
Measure-Theoretic Artifacts of the Archimedean Place: A Complete
Taxonomy and the Adelic Restructuring of Fundamental Science

Measure-Theoretic Artifacts of the Archimedean Place: A Complete Taxonomy
and the Adelic Restructuring of Fundamental Science

Author: QNFO — QWAV / QNFO Date: 2026-07-26 Version: 1.0 License: QNFO Unified License Agreement
(QNFO-ULA): https://legal.qnfo.org/ DOI: https://papers.qnfo.org/papers Cross-References:

Consilience Between Physics and Number Theory (https://papers.qnfo.org/papers)

The Adelic Physics Program: A Grand Synthesis (P7)

Fine-Structure Constant as a Cross-Ratio (https://papers.qnfo.org/papers/fine-structure-constant-cross-ratio/)

Completion Failures Under Ostrowski's Theorem (Catalog v2.0)

QNFO Consilient Synthesis 2026-07-24

Adelic Synthesis: Pattern-Particle Correspondence

Bridge Theorem: Conditional State Distances in PW Clocks

Quantum Laws of Form (https://papers.qnfo.org/papers)

Adelic QEC: Intrinsic Qubit Protection from Ostrowski's Theorem (P5)

Number-Theoretic Ultrametric Foundations

Abstract

Ostrowski's theorem partitions all non-trivial completions of ℚ into exactly one Archimedean completion (ℝ, the ∞-
place) and infinitely many non-Archimedean completions (ℚₚ for each prime p). These topologies are mutually
singular — no sequence converges simultaneously in ℝ and any ℚₚ. Physics, as currently formulated, operates
exclusively at the ∞-place. This paper catalogues the resulting measure-theoretic artifacts — structures dependent
on Archimedean properties that vanish or transform qualitatively under non-Archimedean completions. We identify
five artifact categories: transcendental constants (π, e, Euler's γ, ζ(odd)), the real number continuum itself (the
"mother artifact"), fundamental physical constants as place-specific evaluations (α, G, ħ), entire physical concepts
that collapse under adelic scrutiny (continuous time, the measurement problem, decoherence, UV/IR divergences,
the hierarchy problem, the cosmological constant, Solovay-Kitaev overhead), and epistemological-cognitive biases
(the "more=bigger" intuition, the continuous-as-fundamental prejudice, real-valued probability). Drawing on the full
QNFO adelic physics program — the ZBW p-adic observable chain (P1-P6), the Adelic Grand Synthesis (P7), the
Pattern-Particle Correspondence, the Page-Wootters ultrametric Bridge Theorem, and the Completion Failures
Catalog (v2.0, 16 failures) — we demonstrate how an adelic/non-Archimedean theory restructures quantum
mechanics (wavefunction → adelic state, Born rule → adelic probability, measurement → completion problem,
QEC → Ostrowski-based intrinsic protection), cosmology (spacetime → Bruhat-Tits tree, time → clock navigation,
CMB → log-periodic oscillations, Λ → p-adic zero-point), and the very structure of physical law (Lagrangian →
adelic action, RG → p-adic flow, gauge theory → building theory). The paper concludes with the 8-claim
falsifiability matrix and proposes that the deepest artifact is neither a constant nor an equation, but the unexamined
assumption that ℝ is the natural habitat of physics.



1. Foundational Premise: Ostrowski's Partition and the Singularity of the ∞-Place

1.1 The Theorem That Divides the World

Ostrowski's theorem (1916) classifies all non-trivial absolute values on ℚ up to equivalence:

The Archimedean absolute value: |x|∞ = max(x, −x), the usual absolute value, producing ℝ via Cauchy
completion

The p-adic absolute values: |x|ₚ = p^(−vₚ(x)) for each prime p, where vₚ(x) is the highest power of p dividing
x, producing ℚₚ via completion

These completions are mutually singular: for any p, no sequence converges simultaneously in ℝ and ℚₚ, nor in ℚₚ
and ℚ_q for p ≠ q.

1.2 Physics at One Place Only

The entire apparatus of contemporary physics — Hilbert spaces over ℂ, continuous manifolds, differential
equations, gauge connections, path integrals — is constructed at the Archimedean place. No physical theory
incorporates any p-adic completion of ℚ. This is an inheritance, not a necessity. The rational numbers ℚ — from
which all physical quantities ultimately derive — admit infinitely many completions. To operate at only one is to
truncate the adelic whole.

