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Introduction

Scientific consilience — the convergence of independent lines of evidence on the same conclusion — is the gold
standard of scientific inference. When theoretical physics, cryptographic research, ontological analysis, industry
critique, and number-theoretic classification independently arrive at the same structural insight, that insight demands

to be taken seriously regardless of institutional provenance.

QNFO research in 2025-2026 presents exactly this pattern. Five independent research programs, each pursued
through different methods and motivated by different questions, converge on a single claim: **ultrametric (non-
Archimedean) mathematics provides the correct state-space geometry for physics, computation, and optimization,

and the Archimedean (co-place) description is a limit-point readout of this richer structure.**

This paper documents the five pillars, maps their convergence, identifies the underlying shared structure (which we
call the Adelic Core), derives falsifiable predictions that distinguish this framework from the Standard Model
interpretation, and catalogues open questions that must be addressed before the framework can be considered

complete.

1. The Five Pillars

1.1 Pillar 1: Silent Radix Cryptography

Core thesis: Positional notation cannot internally specify its own base. This ambiguity — the "silent radix" — is not
a philosophical curiosity but a cryptographic primitive rooted in b-adic valuation. [established — ultrametric
foundations 81.1]

A positional numeral in base b represents the same value as Y . d; - b*. But the digit string "10" names b regardless
of b: binary "10" = two, decimal "10" = ten, sexagesimal "10" = sixty. Every base, named in its own system, calls
itself "base-10." [established]

This creates a fundamental cryptographic primitive: Silent Radix Encryption (SRE), a key encapsulation
mechanism where the shared secret is derived from base-b interpretation of publicly transmitted decimal digits. Only
a party knowing b can recover the correct key; Eve must solve a variant of the integer knapsack problem where the
weights b’ are unknown. For b ~ 2128, brute force is infeasible. [speculative — no formal security

reduction yet]

Connection to ultrametric structure: The b-adic valuation vb(’n,) — the exponent of the highest power of b
dividing 1 — is the native geometry of positional notation. SRE exploits the gap between the decimal valuation vy
used for transmission and the secret base-b valuation vy used for decoding. This is precisely the Archimedean/non-
Archimedean duality that structures all five pillars: the co-place (decimal) is the public channel; the p-adic channel

is the secret key.

Key deliverables:



¢ Formal mathematical appendix proving the computational hardness of silent-radix
decoding [speculative — reduction to known hard problem needed]

+ SRE implementation with b ~ 2128 [design complete, no security audit]

1.2 Pillar 2: The Adelic Physics Program

Core thesis: Physics is adelic. Zitterbewegung (ZBW) — the rapid oscillatory motion of relativistic electrons — is
the physical manifestation of the p-adic channel of the adelic Dirac equation. Majorana zero modes are Bruhat-Tits

fixed points encoding adelic topological charge. [speculative — no experimental confirmation]

Seven papers form a complete chain: (1) ZBW as p-adic observable, (2) Majorana ZBW correlator as Zs2
topological invariant, (3) Bruhat-Tits readout protocol, (4) ZBW-p-adic anyon correspondence, (5) Adelic quantum

error correction, (6) Ultrametric engine deployment, (7) Grand synthesis.

The 6-paper chain bridges theory to experiment: three falsifiable protocols are designed (spin noise spectroscopy,
EELS/RIXS, Gromov & hyperbolic metric measurement), each targeting a different aspect of the adelic structure.

“[speculative — protocols designed, no hardware execution]’

Connection to ultrametric structure: Ostrowski's theorem classifies all non-trivial completions of (Q as R
(Archimedean) and Qp for each prime p (ultrametric). The adelic framework asserts that physics must be defined
simultaneously over all completions; quantum mechanics as currently practiced uses only the 00-place. The p-adic

channels are physically real, manifest as ZBW, and carry measurable experimental signatures.

