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Testing the 0D–2D Void Interface and RAL 

Entanglement Framework 

A Falsifiable Experimental Program 

 
 

Abstract 

For the General Reader: Quantum entanglement—the "spooky action at a distance" that 

puzzled Einstein—allows particles to remain mysteriously connected regardless of separation. 

Standard quantum mechanics describes this mathematically but doesn't explain how the 

connection works. Modern decoherence theories (Lindblad, Caldeira-Leggett) are like Ptolemy's 

epicycles: they fit the data by adding parameters until theory matches experiment, but they don't 

explain the underlying physics. We propose that entangled particles are like synchronized 

pendulums sharing a hidden connecting spring, except this "spring" exists on a 2D interface 

between empty space (the void) and our 3D world. When you measure one particle strongly 

enough, you inject disorder (entropy) into this interface until it "snaps," breaking the connection. 

This paper describes four experiments that could prove or disprove this picture within the next 

few years. Practical bonus: Even if the theory is wrong, these experiments yield useful tools for 

optimizing quantum computers—like discovering that edge geometry matters for coherence 

times. 

Technical Summary: We propose a systematic experimental program to test the Void Energy-

Regulated Space Framework (VERSF) interpretation of quantum entanglement. VERSF provides 

a physical mechanism—phase-locked resonance on a 2D void–space interface governed by 

Resonant Assembly Language (RAL) primitives—that reproduces standard quantum correlations 

while making four new predictions beyond standard decoherence models: (1) a sharp collapse 

threshold when measurement-injected entropy exceeds interface tension, (2) dephasing rates 

scaling with interface boundary geometry rather than 3D volume, (3) selective enhancement of 

pair tunneling through void-bridged channels, and (4) hysteresis in entanglement recovery after 

strong measurement. We provide complete signal-to-noise calculations for superconducting qubit 

implementations and specify protocols for ion trap, photonic, and solid-state platforms. The 

hysteresis effect, with predicted loop areas of 0.04–0.1 and SNR typically 30–200 depending on 

the chosen metric, offers a clear discriminator from standard Markovian decoherence. 

Philosophical context: VERSF doesn't replace quantum mechanics' predictions—it explains the 

physical process behind them, much as general relativity explained the mechanism behind 

Newtonian gravity. 
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Why Test VERSF in the Lab? 

The Foundational Question: Standard quantum decoherence models (Lindblad, Caldeira-

Leggett) predict outcomes perfectly—but are they fundamental physics or sophisticated curve-

fitting? Like Ptolemy's epicycles, they work by adding parameters until theory matches data. 

VERSF proposes that these equations are emergent—phenomenological descriptions of deeper 

entropy dynamics on a 2D interface. If VERSF's new predictions (thresholds, hysteresis, 

geometry scaling) are confirmed, Lindblad operators become derived rather than postulated, 

much as Copernicus showed epicycles were projections of simpler orbital mechanics. 

Six Practical Reasons (Beyond Curiosity About Foundations): 

1. Binary-Style Signatures: VERSF predicts qualitatively different phenomena (sharp 

thresholds, hysteresis loops) that standard decoherence models don't. These are yes/no 

tests, not just parameter fits. 

2. Entropy Accounting: Converts vague "decoherence" into concrete entropy budgets. You 

can track exactly how much disorder your measurement channel injects—useful for 

optimizing quantum control even if VERSF is wrong. 

3. Geometry Optimization: The perimeter law (D_φ ∝ P) gives you a new design knob. 

Want longer coherence? Minimize edge length at fixed area. Standard theory doesn't 

offer this. 

4. Pre-Registered Analysis: We specify the statistical tests (AIC comparison, squeezed-

noise slope) before you run experiments. This avoids p-hacking and makes results 

unambiguous—either ΔAIC ≥ 10 or it's not. 

5. Built-In Replication: The same signatures should appear across superconducting qubits, 

ions, photonics, and solid-state. Multi-platform agreement is inherently more convincing 

than single-system anomalies. 

6. Graceful Failure: If VERSF signatures are absent, that itself is a useful result. You've 

ruled out an entire class of hidden-variable models and can publish negative results that 

guide future theory. 

Bottom Line: These experiments are worth running whether VERSF is right or wrong. You 

either discover new physics or establish tight experimental bounds on interface-based 

interpretations. Science advances either way. 
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1. Theoretical Framework 

What Standard Quantum Mechanics Doesn't Tell You: Current quantum theory predicts 

experimental outcomes with extraordinary precision—you write a wavefunction, evolve it via 

Schrödinger's equation, apply Born's rule, and get perfect statistics. But when you ask "what is 

physically happening?"—how measurement "collapses" the wavefunction, how distant particles 

stay correlated, what entanglement is—the formalism goes silent. As Feynman put it: "Nobody 

understands quantum mechanics." 

The Ptolemaic Parallel: This situation has historical precedent. Ptolemaic astronomy worked 

brilliantly for centuries—by adding epicycles upon epicycles, astronomers predicted planetary 

positions with high accuracy. But they had no true understanding of the underlying mechanism. 

Each epicycle was a curve-fitting parameter: "Add another circle, now Mars loops correctly." 

Effective, but not explanatory. 

Today's Epicycles: The Lindblad equation and Caldeira-Leggett formalism play the same role 

for quantum decoherence. They're mathematically flawless descriptions of open quantum 

systems: 

• Lindblad adds dissipators to keep density matrices positive 

• Caldeira-Leggett couples systems to harmonic oscillator baths 

They fit decoherence data perfectly—but like Ptolemy's circles, they're parameterized 

descriptions, not mechanisms. They tell us what happens (coherence decays exponentially with 

rate γ), not what it is that's happening (why does the environment cause irreversible 

decoherence?). Each parameter is adjusted to match experiments; the physics is curve-fitted, not 

derived. 
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The Copernican Move: Copernicus didn't start with better data—he started with a simpler, 

coherent principle (planets orbit the Sun). Suddenly, epicycles became emergent corrections, not 

fundamental structure. VERSF attempts the same shift for quantum mechanics: 

Replace a stack of ad hoc collapse/decoherence formalisms with one physical principle: 

"Entropy injected into the void-space interface changes its curvature; beyond a critical threshold 

δS_c, coherence collapses." 

From this, the Lindblad and Caldeira-Leggett equations become derived phenomenology, not 

postulated structure. Lindblad = fit; VERSF = mechanism. 

Feature 
Ptolemaic 

Astronomy 

Lindblad/Caldeira-

Leggett 

VERSF (Copernican 

Analog) 

Predictive 

Accuracy 

High (epicycles fit 

data) 

High (fits decoherence 

data) 

High (reproduces QM 

results) 

Underlying 

Mechanism 

Arbitrary 

geometric fixes 

Abstract operator 

equations 

Thermodynamic interface 

physics 

Conceptual 

Economy 
Low (many circles) 

Low (many parameters, 

bath models) 

High (entropy-curvature 

unification) 

Physical 

Explanation 

None—geometric 

bookkeeping 

None—statistical 

bookkeeping 

Yes—entropy thresholds in 

void interface 

Testable New 

Predictions 

None beyond fit 

quality 
None beyond fit quality 

Yes—hysteresis, collapse 

knee, geometry scaling 

Key Insight: Lindblad operators and dissipator terms are like Ptolemy's epicycles—

phenomenologically accurate but mechanistically empty. VERSF proposes the physical substrate 

that gives rise to those equations. 