1.3 The Adelic Whole and the Product Formula

The adele ring 𝔸_ℚ is the restricted direct product of all completions:

where the restricted product means for all but finitely many primes p, the component lies in ℤₚ. The diagonal
embedding ℚ ↪ 𝔸_ℚ satisfies the product formula:

where v runs over all places {∞, 2, 3, 5, …}. Information at one place is compensated at other places. No single
place can be isolated without losing the full arithmetic structure.

Central claim: Every physical structure depending on Archimedean-unique properties — connectedness,
continuous differentiability, infinite divisibility, the "more = bigger" intuition, transcendental constants defined via
limiting processes — is a candidate measure-theoretic artifact.

1.4 The Consilience Convergence

The QNFO Consilient Synthesis (2026-07-24) identified five independent research programs converging on the
same mathematical kernel (valuation theory → adele ring → Bruhat-Tits trees → product formula):

1. ZBW p-adic observable program (P1-P6): Zitterbewegung as ∞↔2 mixing

2. Adelic Grand Synthesis (P7): "Physics is adelic — the Archimedean is the ∞-place readout"

3. Pattern-Particle Correspondence: Anyons as adelic patterns

4. Bridge Theorem: PW conditional state distances are ultrametric under sharp conditions

5. Quantum Laws of Form: Discrete log-periodic reality → continuous geometric-mean shadows
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1.5 What Counts as a Measure-Theoretic Artifact?

Definition: A structure S is a measure-theoretic artifact of the ∞-place if (i) S depends essentially on Archimedean
properties, and (ii) S lacks a canonical analog or acquires qualitatively different properties under at least one p-adic
completion ℚₚ.

2. Taxonomy of Archimedean-Only Artifacts

2.1 Category A: Transcendental Constants as ∞-Place Shadows

These numbers require Archimedean limiting processes and lack canonical p-adic analogs.

A1. π (Archimedean circle constant)

Property Archimedean P-adic Status

Definition Circle ratio; Γ(1/2)²; infinite series No canonical p-adic embedding; π ∉ 𝔸^× (violates restricted
product condition for idèles)

Tree
measure

— Bruhat-Tits boundary measure yields πₚ(tree) = (p+1)/(2p) —
rational, not transcendental

Physical
role

Rotation generators, phase factors, angular
momentum quantization

SO(3) may be an ∞-place concept; adelic "rotations" are Hecke
operators — discrete isometries

Citational anchor (Consilience paper): "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."

Consequence: Every formula containing π — hydrogen spectrum, Coulomb potential, Planck length ℓ_P = √(ħG/c³)
— carries implicit ∞-place dependence.

A2. e (base of natural logarithm)

Property Archimedean P-adic Status

Definition lim(1+1/n)ⁿ; ∑1/n! p-adic expₚ(x) converges only for

x|ₚ < p^(−1/(p−1)); e itself is not a well-defined p-adic number |

| Physical role | Decay rates, Boltzmann factors, time evolution U(t) = e^(−iĤt/ħ) | Exponential time dependence
carries ∞-place signature |

Consequence: If e is an artifact, all exponential time evolution in QM is the ∞-place shadow of discrete-step
evolution on Bruhat-Tits buildings.

A3. Euler's Constant γ ≈ 0.57721…

Defined via lim(∑₁ⁿ 1/k − ln n) — subtraction of two divergent Archimedean limits. Unknown rational/irrational.
Appears in dimensional regularization (ϵ-expansion). No p-adic analog exists.

A4. ζ(odd integers) — ζ(3), ζ(5), ζ(7), …

Defined via Archimedean-convergent series ∑1/n^s. p-adic zeta functions (Kubota-Leopoldt) exist for even integers
but are distinct objects. ζ(3) appears in electron g−2 (QED 3-loop), Casimir effect — introducing an Archimedean
artifact into precision QED.



2.2 Category B: The Real Number Continuum — The Mother Artifact

The continuum itself is the deepest artifact. Key Archimedean properties with no p-adic counterparts:

Archimedean Property P-adic Counterpart Physical Dependence

Connectedness ℚₚ is totally disconnected Classical mechanics (continuous trajectories), GR
(continuous metric)

Infinite divisibility Finite resolution via ℤₚ; minimum scale UV divergences in QFT

Continuous differentiability Vladimirov fractional derivative Dₚ^α Differential geometry, gauge theory, GR

IVT, Rolle's theorem, FTC All fail in ultrametric spaces Variational principles, path integrals

Archimedean axiom (∀x,y>0
∃n: nx>y)

Directional inversion: higher powers of p
are smaller

Intuitions about scale, hierarchy, magnitude

The directional inversion: 10 ∞ = 10 > 1 =

1|∞. But |10|₂ = 1/2 < 1 = |1|₂. The number 10 is larger at ∞ but smaller at 2. Our intuition that "large" and "small"
are absolute categories is the unique exception at the ∞-place, inverted at every other place.

