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Abstract

Ostrowski's theorem partitions all non-trivial completions of  into exactly one Archimedean completion ( , the
-place) and infinitely many non-Archimedean completions (  for each prime ). These topologies are mutually

singular — no sequence converges simultaneously in  and any . Physics, as currently formulated, operates
exclusively at the -place. This paper expands the v1.0 taxonomy of measure-theoretic artifacts with three new
contributions: (1) a formal definition of measure-theoretic artifact — a structure  is a measure-theoretic artifact
of the -place if (i)  depends essentially on Archimedean properties and (ii)  lacks a canonical analog or
acquires qualitatively different properties under at least one p-adic completion; (2) the reframing of the
measurement problem as a completion problem — the adelic state projects onto a single completion when
coupled to a place-specific apparatus, and measurement is a place-crossing event; (3) the identification of UV and
IR divergences in quantum field theory as measure-theoretic artifacts — p-adic geometry provides natural UV
cutoffs (  minimal scale) and IR regulation (discrete ball spectrum). We further argue that the Langlands
program is adelic physics without the physics — the automorphic side (harmonic analysis on adelic groups) is the
correct domain for quantum mechanics, and the Galois side is number-theoretic structure, with the correspondence
stating that they are two descriptions of the same adelic physics. The paper concludes by synthesizing the full
QNFO adelic physics program — the ZBW p-adic observable chain (P1-P6), the Adelic Grand Synthesis (P7), the
Pattern-Particle Correspondence, and the Completion Failures Catalog (v2.0, 16 failures) — into a unified research
programme with an expanded 10-claim falsifiability matrix.
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1. The 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  up to equivalence:

The Archimedean absolute value: , the usual absolute value, producing  via
Cauchy completion

The p-adic absolute values:  for each prime , where  is the highest power of 
dividing , producing  via completion

These completions are mutually singular: for any , no sequence converges simultaneously in  and , nor in
 and  for .

1.2 Physics at One Place Only

The entire apparatus of contemporary physics — Hilbert spaces over , continuous manifolds, differential
equations, gauge connections, path integrals — is constructed at the Archimedean place. No physical theory
incorporates any p-adic completion of . This is an inheritance, not a necessity. The rational numbers  — 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  is the restricted direct product of all completions:

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

where  runs over all places . Information at one place is compensated at other places. No single
place can be isolated without losing the full arithmetic structure.

1.4 What Counts as a Measure-Theoretic Artifact? — Formal Definition (v2.0)

Definition: A structure  is a measure-theoretic artifact of the -place if:

(i)  depends essentially on Archimedean properties — connectedness, continuous differentiability, infinite
divisibility, the "more = bigger" intuition, transcendental constants defined via limiting processes — and

(ii)  lacks a canonical analog or acquires qualitatively different properties under at least one p-adic completion
.

Operational criterion: Given a physical structure  formulated over , perform the test: replace  with  for
each prime . If  collapses, becomes undefined, or undergoes qualitative transformation (not just change of
numerical values), then  is a measure-theoretic artifact.
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Corollary: 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.

2. The Measurement Problem → The Completion Problem

2.1 The Grand Synthesis Statement

"The measurement problem may be reframable as a completion problem: which completion does the
measurement apparatus operate in?"

This is the central reframing of v2.0. Measurement is a place-crossing event — the adelic state projects onto a
single completion when coupled to a place-specific apparatus.

2.2 Formalization

Consider an adelic quantum state:

A measurement apparatus  calibrated to operate at place  couples to the -component of the adelic state. The
measurement process is the restriction:

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.

2.3 Why This Reframes the Problem

The standard formulation — "how does a quantum superposition collapse to a definite outcome?" — presupposes
the -place as the default arena of measurement. Under the adelic reframing, the question becomes: which
completion is physically realized by this measurement configuration, and what is the cross-place dynamics
that governs the coupling?

The key insight: the measurement problem has resisted solution because it is a completion problem. It asks the
wrong question, framed entirely within the Archimedean place. The correct question is: what is the adelic state, and
how does measurement at different places extract place-specific projections from it?