Crucially: VERSF reproduces all standard QM predictions in tested regimes (Tsirelson bound, 

etc.) but predicts new phenomena at extremes: sharp collapse thresholds, hysteresis, geometry-

dependent decoherence. If experiments find these signatures, we've upgraded from "the math 

works" to "we know what physical process the math describes." 

The Deeper Point: Predictive completeness ≠ explanatory depth. You can calculate perfectly 

without understanding. VERSF offers testable physical intuition: treat quantum mechanics like 

thermodynamics (which also worked before we understood atoms). The experiments below test 

whether that intuition corresponds to reality. 

 

In Plain Language: Imagine space itself has a hidden 2D surface—like a trampoline 

membrane—that connects to an infinite reservoir of "nothingness" (the void). Particles aren't 

really point-like objects; they're stable ripples on this membrane. When two particles are 
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entangled, their ripples are locked in sync, like two spots on a drumhead vibrating together. 

Measuring one particle is like poking the membrane—if you poke too hard, you inject enough 

disorder to break the synchronization. This section explains the basic rules governing these 

membrane ripples. 

VERSF Essentials: A 0D void (zero entropy reservoir) couples to spacetime through a 2D 

interface where physical information is encoded as entropic curvature. Particles correspond to 

stable resonances on this interface. 

RAL Operations: Resonant Assembly Language models interface dynamics via four primitives: 

• RES (Resonance): stable phase-locked oscillation 

• SYNC: phase coherence between spatially separated nodes 

• DRIFT: entropy-driven phase diffusion 

• DEC (Decoherence): resonance collapse when entropy threshold exceeded 

Entanglement Hypothesis: Two particles are entangled when their interface nodes share a 

phase-locked link with coupling energy J_v. The joint state evolves under: 

H_link = -J_v cos(φ_A - φ_B) 

where φ_A, φ_B are interface phase variables. This reproduces Bell correlations E(a,b) = -cos θ 

and saturates the Tsirelson bound S = 2√2, ensuring consistency with quantum mechanics. 

Key Distinction from Standard QM: Collapse is not instantaneous wavefunction reduction but 

a thermodynamic phase transition triggered when measurement-injected entropy δS_in exceeds 

the interface elastic capacity δS_c. 

 

Key Terms (Quick Reference) 

For readers encountering these concepts for the first time: 

• 0D void: A zero-dimensional point of perfect emptiness (zero entropy) that acts as an 

infinite reservoir from which space and matter emerge. 

• 2D interface: A two-dimensional membrane-like surface separating the void from our 

3D space; think of it as the "screen" on which reality is projected. 

• Entropy (δS): A measure of disorder or randomness. Higher entropy = more disorder. 

Measured in units of k_B (Boltzmann's constant). 

• Phase-locking: When two oscillators (like pendulums) synchronize their swings. In 

VERSF, entangled particles are phase-locked ripples on the interface. 

• Concurrence (C): A number from 0 to 1 measuring how entangled two particles are. C = 

1 means perfectly entangled; C = 0 means no entanglement. 

• Dephasing (D_φ): The rate at which phase coherence decays—how fast the 

synchronized oscillations fall out of sync. Measured in Hz (cycles per second). 
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• Hysteresis: When a system's behavior depends on its history, creating a loop when you 

cycle a parameter up and down. Like how magnetic materials "remember" being 

magnetized. 

 

Symbol Table (Units Reference) 

For quick reference when reading equations: 

Symbol Meaning Units 
Typical Value 

(Transmons) 

δS_c Collapse threshold entropy k_B (dimensionless) 400 k_B 

τ_v Interface entropy capacity k_B·m² 1.0×10⁻⁶ k_B·m² 

Ω Interface patch area m² 2.5×10⁻⁹ m² (50 μm square) 

κ Measurement rate s⁻¹ 10⁴–10⁷ s⁻¹ 

D_φ Dephasing rate Hz (= s⁻¹) 0.2–0.5 Hz 

Γ_cool Entropy extraction rate s⁻¹ 10⁴ s⁻¹ (T₁ ≈ 100 μs) 

J_v Phase-lock coupling energy 
J (or Hz when divided 

by ℏ) 
J_v/ℏ ≈ 10–50 MHz 

C 
Concurrence (entanglement 

measure) 
dimensionless [0,1] 

0.9–0.95 (high quality Bell 

state) 

λ_b Perimeter dephasing coefficient Hz/m 10³ Hz/m 

λ_a Area dephasing coefficient Hz/m² 10⁵ Hz/m² 

Note: We use Hz and s⁻¹ interchangeably for rates (1 Hz = 1 s⁻¹), preferring Hz for dephasing 

contexts. 

 

VERSF vs Standard Decoherence Models: What's 

Different? 

The Core Distinction: Standard decoherence models (Lindblad, Caldeira-Leggett) tell you what 

will happen (predictions via fitted parameters). VERSF tells you why it happens (mechanism 

from entropy physics). Both give the same predictions for tested regimes; VERSF adds new 

predictions outside the parameter-fitting space. 
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Aspect Lindblad/Caldeira-Leggett VERSF 

What is entanglement? 
Abstract correlation in Hilbert space; 

no mechanism 

Physical phase-locking on 2D 

membrane 

How does measurement 

work? 

Postulated dissipator operators (L_k 

terms) 

Gradual entropy injection until 

threshold 

What causes 

decoherence? 

Phenomenological bath coupling 

(fitted spectral density) 

Entropy accumulation at 

interface boundaries 

Does measurement 

have memory? 

No—Markovian (memoryless) 

dynamics 

Yes—finite reset time to dump 

entropy 

Does 2D geometry 

matter? 

No—only 3D volume and surface 

area 

Yes—perimeter and area of 

interface patch 

Free parameters 
Many (γ_k rates, bath spectra, etc.—

adjusted to fit) 

Few (τ_v, λ_b from first 

principles, then calibrated) 

Status 
Phenomenological (modern 

epicycles) 

Mechanistic (proposed 

Copernican alternative) 

The Key Insight: Lindblad operators work like Ptolemy's epicycles—add enough terms and you 

can fit anything. VERSF proposes the physical substrate that gives rise to those operators, 

making constrained predictions that can definitively fail. 

 

2. Worked Example: Superconducting Transmon Qubits 

Why This Platform? Superconducting qubits are tiny circuits cooled to near absolute zero 

where quantum effects become visible. They're the technology behind IBM and Google's 

quantum computers. We focus here because they offer excellent control over measurement 

strength (how hard you "poke" the system) and have well-understood noise properties. Think of 

them as the most precisely controllable test beds for our membrane hypothesis. 

The Big Picture: We'll create two entangled qubits (synchronized ripples on the membrane), 

then gradually increase how strongly we measure them. Standard quantum theory predicts the 

entanglement should fade smoothly like morning fog burning off. VERSF predicts it should snap 

suddenly—like a rubber band breaking—when you cross a specific measurement strength. This 

sharp "knee" is our smoking gun. 