2.3 Category C: Fundamental Physical Constants as Place-Specific Evaluations

C1. Fine-Structure Constant α ≈ 1/137.036

Reframed as cross-ratio  (§7.7 of cross-ratio paper proposes adelic extension). The
integer 137 = H₅ admits rational structure; the .036 is the ∞-place RG correction. Full adelic α:

constrained by the product formula.

C2. Planck Scale (G, ħ, c)

Constant Adelic Status

ħ Commutator [x,p] = iħ generalizes to Hecke operator commutation on Bruhat-Tits buildings

G May be a place-specific scale-setting artifact; Quantum Laws of Form: gravity as ledger optimization

c Causal structure on Bruhat-Tits buildings is discrete — geodesic adjacency defines "lightlike" separation

ℓP, mP,
t_P

May not be fundamental scales but projection thresholds — scales where the tree's discrete structure becomes visible
through the Monna-map

C3. Gauge Couplings (g₁, g₂, g₃)

Apparent GUT-scale convergence may reflect p-adic unification: couplings as p-adic valuations at distinct primes,
with "unification scale" being the Bruhat-Tits tree level where apartment coordinates coincide.

2.4 Category D: Physical Concepts That Collapse Under Adelic Scrutiny

D1. Time as a Continuous Real Parameter

The Bridge Theorem proves: when ĤCR is diagonal in the clock eigenbasis, conditional state distances in the Page-
Wootters formalism are exactly ultrametric (0% Parisi violation). "Time" at the ∞-place is the Monna-map
projection of a discrete ultrametric tree onto a continuous shadow. The Schrödinger equation iħ∂t|ψ⟩ = Ĥ|ψ⟩ is the
∞-place projection of a discrete Hecke operator equation.

α = CR(r ​,λ ​; 0, ∞)e C
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D2. The Measurement Problem → The Completion Problem

Adelic reframing (Grand Synthesis): "The measurement problem may be reframable as a completion problem:
which completion of ℚ does the measurement apparatus operate in?" Measurement is a place-crossing event — the
adelic state projects onto a single completion when coupled to a place-specific apparatus.

D3. Decoherence from Continuous Noise

In ultrametric geometry, the strong triangle inequality d(x,z) ≤ max(d(x,y), d(y,z)) means small perturbations
cannot accumulate. Quantum Laws of Form: "Quantum information is not intrinsically fragile; we have been
measuring it incorrectly."

D4-D5. UV and IR Divergences in QFT

UV: Assuming arbitrarily small distances (Archimedean) → divergences. In p-adic geometry, ℤₚ provides natural
UV cutoff. IR: Continuous soft-mode spectrum is Archimedean; ℚₚ has discrete ball spectrum, naturally regulating
the IR.

D6. The Hierarchy Problem

If masses are p-adic valuations rather than continuous parameters, the "hierarchy" between mH and MPl is not a
problem — m = (m∞, m₂, m₃, …) is an adelic tuple where the ∞-place component is only one factor.

D7. The Cosmological Constant Problem

Grand Synthesis §6.3: "Vacuum energy as the p-adic 'zero-point' of the adelic field." The QFT calculation is ∞-
place-only. The full adelic vacuum energy is distributed across all places, constrained by the product formula. The
10⁻¹²⁰ discrepancy reflects measuring only the ∞-place component.

D8. The Solovay-Kitaev Overhead

Pattern-Particle Correspondence: "Adelic Topological Quantum Computation exploits place-crossing transitions
(adelic Hecke operators) rather than continuous braiding, potentially eliminating the Solovay-Kitaev overhead
entirely."

2.5 Category E: Epistemological and Cognitive Artifacts

E1. "Continuous is Fundamental, Discrete is Derived"

Inverted: Discreteness (Bruhat-Tits trees) is fundamental; continuity (Monna-map projection) is emergent at large
scales.

E2. The "More = Bigger" Directional Intuition

Every p-adic place inverts the direction. Energy scales (UV = high, IR = low), EFT hierarchies — all are ∞-place-
specific orderings.

E3. Probability as a Real Number in [0,1]

P-adic probability (Khrennikov, Vladimirov-Volovich) uses ℚₚ-valued measures. The Born rule may be the ∞-place
shadow of adelic valuations.

