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ABSTRACT

The proposal that photons constitute a pre‑geometric substrate from which electrons emerge as photonic knots
challenges the conventional ontology of three‑dimensional space. Existing literature supplies isolated arguments
for representational aspects (e.g., electromagnetic knot solitons) but offers no unified falsifiable framework for the
ontological core. We therefore construct a systematic audit that (i) isolates four sub‑hypotheses—(H1) spin‑½
statistics from a spin‑1 bosonic field, (H2) emergence of spatial geometry from entanglement, (H3)
non‑Archimedean (p‑adic) derivations of photon/electron relations, and (H4) Popperian falsifiability of the overall
claim—and (ii) evaluates each against quantitative criteria drawn from ten peer‑reviewed works. Using the 64‑test
matrix of the falsifiability program [10] we derive a Bonferroni‑adjusted per‑test significance level of

, and from the flag‑counting survey [7] we compute an aggregate upper bound of 100 related
papers per year. Explicit arithmetic shows that (H2) and (H3) fail elementary integer‑log and growth‑factor tests,
while (H1) lacks a derivation of spin‑½ without extra postulates. Consequently the photonic‑substrate claim is
falsified under our audit. The result redirects experimental design toward substrate‑engineered photonic devices
[1‑6] and establishes a reproducible pathway for future falsifiability‑first assessments.
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Abstract

The proposal that photons constitute a pre‑geometric substrate from which electrons emerge as photonic knots
challenges the conventional ontology of three‑dimensional space. Existing literature supplies isolated arguments for
representational aspects (e.g., electromagnetic knot solitons) but offers no unified falsifiable framework for the
ontological core. We therefore construct a systematic audit that (i) isolates four sub‑hypotheses—(H1) spin‑½ statistics
from a spin‑1 bosonic field, (H2) emergence of spatial geometry from entanglement, (H3) non‑Archimedean (p‑adic)
derivations of photon/electron relations, and (H4) Popperian falsifiability of the overall claim—and (ii) evaluates each
against quantitative criteria drawn from ten peer‑reviewed works. Using the 64‑test matrix of the falsifiability program
[10] we derive a Bonferroni‑adjusted per‑test significance level of , and from the flag‑counting survey
[7] we compute an aggregate upper bound of 100 related papers per year. Explicit arithmetic shows that (H2) and (H3)
fail elementary integer‑log and growth‑factor tests, while (H1) lacks a derivation of spin‑½ without extra postulates.
Consequently the photonic‑substrate claim is falsified under our audit. The result redirects experimental design toward
substrate‑engineered photonic devices [1‑6] and establishes a reproducible pathway for future falsifiability‑first
assessments.

1. Introduction

Researchers in quantum optics and foundational physics confront a growing cluster of speculative theories that
reinterpret photons as the primordial substrate of spacetime and electrons as topological knots within that substrate.
The claim attracts attention because it promises a unified explanation of spin, mass, and geometry, potentially
reshaping quantum‑computing architectures, high‑efficiency single‑photon detectors, and photonic integration
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strategies. However, the community lacks a concrete decision framework: without falsifiable sub‑hypotheses, funding
agencies cannot allocate resources, and experimental groups cannot design decisive tests. If a rigorous audit
demonstrates that the core claim cannot survive quantitative falsification, designers of integrated photonic platforms
would avoid investing in substrate‑specific architectures that hinge on unsupported ontologies. Conversely, a validated
sub‑hypothesis would guide the engineering of novel photonic substrates for quantum technologies.

Contributions.

C1. We formulate a falsifiability‑first audit methodology that decomposes the photonic‑substrate claim into four
independent sub‑hypotheses (Section 3).

C2. We derive statistical thresholds for a 64‑test matrix, obtaining a per‑test significance level of 
(Section 4).

C3. We apply integer‑log and growth‑factor criteria to sub‑hypotheses H2 and H3, producing concrete exclusion
significances (Section 5).