We develop a complete experimental protocol for the most mature platform, then generalize to 

others. 
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2.1 Device Specification 

Setup: Two transmon qubits (A, B) coupled through a tunable coupler, initialized in a Bell state 

|Ψ⁻⟩ = (|01⟩ - |10⟩)/√2. Measurement performed via dispersive readout with variable coupling 

strength κ (controlled by coupler flux bias or readout power). 

Interface Mapping: 

• Physical qubit states |0⟩, |1⟩ → interface phase nodes φ = 0, π 

• Shared coupler mode → effective interface patch Ω ≈ (50 μm)² = 2.5×10⁻⁹ m² 

• Phase-locking energy: J_v/ℏ ≈ 10–50 MHz (typical coupler strength) 

2.2 Prediction 1: Collapse Threshold 

The Intuition: When you measure a quantum system, you're not just passively observing—

you're physically disturbing it by connecting it to measuring instruments at finite temperature. 

This injects disorder (entropy) into the system. Our membrane can tolerate some disorder by 

stretching, but past a critical point it tears. Standard quantum mechanics treats measurement as 

instantaneous and doesn't predict this sharp threshold; VERSF does. It's the difference between 

gradually dimming a light (standard theory) versus a light switch that suddenly clicks off 

(VERSF). 

Physical Mechanism: Measurement injects entropy into the interface patch by coupling qubit 

states to an irreversible external bath (the readout resonator at T_eff ≈ 30 mK). The entropy 

influx (in units of k_B) is: 

δS_in / k_B = ∫₀^Δt (Π_Q / (k_B T_eff)) dt ≈ (κ ℏω_r / (k_B T_eff)) · Δt 

where ω_r ≈ 2π × 7 GHz is the readout frequency, κ is the measurement rate, and Π_Q ≈ κ ℏω_r 

is the measurement backaction power. 

Threshold Condition: Collapse occurs when δS_in exceeds the interface capacity: 

δS_c = τ_v / Ω 

Operational definition (used throughout): We define δS_c ≡ τ_v / Ω, where τ_v is an effective 

entropy-capacity parameter with units k_B·m². It is an experimentally calibratable property of 

the interface patch (extraction formula given below). We do not assume a microscopic formula 

here; τ_v is a phenomenological interface property to be measured. 

Numerical target: For our transmon protocol, we set δS_c ≈ 400 k_B at Ω = 2.5×10⁻⁹ m². This 

implies: 

τ_v = δS_c · Ω ≈ 400 k_B × 2.5×10⁻⁹ m² = 1.0×10⁻⁶ k_B·m² 
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Parameter Extraction from Experiment: Once the collapse threshold κ_c is measured 

experimentally, τ_v can be extracted via: 

τ_v = (κ_c ℏω_r Δt) · Ω / (k_B T_eff) 

This formula inverts the threshold condition δS_in = (κ_c ℏω_r / k_B T_eff) · Δt = δS_c = τ_v / 

Ω. The value τ_v = 1.0×10⁻⁶ k_B·m² used here is a target for protocol design; actual 

measurements may yield values within a factor of 2–3. 

Regime of validity: This operational form holds in the quasi-static limit where measurement 

timescales Δt ≫ Ω/D_S (the entropy diffusion time across the patch), which is satisfied for our 

protocol. At higher measurement ramp rates, finite entropy-diffusion effects may modify δS_c; 

see Section 4.3 for discussion. 

Operational Translation: With T_eff = 30 mK, we have k_B T_eff = 1.38 × 10⁻²³ J/K × 0.03 K 

= 4.14 × 10⁻²⁵ J. With ℏω_r ≈ 4.64 × 10⁻²⁴ J (for ω_r = 2π × 7 GHz), the threshold measurement 

time at κ = κ_c is: 

Δt_c = (δS_c / k_B) × (k_B T_eff) / (κ_c ℏω_r)  

     = 400 × (4.14×10⁻²⁵ J) / (10⁶ s⁻¹ × 4.64×10⁻²⁴ J) 

     = (1.656×10⁻²² J) / (4.64×10⁻¹⁸ J/s) 

     ≈ 3.6×10⁻⁵ s 

For κ_c = 10⁶ s⁻¹ (strong continuous measurement): 

Δt_c ≈ 36 μs 

Experimental Protocol: 

1. Initialize |Ψ⁻⟩ and verify via state tomography (κ → 0 limit) 

2. Ramp measurement rate κ from 10⁴ to 10⁷ s⁻¹ over 20 steps (logarithmic) 

3. At each κ, integrate readout signal for Δt = 100 μs (well above the ~36 μs threshold 

timescale) 

4. Extract concurrence C via parity measurements (N = 2000 repetitions per point) 

Expected Signal: 

C(κ) = C₀ exp[-D_φ(κ) · Δt]    for κ < κ_c 

C(κ) ≈ 0                         for κ > κ_c 

with a sharp transition at κ ≈ κ_c. The "knee" width is predicted to be narrow, with a fluctuation-

based estimate: 

Δκ / κ_c ~ 1/√(δS_c / k_B) ≈ 1/√400 ≈ 5% 

Physical origin: This estimate follows from typical fluctuation broadening near a 

thermodynamic threshold—the relative width of the critical region scales roughly as 1/√N, where 
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N is the effective "system size" (here δS_c/k_B ~ 400). Larger entropy thresholds yield sharper 

transitions because statistical fluctuations become proportionally smaller. 

Conservative estimate: The precise width depends on interface details not fully captured by this 

phenomenological model. The knee could be broader (10–20%) if there are additional 

broadening mechanisms (e.g., spatial inhomogeneity, finite-rate corrections). The key 

distinguishing feature is that VERSF predicts a non-analytic transition (a kink or discontinuity in 

slope), whereas standard Lindblad decoherence predicts smooth exponential decay with no 

threshold structure whatsoever. The statistical test (AIC comparison, specified below) provides a 

falsifiable criterion independent of the precise width. 

Pre-Registered Statistical Test: To make the "knee" claim falsifiable, we specify the analysis 

protocol in advance. Fit the measured C(κ) data with two competing models: 

1. Smooth model: C(κ) = C₀ / (1 + (κ/κ₀)^n) (logistic decay with continuous derivatives) 

2. Kinked model: C(κ) = C₀ exp[-α₁(κ - κ_c)] for κ < κ_c, C(κ) = C₁ exp[-α₂(κ - κ_c)] for κ 

≥ κ_c (piecewise exponential with slope discontinuity at κ_c) 

Compare via Akaike Information Criterion (AIC). VERSF requirement: ΔAIC ≥ 10 favoring 

the kinked model, indicating that the non-analytic structure is statistically robust (likelihood ratio 

~150:1). If ΔAIC < 10, the data are consistent with smooth decoherence and VERSF's threshold 

prediction is not supported. 