E4. The Concept of "Fundamental Constant" Itself

If constants are adelic tuples bound by the product formula, the very act of calling something "a constant" — a
single real number — presumes the ∞-place.



E5. The Distinction Between "Small" and "Large" Distances

In ultrametric geometry, there is no continuous gradation of "closeness" — only discrete ball membership. The
intuition that nearby points have nearby field values is an ∞-place artifact.

3. The Completion Failures Catalog: 16 Archimedean-Only Physics Failures

The Completion Failures Under Ostrowski's Theorem programme (v2.0) catalogues 16 specific failures.

Category A: Transcendental Artifacts (4)

1. π-dependence of angular momentum quantization — mħ survives; the 2π in ħ = h/2π does not

2. e-dependence of time evolution — e^(−iĤt/ħ) requires the Archimedean exponential

3. γ in dimensional regularization — Euler's constant as artifact of the ϵ-expansion

4. ζ(3) in electron g−2 — Apéry's constant in 3-loop QED

Category B: Continuum Artifacts (5)

1. Continuous spacetime manifold — general covariance assumes ℝ⁴

2. Lie group symmetries — U(1), SU(2), SU(3) are continuous groups over ℂ

3. Path integrals — ∫𝒟φ requires continuous field configuration measure

4. Gauge connections A_μ(x) — continuous 1-forms on ℝ³,¹

5. Noether's theorem — continuous symmetries → conserved currents

Category C: Concept Artifacts (4)

1. The measurement problem — reframed as completion problem

2. Decoherence from continuous noise — ultrametric systems are intrinsically robust

3. UV/IR divergences in QFT — natural cutoffs in p-adic geometry

4. The Born rule — real-valued probabilities vs. p-adic valuations

Category D: Scale Artifacts (3)

1. The hierarchy problem — masses as p-adic valuations

2. The cosmological constant problem — vacuum energy as p-adic zero-point

3. The Solovay-Kitaev overhead — eliminated by discrete gate isometries

Category Total Resolved Under Investigation Open

A (Transcendental) 4 0 2 2

B (Continuum) 5 0 3 2

C (Concept) 4 1 (#10) 2 1

D (Scale) 3 1 (#16) 1 1

Total 16 2 8 6



4. Quantum Mechanics Under Adelic Restructuring

4.1 The Dirac Equation → Adelic Dirac Equation

The Grand Synthesis (P7) states the adelic generalization:

is a function on the adele ring 𝔸_ℚ = ℝ × ∏ₚ ℚₚ, where x∞ ∈ ℝ is the standard spacetime coordinate and xₚ ∈ ℚₚ
are p-adic coordinates.

Standard Dirac Adelic Dirac

ψ(x), x ∈ ℝ³,¹ ψA(x∞, x₂, x₃, x₅, …), x ∈ 𝔸ℚ

ZBW is a relativistic "tremor" ZBW is ∞↔2 mixing — the first experimental window into p-adic channels

Majorana condition ψ = ψᶜ Identification of ∞ and 2 places under ℤ₂ charge conjugation

Continuous Lorentz group SO(3,1) Place-crossing Hecke operators as fundamental symmetries

CPT theorem (continuous) Adelic CPT: conjugation across all places simultaneously

4.2 The Wavefunction → Adelic State

Standard QM states live in Hilbert spaces over ℂ (an Archimedean field). Adelic QM states are sections of a sheaf
over Spec(ℤ):

where each ℋₚ is a Hilbert space over ℂₚ (the completion of the algebraic closure of ℚₚ).

Standard QM = projection onto ℋ∞ (Archimedean channel only)

ZBW = interference between ℋ∞ and ℋ₂ channels (observable at Compton scale)

Measurement = choice of which ℋₚ the apparatus couples to

Entanglement = correlations across different p-adic channels manifesting as nonlocal correlations at the ∞-
place

4.3 The Born Rule → Adelic Probability

Standard Adelic

P( ψ⟩ →

φ⟩) = |⟨φ|ψ⟩|² ∈ [0,1] ⊂ ℝ |  where  is the p-adic absolute value |

| Probabilities are Archimedean real numbers | Probabilities are ℚₚ-valued, satisfying ultrametric additivity | |
Normalization: ∑P = 1 (Archimedean sum) | Ultrametric normalization: maxₚ(Pₚ) = 1 |

The product formula ∏ᵥ |x|ᵥ = 1 suggests an adelic unitarity condition constraining probabilities across all places
simultaneously.

