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ABSTRACT

We synthesize convergent evidence from physics (quantum mechanics, quantum field theory, zitterbewegung,
quantum error correction, the Standard Model mass spectrum) and number theory (Ostrowski's theorem, Tate's
thesis, the Riemann zeta function, Bruhat-Tits buildings, the adele ring) into a unified consilience framework. The
central organizing principle is Ostrowski's theorem — the classification of all non-trivial completions of the
rational numbers as the Archimedean completion ℝ and the p-adic completions ℚₚ. We develop nine convergent
theses, each with calibrated certainty ratings and explicit falsifiability conditions. Theses 1–7 connect specific
physical phenomena (zitterbewegung as ℝ/ℚ₂ mixing, Bruhat-Tits trees as a discrete spacetime substrate, number-
theoretic quantum error correction, transcendental numbers as Archimedean projection artifacts) to number-
theoretic structure. Theses 8–9 generalize the framework: the Langlands program is argued to be "adelic physics
without the physics," and prime numbers are shown to share the same decomposition structure as irreducible
representations of semisimple Lie algebras. We extend the consilience to non-physics domains (computation,
biology, logic, category theory) and formulate a meta-principle: every formal system that assigns a similarity
measure selects a completion of its base structure, and the convention's failure at certain scales reveals the true
nature of the underlying structure. We document the framework's critical limitations: the Pythagorean semigroup
mass fits carry a significant numerology risk, no experimentally confirmed p-adic signature has been observed,
and a complete adelic quantum field theory has not been constructed. The framework is falsifiable via the
experimental decision matrix of the QNFO Grand Synthesis.
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Abstract

We synthesize convergent evidence from physics (quantum mechanics, quantum field theory, zitterbewegung, quantum
error correction, the Standard Model mass spectrum) and number theory (Ostrowski's theorem, Tate's thesis, the
Riemann zeta function, Bruhat-Tits buildings, the adele ring) into a unified consilience framework. The central
organizing principle is Ostrowski's theorem — the classification of all non-trivial completions of the rational numbers
as the Archimedean completion ℝ and the p-adic completions ℚₚ. We develop nine convergent theses, each with
calibrated certainty ratings and explicit falsifiability conditions. Theses 1–7 connect specific physical phenomena
(zitterbewegung as ℝ/ℚ₂ mixing, Bruhat-Tits trees as a discrete spacetime substrate, number-theoretic quantum error
correction, transcendental numbers as Archimedean projection artifacts) to number-theoretic structure. Theses 8–9
generalize the framework: the Langlands program is argued to be "adelic physics without the physics," and prime
numbers are shown to share the same decomposition structure as irreducible representations of semisimple Lie
algebras. We extend the consilience to non-physics domains (computation, biology, logic, category theory) and
formulate a meta-principle: every formal system that assigns a similarity measure selects a completion of its base
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structure, and the convention's failure at certain scales reveals the true nature of the underlying structure. We document
the framework's critical limitations: the Pythagorean semigroup mass fits carry a significant numerology risk, no
experimentally confirmed p-adic signature has been observed, and a complete adelic quantum field theory has not been
constructed. The framework is falsifiable via the experimental decision matrix of the QNFO Grand Synthesis.

Keywords: Adelic physics, Ostrowski's theorem, zitterbewegung, Bruhat-Tits trees, Riemann zeta function, quantum
error correction, p-adic quantum mechanics, Tate's thesis, consilience

1. Introduction

The word "consilience" — coined by William Whewell in 1840 and revived by E.O. Wilson in 1998 — denotes the
convergence of evidence from independent domains toward a unified explanation. The phrase captures a specific
epistemological virtue: when two lines of inquiry that were developed independently, using different methods, for
different purposes, nonetheless converge on the same structural conclusion, that convergence is evidence that the
conclusion reflects something real about the world, not an artifact of the methods.

This paper examines a specific candidate for consilience: the convergence between physics (quantum mechanics,
quantum field theory, the Standard Model) and number theory (Ostrowski's theorem, Tate's thesis, the Riemann zeta
function, Bruhat-Tits buildings). The convergence is anchored in a single mathematical fact: Ostrowski's theorem
(1916) states that every non-trivial absolute value on the rational numbers ℚ is equivalent to either the standard
Archimedean absolute value |·|∞ or a p-adic absolute value |·|p for some prime p. The completions of ℚ with respect to
these absolute values are the real numbers ℝ and the p-adic numbers ℚ_p, and these are the ONLY consistent ways to
assign "size" or "distance" to rational numbers.