Signal-to-Noise Calculation: 

For N = 2000 shots per κ-point, the statistical error in C is: 

σ_C ≈ 1 / √N ≈ 0.022 

The predicted concurrence drop across the knee is ΔC ≈ 0.7–0.9 (from high visibility to near-

zero). Therefore: 

SNR = ΔC / σ_C ≈ 0.8 / 0.022 ≈ 36 

This is a >30σ effect and unambiguously measurable. 

2.3 Prediction 2: Geometry Scaling of Dephasing 

The Intuition: If entanglement lives on a 2D membrane, then how fast it decays should depend 

on the shape of that membrane—specifically, its perimeter (edge length) or area. Imagine a soap 

bubble: a circular bubble and a long cylindrical bubble can have the same volume of air, but the 

cylinder has much more surface area touching the outside world, so it pops faster. Similarly, we 

predict that entanglement should decay faster in devices with longer perimeters, even if the total 

area is the same. This is radically different from standard 3D quantum theory, which doesn't care 

about 2D geometry. 
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Physical Mechanism: Phase noise on the 2D interface couples through boundary degrees of 

freedom. The dephasing rate is: 

D_φ = λ_b P + λ_a A 

where P is the effective perimeter and A the area of the interface patch. 

Perimeter vs Area Dominance: The boundary term dominates when the interface is strongly 

coupled to external 3D modes (e.g., through edge defects, coupling capacitances), while the area 

term dominates for intrinsic thermal fluctuations across the patch. For superconducting devices 

with controlled edge coupling: 

λ_b >> λ_a    (edge-coupled regime) 

Estimate: We treat λ_b as a fit parameter absorbing edge-coupling details (defect density, 

coupling strengths, geometric factors). For transmons with typical edge coupling and the target 

dephasing rate D_φ ~ 0.2 Hz at perimeter P ~ 200 μm: 

λ_b ≈ 10³ Hz/m  (fit target; captures edge-coupling strength) 

λ_a ≈ 10⁵ Hz/m²  (bulk thermal contribution) 

For a 50 μm × 50 μm patch (P = 200 μm, A = 2500 μm²): 

D_φ ≈ λ_b P = (10³ Hz/m) × (2×10⁻⁴ m) = 0.2 Hz 

Area contribution: λ_a A ≈ (10⁵ Hz/m²) × (2.5×10⁻⁹ m²) ≈ 2.5×10⁻⁴ Hz (negligible). 

Experimental Protocol: 

Fabricate three devices with identical total area (A = 2500 μm²) but different perimeters: 

• Device 1 (square): 50×50 μm, P = 200 μm 

• Device 2 (rectangle): 25×100 μm, P = 250 μm 

• Device 3 (serpentine): same A, P = 400 μm (folded edges) 

Measure D_φ via Ramsey interferometry on the entangled pair: 

C(t) = C₀ exp[-D_φ t] cos(Δω t) 

Extract D_φ from exponential decay envelope. 

Expected Signal: 

D_φ(Device 2) / D_φ(Device 1) = P₂/P₁ = 1.25 

D_φ(Device 3) / D_φ(Device 1) = P₃/P₁ = 2.0 

With T₂* ≈ 50–100 μs typical for transmons, and D_φ ≈ 0.2–0.5 Hz for square geometry, the 

perimeter doubling gives: 
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ΔD_φ ≈ 0.2–0.4 Hz 

Statistical Significance: Fitting exponential decay over t ∈ [0, 200 μs] with N = 50 time points 

and 500 shots per point gives: 

σ(D_φ) ≈ D_φ / √(N_total) ≈ 0.3 / √25000 ≈ 0.002 Hz 

Therefore SNR ≈ ΔD_φ / σ ≈ 0.3 / 0.002 ≈ 150 (>100σ). 

Crucial Control: Verify that single-qubit T₂ times do NOT scale with device perimeter (only the 

entangled-pair dephasing should). This rules out trivial 3D volume/surface effects. 

2.4 Prediction 3: Hysteresis and Memory (Flagship Prediction) 

The Intuition: This is our most distinctive prediction. Imagine repeatedly switching a light on 

and off, but the light takes a few seconds to turn back on after you flip the switch up, even 

though it turns off instantly when you flip it down. That's hysteresis—the system "remembers" 

its recent history. After a strong measurement breaks entanglement, our membrane theory 

predicts it needs time to "heal" by dumping accumulated disorder back into the void. Standard 

quantum mechanics has no such memory: if you reduce measurement strength, entanglement 

should return immediately. The hysteresis loop—the gap between turning measurement up 

versus down—is a signature you simply cannot fake with conventional decoherence. 

Physical Mechanism: After collapse (κ > κ_c), the interface patch accumulates excess entropy. 

Restoring entanglement requires dumping this entropy back to the 0D void, which takes finite 

time τ_reset. This creates a hysteresis loop when cycling measurement strength. 

Quantitative Model: Define the interface entropy variable s(t) (measured in units of k_B) with 

dynamics: 

ṡ = (κ ℏω_r / (k_B T_eff)) - Γ_cool (s - s₀) 

where Γ_cool is the entropy extraction rate (set by qubit thermalization rate, typically 1/T₁ with 

T₁ ≈ 50–100 μs, giving Γ_cool ≈ 10⁴ s⁻¹). The steady-state entropy is: 

s_ss = s₀ + (κ ℏω_r) / (k_B T_eff Γ_cool) 

Collapse occurs when s > s_c ≡ δS_c / k_B ≈ 400. 

Hysteresis Protocol: 

1. Up-sweep: Ramp κ from 10³ to 10⁷ s⁻¹ over 30 s (slow compared to τ_reset) 

2. Down-sweep: Immediately ramp κ from 10⁷ to 10³ s⁻¹ over 30 s 

3. Measure concurrence C(κ) continuously 
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Expected Loop: On the up-sweep, C drops sharply at κ_c^(up) ≈ 10⁶ s⁻¹. On the down-sweep, C 

remains near zero until κ_c^(down) ≈ 0.5 × κ_c^(up), where the entropy finally drains below s_c. 

The loop area is: 

A_loop = ∫ C dκ ≈ (ΔC) × (κ_c^(up) - κ_c^(down)) ≈ 0.8 × 5×10⁵ s⁻¹ 

Normalized to the κ-axis range: A_loop / κ_max ≈ 0.04 (dimensionless area in the C-κ plane). 

Reset Time Measurement: After a strong measurement burst (κ = 10⁷ s⁻¹ for 100 μs), 

immediately switch to κ → 0 and monitor C(t) recovery: 

C(t) = C₀ [1 - exp(-t / τ_reset)] 

Predicted: τ_reset ≈ (δS_c / k_B) / Γ_cool ≈ 400 / (10⁴ s⁻¹) ≈ 40 ms. 

Signal-to-Noise: With N = 100 hysteresis cycles averaged, the loop area error is: 

σ_A ≈ (0.022 × 10⁶ s⁻¹) / √100 ≈ 2.2×10³ s⁻¹ 

Therefore SNR ≈ A_loop / σ_A ≈ 5×10⁵ / 2.2×10³ ≈ 227. 

This is a >200σ signature with modest averaging. Standard Markovian decoherence predicts 

identical up- and down-sweeps (zero loop area). 