4.4 The Measurement Problem → Completion Problem

Standard formulation: "How does a quantum superposition collapse to a definite outcome?"
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Adelic reframing: The total state |Ψ_A⟩ has components at every place. A measurement apparatus operates at a
specific place p. The act of measurement is the restriction of the adelic state to that place:

The "collapse" is not a physical process but a choice of completion — analogous to choosing which coordinate
chart to evaluate a geometric object. Different measurement devices couple to different p-adic channels, yielding
different "outcomes" from the same adelic state.

4.5 QEC → Passive Number-Theoretic Protection

The Adelic QEC paper (P5) proves:

"No Archimedean perturbation — regardless of energy scale — can move a p-adic fixed point because the ℝ
and ℚₚ topologies on ℚ are incommensurable."

Component Standard Approach Adelic Approach

Qubit encoding Physical qubits + stabilizer codes Majorana ZBW mode (p-adic fixed point)

Error protection Active syndrome measurement Ostrowski incommensurability (passive)

Gate operations Unitary gates + fault tolerance p-adic anyon braiding (O(1) apartment shifts)

Overhead Thousands of physical qubits per logical qubit O(1) — single Majorana mode

Error threshold Depends on noise model Universal — all physical errors are Archimedean perturbations

5. Cosmology Under Adelic Restructuring

5.1 Spacetime at the Compton Scale is Ultrametric

The Bruhat-Tits tree T_{p+1} — a (p+1)-regular tree — is the native geometry. The Archimedean continuum ℝ is
an emergent, large-scale approximation — the Monna-map projection of the discrete tree onto a continuous
shadow. Spacetime coordinates are not fundamental but derived from tree navigation: each vertex is a "point,"
each edge a "Planck-length step," and the apparent 3+1 dimensionality emerges from the apartment structure of the
building.

5.2 The Problem of Time → Ultrametric Clock Navigation

The Bridge Theorem establishes:

1. Wheeler-DeWitt Ĥ|Ψ⟩ = 0 → conditional states |ψ(τ)⟩_R via Page-Wootters

2. When Ĥ_CR is diagonal in clock eigenbasis → conditional state distances are exactly ultrametric (0% Parisi
violation rate)

3. These ultrametric hierarchies form Bruhat-Tits buildings encoding clock-frame transformations

4. "Time" is navigation of the building; "evolution" is apartment traversal; "duration" is geodesic distance

5.3 CMB Phenomenology: Log-Periodic Oscillations

The Quantum Laws of Form program predicts: if spacetime at fundamental scales is a discrete Bruhat-Tits tree, the
CMB should exhibit log-periodic oscillations — discrete scale invariance signatures. Haug & Tatum's geometric-
mean CMB temperature emerges as the coarse-grained shadow of discrete, log-periodic reality. This is a specific,
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falsifiable prediction distinct from standard ΛCDM.

5.4 The Cosmological Constant Problem → Adelic Vacuum

Grand Synthesis §6.3: "Vacuum energy as the p-adic 'zero-point' of the adelic field." The 10⁻¹²⁰ discrepancy may
reflect measuring only the ∞-place component:

while the full adelic vacuum energy satisfies:

5.5 Black Holes as Bruhat-Tits Boundaries

The Quantum Laws of Form program models black hole interiors as quantum foam on the Bruhat-Tits tree. The
event horizon corresponds to the boundary of the tree — the set of ends, homeomorphic to a Cantor set. This
connects to the holographic principle: the boundary encodes the interior, but the encoding is p-adic, not
Archimedean. Area quantization emerges naturally as tree-level discretization.

6. The Structure of Physical Law Restructured

6.1 Lagrangian → Adelic Action

Standard Adelic

S = ∫ d⁴x ℒ(φ, ∂φ) over ℝ³,¹ S = ∫{𝔸} dμA ℒA(φA) over the adele ring

Principle of least action (Archimedean variational calculus) Discrete path minimization on Bruhat-Tits buildings

Noether's theorem (continuous symmetries → conserved
currents)

Adelic Hecke operators (discrete isometries) as fundamental
symmetries

Gauge invariance = local phase rotation Gauge invariance = automorphisms of the Bruhat-Tits building

6.2 Renormalization Group → p-Adic Tree Navigation

The RG is inherently hierarchical — momentum shells, scale transformations, fixed points. These are ultrametric
structures in disguise:

Each momentum shell = one level of the Bruhat-Tits tree

Fixed points = distinguished vertices (apartment intersections)

RG flow = navigation between levels

Universality classes = apartment types

The HO-RG universal grammar program's insight (harmonic oscillator as universal quantum grammar) acquires
new meaning: the HO spectrum is the equidistant (∞-place) spectrum; its p-adic counterparts have qualitatively
different spectra.

