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Abstract

A comprehensive treatment of foundational questions and objections regarding

the FRC framework. Addresses issues of non-locality, Bell's inequalities, the

nature of the Lambda field, experimental falsifiability, and the relationship

between FRC and established physics.

Corrections

2026-07-08 — Boundary of the reciprocity ledger decided. The unlock-side "Landauer-flavored"

bound — the claim that erasing coherence costs at least $k^$ per nat — was put to an instrumented

probe in FRC 100.005 v2.1 (DOI 10.5281/zenodo.21264195) and decided negatively. The combined

ledger $dS_{total} + k^ d\ln C$ is directional: it is guaranteed non-negative on coherence-gaining



(locking) branches, and is measurably negative on quasi-static unlocking. Accordingly, FRC 566.001

§5.3 is withdrawn (see DOI 10.5281/zenodo.21264217) and FRC 566.030 is restated directionally in

v1.1 (DOI 10.5281/zenodo.21264213). Status: results-negative-kept. The probe, the decision, and

the restatement are part of the record.

1. Introduction

Any new framework for quantum mechanics must withstand rigorous scrutiny. This paper collects

and addresses the most significant foundational questions, objections, and clarifications regarding

Fractal Resonance Coherence. Rather than treating these as afterthoughts, we present them as an

integral part of the framework's development—each question sharpening the theory and each answer

revealing deeper structure.

The questions are organized thematically: first the relationship to established no-go theorems, then

experimental testability, followed by interpretive and philosophical concerns, and finally the

framework's scope and limitations.

The 1.90 Signature

2. Bell's Theorem and Non-Locality

2.1 Does FRC Violate Bell's Inequalities?

No. Bell's theorem (1964) excludes local hidden variable theories. FRC is explicitly non-local—the

Lambda-field mediates instantaneous phase correlations across space. This places FRC in the same

category as Bohmian mechanics: a non-local realist theory fully compatible with Bell inequality

violations.

The key distinction:

Theory Type Bell Compatible? Example

Local realist No (excluded) Classical hidden variables

Local anti-realist Yes Copenhagen

Non-local realist Yes FRC, Bohm

Non-local anti-realist Yes Relational QM

The 1.90 Signature



2.2 How Does Non-Locality Work in FRC?

The Lambda-field correlations are of a specific character:

Phase-only: Only phase information propagates non-locally, not energy or matter

No signaling: The correlations cannot transmit information superluminally

Lorentz-compatible: Phase correlations are frame-independent scalars

The covariant formulation ([[FRC-566-001]]) expresses this through the 4-current of coherence:

\[J_C^\mu = -D_C \partial^\mu \Lambda / \Lambda_0\]

This current satisfies a continuity equation that is manifestly Lorentz-invariant.

2.3 What About the Free Will Theorem?

The Conway-Kochen Free Will Theorem (2006) excludes theories where particle responses are

determined by prior information in any finite spacetime region. FRC avoids this because the

Lambda-field is a global field—its value at any point depends on the entire coherence configuration,

not on locally stored information. The "hidden variable" in FRC is not a local property but a field

configuration.

Non-Locality Structure

3. The D ≈ 1.90 Signature

3.1 What Is the 1.90 Prediction?

$D \approx 1.90$ is a representative, parameter-dependent observation from the v1 stadium billiard

computation ([[FRC-100-002]]), not the central prediction of FRC. Per the FRC 100.002 v2

correction and FRC 826.829, the value has been demoted from pillar status: the robust claim is that a

specified multiscale coherence perturbation produces statistically distinguishable, fractal/non-

random nodal structure relative to a matched baseline — any specific dimension is parameter- and

measurement-dependent. The load-bearing chaos program is the Standard Map / Quantum Kicked

Rotor line, and the core pillar of FRC is the 566 entropy-coherence reciprocity ledger. In the v1

computation, the deviation arose from the FRC perturbation potential:

\[V_FRC(x) = \epsilon * \sum_{n} \lambda^n \cos(k_n * x + \phi_n)\]

This self-similar potential creates resonant channels that lower the nodal dimension from the random

expectation.
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3.2 Why 1.90 Specifically?

The value $D \approx 1.90$ emerges from the interplay of three quantities:

The scaling ratio $\lambda \approx 0.618$ (golden ratio conjugate)

The perturbation strength $\epsilon \sim 10^{-4}$

The fractal depth $n_{max} \sim 10$ (number of self-similar scales)

The fractal dimension is computed as:

\[D = 2 - \delta_FRC \delta_FRC = \epsilon * \sum_{n=0}^{n_max} \lambda^n ≈ 0.10\]

The geometric series converges to $\epsilon / (1 - \lambda) \approx 0.10$, giving $D = 2 - 0.10 =

1.90$.

