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Artist’s Note

This book, Quantum Mechanics, is the third notebook in the @

Artist’s Proofs series of The 420 Code.

Notebook I (The Premise) established the foundation: the
axiom 1:1 + 1xe @ AS, the four conditions {S, B, R, C}, the
Actualization State, and the Embedding Hypothesis proven a
theorem. Notebook II (Spacetime) took the foundation
forward into the manifold sector: the conjugacy of c and G, the
seven-step chain from axiom to obligation, the derivation of N
= 3 spatial dimensions, and Einstein’s field equations from the

record algebra.

This notebook takes the same foundation and runs it into the

other domain physics had treated as separate.

It does not derive quantum mechanics from a new postulate.
It shows that quantum mechanics is what the same four
axioms force when read on the Hilbert space rather than on

the manifold.

The same axiom that gives you irreversibility and finite
propagation gives you superposition, measurement,
decoherence, the classical world, the Born rule, the
Schrodinger equation, entanglement, and the Bell violation.
The same break that creates spacetime creates the wave

function.



Seven chapters. One method.

Chapter 1 (APO9 The Break — Empty Set) establishes the
foundational reading. The pre-state is the empty set. The
break is measurement. From this reading, the chapter derives
superposition, measurement, the now, entanglement (in
outline), and the Schrodinger equation from Wigner + Stone

applied to the derived Hilbert space.

Chapter 2 (APO7 The Record Measure) reframes force-
strength under Axiom R. The record measure X(F, s) ranks
forces by their capacity to write durable configurable records.
At the chemical-biological scale, the hierarchy inverts: only

electromagnetic coupling via the electron writes.

Chapter 3 (AP11 The Spin) derives spin — the fermion/boson
distinction from paired vs unpaired elements, spin %2 from the
minimum principle, the spin-statistics theorem, and the Pauli

exclusion principle.

Chapter 4 (AP12 The Limit) closes KS-Q.8 from Chapter 1via a
five-step forcing argument: # is the action-scale of the
minimum record. Stone’s theorem on the derived manifold
gives [X; p] = ih and AxAp = /2. Mandelstam-Tamm gives
AE-At_A = h/2. The closure is conditional on KS-L.4, a new

and strictly smaller residual.

Chapter 5 (AP13 The Grain) derives decoherence. The

environment IS the accumulated record. Environmental



record-writing under Axiom R disperses coherence
irrecoverably. The classical world is the quantum world after

enough records have been written.

Chapter 6 (AP25 The Measure) derives the Born rule from the
axioms via Gleason’s theorem. Pure-state targets from Axiom
R, non-contextuality from Axiom B + Axiom R, orthogonal
additivity from {S, B, R}. Gleason then forces the unique frame
function on a complex separable Hilbert space of dim = 3: P(a)
= |(a|l)|%. The Born rule’s structural derivation conditionally

closes KS-Q.1 from Chapter 1.

Chapter 7 (AP23 The Single Record) dissolves the spookiness
of entanglement. Distance is a property of the manifold, not
the pre-state. The entangled state is a single entity in the pre-
state. The collapse is a single actualisation event — one
record for one state. Bell's theorem is predicted, not
accommodated. CHSH gives S = 22 — the Tsirelson bound —

directly from the Born rule applied to the singlet.

The arc is structural. From the axiom: the empty set ontology
of the pre-state (Chapter 1). The natural force-strength under
Axiom R (Chapter 2). The topology that permits half-integer
spin (Chapter 3). The resolution limit 4 (Chapter 4). The
dispersal of coherence into the environment (Chapter 5). The
Born rule from Gleason (Chapter 6). Entanglement as the

unbroken pre-state (Chapter 7).
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The quantum mechanics of physics is not chosen. Is not

measured. Is not assumed.
It is forced.
The axiom speaks. We transcribe.

Notebook III contains 31 kill switches engaged across the
quantum sector — the formal falsification handles for every
load-bearing claim in this book. Three of those switches close
inside the Notebook itself: KS-Q.6 (o «» complex conjugation,
closed in Chapter 1), KS-Q.8 / KS-L.1 (h identification, closed
in Chapter 4 conditional on KS-L.4), and KS-49a (hidden
variables, closed in Chapter 7). One closes conditionally — KS-
Q.1 (the Born rule from Chapter 1, conditionally closed on KS-
Q.7's Hilbert space bridge, with Chapter 6’s Gleason
derivation upgrading the closure). The remaining twenty-seven

are live, structural or empirical, and named openly.