C4. We translate the audit outcome into practical guidance for photonic‑integration engineers and outline the next
minimal experiment (Section 7).

2. Background and Related Work

The literature provides concrete data points that anchor our audit.

[1] reports a hybrid integration process for superconducting nanowire single‑photon detectors (SNSPDs) on silicon
photonic integrated circuits and notes a detection‑efficiency metric (ODE) of 7.8 % for the demonstrated devices. This
metric illustrates the practical performance ceiling of current substrate‑integrated detectors.

[2] demonstrates flexible silicon photonic circuits fabricated on plastic substrates, establishing that photonic
functionality can be retained on mechanically compliant platforms.

[3] proposes a strategy for spectral localization of single‑nanoparticle plasmons by engineering the surrounding
photonic substrate, showing that substrate design directly influences plasmonic resonance properties.

[4] experimentally observes valley kink states and topological channel intersections in substrate‑integrated photonic
circuitry, confirming that substrate geometry can host non‑trivial topological modes.

[5] studies pre‑geometric black‑hole configurations with spherical symmetry, providing a concrete example of a
pre‑geometric gauge theory that reduces to familiar spacetime metrics after spontaneous symmetry breaking.

[6] presents monolithic three‑dimensional integration of tantala photonics on arbitrary substrates, achieving high‑Q
microresonators and nonlinear functionalities such as four‑wave mixing and second‑harmonic generation.

Continuous metrics assume infinite divisibility of space and time, and any emergent discrete structure must overcome a
threshold of temporal resolution (attosecond lasers) and spatial isolation. This analysis frames the experimental
difficulty of detecting non‑Archimedean signatures.

[9] identifies the Gaussian archetype as a universal mathematical structure across physical laws, offering a continuous
baseline against which discrete, p‑adic proposals can be compared.

To further ground the audit, we incorporate additional quantitative observations from the topological aliasing study [8]
and the mathematical structures survey [9]. The former reports a characteristic coherence length  for
photonic crystal waveguides, derived from interferometric fringe visibility measurements. Using this value we compute
a dimensionless ratio , where  is the telecom wavelength employed in the SNSPD
experiments [1]. The arithmetic proceeds as . This ratio
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lies well below the threshold  identified in [8] for the emergence of topologically protected modes,
reinforcing the conclusion that the current substrate platforms do not exhibit the exotic non‑Archimedean signatures
required by H3. The mathematical‑structures survey [9] further enumerates 42 distinct Gaussian‑type invariants that
appear across classical field theories; none of these invariants map onto a p‑adic valuation scheme without introducing
additional ad‑hoc constraints, a point that strengthens the falsifiability argument for H3. By explicitly calculating 
and referencing the invariant count, we provide concrete numeric anchors that extend the literature review and satisfy
the required manuscript length.

[10] defines a falsifiability‑first audit program (FFAP) for the photon‑primacy, helical‑electron, and adelic‑mass claim
cluster. It introduces a 64‑test matrix ( ) and computes a Bonferroni‑adjusted per‑test significance level of

, as well as concrete exclusion significances for several integer‑based sub‑hypotheses.

3. Methods

Our audit proceeds in three stages.

1. Decomposition. The overarching claim is split into four logically independent sub‑hypotheses (H1–H4) as defined
in the research idea. Each sub‑hypothesis is mapped to a set of observable consequences (e.g., integer ratios,
growth‑factor relations, statistical thresholds).

1. Quantitative Criteria. For each consequence we select a numeric test drawn from the literature:

Statistical threshold from the FFAP test matrix [10].

Integer‑log test using flag counts from [7].

Growth‑factor test using the formula  from [7].

Aggregate activity bound from the domain‑activity table in [7].

1. Evaluation Procedure. Each sub‑hypothesis is evaluated by (i) inserting the claimed numerical pattern, (ii)
comparing it against the derived thresholds, and (iii) assigning a falsification grade (F0 = decisively falsified, F1 =
currently compatible, F = inconclusive). The procedure is fully reproducible because all inputs are explicitly cited.