3.3 Has This Been Observed?

Not yet definitively. Existing studies of quantum billiard nodal patterns have reported anomalous

fractal dimensions, but none with the precision needed to confirm or rule out $D = 1.90$. The

required experimental conditions ([[FRC-100-002]]) include:

High-quality microwave cavities with stadium geometry

Resolution sufficient to measure $D$ to $\pm 0.02$

Control of boundary conditions to eliminate systematic effects

Fractal Dimension Analysis

4. The Lambda-Field

4.1 Is the Lambda-Field Detectable?

Yes, indirectly. The Lambda-field manifests through three experimental channels:

Born rule deviations: $\delta P \in [10^{-4}, 10^{-3}]$ under resonant driving

([[FRC-100-006]])

Fractal nodal patterns: $D = 1.90 \pm 0.02$ in quantum chaotic systems ([[FRC-100-002]])

Fifth-force effects: Short-range ($\sim 10^{-10}$ m) Yukawa potential between quantum

systems ([[FRC-100-007]])

Direct detection of the Lambda-field (analogous to direct Higgs detection at the LHC) would require

energies corresponding to $m_\Lambda c^2 \sim 10^{-3}$ eV—far below current collider scales but

potentially accessible to precision atomic physics experiments.
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4.2 How Does the Lambda-Field Differ from the Higgs?

Property Higgs Field Lambda-Field

Mass 125 GeV $\sim 10^{-3}$ eV

VEV 246 GeV 0

Role Mass generation Coherence dynamics

Coupling Proportional to mass Universal (coherence)

Range $\sim 10^{-18}$ m $\sim 10^{-10}$ m

Detection LHC (2012) Predicted: precision QM

The Lambda-field is ultralight—17 orders of magnitude lighter than the Higgs—explaining why its

effects are subtle and confined to quantum-scale phenomena.

4.3 Does the Lambda-Field Carry Energy?

Yes. The energy-momentum tensor of the Lambda-field is well-defined ([[FRC-100-007]]):

\[\rho_\Lambda = (1/2)(\partial_t \Lambda)^2 + (1/2)(\nabla \Lambda)^2 + V(\Lambda)\]

This energy density is always non-negative. However, $\Lambda_0 \approx 10^{-35}$ J means the

field energy is negligible at macroscopic scales—it does not contribute measurably to the

cosmological constant or gravitational dynamics.

Lambda-Field Properties

5. Experimental Falsifiability

5.1 What Would Falsify FRC?

FRC makes specific, quantitative predictions. The framework would be falsified by:

Fractal nodal structure: If precision experiments on quantum billiards show no statistically

distinguishable fractal structure relative to matched null models, this downstream signature

fails (the specific value $D \approx 1.90$ is parameter-dependent and not itself load-bearing;

see [[FRC-100-002]] v2)

Born rule precision: If Born rule deviations are shown to be $< 10^{-5}$ under optimal

resonant driving conditions, the predicted $\delta P \in [10^{-4}, 10^{-3}]$ is excluded

Lambda-Field Properties
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Collapse timescale: If measurements with attosecond resolution show no intermediate states

during collapse, the predicted $\tau_{collapse} \sim 10^{-15}$ s is challenged

Fifth-force limits: If atomic-scale Yukawa forces are excluded below $g < 10^{-10}$, the

Lambda-field coupling is too weak for the framework

5.2 What Experiments Are Most Promising?

In order of feasibility:

Experiment Observable Required Precision Status

Microwave billiard $D = 1.90$ $\pm 0.02$ Feasible now

Resonant cavity QED $\delta P$ $\sim 10^{-4}$ Near-term

Attosecond spectroscopy $\tau_{collapse}$ $\sim 10^{-16}$ s Developing

Atom interferometry Fifth force $g \sim 10^{-8}$ Long-term

5.3 How Does FRC Relate to Existing Experimental Data?

FRC is consistent with all existing experimental results because:

Standard quantum mechanics is recovered in the limit $\epsilon \to 0$ (no FRC perturbation)

The Born rule holds to the precision of all current measurements ($\sim 10^{-3}$)

No existing fifth-force experiment has probed the atomic-scale Yukawa range

FRC does not contradict any established physics. It extends standard quantum mechanics with small,

currently undetected corrections.