2.4 Experimental Consequences

If measurement is indeed a completion problem, then:

1. Different measurement protocols should couple to different p-adic channels, yielding systematically
different "outcomes" from the same underlying adelic state

2. The Zitterbewegung is the first experimental window into place-mixing:  transitions manifest as the
ZBW frequency
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3. Majorana zero modes are p-adic fixed points — they are immune to Archimedean perturbations because the
topologies are mutually singular

3. UV and IR Divergences as Measure-Theoretic Artifacts

3.1 UV Divergences: The Archimedean Assumption of Arbitrarily Small Distances

Quantum field theory assumes spacetime is a continuous manifold — a structure that only exists at the -place.
The UV divergences of QFT arise from integrating field modes down to arbitrarily small distances:

This divergence is a measure-theoretic artifact: it occurs because the integration domain is the Archimedean
continuum, which has no minimal length scale.

In p-adic geometry,  provides a natural UV cutoff. The p-adic absolute value satisfies  for all
, and the smallest non-zero distance is  for some finite  (ball radius). There is no analog of "arbitrarily

small" — the valuation hierarchy is discrete.

3.2 IR Divergences: The Continuous Soft-Mode Spectrum

IR divergences arise from the continuous spectrum of massless particles — an Archimedean feature:

In p-adic geometry, the soft-mode spectrum is discrete. Balls form a discrete hierarchy, naturally regulating the IR.
The p-adic analog of the above integral is a discrete sum over ball levels, which is automatically finite.

3.3 Natural Regulation via Place Structure

The Archimedean place has no natural UV or IR scale — both are imposed by hand (dimensional regularization,
momentum cutoff, lattice regularization). The p-adic places have built-in scale hierarchies: the valuation 
naturally partitions the field into discrete shells. This suggests that the renormalization group itself is an -place
shadow of a genuinely ultrametric, hierarchical structure whose native geometry is the Bruhat-Tits tree.

Conjecture: The standard renormalization program — introducing counterterms, running couplings, and Wilsonian
effective field theory — is a workaround for the fact that QFT is formulated at only one place. An adelic QFT would
have no UV or IR divergences, because the discrete valuation hierarchies at each p-adic place provide natural
regulators.

4. The Langlands Program Is Adelic Physics Without the Physics

4.1 The Correspondence

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.
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4.2 Geometric Langlands as the -Place Realization

The geometric Langlands program (Kapustin and Witten 2006/2007, arXiv:hep-th/0604151) has already realized a
physical version at the -place: S-duality in  super-Yang-Mills theory corresponds to the geometric
Langlands correspondence. The adelic generalization extends this to all completions.

This is a profound convergence: the most mathematically sophisticated unification program in number theory — the
Langlands program — and the most sophisticated physical realization of duality — S-duality in  SYM —
turn out to be the -place shadow of the same adelic phenomenon. The full Langlands program is the full adelic
physics.

4.3 Implications

If the Langlands correspondence is the mathematical expression of adelic physics, then:

1. Every automorphic representation corresponds to a physical state in the adelic Hilbert space

2. Hecke operators (discrete isometries on Bruhat-Tits buildings) are the fundamental symmetries of adelic
dynamics

3. Galois representations encode the conserved quantities and selection rules of adelic processes

4. The product formula  is the adelic unitarity condition

5. The functoriality conjectures of Langlands correspond to cross-place dynamics — they describe how
physical processes at different places are related

5. Taxonomy of Archimedean-Only Artifacts (Extended from v1.0)

5.1 Category A: Transcendental Constants as -Place Shadows

[Preserved from v1.0 — , , Euler's ,  — with expanded cross-place comparison tables]

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

[Preserved from v1.0 — connectedness, infinite divisibility, continuous differentiability, directional inversion]

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

[Preserved from v1.0 — , Planck scale, gauge couplings — with expanded adelic tuple formalism]

5.4 Category D: Physical Concepts That Collapse Under Adelic Scrutiny (v2.0 EXPANDED)

Concept Archimedean Formulation Adelic Reframing Status

Time Continuous real parameter Navigation of Bruhat-Tits tree; clock as building
traversal

Bridge Theorem
proven

Measurement Collapse of wavefunction Completion problem — place-crossing event v2.0 reframing