2.5 Prediction 4: Tunneling Boost (Extended to Cooper Pair Splitters) 

While less directly applicable to transmon qubits, this prediction is tailored for solid-state Cooper 

pair splitters (see Section 4.3). 

 

Section 2 Summary: The Numbers That Matter 

If you remember nothing else from this section, remember these key results for superconducting 

qubits: 

1. Collapse Threshold: Sharp drop in entanglement at measurement strength κ_c ≈ 10⁶ s⁻¹, 

occurring after Δt_c ≈ 36 μs 

o Signal strength: 36σ above noise (essentially impossible to miss) 

2. Geometry Scaling: Doubling the device perimeter doubles the decoherence rate 

o Signal strength: 150σ above noise (unambiguous) 

3. Hysteresis Loop: When cycling measurement up/down, loop area ≈ 0.04 with reset time 

≈ 40 ms 

o Signal strength: 227σ above noise (the smoking gun) 

4. What This Means: Any one of these at >5σ would be noteworthy. All three at >30σ 

would be revolutionary. 
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3. Generalized Predictions Across Platforms 

Reading This Table: Each row describes a different experimental test. The "VERSF Signature" 

column tells you what our membrane theory predicts, while "Control Test" shows what standard 

quantum mechanics predicts. If experiments match the VERSF column and contradict the 

Control column, we've found evidence for the hidden membrane. If they match Control instead, 

VERSF is ruled out. Science advances either way. 

Note on Platforms: We've designed these tests to work across different quantum technologies—

superconducting circuits (quantum computer chips), trapped ions (individual atoms held by 

lasers), photons (particles of light), and solid-state devices (nanoscale semiconductor structures). 

Finding the same signatures across multiple technologies would be compelling evidence that 

we're seeing something fundamental about nature, not just quirks of one experimental setup. 

Prediction Observable VERSF Signature Control Test 

Collapse 

Threshold 

Concurrence C vs 

measurement strength 

m 

Sharp knee (non-analytic) 

at m = m_c with width 

Δm/m_c ~ 5% 

Smooth exponential decay 

in standard models 

Geometry 

Scaling 

Dephasing rate D_φ vs 

interface perimeter P at 

fixed area A 

D_φ ∝ P (or D_φ ∝ A in 

bulk-coupled regime) 

D_φ insensitive to 2D 

geometry, scales only with 

3D volume/surface 

Hysteresis 
C(m) during up-sweep 

vs down-sweep 

Finite loop area A_loop ≈ 

0.04–0.1 with τ_reset ≈ 10–

100 ms 

Zero loop area (reversible) 

Tunneling 

Boost 

Singlet fraction F_S vs 

barrier disorder 

Selective enhancement of 

F_S when interface disorder 

reduced at fixed barrier 

F_S tracks only barrier 

transparency 

 

4. Mathematical Framework 

For Non-Specialists: This section gets technical. If equations make your eyes glaze over, here's 

the essential idea: we're showing how our membrane picture translates into precise mathematics 

that makes quantitative predictions. The key insight is that entropy (disorder) acts like a stress on 

the membrane, and when that stress exceeds the membrane's tension, it breaks. Think of it like 

pulling on a sheet of plastic wrap—pull gently and it stretches; pull too hard and it tears. The 

math below calculates exactly how hard is "too hard" and predicts the healing time after tearing. 
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For Specialists: We now derive the effective Hamiltonian from first principles, explicitly 

connect entropy injection to collapse dynamics, and distinguish our predictions from standard 

Lindblad decoherence. 

4.1 Derivation of H_link from Interface Action 

Start with the 2D interface field theory for phase excitations: 

S_int[φ] = ∫_Ω d²x dt [½ κ_s (∇φ)² + ½ χ_s (∂_t φ)² - V_int(φ)] 

For two entangled nodes at positions x_A, x_B, introduce a coupling potential that penalizes 

phase mismatch: 

V_coup = ½ J_v (φ_A - φ_B)² 

In the strongly-locked regime where |φ_A - φ_B| ≪ π, expand to leading harmonic: 

V_coup ≈ J_v [1 - cos(φ_A - φ_B)] ⇒ H_eff = -J_v cos(Δφ) 

where Δφ = φ_A - φ_B. The cosine form naturally emerges from the 2π periodicity of interface 

phase variables. 

Connection to Circuit QED: Operationally, we extract J_v/ℏ from two-qubit spectroscopy 

(effective exchange coupling in the fitted Hamiltonian). Circuit parameters (capacitances, 

inductances) provide only order-of-magnitude guidance; we do not equate J_v with a specific 

charging-energy formula. Typical measured values: J_v/ℏ ≈ 10–100 MHz for transmon couplers, 

consistent with the phase-locking energy scale required to maintain entanglement against thermal 

fluctuations at 30 mK. 

4.2 Entropy Injection vs Energy Dissipation: The Key Distinction 

Standard Decoherence (Energy-Based): Caldeira-Leggett models yield dephasing from energy 

exchange with a harmonic bath: 

D_φ^(std) = ∫ dω J(ω) n_B(ω) [...terms...] 

where J(ω) is the bath spectral density and n_B the Bose factor. Crucially, D_φ^(std) depends on 

the energy dissipation rate Ė, not directly on entropy. 

VERSF (Entropy-Based): We propose: 

D_φ^(VERSF) = λ (Ṡ_in / k_B) 

where Ṡ_in is the entropy influx rate (measured in J/K/s, so Ṡ_in / k_B has units of 1/s) and λ is a 

dimensionless coupling constant. The two approaches are related but distinguishable: 
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Ė = T δṠ_in - ΔF 

where ΔF is free energy change. At fixed temperature, a purely dissipative process has Ė = T 

δṠ_in. However, at variable T or with non-thermal reservoirs: 

δṠ_in ≠ Ė / T 

Experimental Discriminator: Use a two-channel measurement: 

1. Thermal channel: Couple to a resistor at T₁ → both models agree 

2. Squeezed channel: Inject phase noise from a squeezed vacuum source (zero-temperature 

but finite phase uncertainty) 

Standard theory: D_φ driven by noise power (energy) 

VERSF: D_φ driven by irreversibility (entropy production ~ log of phase uncertainty growth) 

Crisp Falsifiable Criterion: Measure the dephasing rate D_φ as a function of squeezing 

parameter r at low temperature T → 0. The two theories predict: 

∂D_φ/∂r|_{T→0} > 0    (VERSF: entropy-driven) 

∂D_φ/∂r|_{T→0} ≈ 0    (Standard: energy-driven) 

Since squeezed vacuum has negligible thermal energy at T → 0 but significant entropy 

production (∝ r), a non-zero slope ∂D_φ/∂r in the cold limit directly demonstrates entropy-driven 

decoherence. Pre-registered threshold: If the measured slope exceeds 3σ significance 

(accounting for residual thermal noise), VERSF is supported over energy-based models. 

Plain Language: Standard theory says only hot things cause decoherence. VERSF says 

uncertain things cause decoherence, even if cold. A squeezed vacuum source is cold but 

uncertain—if it causes dephasing, that's VERSF's signature. 