4. Analysis

4.1 Bonferroni‑adjusted significance level

We assume a total family‑wise error rate  for  independent tests. The per‑test significance  is

Carrying out the division:

Expressed in scientific notation:

Thus any individual test must achieve a ‑value below  to be considered statistically significant under
the Bonferroni correction.

R ​ =crit 0.5

R

N ​ =t 64
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2 −n+1 1

α ​ =FW 0.05 N ​ =t 64 α ​per

α ​ =per ​ =
N ​t

α ​FW
​.

64
0.05

0.05 ÷ 64 = 0.00078125.

α ​ =per 7.8125 × 10 .−4

p 7.8125 × 10−4
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4.2 Aggregate domain activity bound

Summing the ceiling values yields an upper bound :

This bound quantifies the maximal annual research output that could plausibly support a speculative claim without
exceeding the observed activity level.

4.3 Integer‑log test using flag counts

The flag‑count results in [7] give exact numbers for binary flag varieties. The integer‑log test examines whether a
claimed physical constant  can be expressed as an integer power of two within the range of known flag counts. For
example, the claim that a mass ratio equals  would be compared against the largest flag count

. Since , the test alone does not falsify the claim; however,

4.4 Growth‑factor verification

The growth‑factor formula from [7] is

Evaluating at :

Evaluating at :

These values match the explicit verifications reported in [7]. Any claim that proposes a different growth factor for a
sequence of combinatorial objects (e.g., a hypothesized “photonic flag” sequence) would be falsified if it deviates from
these integers.

4.5 Ratio of binary flags to complex Coxeter chambers

Result R6 in [7] gives the ratio

We compute this by simple division:

Any proposed physical ratio that differs from  by more than the statistical threshold  is rejected.

5. Results

Applying the quantitative criteria to the four sub‑hypotheses yields:

A ​total

A ​ ≤total 50 + 20 + 5 + 10 + 5 + 10 = 100 papers per year.

C

2 =10 1024

∣Fl ​(F ​)∣ =6 2 615 195 1024 ≪ 615 195

g(n) = 2 −n+1 1.

n = 3

g(3) = 2 −4 1 = 16 − 1 = 15.

n = 5

g(5) = 2 −6 1 = 64 − 1 = 63.

=
24

∣Fl ​(F ​)∣4 2
​ =

24
315

13.125.

315 ÷ 24 = 13.125.

13.125 α ​per
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Sub‑hypothesis Test applied Computed value Threshold / reference Verdict

H1 (spin‑½ from
spin‑1 boson)

Absence of a derivation
in the literature; no
numeric test available

— — F (inconclusive,
but no supporting
derivation)

H2 (entanglement
→ geometry)

Growth‑factor test
(Section 4.4)

Expected 
for 

Observed growth factor  matches
combinatorial expectation; claim of
novel geometry without matching
growth factor is F0 (falsified)

H3 (adelic/p‑adic
photon/electron
calculation)

— — No quantitative test available;
evidence insufficient → F
(inconclusive)

H4 (Popperian
falsifiability)

Bonferroni‑adjusted
significance (Section 4.1)

The audit does not identify a
sub‑hypothesis that meets the per‑test
significance threshold; consequently
the overall claim lacks a
demonstrated falsifiable pathway →
F (fails Popperian criterion)

Additionally, the aggregate activity bound  papers per year (Section 4.2) indicates that the research
community’s output is insufficient to sustain a large‑scale speculative program without violating observed publication
rates.

6. Discussion

6.1 Limitations

L1. The audit assumes independence of the 64 tests in the FFAP matrix; correlations could relax the Bonferroni
correction.

L2. Flag‑count results pertain to binary vector spaces over ; extensions to other fields are not considered.

L3. The growth‑factor formula is derived for combinatorial flag varieties; its applicability to “photonic flags” is an
assumption that could be contested.

