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Section 9 — Experimental Proposals and Falsifiability Tests

(Quantum Branch Statistics, Twin-Collapse Tests, Collapse Latency, Optical Micro-Wormhole

Correlations, Cosmic Basin Inference, and Failure Modes)

Section 8 stated the physical predictions of the CUWF Master Equation. Section 9 now converts those
predictions into experimental proposals and falsifiability tests. The goal is not to claim that every test
can be performed immediately with current technology. The goal is to define what would count as
evidence for CUWF, what would count against it, and how the Master Equation can be confronted by

measurable data.
The governing equation remains:
dQrat = =V _F G[Q

with

and
G = Q[X] + Clg] + =_eff + R(N_eff) + cross-coupling terms.
The tests in this section follow directly from the predictions in Section 8:

* branch statistics should deviate from Born’s rule near soft-mode drift,

» entanglement correlations should contain =_eff-dependent residual structure,
» collapse latency should vary under controlled nonlocal coupling,

* optical systems may reveal micro-wormhole-like correlation thresholds,

» cosmic sky data may contain basin-topology signatures,

» and each proposal must include clear failure modes.
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The organizing principle of Section 9 is falsifiability. A CUWF test is meaningful only if it can, in

principle, fail.
Test Class CUWEF Variable Target Signal Main Comparator
Branch statistics A_soft, N_eff Born-rule residual Ap_i | Standard QM outcome
frequencies

Twin-collapse =_eff, £(T) Bell-shape residual AE | QM Bell correlation

separation

Collapse latency =_eff, AT collapse Latency covariance Detector/noise timing
L_CUWF models

Optical micro- = _eff/=_c, detT Threshold correlation Quantum optics

wormhole index W_CUWEF prediction

Cosmic basin topology | R, = eff, N_eff Topology residual /A\CDM + baryonic
B_CUWF corrections

9.1 Quantum Branch Statistics vs A_soft Drift
The first experimental proposal tests whether quantum outcome statistics remain exactly Born-rule
distributed under controlled soft-mode drift. In CUWF, measurement-like outcomes arise when collapse

trajectories encounter instability in the stability landscape. The relevant condition is:
A_soft — 0.

At this boundary, the collapse basin loses stiffness along one or more directions, allowing branching.

Standard quantum mechanics predicts that repeated trials should follow Born-rule probabilities:

p_i= P

CUWEF predicts that Born’s rule is recovered in the ordinary weak-coupling limit, but can acquire
structured correction terms when }\_soft, =_eff, curvature response, or N_eff renormalization becomes

dynamically relevant:

]
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p_i"CUWF = [_i]2 + Ap_i(A_soft, =_eff, IN_eff/0T, R).

The test therefore does not ask whether CUWF can reproduce ordinary quantum statistics. It asks
whether controlled soft-mode conditions produce measurable, repeatable deviations from exact Born

frequencies.
Experimental design:

Prepare a two-outcome or multi-outcome quantum system with high repetition count.

Tune the system close to a controlled instability boundary, represented in CUWF as }\_soft
approaching zero.

Record outcome frequencies p_i over repeated trials.

Compare observed frequencies against standard Born predictions and against CUWF correction
models.

Look specifically for drift-correlated deviations, not random noise.

Candidate platforms include superconducting qubits, trapped ions, photonic interferometers, and

tunable double-well or bifurcation-like systems where near-critical instability can be engineered.
Falsifiability condition:

If outcome frequencies remain exactly Born-distributed across controlled A_soft-like drift regimes, with
no systematic branch-accessibility correction beyond experimental error, then this weakens the CUWF

prediction that Born statistics are an effective limiting law rather than a primitive exact law.

9.2 Twin-Collapse Entanglement Separation Test

The second proposal tests whether two separated collapse events show residual correlation structure
beyond standard quantum entanglement predictions. In CUWF, two systems can be coupled through

E_eff, the nonlocal entanglement kernel. The relevant mechanism is:

= eff(x,x T) £ 0
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for separated regions x and x on the entropic manifold.

Standard quantum mechanics predicts correlation functions determined by the prepared entangled
state and measurement basis. CUWF predicts that the observed correlation may contain an additional

residual structure governed by =_eff and entropic connectivity:
E_CUWF(a,b) = E_QM(a,b) + AE(=_eff, {)(T), N_eff, R).

The objective is not merely to confirm Bell violation. Bell violation is already predicted by standard
quantum mechanics. The objective is to detect whether the shape of the violation curve, latency

structure, or residual correlation pattern carries signatures of =_eff.
Experimental design:

Prepare entangled photon pairs, ion pairs, or superconducting-qubit pairs.