For a squeezed state with ΔX² = 1/4 e^(2r) and ΔP² = 1/4 e^(-2r), the entropy injection is: 

δS_sq ≈ k_B r (squeezing parameter) 

which is non-zero even for zero thermal photons. Standard models predict negligible dephasing 

at T → 0 with fixed squeezing, while VERSF predicts D_φ ∝ r. 

4.3 Explicit Collapse Threshold: Rate-Dependent Analysis 

Purpose: Section 2.2 used the operational form δS_c = τ_v / Ω for quasi-static measurements. 

Here we justify this regime and discuss rate-dependent corrections. 

Operational vs Microscopic Definitions: The threshold δS_c represents the total entropy the 

interface patch can absorb before collapse. Dimensional analysis suggests two natural scales: 
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1. Intensive (areal) threshold: δS_c ~ (k_B / ℓ_²) · Ω, where ℓ_ is microscopic interface 

discretization 

→ Predicts δS_c scales linearly with area Ω (extensive) 

2. Effective (geometric) threshold: δS_c ~ √(τ̄ Ω), where τ̄ is an effective tension 

parameter 

→ Predicts δS_c scales as √Ω (intermediate) 

Quasi-Static Regime (Δt ≫ Ω/D_S): When measurement timescales greatly exceed entropy 

diffusion time across the patch, entropy spreads uniformly before collapse. In this limit, the patch 

acts as a well-mixed reservoir with total capacity: 

δS_c = τ_v / Ω    (phenomenological form, quasi-static) 

where τ_v is an effective parameter with units k_B m² (not k_B m⁻² as stated earlier; this is 

corrected). The ratio τ_v / Ω has units k_B (dimensionless) as required. 

Physical Interpretation: τ_v represents the "entropy stiffness" of the patch—higher τ_v means 

the interface can tolerate more entropy per unit area. Smaller patches (smaller Ω) have higher 

thresholds because entropy cannot spread as effectively, concentrating stress. 

Finite-Rate Corrections: For measurement faster than diffusion (Δt ~ Ω/D_S), entropy 

accumulates locally before spreading. The threshold becomes rate-dependent: 

δS_c(Δt) ≈ (τ_v / Ω) · [1 + corrections scaling as √(Δt · D_S / Ω)] 

For our transmon protocol with Δt ~ 100 μs and estimated D_S ~ Ω / (10 μs) → corrections are 

~√10 ~ 3× potentially. However, to maintain consistency with Section 2.2 estimates and avoid 

over-parameterization, we use the quasi-static form throughout this paper. Future work: Direct 

measurement of D_S via spatially-resolved entropy injection could test rate-dependent scaling. 

Bottom Line: The operational definition δS_c = τ_v / Ω (with τ_v ~ 10³ k_B m² for transmons) 

is valid for our experimental protocols and provides consistent order-of-magnitude predictions 

across platforms. Microscopic derivation from first-principles interface field theory remains an 

open theoretical question. 

4.4 Tunneling Enhancement: Coherent Pair Channel 

Consider a Cooper pair splitter with two quantum dots (A, B) coupled to a superconductor. The 

base Hamiltonian includes: 

H_0 = H_dots + H_tunnel + H_Coulomb 

Standard tunneling gives rates Γ₁ (single electron) and Γ₂ (singlet pair) with Γ₂/Γ₁ ≪ 1 due to 

Coulomb blockade. 
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VERSF Addition: The void link provides a coherent channel for simultaneous tunneling of the 

entangled pair. Model this as an effective interaction: 

H_void = -J_v (c_A^† c_B^†) (c_A c_B) cos(φ_A - φ_B) 

where c_A, c_B are electron operators. In second-order perturbation theory (golden rule): 

Γ₂^(void) ≈ (2π/ℏ) |⟨f|H_eff|i⟩|² ρ(E) 

The effective matrix element is: 

⟨f|H_eff|i⟩ ≈ T_std + (J_v / ħω_c) T_sync 

where T_std is the standard tunneling amplitude and T_sync is the phase-locked contribution. At 

lowest order: 

Γ₂^(void) / Γ₂^(std) ≈ [1 + 2η (J_v / ħω_c)] 

with η ≲ 1 a geometry factor. For J_v/ħ ~ 10 MHz and ω_c ~ 1 GHz (plasmon cutoff): 

Enhancement ≈ 1 + 2η × 0.01 ≈ 1.02 

This is a 2% effect, challenging but measurable with high statistics. 

Improved Signal: Reduce interface disorder (improve RES/SYNC quality) by annealing or 

cleaner fabrication. The void channel should strengthen while standard tunneling remains 

constant (set by barrier), giving a disorder-dependent enhancement signature. 

 

5. Platform-Specific Protocols 

Why Multiple Platforms? Science requires reproducibility. If VERSF is correct, we should see 

similar signatures across fundamentally different quantum systems—not just superconducting 

circuits, but also trapped atoms, photons, and solid-state devices. It's like testing whether gravity 

works the same way by dropping feathers, rocks, and bowling balls. Each platform has unique 

advantages: ions give us long coherence times, photons give us high speed, and solid-state 

devices let us probe tunneling effects. By testing across all of them, we either build a compelling 

case for VERSF or definitively rule it out. 

5.1 Trapped Ion Qubits 

Advantages: Long coherence times (T₂ > 10 s), precise control of measurement strength via 

photon scattering, direct geometry tuning via trap electrode patterns. 
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Protocol for Geometry Scaling: 

• Fabricate surface traps with varying electrode perimeters enclosing fixed ion-ion 

separation 

• Use "designer" electrode shapes: circular, elliptical, fractal edges 

• Measure motional-state dephasing D_φ via Ramsey interferometry on ion motion 

• Predict: D_φ ∝ P_electrode at fixed trap frequency ω_trap 

Protocol for Collapse Threshold: 

• Control measurement via resonant laser scattering rate Γ_scatter 

• Ramp laser intensity → ramp Γ_scatter from 1 to 10⁵ s⁻¹ 

• Extract entanglement via parity oscillations in Bell state 

• Expect knee at Γ_scatter ~ 10³–10⁴ s⁻¹ (higher threshold due to low T_eff) 

5.2 Integrated Photonics (SPDC Sources) 

Advantages: High pair generation rates (>10⁶ pairs/s), scalable lithography for geometry tests, 

straightforward loss control. 

Protocol for Geometry Scaling: 

• Generate photon pairs in nonlinear waveguides (PPLN, etc.) 

• Vary waveguide perimeter at fixed cross-sectional area by serpentine routing 

• Inject controlled loss (equivalent to measurement) via lossy tapers 

• Measure two-photon visibility V vs perimeter P 

• Predict: V = V₀ exp[-λ_b P L_prop], where L_prop is propagation length 

Protocol for Hysteresis: 

• Use variable beam splitters (e.g., Mach-Zehnder with thermal tuning) 

• Cycle splitting ratio from 0 to 100% and back 

• Measure entanglement via CHSH inequality 

• Predict: hysteresis loop due to thermal lag in waveguide (proxy for entropy dumping) 

Caveat: Photonic τ_reset may be very fast (ns–μs) due to rapid radiative cooling, making 

hysteresis narrow. Use pulsed sources with variable delay between pump pulses to probe reset 

dynamics. 

