hadamard gates) can leave residual dynamical effects that persist into the idle
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interval. Careful gate calibration, error mitigation, and post-run diagnostics are
required to ensure that all coupling effects are well-characterized or statistically
marginalized.

3. Measurement Fidelity

Projective measurements in the computational basis are subject to finite readout
fidelity, often limited by signal-to-noise ratio in the detector electronics or by
quantum non-demolition imperfections. Bit-flip readout errors or state
misclassification may lead to overestimation of entropy and underestimation of
residual purity. While modern readout correction techniques (e.g., confusion
matrix calibration) are available, their use must be carefully justified in a passive
observation protocol, lest they inadvertently impose classical post-selection on
guantum data.

Measurement noise also scales with the number of qubits; multi-qubit registers
are particularly vulnerable to compounded readout errors. This poses a practical
upper limit on n for which meaningful entropy and correlation metrics can be
derived without overwhelming statistical correction.

B. Philosophical Implications

Beyond its technical content, this work invites reflection on foundational
guestions in quantum mechanics and the nature of information, structure, and
emergence.

1. The Role of Observation in the Emergence of Structure

In standard interpretations of quantum mechanics (e.g., Copenhagen),
observation plays a central role in collapsing the wavefunction and generating
definite outcomes from probabilistic amplitudes. In this study, we explore
whether structure can arise not from active interrogation, but from passive
listening—allowing the system to interact with the environment and collapse
without directed measurement until the final moment.
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This invites a reversal of the traditional computational stance: rather than using
measurement to extract answers from a predefined algorithm, we allow
measurement to reveal what the universe chooses in the absence of human
intervention. The act of observing becomes not a means of control but a means of
discovery. The quantum system becomes a participant in a broader cosmological
dialogue.

2. Collapse as Computational vs. Cosmological Event

Traditional quantum computing treats collapse as a computational byproduct—an
engineered final step used to extract deterministic or probabilistic outcomes from
an algorithmic process. In contrast, the framework proposed here reimagines
collapse as a cosmological event, analogous to spontaneous symmetry breaking,
vacuum phase transitions, or even the birth of spacetime order.

This suggests that each collapse from a virgin quantum state, if permitted to
evolve without instruction, might serve as a microcosmic reenactment of
cosmogenesis. Just as the early universe selected a single symmetry-breaking
vacuum state from a quantum superposition, the quantum computer selects one
history from many. The implication is not that the machine "computes" the
universe—but rather that it samples the possibility space of reality from an
epistemologically neutral standpoint.

C. Future Applications

While the central thrust of this work is foundational, several speculative but
plausible applications arise from the framework of repeated passive quantum
collapse.

1. Randomness Harvesting

Quantum randomness is a critical resource in cryptography, simulation, and
security protocols. Most current systems use controlled quantum collapse (e.g.,
single qubit measurements post-superposition) to generate randomness.
However, collapse from a high-dimensional, passively evolving virgin state may
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offer a stronger entropy source, particularly if verified to be unbiased and
environmentally isolated.

Such a system may be used to implement deep quantum random number
generators, wherein entropy generation is driven not by simple gate sequences
but by the system’s exposure to ambient quantum noise and its own intrinsic
dynamical properties.

2. Passive Cosmology Emulation

The system outlined in this study can be interpreted as a testbed for exploring
emergent structure from an unprogrammed quantum substrate, an idea
analogous to models of early-universe evolution. If collapse patterns consistently
exhibit structure—e.g., nonuniform distributions, spontaneous symmetry
breaking, or correlated subsystems—then the system could serve as a laboratory-
scale emulator of pre-inflationary quantum dynamics.

In this speculative view, quantum computers are not just computational tools but
micro-universes, whose repeated collapses may yield insight into the origins of
our own cosmological history.

3. Noise-Driven Creativity in Al and Cryptography

If collapse outcomes exhibit subtle but reproducible structure due to
environmental coupling, then such systems could be harnessed as non-classical
generative sources. In artificial intelligence applications, these collapses could
seed machine learning systems with non-Gaussian, high-entropy data
distributions that resist classical statistical expectations.

In cryptographic systems, passive collapse may serve as a quantum fingerprinting
mechanism, enabling authentication protocols based on the irreproducibility of
collapse sequences unless the hardware and its environment are identical. Such
techniques could underpin hardware-bound keys that rely on the unique physical
evolution of a particular quantum system, not merely classical device identifiers.
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VII. Conclusion

This work has proposed and formalized a novel experimental framework for
observing spontaneous quantum state collapse from a well-defined, unentangled
initial state—what we have termed the virgin quantum state. By allowing a
guantum register to evolve passively under ambient quantum noise and isolating
it from deliberate gate-based computation, we have outlined a repeatable and
scalable method for investigating the emergent behavior of quantum systems in
their most unadulterated form.