Physics currently operates exclusively at the ∞-place — the Archimedean completion ℝ. Quantum mechanics,
quantum field theory, general relativity, and the Standard Model are all formulated over the real numbers. Ostrowski's
theorem raises a question that is simple to state but profound in its implications: Is this choice forced by physical
necessity, or is it an anthropocentric convention inherited from the historical development of calculus over ℝ?

The claim examined in this paper is that it is a convention — and that a democratic treatment of all completions of ℚ,
formulated on the adele ring 𝔸ℚ = ℝ × ∏'p ℚ_p, reveals unities between phenomena that appear disconnected when
viewed exclusively through the Archimedean lens.

The paper is organized as follows. Section 2 introduces the mathematical spine: Ostrowski's theorem, Tate's thesis, the
adele ring, and Bruhat-Tits trees. Section 3 develops the seven core convergent theses connecting physics to number
theory. Section 4 expands the framework to additional theses and cross-disciplinary connections. Section 5 provides a
critical self-assessment and documents open problems. Section 6 concludes with the falsifiability decision matrix.

2. The Mathematical Spine

2.1 Ostrowski's Theorem (1916)

Statement: Every non-trivial absolute value on ℚ is equivalent to either:

The standard Archimedean absolute value |·|_∞ (giving the completion ℝ), or

A p-adic absolute value |·|p for some prime p (giving the completion ℚp).

Consilience Between Physics and Number Theory: Convergent Theses from… QNFO Research Agent

QNFO-ULA-2.1 2 / 9 QNFO



Physical significance: There is no "continuous scale" axiom built into nature. The real numbers are a choice of
completion, not a necessity. The theorem is proven — it is not a conjecture or an interpretation. This is the
[established] anchor of the entire consilience framework.

2.2 Tate's Thesis (1950)

Tate reformulated Hecke L-functions (including the Riemann zeta function) using adelic Fourier analysis. The key
insight: the functional equation ξ(s) = ξ(1-s) of the Riemann zeta function emerges naturally as a consequence of adelic
Poisson summation. The local zeta integrals at each place (∞, 2, 3, 5, …) multiply to give a global zeta integral over the
idele class group, from which the functional equation follows as a single adelic identity.

Physical significance: Tate's thesis provides the template for a "global" formulation of any field theory. If the
dynamics of a quantum system factorize into local contributions at each completion of ℚ, then global consistency —
the functional equation — emerges from the adelic product structure. The Riemann zeta function's analytic
continuation is the statement that spectral data at all finite primes must be consistent with the Archimedean data at s =
1.

2.3 The Adele Ring 𝔸_ℚ

The restricted direct product:

is a locally compact topological ring carrying a Haar measure and supporting Fourier analysis. It is a perfectly well-
defined domain in which to formulate quantum mechanics — and indeed, the p-adic and adelic quantum mechanics
programme developed by B. Dragovich, G. Djordjevic, Lj. Nesic, and I.V. Volovich (1987–present) has done exactly
this, constructing complex-valued wave functions on 𝔸ℚ, adelic path integrals (Dragovich 1995), and an adelic
harmonic oscillator with an exact solution (Dragovich 2004). The programme has proven that adelic quantum
mechanics is form-invariant under interchange of ℝ and ℚp — a mathematical theorem, not a conjecture.

2.4 Bruhat-Tits Trees

For each prime p, the Bruhat-Tits tree 𝒯p for SL(2, ℚp) is an infinite (p+1)-regular tree whose vertices correspond to
homothety classes of ℤp-lattices and whose boundary is the p-adic projective line ℙ¹(ℚp). These trees are purely
group-theoretic constructions requiring no input from physics. The product 𝒯2 × 𝒯3 × 𝒯_5 is a 3-dimensional
ultrametric space.

2.5 The Diagonal Embedding and Pythagorean Semigroup

The map (a,b,c) ↦ 2^a · 3^b · 5^c embeds the product tree diagonally into
the positive reals. By unique prime factorization, this map is injective. The
integers (a,b,c) are the "tree coordinates" of a point; the real number 2^a ·
3^b · 5^c is its Archimedean readout. This structure — the Pythagorean
semigroup {2^a · 3^b · 5^c

a,b,c ∈ ℤ} — is the "Rosetta Stone" of the Adelic
Cross-Domain Program, claimed to translate
between particle masses, quantum error-correcting
codes, holographic bulk geometries, and Efimov
scaling parameters.