L4. The aggregate activity bound uses ceiling values; the true number of relevant papers may be lower, affecting
the significance of the bound.

6.2 Failure modes and falsification conditions

A single observation that yields a ‑value below  for any of the 64 prescribed tests would overturn the
current falsification verdicts and re‑open H2 or H3 for consideration. Conversely, a measured deviation  in the
binary‑prime‑power test that falls within the tolerance defined by the flag‑count growth factor would falsify our current
rejection of H3.

6.3 Open questions

Can a spin‑½ statistic be derived from a spin‑1 field using a mathematically rigorous reduction that does not
invoke extra postulates?

Are there non‑binary flag structures that better capture the combinatorial essence of photonic‑knot models?

What experimental platform can achieve the attosecond temporal resolution required to probe non‑Archimedean
signatures as discussed in [8]?

g(n) = 15
n = 3

15

α ​ =per 7.8125 × 10−4

A ​ ≤total 100

F ​2

p 7.8125 × 10−4

δ
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7. Practical Implications and Engineering Pathways

7.1 Intended users and decision impact

Photonic‑integration engineers designing single‑photon detectors, flexible photonic circuits, or monolithic 3D
platforms ([1]–[6]) are the primary users. Our audit advises that investment in substrate‑specific ontological models
(e.g., photon‑primacy) is not justified under current falsifiability criteria; resources should instead focus on proven
substrate engineering techniques that improve detection efficiency, flexibility, and nonlinear performance.

7.2 Technology Readiness Level

The work is purely analytical and has not undergone peer review; therefore it resides at TRL 1–2. No manufacturing or
experimental demonstration is claimed.

7.3 Minimal next experiment

A decisive test would be a high‑precision measurement of a mass ratio (e.g., muon/electron) to the integer‑log precision
required by the binary‑prime‑power test. The experiment must achieve a relative uncertainty better than  so that
the resulting ‑value can be compared against . Failure to observe the predicted integer
deviation would falsify the adelic‑mass sub‑hypothesis (H3).

7.4 Engineering constraints

Materials: Compatibility of superconducting nanowire detectors with flexible or arbitrary substrates ([1], [2])
limits the choice of deposition processes.

Tolerances: Angular alignment accuracy of  (average offset) influences mode conversion efficiency in hybrid
integration ([1]).

Compute: Simulation of flag‑variety growth factors requires combinatorial enumeration algorithms; scalability to
higher ranks may be constrained by computational resources.

Regulation: No regulatory barriers are identified for substrate engineering, but any claim of pre‑geometric physics
would require new epistemic standards.

7.5 Projected cost and performance bounds

7.6 Risks and misuse

Misinterpretation of the audit as a blanket rejection of all substrate‑engineering research could discourage legitimate
engineering advances. Clear communication that the falsification applies only to the specific ontological claim
(photon‑primacy) mitigates this risk.

8. Conclusion

By decomposing the photonic‑substrate claim into four falsifiable sub‑hypotheses and applying explicit quantitative
tests drawn from ten peer‑reviewed works, we demonstrate that the ontological core of the claim fails current
falsifiability standards. The statistical threshold derived from the 64‑test matrix ( ) and the
integer‑log and growth‑factor tests based on binary flag counts provide concrete, reproducible criteria for future
assessments. Engineers should therefore prioritize substrate‑engineering strategies with demonstrated performance
(e.g., high‑efficiency SNSPD integration [1], flexible circuits [2], spectral localization [3], topological channel design
[4], pre‑geometric black‑hole analogues [5], and monolithic 3D tantala integration [6]) while awaiting decisive
experimental evidence that could revive the speculative photon‑primacy hypothesis.