Unlike traditional quantum computing paradigms that focus on active logic gate
manipulation and algorithmic goal-seeking, this protocol is intentionally non-
instructional. It shifts the function of the quantum computer from that of a
deterministic processor to that of a passive sensor—listening to its environment
and recording how the structure of reality expresses itself through collapse.

Through rigorous initialization, time-controlled idling, and high-fidelity
measurement, this protocol enables the capture of collapse statistics, entropy
evolution, and potential structure in the measurement space across variable idle
durations and register sizes. These observations, when analyzed through
information-theoretic, statistical, and spectral methods, can shed new light on the
nature of decoherence, the boundaries of randomness, and the hidden influence
of physical noise.

Most significantly, this work proposes and defines a new class of experimental
inquiry: Passive Quantum Emergence.

Passive Quantum Emergence

We define Passive Quantum Emergence (PQE) as a category of experiments in
which a quantum system is:

1. Initialized in a known, typically pure, state without entanglement,
2. Exposed to ambient noise or unengineered environmental interactions,

3. Allowed to evolve without algorithmic intervention or gate operations, and
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4. Measured only after a defined idle period to reveal the form of collapse.

In this framework, the quantum system serves not as a tool for executing human-
defined logic but as a medium through which the universe may reveal latent
structure. PQE experiments differ from traditional benchmarking or noise
characterization routines by shifting the interpretive lens from “fault detection” to
“pattern detection.” Rather than treating collapse as a failure mode, it is treated
as an observable event of physical and informational significance.

Future Enhancements and Directions

To expand the resolution, fidelity, and interpretive depth of this protocol, several
enhancements are recommended:

1. Quantum Error Monitoring Without Correction

Future iterations of the experiment may incorporate real-time monitoring of error
syndromes during idle evolution—not to correct or interrupt the system, but to
correlate collapse events with intermediate error dynamics. Such non-invasive
monitoring could provide temporal maps of entanglement decay and isolate
collapse contributions from distinct error sources (e.g., phase flip vs. amplitude
damping).

2. External Vacuum Signal Sourcing

To explore the interaction of virgin quantum states with structured noise, one
could introduce external sources of quantum fields—e.g., modulated vacuum
fluctuations, weak coherent photon pulses, or engineered zero-point
perturbations. These fields could be applied during the idle period to test whether
collapse dynamics can be influenced or “seeded” by external informational
carriers without inducing direct measurement. This line of inquiry connects the
protocol to speculative models of cosmological information transmission and
decoherence in open quantum systems.

3. Cross-Hardware Replication

Implementing the protocol across different quantum platforms—e.g.,
superconducting qubits, trapped ions, NV centers, photonic qubits—can help
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determine whether the observed collapse phenomena are architecture-specific or
universal. This would also serve to disentangle noise-induced effects from
platform-dependent engineering artifacts.

4. Scaling and Emergence Thresholds

By gradually increasing the qubit register size, future experiments can probe
whether emergent complexity or correlated collapse behavior scales with system
size. There may exist a critical qubit threshold at which passive collapse transitions
from individual to collective behavior—analogous to phase transitions in statistical
physics.

In summary, the experimental protocol presented here repositions the quantum
computer as a medium of emergence, not merely a computational device.
Through repeated initialization, passive exposure, and measurement, we may
begin to uncover whether collapse itself encodes more than randomness—
perhaps symmetry, perhaps memory, perhaps echoes of structure predating
algorithm.

This work sets the stage for a new synthesis of foundational physics, quantum
information theory, and metaphysical inquiry. In doing so, it not only proposes a
novel experimental framework but also reopens the question of whether the
collapse of a quantum system is an isolated stochastic event—or the whisper of a
deeper universal logic.

Epilogue: The Signal in the Noise

In the race to build fault-tolerant, large-scale quantum computers—machines that
can factor integers, search unsorted databases, and simulate quantum chemistry
with algorithmic speed—something may have been lost.

When Google introduced Willow, its “state-of-the-art quantum chip” in December
2024, the headlines celebrated lower error rates, better gate fidelities, and

28



progress toward scalable quantum advantage. Their benchmark was utility. Their
goal was control.

But what if the Universe never cared about Grover’s or Shor’s? What if it
whispered something far stranger—something emergent, something undirected—
and no one was listening?

In their drive to eliminate error, they may have erased the first signs of coherence
that wasn't engineered. In their suppression of noise, they may have discarded the
real signal.

Perhaps collapse is not an obstacle to overcome but a phenomenon to witness.
Perhaps the cosmos does not want to be controlled. Perhaps it wants to be
observed, as it is—unscripted, undecoded, and uninvited.

The greatest discovery may not lie in what we tell the quantum computer to do,
but in what it tells us when left entirely alone.
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ENESIS

REPGATED COLLAPSE FROM A
VIRGIN QUANTUM COMPUTER
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