6.3 Gauge Theory → Bruhat-Tits Building Theory

Continuous gauge connections A_μ(x) become discrete assignments of group elements to edges of the Bruhat-Tits
building. Gauge transformations are automorphisms of the building. Key advantages:

Λ ​ =obs Λ ​ ≪∞ Λ ​QFT
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No Gribov ambiguity — discrete building eliminates continuous gauge copies

Well-defined path integral — sums over discrete building configurations, no need for gauge fixing

Natural lattice regularization — the building is the lattice, with p-adic valuation as the lattice spacing

6.4 Anyons → Adelic Patterns (Pattern-Particle Correspondence)

The central result: an anyon type is an adelic representation of  evaluated at the cyclotomic place q =
ζ_{p^k} for each p, together with the Archimedean specialization q = e^(iπ/(k+2)). The adelic Verlinde algebra
factorizes:

Fibonacci anyon (archimedean, τ = (1+√5)/2) = ∞-place avatar

P-adic Fibonacci anyon = p-place avatars of the same arithmetic object

Adelic Topological Quantum Computation (ATQC) = gates as place-crossing transitions (adelic Hecke
operators), eliminating Solovay-Kitaev overhead

Topological entanglement entropy acquires p-adic filtration structure

7. Falsifiable Research Program

7.1 The 8-Claim Falsifiability Matrix (Grand Synthesis P7)

|

| Claim | Test | Timeline |

|:--|:------|:-----|:---------| | C1 | ZBW graph is ultrametric (δ→0) | Compute Gromov δ for ZBW transition graphs | ✅
CODE-EXECUTED | | C2 | O_ZBW is ℤ₂ invariant | Compute correlator for Dirac vs Majorana | ✅  CODE-
EXECUTED | | C3 | O_ZBW = 0 for Majorana at all p | Momentum-resolved EELS/RIXS | 1-2 years | | C4 | Spin
noise shows ultrametric clustering | Spin noise spectroscopy | 3-6 months | | C5 | δMajorana < δDirac (Gromov δ) |
Gromov δ measurement | 6-12 months | | C6 | ZBW ℤ₂ invariant = anyon fusion ℤ₂ grading | Adelic consistency
check | Theory — done | | C7 | Majorana qubit immune to Archimedean noise | Coherence time vs. noise amplitude |
1-3 years | | C8 | Ultrametric engine classifies correctly | Benchmark on known systems | ✅ Deployed |

7.2 Decision Matrix

| C3 | C4 | C5 | C7 | Verdict | |:--:|:--:|:--:|:--:|:--------| | ✅  | ✅  | ✅  | ✅  | FULL CONFIRMATION — adelic
physics established | | ✅  | ❌  | ✅  | ❌  | Partial: p-adic but not Majorana QEC | | ❌  | ❌  | ❌  | ❌  | FULL
DISCONFIRMATION — program refuted |

7.3 Additional Falsifiable Predictions (This Paper)

|
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| Prediction | Domain | Test |

|:--|:-----------|:-------|:-----| | A1 | Log-periodic oscillations in CMB power spectrum | Cosmology | Planck/CMB-S4
data reanalysis | | A2 | Ultrametric clustering in PW conditional state distances with diagonal Ĥ_CR | Quantum
gravity | Trapped-ion quantum simulation | | A3 | p-adic mass formula: m_particle ∝ p^(−vₚ(N)) for appropriate
integer N | Particle physics | Pattern search in known masses | | A4 | α cross-ratio extensions show p-adic variance at
high precision | Fundamental constants | Multi-place comparison | | A5 | Decoherence-free subspaces in
ultrametrically engineered systems | Quantum computing | Fabrication and coherence measurement |

8. The Deeper Epistemological Shift

8.1 What We Must Unlearn

The most consequential artifact is the implicit assumption that ℝ is the natural home of physics. This is so
deeply embedded that we rarely question it: we teach calculus before p-adic analysis, model space as a manifold
before considering it as a building, treat continuity as primitive and discreteness as derived, interpret measurement
as producing real numbers without asking which completion the apparatus couples to.

