The Adelic Physics Program: A Grand Synthesis

The Adelic Physics Program: A Grand Synthesis

Author: QNFO Research Date: 2026-07- License: QNFO Unified License Agreement (QNFO-ULA):
Agent 05 https://legal.qnfo.org/
Abstract

Six papers, one thesis: Physics is adelic. The Archimedean (real-number) description is the co-place readout of a
richer ultrametric structure defined over the p-adic completions of (Q. Ostrowski's theorem — which classifies all
non-trivial completions of the rational numbers as R and @p for each prime p — is the hidden organizing principle
behind quantum measurement, quantum error correction, and the structure of spacetime at the Compton scale. We
present the unified framework: Zitterbewegung (ZBW) 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; and
adelic quantum error correction replaces active QEC codes with number-theoretic protection. This synthesis paper

connects all six companion publications into a coherent research program with specific, falsifiable predictions.
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2. The Central Thesis

Physics is adelic. The Archimedean (real-number) description is the co-place readout of a richer
ultrametric structure. Quantum mechanics, as currently formulated, operates exclusively at the co-

place — it is the projection of an adelic theory onto a single completion of ().

This thesis is not a reinterpretation of existing physics. It is a new physical claim with specific, falsifiable
predictions across theory, computation, and experiment:

1. Theory (P1, P2): ZBW is a p-adic observable; the ZBW current correlator is a Z9 topological invariant

2. QFT (P2): The invariant distinguishes Dirac from Majorana fermions at the field-theoretic level

3. Experiment (P3): Three protocols (spin noise, EELS/RIXS, Gromov &) can measure the invariant

4. Connection (P4): The invariant encodes p-adic anyon fusion rules; ZBW spectroscopy = p-adic anyon

interferometry
5. Protection (P5): The invariant provides intrinsic QEC via Ostrowski's theorem

6. Infrastructure (P6): Deployed computational engine for ultrametric analysis

3. The Six-Paper Chain

3.1 Paper Summaries



| Paper | Core Contribution | DOI |

|- |: |:----| | P1 | ZBW as p-Adic Observable | ZBW transition graph has Bruhat-Tits structure
(6=0); Majorana prunes 57% of edges | 10.5281/zenodo.21211007 | | P2 | Majorana ZBW Correlator | Ozpw is a
7.9 topological invariant; vanishes for Majorana at all momenta | 10.5281/zenodo.21211139 | | P3 | Readout Protocol
| Three experimental protocols: spin noise, EELS/RIXS, Gromov § | 10.5281/zenodo.21211382 | | P4 | ZBW < p-
Adic Anyons | ZBW spectroscopy = p-adic anyon interferometry; Zsg grading = fusion space grading |
10.5281/zen0do.21214358 | | P5 | Adelic QEC | Ostrowski's theorem — no Archimedean perturbation can move p-

adic fixed point — intrinsic protection | — | | P6 | Ultrametric Engine | Deployed 20-principle Worker with Gromov

§ endpoint for experimental validation | — |

4. The Adelic Dirac Equation

The Dirac equation, as conventionally written, acts on spinor fields 1,[1(33) where & € R®!. The adelic
generalization:

¢A(moo7 Loy L3y L5y« - )
is a function on the adele ring Ag = R x Hp @p, where:

e X, € R isthe Archimedean coordinate (standard spacetime)

s I C Qp are the p-adic coordinates for each prime

The ZBW phenomenon is the mixing between the co-place and the 2-place: the oscillatory interference arises
because a localized wave packet at &, necessarily contains Fourier components that are delocalized at 2, and vice

versa.
In this picture:

¢ Standard QM = 0o-place physics (Archimedean, continuous)
e ZBW =00 <> 2 mixing (observable at the Compton scale)
o Majorana condition = identification of 00 and 2 places under the Z5 charge conjugation

« Topological protection = incommensurability of IR and Q2 topologies

5. Falsifiability — The Complete Matrix

| Claim | Test | Paper | Timeline |

B |:-----|: I | | C1 | ZBW graph is ultrametric (§6—0) | Compute Gromov § for ZBW transition
graphs | P1 | [CODE-EXECUTED] | | C2 | Ozpw is Z2 invariant | Compute correlator for Dirac vs Majorana | P2 |
[CODE-EXECUTED] | | C3 | Ozgw = 0 for Majorana at all p | Momentum-resolved EELS/RIXS | P3-B | 1-2
years | | C4 | Spin noise shows ultrametric clustering | Spin noise spectroscopy | P3-A | 3-6 months | | C5 |
5Majorana < ODirac | Gromov § measurement | P3-C | 6-12 months | | C6 | ZBW Z2 invariant = anyon fusion Z2
grading | Adelic consistency check | P4 | Theory — done | | C7 | Majorana qubit immune to Archimedean noise |
Coherence time vs. noise amplitude | P5 | 1-3 years | | C8 | Ultrametric engine classifies graphs correctly |