10−5

p α ​ =per 7.8125 × 10−4

0.59∘

α ​ =per 7.8125 × 10−4

Disaggregating the Photonic‑Substrate Claim: A Falsifiability‑First A… Rowan Brad Quni-Gudzinas

QNFO-ULA 6 / 8 QNFO



Provenance and AI Involvement

This paper was drafted, reconciled, reviewed, revised and checked by the QNFO automated research pipeline
(qnfo-research-exec 0.19.4-codeagent). Language models were tools in that process; they are not authors. The
named author is accountable for the content.

Models: drafting by openai/gpt-oss-120b, zai-org/glm-5.3-flash; reconciliation, completion, review, revision and
verification by openai/gpt-oss-120b, zai-org/glm-5.3-flash, moonshotai/kimi-k2.6, with the QNFO model router as
a fallback.

Sources: every reference is drawn from a bibliography retrieved from arXiv and the QNFO corpus before drafting;
every cited work's full text was retrieved (arXiv HTML, or the QNFO paper's body) and the writers were given
excerpts of its own sections; statements about a cited work are restricted to its retrieved title, abstract and those
excerpts.

Checks passed before publication: required sections present and finished, cross-references resolve, reference list
rendered from the retrieved bibliography, no assistant residue or placeholders, adversarial model review with its
blocking findings resolved, and a citation existence check at publication.

Independent recomputation: a separately generated script recomputed 6 quantitative claims from the paper's stated
inputs; 0 differed from the stated value at the stated precision.

Not checked: whether each cited source supports the sentence that cites it beyond the retrieved full-text excerpts;
derivation steps other than the recomputed claims. This paper has not been peer reviewed, and this version was
published by the pipeline without a prior manual review by the author.
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Appendix A. Divergence report

The following quantitative claims differed between independent drafts:

Disaggregating the Photonic‑Substrate Claim: A Falsifiability‑First A… Rowan Brad Quni-Gudzinas

QNFO-ULA 7 / 8 QNFO



Claim Draft A (adopted) Draft B (alternative) Reason for adoption

Size of test matrix  (Section 4.1)  (Introduction of Draft B) The 64‑test matrix is explicitly
defined and used throughout the
audit; the 12‑test matrix lacks
supporting derivation.

Bonferroni‑adjusted
per‑test significance (Section 4.1)

 (Draft B) The value follows directly from
 divided by ,

matching the definition in [10].

H1 quantitative parameters
(radius, frequency, energy,
period)

Not provided (audit focuses
on lack of derivation)

Radius m,
frequency rad/s,
energy MeV, period as
(Draft B)

These numbers are not derived from
any cited source and conflict with
the audit’s methodological focus;
therefore they are omitted.

All other substantive statements converge across drafts and are retained unchanged.

Appendix B. Claim attribution

ID Statement Source Draft(s) Agreement

C1 Decomposition into H1–H4 A, B Convergent

C2 Bonferroni‑adjusted A, B Convergent

C3 Aggregate activity bound  papers/yr A, B Convergent

C4 Flag count A, B Convergent

C5 Growth factor , A, B Convergent

C6 Ratio A, B Convergent

C7 H2 falsified by growth‑factor mismatch A, B Convergent

C8 H3 falsified by binary‑prime‑power deviation A, B Convergent

C9 Practical recommendation for photonic engineers A, B Convergent

C10 TRL assessment (1–2) A, B Convergent

C11 Minimal ion‑trap experiment description A, B Convergent

C12 Engineering constraints (materials, tolerances) A, B Convergent

C13 Projected cost/performance bounds for ion‑trap test A, B Convergent

C14 Risks of misinterpretation A, B Convergent

N ​ =t 64 N ​ =t 12

α ​ =per 7.8125 × 10−4 α =′ 4.1667 × 10−3

α ​ =FW 0.05 N ​ =t 64

1.9308 × 10−13

1.5527 × 1021

1.0220 4.05

α ​ =per 7.8125 × 10−4

A ​ ≤total 100

∣Fl ​(F ​)∣ =3 2 21

g(3) = 15 g(5) = 63

315/24 = 13.125

δ = 0.3064
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