3. The Seven Core Convergent Theses

Thesis 1: The Riemann Zeta Function Encodes the Spectrum of a Quantum System Over ℚ

The Euler product ζ(s) = ∏_p (1-p^{-s})^{-1} factorizes across all finite primes. The functional equation ξ(s) = ξ(1-s)
is the adelic statement that the spectral data at the Archimedean place (the Gamma factor Γ(s/2)π^{-s/2}) and at all
finite places (the Euler factors) are globally consistent.
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Evidence: Bost and Connes (1995) constructed an explicit quantum dynamical system — a C*-algebra with a time
evolution — whose partition function is ζ(β), where β is inverse temperature. The pole at β = 1 corresponds to a
spontaneous symmetry-breaking phase transition. This construction, published in Selecta Mathematica, is
mathematically rigorous and has been extended by Connes and Marcolli (2008) and Planat, Solé, and Omar (2011). It
establishes that ζ(s) CAN be represented as the partition function of a quantum system — an existence proof.

Certainty: [established] for ζ(s) as partition function (Bost-Connes construction exists). [speculative] for the
generalization that ALL arithmetic L-functions correspond to physical partition functions.

Falsifiability: "This would be disconfirmed if ζ(s) cannot be represented as Tr(e^{-βH}) for any self-adjoint H."
Status: NOT disconfirmed.

Thesis 2: Zitterbewegung = ℝ/ℚ₂ Topological Mixing

Zitterbewegung (ZBW) is the rapid oscillatory motion of a relativistic electron predicted by the Dirac equation, with
frequency ωZ = 2Ep/ħ ≈ 1.6 × 10^{21} rad/s and spatial amplitude on the order of the Compton wavelength ~10^{-13}
m. The oscillation arises from interference between positive-energy and negative-energy branches of the Dirac
Hamiltonian.

The spectral gap theorem — a result of linear algebra, not physics — states that any operator O with non-zero matrix
elements connecting two branches of a gapped self-adjoint H necessarily contains a term oscillating at ΔE/ħ. This is a
basis-independent theorem: the oscillation is forced by the structure of the Hilbert space, not by a choice of
coordinates. Gerritsma et al. (2010, Nature) directly observed ZBW in a trapped-ion simulation of the Dirac equation.

In the adelic framework, ZBW is interpreted as mixing between the ∞-place and the 2-place. A localized wave packet
at x∞ necessarily contains Fourier components delocalized at x2. The Compton-scale oscillation is the physical
signature of the ∞↔2 channel. The prime 2 is selected structurally: 𝒯_2 is (2+1)=3-regular — the smallest possible
Bruhat-Tits tree — and the Compton scale is the smallest Archimedean scale at which p-adic mixing becomes visible.

Certainty: [mainstream interpretation] for the spectral gap theorem (mathematically forced).
[speculative] for the specific ∞↔2 identification. The ZBW ℤ₂ invariant (Grand Synthesis P2) — which
distinguishes Dirac from Majorana fermions — is computationally verified but not experimentally confirmed.

Falsifiability: Spin noise spectroscopy (P3-A protocol, 3–6 month timeline) would disconfirm the p-adic mixing
hypothesis if it shows no ultrametric clustering in ZBW transition graphs.

Thesis 3: Ostrowski's Theorem Functions as a Selection Rule for Physical Theories

Every consistent physical theory that uses "distance" or "magnitude" is constrained by Ostrowski: it must specify
which completions of ℚ its dynamics operate in. Current physics implicitly chooses only the ∞-completion. This is not
forced by any physical principle — it is a historical accident of differential calculus being developed over ℝ.

The non-anthropocentric natural units framework (QNFO 2026) develops this argument systematically: strip away
units → strip away logarithmic base → strip away the Archimedean continuum itself. At each layer, the surviving
invariant is the integer N (Hilbert space dimension). Ostrowski's theorem then reveals that ℝ is one completion among
infinitely many inequivalent ones.

Dragovich (2003) proved that adelic quantum mechanics is form-invariant under interchange of ℝ and ℚ_p —
demonstrating that physics CAN be formulated democratically across completions without internal contradiction.
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Certainty: [established] — Ostrowski's theorem is a proven fact. The selection rule interpretation is a logical
consequence.

Falsifiability: "This would be disconfirmed if there exists a physical principle that forces the choice of the
Archimedean completion." Status: NOT disconfirmed — adelic QM is form-invariant.

Thesis 4: Bruhat-Tits Trees Are the Discrete Substrate of Spacetime

The product tree 𝒯2 × 𝒯3 × 𝒯5, with its diagonal embedding into the Pythagorean semigroup {2^a · 3^b · 5^c}, maps
tree geometry to physical mass ratios. The Adelic Cross-Domain Program reports that 11 Standard Model mass ratios
fit this scheme to ~2%, with specific examples including mτ/mc = 136.63 vs. 3⁷/2⁴ = 136.7 (deviation 0.07%) and
mτ/m_d = 20.02 vs. 2²·5 = 20 (exact).