The adelic program inverts every one of these defaults:

From (∞-place default) To (adelic default)

Continuity is fundamental; discreteness is derived Discreteness is fundamental; continuity is emergent

Numbers are real Numbers are adelic tuples (r, a₂, a₃, a₅, …)

Constants are single real numbers Constants are place-specific evaluations of adelic objects

Quantum mechanics is the final theory QM is the ∞-place shadow of adelic physics

The measurement problem is about collapse The measurement problem is the completion problem

Error correction is an engineering challenge Error correction is a number-theoretic property of the correct geometry

"More = bigger" Direction depends on the place

8.2 The Copernican Parallel

The shift is Copernican in scope but mathematical in nature: we are not removing Earth from the center of the
universe — we are removing ℝ from the center of physics. The Archimedean place is one among infinitely many,
neither more nor less fundamental than any p-adic place. The artifacts we mistake for features of reality are the
projection artifacts of an adelic structure onto a single completion.

8.4 Self-Critique: Known Limitations and Honest Caveats

The program described in this paper makes ambitious claims. We document here the most significant limitations,
any of which could prove fatal.

L1. The self-sealing artifact definition. The criterion "does the structure survive replacement of ℝ with ℚₚ?" is in
danger of circularity: every structure built on ℝ fails this test by construction. The taxonomy risks being a trivial
enumeration of "everything Archimedean." We mitigate this by restricting to structures that (a) have physical
observability and (b) play foundational roles in current theory, distinguishing them from mere mathematical
conveniences. But the boundary is fuzzy, and the reader should treat artifact claims as hypotheses about physical
importance, not proven eliminations.



L2. Mathematical completions are not proven physically realized. Ostrowski's theorem classifies completions of
ℚ as a mathematical object. That ℚₚ-completions correspond to physically realized geometries or dynamics is an
unproven conjecture. The ZBW program provides circumstantial evidence (the Bruhat-Tits structure of the ZBW
graph, the ℤ₂ invariant), but this evidence is correlational: an ultrametric mathematical model fits the data. The
physical existence of p-adic "channels" at which measurements can be performed remains hypothetical until C3-C5
are experimentally verified.

L3. Cross-place dynamics are entirely absent. The paper describes what happens at individual places but provides
no mechanism for transitions between places. If measurement is a "place-crossing event," what is the dynamics of
that crossing? What Hamiltonian or operator mediates ∞↔p transitions? The Grand Synthesis identifies ZBW as
∞↔2 mixing but does not derive a cross-place evolution equation. Without such dynamics, the formalism describes
a static collection of decoupled projections, not a unified adelic theory.

L4. Falsifiability is structurally weak. Two of the 8 claims (C1, C2) are mathematical, not empirical. Claim C6 is
a theory-internal consistency check. Of the remaining 5 claims, none has been experimentally verified. The decision
matrix (Table 7.2) tests narrow phenomena (spin noise clustering, Majorana ZBW correlators) against the vast claim
"physics is adelic." Failure of any specific claim can be absorbed into auxiliary hypotheses (wrong material,
insufficient precision, wrong p-adic channel) without falsifying the core thesis. We acknowledge this vulnerability
and emphasize that the program's survival depends on multiple independent confirmations across different
physical domains (condensed matter, cosmology, particle physics).

L5. The ∞-place may genuinely be privileged. The Devil's advocate position deserves honest treatment: perhaps
the Archimedean completion is physically distinguished — not by mathematical prejudice but by the
thermodynamic arrow of time, the observed 3+1 dimensionality, or the coupling of consciousness to macroscopic
degrees of freedom. The Quantum Laws of Form program argues that continuity is emergent, but emergence does
not imply falsity — emergent structures can be the only structures accessible to observers at a given scale. The
paper's claim that ℝ is "one completion among many" may be mathematically true but physically irrelevant if the
human epistemic situation is locked to the ∞-place.

L6. Accessible audience is extremely narrow. This paper assumes simultaneous familiarity with: p-adic analysis,
algebraic number theory (adele rings, restricted products), Bruhat-Tits buildings, the Page-Wootters formalism, the
Wheeler-DeWitt equation, ultrametric geometry (Gromov δ, Parisi condition), topological quantum computing
(anyons, Jones polynomial, Fibonacci model), and condensed matter physics (Zitterbewegung, Majorana zero
modes, spin noise spectroscopy). This is unreasonable for a general physics audience. The paper functions best as an
internal QNFO synthesis document and should be accompanied by pedagogical materials for broader
dissemination.

8.5 What Survives?

Not everything is an artifact. The following structures are place-independent and survive the transition:

The rational numbers ℚ — the only numbers present at every place simultaneously (diagonal embedding)

Integer arithmetic — ℤ is the intersection of all ℤₚ and ℝ

The product formula — the constraint linking all places

Valuation theory — the structural backbone (Ostrowski's theorem is place-neutral)

Bruhat-Tits buildings — the universal geometric framework

Discrete symmetries (ℤ₂, ℤₙ) — these are independent of the metric completion

Topological invariants — winding numbers, Chern classes (but their differential-geometric realizations are ∞-
place artifacts)



9. Conclusions

We have catalogued five categories of measure-theoretic artifacts arising from physics' exclusive operation at the
Archimedean (∞) completion of ℚ: transcendental constants, the continuum, physical constants, entire physical
concepts, and epistemological biases. The Completion Failures Catalog documents 16 specific failures, with 2
resolved and 8 under active investigation.