Separate the measurement stations while maintaining high timing precision.

Record joint outcomes, measurement settings, and collapse-time proxies.

Compare the observed correlation function E(a,b) with the standard quantum prediction.

After subtracting standard quantum expectation and known instrumental noise, test whether residuals
correlate with separation, timing structure, engineered environment, or graph-like coupling
geometry.

The preferred observable is:
AE_residual = E_observed(a,b) — E_QM(a,b) — E_noise(a,b).

A CUWEF-positive result would not simply be any residual. It must be structured, repeatable, and

correlated with controlled parameters associated with =_eff.
Falsifiability condition:

If all residuals vanish within experimental uncertainty after ordinary quantum and instrumental

corrections, and if no Z_eff-sensitive pattern is observed under controlled separation and environment
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variation, then this constrains or falsifies the CUWF prediction of detectable nonlocal kernel structure in

twin-collapse systems.

9.3 Collapse-Latency Prediction Under =_eff Tuning

The third proposal focuses on collapse latency. In CUWF, collapse is not an instantaneous postulate. It
is a dynamical process under V_FG. Iftwo systems are coupled by =_eff, their collapse timing

distributions may show correlated latency even when standard signal transmission is excluded.
The relevant CUWF quantity is the collapse-latency covariance:
Cov(AT A, AT B | = _eff)
where AT_A and AT B represent inferred collapse-latency measures for two separated subsystems.

Standard quantum mechanics does not assign a physically evolving collapse-time variable in the same
sense. CUWF therefore predicts a distinctive timing signature: nonlocal correlation may appear not

only in outcomes but also in the temporal structure of collapse completion.
Experimental design:

Prepare paired systems with strong entanglement or engineered correlation.

Measure outcome events with extremely high temporal resolution.

Define a collapse-latency proxy using detector response, transition completion, phase-locking loss, or
macroscopic amplification time.

Vary environmental or structural conditions expected to affect = _eff.

Test whether latency distributions in the two arms show nonclassical covariance.

A possible observable is:
L_CUWF = Cov(At_A, At_B) — Cov_noise(At_A, At_B)

where At is the laboratory-time proxy for the underlying entropic collapse interval At
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The key prediction is threshold sensitivity. If = eff approaches a critical coupling regime, latency

correlation may change non-smoothly rather than gradually.
Falsifiability condition:

If collapse-latency proxies show no residual covariance beyond detector effects, environmental
correlations, and ordinary quantum statistics under all =_eff-tuning attempts, then CUWF’s claim of

dynamically coupled collapse timing is weakened.

9.4 Micro-Wormhole Correlation Test in Optical Systems

The fourth proposal examines whether strongly correlated optical systems can show threshold-like
nonlocal connectivity consistent with CUWF’s wormhole-entanglement mechanism. In CUWF, a
“wormhole” is not assumed to be a classical spacetime tunnel. It is a nonlocal entropic bridge

produced when =_eff and topology conditions reach criticality.
The qualitative condition is:
= eff > =_c and detT — 0.

When this occurs, the collapse manifold may form an effective entropic bridge between two regions.

The proposed optical test searches for threshold-like behavior in highly controlled photonic systems.
Experimental design:

Use entangled optical paths, high-coherence interferometers, or graph-state photonic networks.

Engineer variable coupling geometry, path structure, phase constraints, or multi-node correlation
topology.

Monitor joint detection statistics, phase residuals, latency covariance, and decoherence response.

|dentify whether a threshold transition occurs when effective coupling crosses a critical value.

The CUWF wormhole-correlation index may be written schematically as:

W_CUWF = f(=_eff/ = _c, detT, }\_soft, AT_collapse).
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A positive signal would not be mere entanglement. It would be a threshold-dependent change in
correlation structure that is not predicted by standard optical quantum models after known effects are

removed.
Candidate signatures:

threshold activation of residual correlation,

sudden change in collapse-latency covariance,

persistence of correlation under conditions where decoherence models predict suppression,
graph-topology dependence beyond pairwise entanglement,

phase-geometry residuals correlated with entropic-bridge configuration.

Falsifiability condition:

If engineered optical correlation networks show only standard quantum optical behavior, with no
threshold-like residuals or topology-sensitive correlation changes after high-precision subtraction of

known effects, then the micro-wormhole interpretation is not supported in that regime.