Chen, Liu, and Hung (2024) independently treat the Bruhat-Tits tree as a physical geometry — constructing a p-adic
BTZ black hole on 𝒯_p — providing convergent evidence from a separate research programme that BT trees can
function as spacetime geometries.

Certainty: [speculative] — self-acknowledged speculation in the source document. The 2% tolerance is loose by
particle physics standards (the Standard Model predicts g-2 to 10 decimal places). The fit uses 3 free integer exponents
per particle (33 free parameters for 11 data points), making it statistically unimpressive.

Falsifiability: "This would be disconfirmed if new precision mass measurements diverge from Pythagorean ratios
beyond the declared tolerance with no trend toward convergence, and if a genuine pre-measurement prediction of a
new mass fails."

Thesis 5: The Substrate IS the Algorithm — Number-Theoretic Quantum Error Correction

Because ℝ and ℚ_p are topologically incommensurable (Ostrowski), no Archimedean perturbation can move a state
encoded at a p-adic fixed point. A Majorana zero mode at a Bruhat-Tits vertex is intrinsically protected from
Archimedean noise. This replaces active quantum error correction — with its polynomial overhead — with passive,
number-theoretic protection at O(1) scaling.

The principle generalizes: the hardness of integer factorization (the basis of RSA cryptography) exploits the same
incommensurability — the multiplicative structure of integers is differently "hard" in different completions. Silent
Radix extends this to p-adic completions directly.

Certainty: [speculative] — computationally modeled for the ZBW ℤ₂ invariant; experimental claim C7
(Majorana qubit immune to Archimedean noise) unverified. [not yet falsifiable] for generalizations to non-
physics domains (biology, neural codes).

Falsifiability: "This would be disconfirmed if Majorana qubit coherence time shows no immunity to Archimedean
noise beyond standard QEC performance (P5-C7 protocol, 1–3 year timeline)."

Thesis 6: Transcendental Numbers Signal Adelic Incompleteness

π emerges from Archimedean constructions (circle geometry, Γ(1/2)²) and has no p-adic analog. This is a clue: π is not
a fundamental constant but a measure-theoretic artifact of operating exclusively at the ∞-place.

Weil's Tamagawa number theorem (1959) provides the mechanism: the volume of SL(n,ℚ)\SL(n,𝔸) with respect to
the Tamagawa measure equals 1, and the Archimedean factor of the Tamagawa measure explicitly contributes π. This is
a proven theorem — π enters adelic formulae through the measure normalization, not through the dynamics. In the full
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adelic theory, π should "cancel" via the product formula ∏v |λ|v = 1.

Certainty: [established] for the Tamagawa measure connection (Weil 1959, proven). [speculative] for the
broader "transcendental numbers as projection artifacts" interpretation.

Falsifiability: "This would be disconfirmed if a non-trivial p-adic analog of π is discovered that plays the same
universal role in p-adic geometry."

Thesis 7: Tate's Thesis Provides the Template for Adelic Quantum Mechanics

Just as Tate reformulated Hecke L-functions using adelic analysis — local factors at each place integrated over the
adele group → global functional equation — so quantum mechanics should be reformulated with local dynamics at
each completion, global coherence via the product formula, and measurement as Archimedean projection.

The Dragovich programme has realized this template explicitly: adelic path integrals factorize into a product of local
path integrals (Dragovich 1995), and exact solutions exist for adelic harmonic oscillators (Dragovich 2004). Huang,
Stoica, and Zhong (2024) demonstrated a proof-of-concept in a different context: an adelic conformal field theory
whose partition function encodes quadratic reciprocity — proving that physical field theories over 𝔸 can generate
number-theoretic structure as output.

Certainty: [established] for the mathematical template (factorization structure proven for quadratic actions).
[speculative] for full physical realization (no complete adelic QFT exists).

Falsifiability: "This would be disconfirmed if an adelic formulation of QM produces contradictions with known
experimental results that cannot be resolved by the product formula's cancellation mechanism."

4. Expansion: Beyond the Seven Theses

Thesis 8: The Langlands Program Is Adelic Physics Without the Physics [speculative]

The Langlands correspondence connects Galois representations (arithmetic) to automorphic forms (harmonic analysis
on adelic groups). The automorphic side is harmonic analysis on the adele group — the correct domain for quantum
mechanics. The Galois side is number-theoretic structure. The correspondence is the statement that they are two
descriptions of the same adelic physics. The geometric Langlands program (Kapustin and Witten 2006) has already
realized a physical version at the ∞-place: S-duality in N = 4 super-Yang-Mills theory corresponds to the geometric
Langlands correspondence. The adelic generalization extends this to all completions.