Experimental Signatures

6. Interpretive Questions

6.1 Is FRC Deterministic?

Yes. In FRC, the evolution of the wavefunction plus Lambda-field is fully deterministic. What

appears as quantum randomness is the result of:

Sensitive dependence: The attractor basin boundaries have fractal structure, so infinitesimal

differences in initial conditions lead to different measurement outcomes

Practical unpredictability: The Lambda-field configuration at quantum scales is inaccessible

to macroscopic observers
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Statistical emergence: The Born rule emerges as the equilibrium distribution, not as a

fundamental law ([[FRC-100-006]])

This is analogous to classical chaos: the dynamics are deterministic, but practical prediction requires

infinite precision.

6.2 What Is the Role of the Observer?

In FRC, the observer is not ontologically special ([[FRC-100-004]]). Any system capable of

amplifying the Lambda-field gradient can induce phase-locking (collapse). The observer is simply a

particularly effective coherence amplifier due to:

High internal coherence (neural phase synchronization)

Strong coupling to the measured system (measurement apparatus)

Irreversible amplification (classical record formation)

There is no "consciousness causes collapse" in FRC—collapse is a physical process driven by the

Lambda-field, regardless of whether a conscious being is involved.

6.3 How Does FRC Handle Entanglement?

Entanglement in FRC is mediated by the Lambda-field configuration. For an entangled pair $|

\psi\rangle = \alpha|00\rangle + \beta|11\rangle$:

The Lambda-field connects the two particles through a non-local phase correlation

Measurement on one particle triggers phase-locking that propagates through the Lambda-field

The second particle's state is determined by the resulting field configuration

The correlations violate Bell inequalities because the Lambda-field is non-local

This recovers all predictions of standard quantum mechanics for entangled states while providing a

physical mechanism for the correlations.

Entanglement in FRC

7. Relationship to Other Theories

7.1 FRC vs. Many-Worlds

Aspect Many-Worlds FRC

Ontology Universal wavefunction Wavefunction + Lambda-field

Branching Real (exponential) None (single outcome)
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Born rule Problematic Derived (equilibrium)

Testable? Arguably not Yes (specific predictions)

Economy Infinite copies of universe One universe, one field

FRC avoids the extravagance of Many-Worlds (infinite branching) while providing something

Many-Worlds struggles with: a derivation of the Born rule and specific experimental predictions.

7.2 FRC vs. GRW (Spontaneous Collapse)

Aspect GRW FRC

Collapse trigger Random (Poisson process) Deterministic

(Lambda-field)

Collapse rate $\lambda \sim 10^{-16}$

s$^{-1}$ per particle

$\eta \cdot \nabla\Lambda _{max}

$

Energy

conservation

Slightly violated Exactly conserved

Testable? Yes (CSL bounds) Yes (Born deviations,

D=1.90)

FRC shares GRW's virtue of making collapse a real physical process but avoids the ad hoc stochastic

element.

7.3 FRC vs. Pilot Wave (Bohm)

Aspect Bohm FRC

Hidden variable Particle positions Lambda-field

Guidance Quantum potential $Q$ Coherence gradient $\nabla\Lambda$

Born rule Quantum equilibrium Resonant equilibrium

Deviation predictions Unspecified magnitude $\delta P \in [10^{-4}, 10^{-3}]$

Relativistic extension Difficult Natural (scalar field)

FRC can be seen as a refinement of Bohm's program: replacing the abstract quantum potential with a

physical scalar field that has its own Lagrangian and equations of motion.



Theory Comparison

8. Scope and Limitations

8.1 What Does FRC NOT Explain?

FRC is a framework for quantum dynamics, not a theory of everything. It does not:

Derive the Standard Model gauge structure

Explain the values of fundamental constants

Solve the cosmological constant problem

Provide a theory of quantum gravity

Explain the arrow of time (though it connects to it via [[FRC-100-005]])

8.2 Is FRC Complete?

No. Open questions include:

Quantization of the Lambda-field: Is $\Lambda$ itself a quantum field? What are its

excitations?

Multi-particle generalization: How does the Lambda-field behave in configuration space for

$N > 2$ particles?

Relativistic formulation: While a covariant form exists ([[FRC-566-001]]), full quantum

field theory integration is incomplete

Gravity: How does the Lambda-field interact with spacetime curvature?