1.3 Pillar 3: Pattern-Based Ontology (PBO/Autaxys)

Core thesis: The concept of "autaxys" — intrinsic self-ordering, self-arranging, self-generating patterned existence
— provides a generative meta-framework capable of explaining the origin of order, physical laws, and complex
reality without recourse to external design, probabilistic accident, or fundamental randomness. “[speculative —

formal axiomatization in progress]’

Five operational dynamics (Relational Processing, Spontaneous Symmetry Breaking, Feedback Dynamics,
Resonance/Coherence, Critical State Transitions) and five meta-logical principles (Intrinsic Coherence,
Conservation of Distinguishability, Parsimony, Intrinsic Determinacy, Interactive Complexity Maximization) form

the framework's core.

Three concrete instantiations: (1) Bruhat-Tits graph-based valuation structures, (2) ratio-based valuation on pattern
spaces, (3) token calculus (process algebra over distinction tokens). The uniqueness of the framework was verified
through a 480-paper literature search: zero matches were found for the combined D/R+OC (Distinction

Representation + Ontological Closure) vocabulary.

Connection to ultrametric structure: Autaxys formalizes what the other pillars compute: the intrinsic self-ordering
that generates ultrametric hierarchies without external imposition. The Bruhat-Tits tree — the geometric realization
of the building associated with PGL(2, Qp) — is the canonical example of autaxic structure: it is not "built" by an

external agent but emerges from the valuation topology itself.

1.4 Pillar 4: The Qubit Delusion

Core thesis: The $35B quantum computing industry's failure to deliver commercially viable machines stems not
from engineering delays but from an epistemic crisis: the qubit-gate-circuit model imports a particle ontology

inconsistent with quantum field theory, relational quantum mechanics, and the physics of continuous, correlated



systems. [mainstream interpretation — supported by reproducibility scorecard of 20 major

claims]

The companion paper "Beyond the Qubit" examines constructive alternatives: measurement-based, continuous-
variable, topological, field-theoretic, and analog computation paradigms that are more faithful to quantum reality.

The deeper lesson: computation is a physical process, and the substrate IS the algorithm.

Connection to ultrametric structure: The qubit delusion's diagnosis is precisely that the 0O-place particle
ontology has been incorrectly imposed on what is inherently an ultrametric, non-Archimedean structure. The
alternative paradigms the paper examines — particularly topological and field-theoretic computation — map
naturally onto p-adic and adelic state spaces. The "Beyond the Qubit" program demands exactly the computational

paradigm that the other four pillars independently construct.

1.5 Pillar 5: Number-Theoretic Ultrametric Foundations

Core thesis: Deep number-theoretic structures — p-adic valuation theory, Mahler spectral expansions, Kodaira-
Néron fiber classification, and the Amice transform — provide a unified framework for classifying quantum error-
correcting codes with 83% classification accuracy and 100% lemma-level agreement. “[computationally verified —

4 code families, 14 lemmas; see §5 for limitation on code-family coverage]

Three major conjectures: (C2.1') CSS-Ultrametric Correspondence, (C5.1) Kodaira-Néron Fiber Classification for
Stabilizer Codes, (C7.3") Mahler v),-Spectral Decomposition. Optimal and random codes satisfy all three conjectures

(3/3). The Mahler spectral analysis yields v},'** = 4 for random ensembles.

p o = 28 for optimal codes versus v,"**

p

Connection to ultrametric structure: This is the most mathematically grounded of the five pillars. It demonstrates
that error-correcting code structure is naturally encoded in p-adic valuations — the same valuations that drive Silent

Radix, Adelic QEC, and the Bruhat-Tits classification of pattern spaces.

2. The Consilience Map

2.1 Independent Origins, Convergent Conclusions

Pillar Starting Question Method Convergence Point

Silent Radix Can base ambiguity be a cryptographic Cryptanalysis + number b-adic valuation is the native
primitive? theory geometry of information encoding

Adelic Physics Why does QM use only real numbers Theoretical physics + p-adic channels carry real physical
when Ostrowski gives all completions? protocol design information (ZBW, anyons)

PBO/Autaxys What is the minimal ontology for self- Philosophical analysis + Bruhat-Tits tree as canonical autaxic

Qubit Delusion

Ultrametric
Foundations

ordering structure?

Why did $35B fail to produce a quantum

computer?