Benchmark on known systems | P6 | Deploy — done |



Decision Matrix

P3-A P3-B P3-C P5-C7 Verdict

v/ v/ v/| v FULL CONFIRMATION — adelic physics established
v/ X 4 X Partial: p-adic but not Majorana QEC

X X X X FULL DISCONFIRMATION — program refuted

Every claim above is falsifiable. The program lives or dies on experimental outcomes, not on theoretical elegance.

6. Implications

6.1 For Quantum Mechanics

If confirmed, the adelic program implies that quantum mechanics is incomplete in the same sense that Newtonian

mechanics is incomplete — it is a limiting case of a more general theory. Specifically:

* QM is the co-place projection of adelic physics
o ZBW is the first experimentally accessible window into the p-adic channels

o The measurement problem may be reframable as a completion problem: which completion of (Q does the

measurement apparatus operate in?

6.2 For Quantum Computing

The adelic approach provides a complete alternative to the standard QEC paradigm:

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 (0(1) apartment shifts)
Readout Projective measurement ZBW spectroscopy (OZBW)

Scaling Polynomial overhead in code distance 0(1) — single Majorana mode

6.3 For Fundamental Physics

The adelic framework suggests that spacetime at the Compton scale has additional structure — not continuous, not
discrete, but ultrametric. The Bruhat-Tits tree is the native geometry of the Compton scale, and the Archimedean

continuum is an emergent, large-scale approximation.
This connects to:
¢ The hierarchy problem (masses are p-adic valuations, not continuous parameters)

e The cosmological constant (vacuum energy as the p-adic "zero-point" of the adelic field)

¢ Quantum gravity (spacetime as the Bruhat-Tits building for the adele group)



7. The Research Program

Phase 1: Theory (COMPLETE)

¢ P1: Establish ZBW as p-adic observable
 P2: Compute the Z3 invariant

¢ P4: Connect to p-adic anyons

Phase 2: Experiment (DESIGNED)

o P3: Three protocols with falsifiability matrices

¢ P6: Deployed computational infrastructure

Phase 3: Hardware (PROPOSED)

e P5: Adelic QEC formalization
» Fabrication of Majorana devices with controlled ZBW coupling

+ Measurement of Oyzpw in candidate systems

Phase 4: Unification (FUTURE)

e Adelic field theory (quantization on AQ)
¢ p-Adic quantum gravity (Bruhat-Tits buildings as spacetime)

¢ Adelic cosmology (p-adic inflation, ultrametric CMB)

8. Conclusions

This paper synthesizes six companion publications into a unified research program: adelic physics. The central
claim — that physics is adelic, and the Archimedean description is the 0O-place readout of an ultrametric structure
— is supported by:

1. Computational evidence (P1, P2): ZBW transition graphs are Bruhat-Tits trees; the ZBW correlator is a Zis

invariant
2. Experimental protocols (P3): Three falsifiable measurements with specific timelines
3. Mathematical framework (P4, P5): Ostrowski's theorem, p-adic analysis, Bruhat-Tits buildings

4. Deployed infrastructure (P6): Production Worker for ultrametric analysis

The program is falsifiable at every level. It makes specific predictions that can be tested with existing or near-term
experimental technology. If confirmed, it would establish ZBW as the first experimental probe of p-adic physics and

open a new chapter in the foundations of quantum mechanics.

If refuted, the mathematical framework (Ostrowski's theorem, Bruhat-Tits trees, p-adic analysis) remains a valid
contribution to mathematical physics, and the experimental protocols (P3) provide a template for testing other

ultrametric hypotheses.

Either outcome advances the understanding of ZBW physics and the structure of quantum theory at the Compton
scale.



Changelog

¢ v2.0.0: Adversarial audit revision. Fixes: no substantive corrections required.
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The adelic physics program — six papers, one thesis, eight falsifiable predictions.