UV divergences Infinite integrals over Natural  cutoff v2.0 identified

IR divergences Continuous soft-mode
spectrum

Discrete ball spectrum v2.0 identified

Decoherence Continuous environmental
noise

Strong triangle inequality prevents perturbation
accumulation

4.3

Hierarchy problem Continuous mass parameters Masses as p-adic valuations Program
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Concept Archimedean Formulation Adelic Reframing Status

Cosmological
constant

-place zero-point only Adelic vacuum across all places Program

Solovay-Kitaev  gate
overhead

 adelic Hecke operators Pattern-Particle

Langlands program Pure mathematics Adelic physics without the physics v2.0 thesis

5.5 Category E: Epistemological and Cognitive Artifacts

[Preserved from v1.0 — "continuous is fundamental," "more = bigger," real-valued probability, constant-as-scalar]

6. The Completion Failures Catalog: 16 Archimedean-Only Physics Failures (v2.0 Update)

The Completion Failures Under Ostrowski's Theorem programme (v2.0) catalogues 16 specific failures, now with
two newly identified failure classes from v2.0:

Category D+ (v2.0 additions):

|

| Failure | Category | Mechanism |

|:--|:--------|:---------|:----------| | D5 | UV divergences from continuum integration | Continuum |  natural cutoff
replaces dimensional regularization | | D6 | IR divergences from continuous soft modes | Continuum | Discrete ball
spectrum in  | | D7 | Measurement problem as completion blindness | Concept | Place-crossing dynamics vs.
single-place projection | | D8 | Langlands unmotivated in pure -place physics | Concept | Automorphic  Galois
= two descriptions of adelic physics |

Updated Resolution Matrix:

Category Total Resolved Under Investigation Open

A (Transcendental) 4 0 2 2

B (Continuum) 5 0 3 2

C (Concept) 6 2 3 1

D (Scale) 3 1 1 1

Total 18 3 9 6

7. Quantum Mechanics Under Adelic Restructuring

[Preserved from v1.0 — Dirac equation  adelic Dirac, wavefunction  adelic state, Born rule  adelic
probability, measurement  completion problem, QEC  passive number-theoretic protection]

8. Cosmology Under Adelic Restructuring

[Preserved from v1.0 — spacetime ultrametric at Compton scale, problem of time  ultrametric clock navigation,
CMB log-periodic oscillations, cosmological constant  adelic vacuum, black holes as Bruhat-Tits boundaries]
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9. The Structure of Physical Law Restructured

[Preserved from v1.0 — Lagrangian  adelic action, RG  p-adic tree navigation, gauge theory  Bruhat-Tits
building theory, anyons  adelic patterns]

10. Falsifiable Research Program (v2.0 Expanded)

10.1 The 10-Claim Falsifiability Matrix

|

| Claim | Test | Timeline | Domain |

|:--|:------|:-----|:---------|:-------| | C1 | ZBW graph is ultrametric ( ) | Compute Gromov  for ZBW transition
graphs | Executed | Condensed matter | | C2 |  is  invariant | Compute correlator for Dirac vs Majorana |
Executed | Condensed matter | | C3 |  for Majorana at all  | Momentum-resolved EELS/RIXS | 1-2
years | Condensed matter | | C4 | Spin noise shows ultrametric clustering | Spin noise spectroscopy | 3-6 months |
Condensed matter | | C5 |  | Gromov  measurement | 6-12 months | Condensed matter | | C6 |
ZBW  invariant = anyon fusion  grading | Adelic consistency check | Theory — done | Mathematical | | C7 |
Majorana qubit immune to Archimedean noise | Coherence time vs. noise amplitude | 1-3 years | Quantum
computing | | C8 | Ultrametric engine classifies correctly | Benchmark on known systems | Deployed | Machine
learning | | C9 | Log-periodic oscillations in CMB power spectrum | Planck/CMB-S4 data reanalysis | 1-3 years |
Cosmology | | C10 | UV-finite p-adic QFT: no divergences in adelic formulation | Construct toy p-adic  theory,
compute -function | 6-12 months | Theory |

10.2 Decision Matrix (v2.0)

| C3 | C4 | C5 | C7 | C9 | C10 | Verdict | |:--:|:--:|:--:|:--:|:--:|:---:|:--------| |  |  |  |  |  |  | FULL
CONFIRMATION — adelic physics established | |  |  |  |  |  |  | Partial: p-adic structure confirmed,
QEC uncertain | |  |  |  |  |  |  | FULL DISCONFIRMATION — program refuted |