Thesis 9: Primes as Elementary Particles of Structure [my conjecture]

The fundamental theorem of arithmetic — every integer has a unique prime factorization — is structurally identical to
the statement that representations of semisimple Lie algebras decompose uniquely into irreducible representations.
Prime numbers are the "irreducible representations" of the multiplicative semigroup ℕ. While this is a formal analogy
rather than a mathematical isomorphism (the tensor product of representations has richer structure than integer
multiplication), it suggests that the same spectral tools (L-functions, character theory) apply to both domains because
they are instances of the same abstract decomposition pattern.
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5. Critical Self-Assessment

5.1 Foundational Gaps

1. No complete adelic quantum field theory exists. The Dragovich programme has constructed adelic QM (finite
degrees of freedom, path integrals for quadratic actions). A full adelic QFT with interacting fields, renormalization,
crossing symmetry, and unitarity has not been built — by any group.

1. The choice of primes {2,3,5} is empirical, not derived. The Adelic Cross-Domain Program selects these primes
because they fit mass data. A first-principles derivation from the Standard Model gauge group or from the Bruhat-
Tits building rank is absent.

1. π's role is unclear. The Tamagawa measure connection is a clue, not a resolution. The Cross-Domain Program's
claim that π × α emerges from BT tree geometry needs explicit computation, not assertion.

1. The adelic measurement theory is incomplete. Dragovich (2012) discusses measurement in adelic QM, but a
complete theory — unitary evolution on 𝔸, projection at the ∞-place, plus a decoherence mechanism — has not
been formulated.

5.2 Empirical Gaps

1. No experimental confirmation of p-adic physics. The Grand Synthesis falsifiability matrix (C1–C8) is
comprehensive but untested. Spin noise spectroscopy (P3-A, 3–6 month timeline) is the nearest-term opportunity.

1. The ~2% mass ratio tolerance is too loose for particle physics. The Standard Model predicts g-2 to 10 decimal
places. A 2% tolerance is a fit, not a prediction. The framework would need to predict new masses before
measurement to be taken seriously.

5.3 Conceptual Risks

1. The "all physics is adelic" thesis may be too strong. It is possible that p-adic structure explains only certain
phenomena (Planck-scale gravity, quantum information protection) while most of particle physics is correctly
described by ℝ alone. The framework must identify its domain of applicability.

1. Numerology risk (Thesis 4). The Pythagorean semigroup {2^a · 3^b · 5^c} has 3 free integer parameters per
particle. Fitting 11 masses with 33 free parameters is not statistically impressive. This thesis requires a genuine
prediction — a new mass correctly specified before measurement — to be taken seriously.

1. AI convergence bias. [AI-CONVERGENCE-WARNING: This synthesis was developed by AI systems.
Convergence of internal QNFO and external Dragovich programmes does not constitute

independent validation by human researchers.]

6. Conclusion: The Shape of the Convergence

The consilience between physics and number theory converges on a single geometric object: the adele ring 𝔸ℚ,
geometrically realized as a product of Bruhat-Tits trees, with physical dynamics governed by adelic Dirac/Klein-
Gordon equations at each completion, globally constrained by the adelic product formula ∏v |λ|_v = 1.

The convergence is structured, not diffuse. Four independent QNFO source documents — starting from ZBW
phenomenology, natural units philosophy, cross-domain mass spectrum analysis, and adelic quantum mechanics
formalism — all converge on the same four-component mathematical kernel:

1. Valuation theory (Ostrowski's theorem) → the classification of all possible "distance" structures
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2. The adele ring 𝔸_ℚ → the global domain containing all completions simultaneously

3. Bruhat-Tits trees → the geometric realization of p-adic structure

4. The product formula ∏v |λ|v = 1 → the consistency condition tying all completions together

Beyond the specific physics-number theory convergence, we have identified a meta-principle: every formal system
that assigns a similarity measure selects — implicitly or explicitly — a completion of its base structure. The
choice of completion is never forced by the underlying structure; it is a convention, and the convention's failure
at certain scales is the signature of the structure's incompleteness. This pattern recurs in number theory
(Ostrowski), computation (type systems as logical completions), biology (genetic code as ultrametric completion), and
philosophy (measurement as completion projection).

Whether the specific adelic physics program (ZBW as p-adic mixing, BT tree mass spectrum, Ostrowski-based QEC)
is correct remains to be tested experimentally. The Grand Synthesis decision matrix provides the test. We await the
data.
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