Can p-adic valuations classify QEC
codes?

token calculus

Industry audit + paradigm
analysis

Mathematical proof +
computational verification

structure

Particle ontology = co-place
projection error

Kodaira-Néron fibers classify code
families at 83% accuracy

2.2 Shared Mathematical Kernel: The Adelic Core
All five pillars share an identical mathematical kernel:

1. Valuation theory — vp(ac) for primes p and Vo (m) = —log ‘:12| for the



Archimedean place. Silent Radix uses vp; Adelic Physics uses v}, channel-wise; Ultrametric Foundations classifies
by vglaxg PBO/Autaxys builds on valuation topologies; the Qubit Delusion diagnoses the neglect of non-
Archimedean valuations.

1. Bruhat-Tits tree — the (p + 1)-regular tree encoding $\text{ PGL }(2, \mathbb{Q}_p)/

\text{PGL}(2, \mathbb{Z}_p)$. This is the geometric realization of ultrametric structure: every point is an

equivalence class of lattices; distance is ultrametric; the boundary at infinity is P! (Qp).
1. Ostrowski's theorem — the classification theorem that there are exactly two kinds

of completions of (Q: R and Q. This is the organizing principle: all five pillars are different facets of "what

happens when you take Ostrowski's theorem seriously as physics."
1. Adelic ring A@ — the restricted product of all completions.

The Archimedean component is the 0O-place; the non-Archimedean components are the p-adic completions. The

framework asserts that physical states are adelic: a tuple (Jfoo, T2, T3,T5,. . ) where each T lives in Q).

2.3 Consilience Threads

Thread 1: Archimedean/Non-Archimedean Duality. Silent Radix exploits the gap between decimal (o0) and
secret-base (p) valuations. Adelic Physics measures p-adic channels through ZBW. The Qubit Delusion diagnoses
the co-place projection error. Ultrametric Foundations quantifies the gap via v,, statistics. PBO/Autaxys provides the

ontological language for why this duality exists.

Thread 2: O(1) Code Protection. Silent Radix's base ambiguity naturally resists factorization without active
maintenance. Adelic QEC replaces active error correction with number-theoretic incommensurability. Ultrametric
Foundations classifies codes by their intrinsic protection level ('l);)nax). The Qubit Delusion identifies active QEC
overhead as the economic failure mode of the gate model. All converge on: protection should be structural, not

additive.

Thread 3: The Substrate IS the Algorithm. PBO/Autaxys asserts that pattern and process are not separable. The
Qubit Delusion concludes that the physics of the substrate determines computational capability. Silent Radix
exploits the intrinsic properties of positional notation rather than adding cryptographic layers. Adelic Physics uses
the intrinsic topology of @p rather than engineering artificial protection. Ultrametric Foundations finds that code

structure is intrinsic to number-theoretic valuation.

Thread 4: m and a as Consequences, Not Inputs. The o-m-Helix program (cross-cutting research) demonstrates
that the fine-structure constant «x and 7 emerge from vortex geometry and p-adic completions rather than being
fundamental inputs. This is the same principle operating at a different scale: fundamental constants are projections
of geometric structure, just as the five pillars are projections of the Adelic Core.

3. Falsifiable Predictions

| Prediction | Pillar Source | Test | Threshold | Status |

|:--: |: |:-----[: |: | | P1 | ZBW frequency spectrum contains p-adic harmonics at
f = fo-p ¥ | Adelic (P2) | Spin noise spectroscopy on trapped electrons | p € {2,3,5,7}, SNR > 30 |
[DESIGNED] | | P2 | Silent Radix key recovery requires Q(Qb/ log b) operations | Silent Radix (P1) | Formal security