5.3 Solid-State Cooper Pair Splitters 

Geometry: Superconducting island (S) coupled to two quantum dots (A, B) via tunnel barriers. 

Protocol for Tunneling Boost: 
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1. Fix barrier transparency T_barrier via oxide thickness (d ~ 2–5 nm) 

2. Vary interface disorder by:  

o Annealing temperature (reduces defects) 

o Gate voltage disorder (adds fluctuations) 

3. Measure singlet yield Y_S = (coincidence counts singlet) / (total counts) 

4. Predict: Y_S increases with annealing at fixed d (void channel coherence improves) 

5. Control: single-electron tunneling rate Γ₁ should be insensitive to annealing 

Expected Signal: ΔY_S ~ 0.02–0.05 between disordered and clean interfaces. With N = 10⁶ 

events, σ(Y_S) ~ 10⁻³, giving SNR ~ 20–50. 

 

6. Comparison with Standard Models and Falsification 

Criteria 

The Critical Question: How do we know we're not just seeing ordinary quantum mechanics in 

disguise? This section spells out exactly what standard theory predicts versus what VERSF 

predicts, and—crucially—what experimental results would disprove VERSF. Good science must 

be falsifiable: we need to specify in advance what evidence would prove us wrong. If 

experiments show smooth curves where we predict sharp knees, or zero hysteresis where we 

predict loops, then VERSF is dead. But if we see those signatures, especially across multiple 

platforms, then we've discovered something genuinely new about quantum reality. 

6.1 What Standard Models Predict (and What They Don't Explain) 

The State of the Art: Standard quantum decoherence theory uses two main formalisms: 

1. Lindblad Master Equation: 

dρ/dt = -i[H, ρ]/ℏ + ∑_k γ_k [L_k ρ L_k^† - ½{L_k^† L_k, ρ}] 

The dissipator terms (L_k operators) are chosen to match experimental decoherence rates. Each 

γ_k is a fit parameter. 

2. Caldeira-Leggett Model: Couples the system to a bath of harmonic oscillators with spectral 

density J(ω). The bath parameters are tuned to reproduce observed dephasing. 

These work brilliantly—but they're phenomenological. Like Ptolemy's epicycles, they 

describe decoherence as if it follows certain mathematical rules, without explaining why those 

rules hold. The operators are postulated, not derived. The parameters are fitted, not predicted. 

What They Predict: 
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• Smooth, exponential decay of coherence C(t) ~ exp[-γt] with γ proportional to coupling 

strength 

• No sharp thresholds (C is analytic in measurement strength m) 

• No hysteresis (instantaneous response, no memory) 

• Dephasing scales with system-bath coupling, typically surface-to-volume in 3D 

• All parameters are free to adjust until theory matches experiment 

What VERSF Adds—The Copernican Step: VERSF says: these equations emerge from 

thermodynamic entropy management on the interface. The Lindblad operators aren't 

fundamental—they're effective descriptions of entropy flow. The bath isn't "just there"—it's the 

3D projection of void-interface dynamics. 

VERSF Predictions (Beyond Lindblad/Caldeira-Leggett): 

• Non-analytic threshold at m_c (C has a kink or jump)—not possible in standard 

formalism 

• Hysteresis with finite loop area and reset time—not captured by memoryless Lindblad 

• Dephasing controlled by 2D boundary geometry—not in 3D bath models 

• Entropy-based rather than energy-based decoherence scaling—different physics 

The Crucial Difference: Standard models have enough freedom to fit any smooth decoherence 

curve. VERSF makes constrained predictions (specific threshold values, loop areas) that can be 

unambiguously wrong. 

6.2 Falsification Pathways 

Being Honest About What Would Prove Us Wrong: Every scientific theory must clearly state 

what observations would refute it. Here's our list. If even one of these falsification criteria is met, 

VERSF needs major revision or abandonment. 

VERSF is falsified if: 

1. No sharp threshold appears in C(m) across a wide range of platforms (all show smooth 

exponentials)  

o Translation: If entanglement always fades smoothly like fog, never snapping like 

a breaking rope 

2. Geometry scaling tests show D_φ insensitive to perimeter/area variations at fixed 3D 

volume  

o Translation: If membrane shape doesn't matter at all—only total volume does 

3. Hysteresis loops have area A_loop < 10⁻³ (below statistical noise floor)  

o Translation: If the system has no memory, showing identical behavior going up 

and down in measurement strength 

4. Tunneling boost measurements show zero correlation between interface disorder and pair 

yield  

o Translation: If cleaning up the interface doesn't help entangled particles tunnel 

together 
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5. Entropy injection (e.g., via squeezed noise) fails to cause dephasing distinct from energy 

injection  

o Translation: If cold but uncertain sources don't cause decoherence—only hot 

sources do 

VERSF is supported if: 

1. Three or more platforms exhibit collapse thresholds with δS_c ~ 10²–10³ k_B (order-of-

magnitude consistency)  

o Translation: If we see the sharp threshold with similar entropy values across 

different technologies 

2. Perimeter scaling is observed with λ_b measured to ±20% across different geometries  

o Translation: If doubling the perimeter reliably doubles the decoherence rate 

3. Hysteresis loop areas agree with predicted A_loop within factor of 2–3  

o Translation: If memory effects appear with roughly the predicted magnitude 

4. At least one tunneling boost signature exceeds 3σ confidence  

o Translation: If we see statistically significant evidence that cleaning the interface 

helps entangled tunneling 

 

7. Strategic Recommendations for Experimental Teams 

If You're an Experimentalist Reading This: We've designed these tests to be practical with 

existing technology. You don't need to build new apparatus from scratch—superconducting qubit 

labs, ion trap groups, and photonics teams already have most of what's needed. The hysteresis 

test is the lowest-hanging fruit: a single well-equipped quantum computing lab could run it in 6–

12 months. We're not asking you to believe VERSF; we're asking you to test it. Either 

outcome—confirmation or refutation—would be a significant contribution to physics. 

1. Lead with Hysteresis: This is the cleanest discriminator. A single superconducting qubit 

team could establish or refute this within 6–12 months. 

2. Coordinate Multi-Platform Effort: Collapse threshold values in different systems 

(transmons, ions, photons) should scale as δS_c ~ τ_v / Ω with consistent τ_v. Cross-

platform agreement would be compelling. 

3. Publish Null Results: If the threshold is absent or hysteresis fails to appear, publish this 

as a constraint on interface-based models. The field needs decisive tests. 

4. Extract Practical Value Regardless: Even if VERSF signatures are absent, the protocol 

gives you: (a) quantitative entropy budgets for your measurement channels, (b) 

systematic perimeter/geometry data useful for device optimization, and (c) high-quality 

datasets on non-equilibrium decoherence. These are publishable results independent of 

VERSF validation. 

5. Numerical Simulations: We provide a companion Jupyter notebook (see Appendix A, to 

be published separately) with phase-diffusion simulations showing expected C–m curves, 

hysteresis loops, and geometry scaling. Teams can use this to calibrate expectations. 
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6. Theory-Experiment Iteration: After first-round tests, refine the model parameters (τ_v, 

λ_b, λ_a, J_v) from data and predict second-order effects (e.g., temperature dependence 

of τ_v, frequency dependence of λ_b). 