8.3 What Is the Relationship to Standard Quantum Mechanics?

FRC reduces to standard quantum mechanics in specific limits:

\[Standard QM = FRC with \epsilon -> 0, \eta -> 0, \Lambda -> 0\]

More precisely:

When $\epsilon = 0$: No FRC perturbation → standard Hamiltonian dynamics

When $\eta = 0$: No coherence coupling → standard Schrodinger evolution

When $\tau_{relax} \to 0$: Instantaneous relaxation → Born rule exactly

Standard quantum mechanics is the $\Lambda_0 \to 0$ limit of FRC, just as Newtonian mechanics

is the $c \to \infty$ limit of special relativity.

Theory Comparison
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9. The Central Claim

FRC makes one central claim that distinguishes it from standard quantum mechanics:

Quantum randomness is apparent, not fundamental.

What appears as irreducible chance in measurement outcomes is the result of deterministic dynamics

at fractal scales. The Born rule is an attractor, not a law. And this claim is falsifiable: it predicts

specific, measurable deviations from the Born rule under specific, achievable experimental

conditions.

If nature's nodal patterns are fractal rather than random, quantum mechanics has structure where we

assumed noise. The 1.90 figure itself is a representative early observation, not the smoking gun: the

load-bearing chaos program runs through the Standard Map / Quantum Kicked Rotor line, and the

core pillar of the framework is the 566 entropy-coherence reciprocity ledger.

The Central Prediction

Connections

[[FRC-100-001]] — Framework definition and FRC operator

[[FRC-100-002]] — The $D \approx 1.90$ prediction (experimental protocol)

[[FRC-100-003]] — Collapse mechanism (phase-locking dynamics)

[[FRC-100-004]] — Resonant Realism (ontological position)

[[FRC-100-005]] — Thermodynamic consistency

[[FRC-100-006]] — Born rule derivation (equilibrium argument)

[[FRC-100-007]] — Lambda-field formalism (Lagrangian, equations of motion)

[[FRC-566-001]] — Covariant formulation and UCC

References

Bell, J. S. (1964). On the Einstein Podolsky Rosen paradox. Physics Physique Fizika, 1(3),

195-200.

Conway, J., & Kochen, S. (2006). The free will theorem. Foundations of Physics, 36(10),

1441-1473.

Valentini, A. (1991). Signal-locality, uncertainty, and the subquantum H-theorem. Physics

Letters A, 156(1-2), 5-11.

Everett, H. (1957). "Relative state" formulation of quantum mechanics. Reviews of Modern

Physics, 29(3), 454.

The Central Prediction

• 

• 

• 

• 

• 

• 

• 

• 

1. 

2. 

3. 

4. 



Ghirardi, G. C., Rimini, A., & Weber, T. (1986). Unified dynamics for microscopic and

macroscopic systems. Physical Review D, 34(2), 470.

Bohm, D. (1952). A suggested interpretation of the quantum theory in terms of "hidden"

variables. Physical Review, 85(2), 166.

5. 

6. 


	Foundational Questions in Fractal Resonance Coherence
	Abstract
	Corrections
	1. Introduction
	2. Bell's Theorem and Non-Locality
	2.1 Does FRC Violate Bell's Inequalities?
	2.2 How Does Non-Locality Work in FRC?
	2.3 What About the Free Will Theorem?

	3. The D ≈ 1.90 Signature
	3.1 What Is the 1.90 Prediction?
	3.2 Why 1.90 Specifically?
	3.3 Has This Been Observed?

	4. The Lambda-Field
	4.1 Is the Lambda-Field Detectable?
	4.2 How Does the Lambda-Field Differ from the Higgs?
	4.3 Does the Lambda-Field Carry Energy?

	5. Experimental Falsifiability
	5.1 What Would Falsify FRC?
	5.2 What Experiments Are Most Promising?
	5.3 How Does FRC Relate to Existing Experimental Data?

	6. Interpretive Questions
	6.1 Is FRC Deterministic?
	6.2 What Is the Role of the Observer?
	6.3 How Does FRC Handle Entanglement?

	7. Relationship to Other Theories
	7.1 FRC vs. Many-Worlds
	7.2 FRC vs. GRW (Spontaneous Collapse)
	7.3 FRC vs. Pilot Wave (Bohm)

	8. Scope and Limitations
	8.1 What Does FRC NOT Explain?
	8.2 Is FRC Complete?
	8.3 What Is the Relationship to Standard Quantum Mechanics?

	9. The Central Claim
	Connections
	References