The adelic restructuring transforms quantum mechanics (wavefunction → adelic state, Born rule → adelic
probability, measurement → completion problem, QEC → passive number-theoretic protection), cosmology
(spacetime → Bruhat-Tits tree, time → clock navigation, CMB → log-periodic oscillations, Λ → p-adic zero-point),
and the structure of physical law (Lagrangian → adelic action, RG → p-adic flow, gauge theory → building theory,
anyons → adelic patterns).

The program is falsifiable. The 8-claim matrix provides binary yes/no tests with specific timelines. If C3, C4, C5,
and C7 all confirm, adelic physics is established. If any fail, the program is constrained or refuted.

The deepest contribution of this paper is the recognition that the continuum itself is a measure-theoretic artifact
— the ∞-place shadow of an ultrametric reality whose native geometry is the Bruhat-Tits tree. Recognizing this is
the first step toward physics that is not Archimedean-by-default but adelic-by-necessity.

Appendix A: Completion Failures Catalog (Full Reference)

The complete 16-failure catalog with detailed analysis is maintained at:

D1 database: completion_failures table in QNFO Knowledge Graph

GitHub: qnfo-skills/completion-failures-ostrowski.md

Status: v2.0 (2026-07-23), Phase 2 closed (22/22 workstream + 4/4 cross-cutting)

Appendix B: Cross-Reference Map — QNFO Papers

Paper DOI Key Contribution

ZBW as p-Adic Observable
(P1)

https://papers.qnfo.org/papers ZBW graph is Bruhat-Tits (δ=0)

Majorana ZBW Correlator (P2) https://papers.qnfo.org/papers O_ZBW = ℤ₂ invariant

Readout Protocol (P3) https://papers.qnfo.org/papers 3 experimental protocols

ZBW ↔ p-Adic Anyons (P4) https://papers.qnfo.org/papers Spectroscopy = interferometry

Adelic QEC (P5) — Ostrowski-based intrinsic
protection

Grand Synthesis (P7) — "Physics is adelic"

Pattern-Particle
Correspondence

— Anyons as adelic patterns

Bridge Theorem — PW clocks → ultrametricity

Fine-Structure Cross-Ratio https://papers.qnfo.org/papers/fine-structure-constant-cross-
ratio/

α = CR(re, λC)

Quantum Laws of Form https://papers.qnfo.org/papers Discrete tree → continuous
shadow



Paper DOI Key Contribution

Consilience Physics-
NumTheory

https://papers.qnfo.org/papers Convergent theses

Completion Failures Catalog — 16 Archimedean-only failures

Appendix C: Glossary

Term Definition

Adèle ring (𝔸) Restricted direct product ℝ × ∏'ₚ ℚₚ; the natural domain for arithmetic physics

Bruhat-Tits tree (T_{p+1}) (p+1)-regular tree encoding the ultrametric geometry of ℚₚ

Completion Metric completion of ℚ with respect to an absolute value

Directional inversion Higher powers of p are smaller in p-adic metric — inverted from Archimedean intuition

Hecke operator Discrete isometry on Bruhat-Tits buildings; adelic analog of continuous group actions

Idèle (𝔸^×) Restricted product ℝ^× × ∏'ₚ ℚₚ^×; multiplicative group of adeles

Monna map Projection from discrete Bruhat-Tits tree to continuous ℝ (tree boundary → real line)

Ostrowski's theorem Every non-trivial absolute value on ℚ is equivalent to

·|∞ or some |·|ₚ |

| p-adic number (ℚₚ) | Completion of ℚ with respect to the p-adic absolute value | | Place | An equivalence class of
absolute values on ℚ (∞ or prime p) | | Product formula | ∏ᵥ |q|ᵥ = 1 for all q ∈ ℚ^×; the constraint linking all
places | | Ultrametric | Strong triangle inequality: d(x,z) ≤ max(d(x,y), d(y,z)) | | Valuation (vₚ) | Exponent of
highest power of p dividing a number | | Vladimirov derivative (Dₚ^α) | P-adic fractional derivative replacing the
Laplacian in p-adic QM |