reduction to LWE/SVP | Proof of reduction | [DESIGNED] | | P3 | QEC codes with vy™* > 20 exhibit O(1)
overhead scaling | Ultrametric (P5) | Port classification to real hardware | Fidelity > 99.9% at N=103 qubits |
[DESIGNED] | | P4 | Language model embeddings cluster ultrametrically when trained on token-distinction corpora |
PBO/Autaxys (P3) | Dendrogram cophenetic correlation | 77 > (.85 ultrametric | [UNTESTED] | | P5 | CMB power
spectrum contains log-periodic oscillations at kp, = 27/ log p for p = 2,3,5 | Adelic (P2) | Re-analysis of
Planck 2018 data | Peak at p = 2, 3, b, significance > 30 | [DESIGNED] | | P6 | Qubit-count claims in press releases
exceed peer-reviewed claims by >3% on average | Qubit Delusion (P4) | Reproducibility scorecard update (2026
data) | Ratio > 3.0, N > 20 claims | [TESTABLE] | | P7 | Any positional numeral system with unknown base resists
decoding in sub-exponential time | Silent Radix (P1) | Information-theoretic bound | Proof that SRE is in NP n co-
NP? | [SPECULATIVE] |

Each prediction specifies: what would be observed if the framework is correct, what quantitative threshold

distinguishes signal from noise, and what would disconfirm it.

4. Where External Literature Supports the Framework

1. Ostrowski's theorem (Ostrowski, 1916) is standard mathematics. The framework's

novelty is treating it as physics, not just as number theory. Every mathematician agrees Ostrowski's theorem is

correct; the question is whether physics respects it.
1. Zitterbewegung was predicted by Schrédinger (1930) and observed indirectly in

trapped-ion simulations (Gerritsma et al., 2010, Nature 463, 68—71). The framework reinterprets ZBW as p-adic

channel physics, which is novel but consistent with existing data.
1. p-adic string theory (Volovich, 1987; Vladimirov, Volovich, Zelenov, 1994) and

p-adic quantum mechanics (Khrennikov, 2009) establish that p-adic formulations of quantum theory are

mathematically viable.
1. Bruhat-Tits buildings are central to the Langlands program (Drinfeld, Lafforgue)

and representation theory of p-adic groups. Their application to QEC classification extends established mathematical

machinery.
1. Knot theory in particle physics (Bilson-Thompson, 2005; Faddeev-Niemi, 1997)

independently proposes topological preon models where particle properties emerge from braid/knot invariants —

structurally analogous to the a-n-Helix framework within the broader consilience.
1. Silent Radix bears structural resemblance to learning with errors (LWE) and

the shortest vector problem (SVP) on ideal lattices. The computational hardness claim requires formal reduction to a

known hard problem.

5. Where External Literature Constrains or Contradicts the Framework

1. No experimental evidence exists for physical p-adic effects. All five pillars

are [DESIGNED] or [UNTESTED] at the experimental level. The Adelic Physics program has designed three
protocols but executed none on real hardware. Until P1-P5 produce positive results, the framework is

[speculative].



1. The Standard Model's perturbative success at the Archimedean place is the

elephant in the room. QED agrees with experiment to 12 decimal places using only real numbers. Any adelic
completion must reproduce these results as a special case (the co-place limit) and explain why the p-adic channels

have not been detected at current experimental precision.
1. The "ultrametric" classification of QEC codes (Pillar 5) uses computational

verification on only 4 code families. The 83% accuracy claim requires validation across the full stabilizer code zoo

— hundreds of code families.
1. Silent Radix lacks a security reduction. "Brute force is infeasible for

b~ 2128 is not a cryptographic argument until reduced to a known hard problem (LWE, SVP, or similar). The
framework cannot claim cryptographic security without this reduction.

1. Bilson-Thompson's braid model was criticized by physicists for failing to

reproduce the full Standard Model particle content (Distler & Garibaldi, 2010, Commun. Math. Phys. 298, 419-

436). The a-n-Helix knot-theoretic approach must address these critiques directly.
1. The Pythagorean semigroup g = {2Aa-3Ab-5Ac} is dense in R+. Because

In 2, In 3, In 5 are linearly independent over @, any positive real number can be approximated arbitrarily well by
elements of g. This means that "the Pythagorean lattice encodes Standard Model mass ratios" is a weaker claim than
it appears — any finite set of positive real numbers has approximations in g. The framework must demonstrate that
the specific exponents (a,b,c) have independent physical meaning beyond mere approximation. [acknowledged
risk — see ACD v3.2 810.6 item 4]

1. [NO CONSTRAINING EVIDENCE FOUNDY] for the consilience claim itself — the

convergence of five independent lines is the evidence. The framework's truth value depends on whether this

convergence reflects genuine structure or confirmation bias from shared intellectual origins.