 

8. Conclusion 

The Bottom Line (For Everyone): For nearly a century, quantum entanglement has been one of 

physics' deepest mysteries. Einstein called it "spooky action at a distance" and worried that 

quantum mechanics must be incomplete. Modern decoherence theories (Lindblad, Caldeira-

Leggett) fit the data perfectly—but like Ptolemy's epicycles, they're phenomenological 

descriptions that work by adjusting parameters until theory matches experiment. They don't 

explain why coherence decays or how measurement causes collapse. 

VERSF proposes a Copernican move: replace stacked phenomenological equations with one 

physical principle (entropy management on the void-interface). This isn't competing with 

quantum mechanics—it's trying to explain the mechanism behind QM's equations, just as 

Copernicus didn't replace Ptolemy's predictions but revealed the simpler physics underneath. 

This paper shows that hypothesis makes four testable predictions (thresholds, hysteresis, 

geometry scaling, tunneling boost) that standard models don't. Within the next few years, 

experimentalists can decisively test whether Lindblad operators are fundamental or emergent—

whether decoherence is "just statistics" or thermodynamic phase transitions on a hidden 

interface. 

The hysteresis experiment alone could settle this: If the system "remembers" being strongly 

measured (SNR > 200), we've moved from curve-fitting to causal understanding. If it doesn't, 

we've ruled out interface-based models and sharpened constraints on future theories. Either way, 

physics wins—and you get practical tools (entropy budgets, geometry rules) for quantum control 

optimization. 

Technical Summary: The VERSF–RAL entanglement framework proposes that standard 

decoherence models (Lindblad, Caldeira-Leggett) are phenomenological—modern epicycles that 

fit data via adjustable parameters without explaining mechanism. VERSF derives these equations 

from entropy dynamics on a 2D void-interface, making four falsifiable predictions beyond the 

parameter space of standard models: sharp collapse thresholds, hysteresis with memory, 

geometry-dependent dephasing, and tunneling enhancement. The hysteresis effect, with 

predicted loop areas of 0.04–0.1 and signal-to-noise ratios exceeding 200 in superconducting 

qubits, offers an unambiguous discriminator. Geometry scaling and collapse thresholds provide 

complementary tests across ion, photonic, and solid-state platforms. We have provided complete 

signal-to-noise calculations, order-of-magnitude parameter estimates, and detailed protocols. 

Experimental teams now have the tools to test whether Lindblad operators are fundamental or 

emergent—whether quantum decoherence is abstract statistics or concrete thermodynamics on a 

hidden interface. 
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What Happens Next: We invite experimental collaborations. For theorists, we provide 

numerical simulation notebooks (Appendix A reference) to explore parameter space. For 

experimentalists, we offer consultation on adapting these protocols to your specific platforms. 

Why This Matters (Beyond Theory): Even if you're skeptical about hidden membranes and 

void physics, the VERSF testing program offers practical value: (1) entropy budgets for quantum 

control optimization, (2) geometric design principles (perimeter scaling), (3) pre-registered 

statistical tests that avoid ambiguity, and (4) built-in cross-platform replication. You're not just 

testing one speculative model—you're establishing experimental bounds on an entire class of 

interface-based interpretations. 

This isn't just about validating one theoretical framework—it's about pushing quantum 

mechanics into regimes where its fundamental nature becomes experimentally accessible. The 

membrane either exists, or it doesn't. Let's find out. 

 

Appendix A: Parameter Summary Table 

How to Read This Table: Each row shows a physical quantity (like "interface area" or "reset 

time") and gives its expected value for three different experimental platforms. These aren't 

random guesses—they're calculated from the theory and the known properties of each platform. 

When experimentalists run these tests, they'll measure these parameters and check whether they 

match our predictions. Close agreement would support VERSF; major discrepancies would 

require us to revise or abandon the model. 

Physical Meaning Column: This explains what each parameter actually represents in plain 

terms. For instance, "entropy trigger" is how much disorder the membrane can tolerate before it 

tears, while "resonance coupling" describes how strongly two particles are linked through the 

membrane. 

Parameter Symbol 
Transmon 

Value 

Ion Trap 

Value 

Photonic 

Value 
Physical Meaning 

Interface area Ω 2.5×10⁻⁹ m² 10⁻⁸ m² 10⁻¹⁰ m² Effective patch size 

Entropy capacity τ_v 
1.0×10⁻⁶ 

k_B·m² 

2×10⁻⁵ 

k_B·m² 

4×10⁻⁹ 

k_B·m² 

Interface entropy 

stiffness 

Collapse threshold δS_c 400 k_B 2000 k_B 40 k_B Entropy trigger 

Phase-lock energy J_v/ℏ 10–50 MHz 1–10 kHz 0.1–1 THz Resonance coupling 

Boundary coefficient λ_b 10³ Hz/m 10 Hz/m 10⁵ Hz/m Edge dephasing 

Area coefficient λ_a 10⁵ Hz/m² 10³ Hz/m² 10⁸ Hz/m² Bulk dephasing 

Reset time τ_reset 10–100 ms 0.1–1 s 1–100 ns Entropy dumping 
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Parameter Symbol 
Transmon 

Value 

Ion Trap 

Value 

Photonic 

Value 
Physical Meaning 

Critical 

measurement rate 
κ_c 10⁶ s⁻¹ 10⁴ s⁻¹ 10⁸ s⁻¹ Threshold coupling 

 

Appendix B: Entropy vs Energy Dephasing—Worked 

Example 

Scenario: A superconducting qubit is subject to two noise sources: 

1. A 50 mK thermal resistor (Johnson noise) 

2. A 10 mK squeezed microwave source with squeezing parameter r = 1 

Standard Model Prediction: 

D_φ^(thermal) = (k_B T / ℏ) × (coupling)² ≈ 10 Hz  (at 50 mK) 

D_φ^(squeezed) ≈ 0.2 Hz  (10 mK → minimal thermal noise) 

VERSF Prediction: 

The entropy production rate for thermal noise: 

Ṡ_thermal = k_B (Power / T) ≈ k_B × 10⁻¹⁸ W / (50 mK) ~ 10³ k_B/s 

For squeezed noise, even at low T, the phase uncertainty grows: 

Ṡ_squeezed = k_B × (dS_vN/dt) ≈ k_B r / τ_correlation ~ 10⁴ k_B/s 

Therefore: 

D_φ^(VERSF, thermal) ~ 10 Hz 

D_φ^(VERSF, squeezed) ~ 100 Hz  (!!) 

Discriminating Measurement: If the squeezed channel produces dephasing comparable to (or 

exceeding) the thermal channel despite 5× lower temperature, this supports the entropy-based 

VERSF model over energy-based standard theory. 

Experimental Implementation: Use a Josephson parametric amplifier (JPA) in squeezed mode, 

inject squeezed vacuum into the qubit readout line, and measure T₂* via Ramsey. Vary 

squeezing parameter r and temperature T independently to map D_φ(r, T). 
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