9.5 Cosmic Basin Topology Inference from Sky Data

The fifth proposal moves from laboratory systems to cosmology. CUWF predicts that large-scale
cosmic structure reflects basin topology in the entropic geometry of G. Cosmic filaments, voids,
curvature patterns, and epoch transitions should therefore carry signatures of collapse basins,

correlation topology, and N_eff flow.
The relevant large-scale mechanisms are:

curvature response through C[g],
correlation topology through =_eff,
epoch transitions through R(N_eff),

and global collapse geometry through Drx1.
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The central prediction is not merely that the universe has large-scale structure. Standard A\cDM
already predicts structure formation. CUWF predicts that the residual topology of cosmic structure may

reveal basin geometry and correlation networks beyond mass-gravity clustering alone.
Experimental design:

Use galaxy surveys, weak-lensing maps, CMB anisotropy data, gravitational-wave catalogs, and black-
hole imaging datasets.

Reconstruct cosmic web topology using graph, persistent-homology, and curvature-inference
methods.

Compare residual structure against /A\CDM simulations and modified-gravity alternatives.

Search for patterns consistent with basin transitions, curvature breathing, or correlation skeletons.

Possible observable indices include:
B_CUWF = basin-topology residual after AACDM subtraction.
C_top = persistent-homology measure of nonlocal filament connectivity.
AT _epoch proxy = inferred spacing of large-scale transition markers in cosmic history.

CUWEF predicts that some cosmic residuals should correlate more strongly with topology and entropic

connectivity than with local matter density alone.
Falsifiability condition:

If high-resolution cosmic surveys show no reproducible topology residuals beyond AcDMm, baryonic
effects, selection bias, and known systematics, then CUWF's large-scale basin-topology predictions

are constrained.

© 2025 CHAYUT TECHASAMRAN 89



%@F Paper C-7: CUWF Mathematical Formalization www.cuwfcosmos.com

9.6 Required Precision, Instrumentation, and Failure Modes
A theory becomes scientifically meaningful only when its proposed tests include failure modes. CUWF
must therefore specify what kind of precision is needed, what instrumentation is relevant, and what

results would count against the theory.

The experimental program can be grouped into three levels.
Level 1: Laboratory quantum tests

Required capabilities:

high repetition counts,

low detector timing jitter,

strong isolation from environmental noise,

controlled tuning near soft-mode-like instability,
accurate subtraction of standard quantum predictions.

Main tests:

branch statistics vs A_soft drift,
Bell-shape residuals,
collapse-latency covariance,

optical micro-wormhole threshold signatures.

Level 2: Mesoscopic correlation systems
Required capabilities:

many-body coherence,
graph-state engineering,
tunable correlation networks,

dimension or mode-count inference,
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decoherence-model comparison.

Main tests:

N_eff-like dimensional compression,
anomalous decoherence structure,
correlation persistence under controlled coupling,

graph-topology dependence of entanglement residuals.

Level 3: Cosmological inference
Required capabilities:

large sky surveys,

weak-lensing reconstruction,

CMB residual analysis,

Cosmic-web topology measures,

robust ACDM and baryonic subtraction.

Main tests:

basin-topology residuals,

curvature-breathing signatures,

cosmic epoch spacing anomalies,

black-hole or early-universe singularity-avoidance signatures.

Common failure modes:

residuals vanish after standard physics and instrumental correction,
deviations are non-repeatable,

apparent effects track detector bias rather than CUWF variables,

topology signatures are reproduced by /\CDM or ordinary noise,

branch statistics remain exactly Born-distributed near controlled instability,

Bell residuals show no dependence on engineered correlation structure,
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collapse-latency covariance is fully explained by ordinary timing correlations.
If these failure modes dominate, CUWF must be revised or rejected in the tested regime. This is the

core scientific strength of Section 9: it makes CUWF vulnerable to data.

9.7 Result of Section 9

Section 9 has converted the prediction structures of Section 8 into experimental proposals. It has

identified five primary test classes:

quantum branch statistics under )\_soft drift,

twin-collapse entanglement separation tests,

collapse-latency prediction under = _eff tuning,

micro-wormhole correlation tests in optical systems,

cosmic basin topology inference from sky data.
It has also defined required precision, instrumentation categories, and failure modes. This is essential
because CUWF must not function only as a unifying philosophical framework. It must generate tests
that can distinguish it from standard quantum mechanics, general relativity, quantum field theory, and

/\CDM.
The main conclusion of Section 9 is:

CUWEF becomes experimentally meaningful when its internal variables — A_soft, =_eff, detT, R, and
N_eff — are connected to measurable residuals, threshold behavior, timing structure, topology, and

statistical deviations.

Section 10 can now close Paper C-7 by summarizing what has been achieved, what becomes
testable, and how the forward program toward solver implementation and experimental verification

should proceed.
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