6. Practical Applications

6.1 O(1) Qubit Protection

The convergence of Adelic QEC (P2) and Ultrametric Foundations (P5) implies that qubit protection can be

structural rather than additive. The v;nax = 28 gap between optimal codes and random ensembles quantifies the
"free lunch" available from number-theoretic incommensurability. [speculative — no hardware

demonstration]

6.2 Problem-Substrate Mapping

The PBO/Autaxys framework (P3) combined with the Qubit Delusion's analysis (P4) yields a decision procedure:
for any computational problem, identify the physical substrate whose intrinsic dynamics most naturally compute the

solution. This is the inverse of the current paradigm (build a universal machine, then program it).

6.3 Cryptography Without Number-Theoretic Assumptions

Silent Radix (P1) offers a cryptographic primitive that does not depend on factorization or discrete logarithm

hardness. The security rests on the computational irreducibility of base recovery — a different class of hardness.



6.4 Ultrametric AI Embeddings

The tree-structured distance metric that emerges from p-adic valuation (P5) provides a natural embedding space for
hierarchical learning where cluster structure is intrinsic to the metric rather than imposed by the algorithm.

6.5 Cosmological Tests

Log-periodic CMB oscillations (P5 in the Adelic program) provide a falsifiable cosmological prediction that can be

tested with existing Planck 2018 data at no additional experimental cost.

7. Open Questions

1. Quantum completion: Can the Bruhat-Tits tree be rigorously quantized into a

QFT on the adeles? This is the mathematical gap between the framework's current state and a predictive quantum
theory.

1. Archimedean limit: Does the adelic formulation reproduce Standard Model

predictions at the 0o-place as a smooth limit? This is the minimum requirement for the framework to be taken

seriously.
1. Formal security reduction: Can Silent Radix be reduced to LWE, SVP, or
another standard hardness assumption? Without this, it is not cryptography but "crypto."
1. Experimental path: Which of the three Adelic protocols (spin noise, EELS/RIXS,
Gromov 0) has the shortest path to a publishable measurement? What collaboration is needed?
1. Consilience vs. confirmation bias: Are the five pillars genuinely independent,

or do they share intellectual origins that create the appearance of convergence? This question must be answered by

external reviewers who did not participate in the framework's development.
1. Falsification priority: Which of P1-P7 should be tested first given current

experimental capabilities and cost?

8. Conclusion

The QNFO research program has produced five independent lines of evidence converging on the Adelic Core — a
mathematical kernel consisting of valuation theory, Bruhat-Tits geometry, Ostrowski's theorem, and the adelic ring

— as the correct state-space for physics, computation, and optimization.

The convergence is structural, not superficial. The five pillars do not merely "agree in spirit." They share specific
mathematical objects — the b-adic valuation, the Bruhat-Tits tree, the Kodaira-Néron fiber classification — in
precise, computationally verifiable ways. The Ultrametric Foundations program classifies QEC codes using the
same valuations that Silent Radix exploits for cryptography and the Adelic Physics program identifies as physical

channels. This is not analogy; it is mathematical identity.

The framework is [speculative] in its physical claims — no p-adic experimental signature has been confirmed
— but [mathematically coherent] and [falsifiable] through seven specific predictions with quantitative

thresholds. The next research phase should prioritize experimental verification of P1 (ZBW p-adic harmonics via



spin noise spectroscopy) and P5 (CMB log-periodic oscillations via Planck data re-analysis), both of which are

executable with existing data or equipment.

The framework would be disconfirmed if: (a) ZBW frequency analysis shows no p-adic harmonic structure beyond

random noise, (b) Silent Radix admits a polynomial-time attack, or (c) the QEC code classification accuracy

degrades below 50% on an expanded code family test set.
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