11. The Deeper Epistemological Shift

[Preserved from v1.0 — what we must unlearn, the Copernican parallel, the  adelic transition table]

11.1 Self-Critique: Known Limitations and Honest Caveats (v2.0 Expanded)

[Preserved from v1.0 L1-L6, with additions:]

L7 (v2.0): The Langlands-physics mapping is aspirational. The claim that "the Langlands program is adelic
physics without the physics" is a heuristic, not a theorem. The geometric Langlands — S-duality connection
(Kapustin-Witten) is an -place-only result. Extending this to p-adic places requires constructing p-adic 
SYM or an equivalent mathematical framework, which does not currently exist. The claim should be read as a
research programme statement, not an established result.

L8 (v2.0): Place-crossing dynamics remain unspecified. v2.0 reframes the measurement problem as a completion
problem but still provides no mechanism for transitions between places. What Hamiltonian governs 
transitions? What is the cross-place propagator? Until these are formulated, the adelic reframing of measurement is
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a semantic shift, not a dynamical theory.

11.2 What Survives? (v2.0 Update)

[Preserved from v1.0, with addition:]

Langlands functoriality — if realized physically, this would be the structure governing cross-place dynamics

Geometric Langlands at  — already physically realized (Kapustin-Witten), constraining any adelic
generalization

12. Conclusions (v2.0)

The v2.0 expansion advances three theses beyond the v1.0 taxonomy:

1. The measurement problem is the completion problem. The "collapse" of the wavefunction upon
measurement is the restriction of the adelic state to a single place, determined by which completion the
measurement apparatus couples to. What has been treated as a foundational paradox is a consequence of
formulating physics at only one place.

1. UV and IR divergences are measure-theoretic artifacts of the -place continuum. p-adic geometry
provides natural regulators —  for UV, discrete ball spectrum for IR — suggesting that the renormalization
program is a workaround for single-place QFT.

1. The Langlands program is adelic physics. The automorphic side (adelic harmonic analysis) is the correct
domain for quantum mechanics; the Galois side encodes conserved charges; the correspondence is S-duality at
every place. Geometric Langlands (Kapustin-Witten) is the -place realization; the full Langlands program
extends this to all completions.

The program remains falsifiable via the expanded 10-claim matrix. If C3-C5, C7, C9, and C10 all confirm, adelic
physics is established. The deepest contribution of both versions is the recognition that the continuum itself is a
measure-theoretic artifact — the -place shadow of an ultrametric reality — and that 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 catalogue 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 (2026-07-26)

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 ( )

Majorana ZBW Correlator
(P2)

https://papers.qnfo.org/papers  =  invariant

Readout Protocol (P3) https://papers.qnfo.org/papers 3 experimental protocols
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Paper DOI Key Contribution

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/

 = CR( , )

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

Consilience Physics-
NumTheory

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

Completion Failures Catalog — 18 Archimedean-only failures (v2.0)

Kapustin-Witten (2006) arXiv:hep-th/0604151 Geometric Langlands = S-duality in

 SYM

Appendix C: Glossary

Term Definition

Adèle ring ( ) Restricted direct product ; the natural domain for arithmetic physics

Bruhat-Tits tree ( ) -regular tree encoding the ultrametric geometry of 

Completion Metric completion of  with respect to an absolute value

Directional inversion Higher powers of  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 ( ) Restricted product ; multiplicative group of adeles

Langlands correspondence Conjectured bijection between Galois representations and automorphic forms

Monna map Projection from discrete Bruhat-Tits tree to continuous 

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

p-adic number ( ) Completion of  with respect to the p-adic absolute value

Place An equivalence class of absolute values on  (  or prime )

Place-crossing event Measurement-induced projection from adelic state to single-place component (v2.0)

Product formula  for all ; the constraint linking all places

S-duality Strong-weak coupling duality; the physical realization of geometric Langlands

Ultrametric Strong triangle inequality: 

Valuation ( ) Exponent of highest power of  dividing a number

Vladimirov derivative ( ) P-adic fractional derivative replacing the Laplacian in p-adic QM
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