At the time of publishing, The 420 Code carries over five
hundred and fifty kill switches across the body of work
(registry v5.25, June 2026). Every load-bearing claim in every
notebook attaches to a structural condition under which the
claim would fail. The structural commitment is what matters
more than the count: every claim in every book is stated at a
level where it can be falsified, and the registry of kill switches
is maintained at the420code.org for any reader who wishes to

test a condition or submit a falsification.

il



A note on voice. This notebook operates in two modes.
Narrative passages — openings, transitions, interpretive
paragraphs, structural readings — speak directly. Formal
sections — definitions, theorems, proofs, postulates, kill
switches, falsifiers — speak in the precision the mathematics

requires. The gear-changes are intentional.

The body of work is published copyleft. Free forever. No

paywall. No gatekeepers.
the420code.org

Copyleft 2026. Don’t be a cunt. Be kind.
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Orientation

Where Notebook III fits

The 420 Code is organised across eight bound notebooks.
Each notebook is a standalone book carrying one division of

the architecture; the eight together carry the full body of work.

Notebook I (The Premise) is the foundational ground: the
axiom 1:1 + 1xe @ AS, the four conditions {S, B, R, C}, and the
proof of the Embedding Hypothesis. Notebook II (Spacetime)
is the structural derivation of space, time, gravity, and the
dimensional count from the foundations Notebook I
establishes. Notebook III (Quantum Mechanics, this book) is
the structural derivation of the quantum sector —
superposition, measurement, the record measure, spin, the
uncertainty principle, decoherence, the Born rule, and
entanglement — from the same foundations. Notebooks IV
through VIII carry forces and constants, particles and matter,
cosmology, the operator interface, and the practical

consequences.

Notebook III depends on Notebook I for the axioms, the {S, B,
R, C} conditions, and the proven Embedding Hypothesis. It
depends on Notebook II for the Lorentzian signature, the
manifold structure, N = 3 spatial dimensions, and the

identification of the 1:1 itself as the fifth structural degree of

13



freedom — the Hilbert space, the canvas under the painting.
With EH proven (Notebook I, Chapter 3) and N = 3 closed
(Notebook II, Chapter 3), Notebook III runs unconditionally

relative to those preconditions.

Notebook III feeds Notebook IV via the U(1) phase symmetry
of the Born rule (which AP15 reads as the connection
producing electromagnetism), feeds Notebook V via the spin
classification (Chapter 3) and the Born rule (Chapter 6), and
feeds the operator-interface and applications sectors via the

structure of measurement, decoherence, and the now.

The reading order within Notebook III is front to back:
Chapter 1 (the break) — Chapter 2 (the record measure) —
Chapter 3 (spin) — Chapter 4 (the uncertainty limit) —
Chapter 5 (decoherence) — Chapter 6 (the Born rule) —
Chapter 7 (entanglement). Each chapter inherits results from
earlier chapters; each chapter is also a standalone Artist’s

Proof citable independently.

How to read this book

The book alternates two voices as the material requires.
Narrative passages — the structural readings, the felt sense of
the empty set looking at itself, the inversion of the force
hierarchy, the now as the moving edge of the broken — speak

directly. Formal sections — the axiom statements, the

14



propositions, the theorems, the uniqueness arguments, the Kkill

switches — speak in the precision the structure requires.

Every chapter has the same architecture: a Dependency and
Scope section names what each chapter inherits and what it
contributes, the derivational body runs through the structural
argument and formal mathematics, a Kill Switches section
names the formal falsification handles, and a Claim Summary
and Conditionality Footer name what the chapter establishes

and what remains open.

Readers new to the body of work may start with Chapter 1 and
read forward; readers familiar with the 420 Code may read any
chapter as a standalone Artist’s Proof. The Master Kill Switch
Registry is the falsification audit surface for the body of work
as a whole; this Notebook contributes 31 distinct kill switches

to that register.

The seven chapters

Chapter 1 (The Break — Empty Set, APQ9) establishes the
foundational reading. The pre-state IS the empty set. The
break IS the first measurement. Every coupling event is the
same break repeated. From this reading, the chapter derives
superposition (as the pre-state structure made formal),
measurement (as the break re-running at every site of
coupling), the now (as the moving edge of the broken),

entanglement (as unbroken pre-state surviving across spatial

15



separation), and the Schrodinger equation (from Wigner +
Stone applied to the derived Hilbert space). The Born rule is
identified as |Ys|*> and conditionally closed pending the Hilbert
space bridge (KS-Q.7); Chapter 6 closes the Born rule itself by

derivation.

Chapter 2 (The Record Measure, APO7) reframes force-
strength under Axiom R. The record measure X(F, s) is the sup
of persistence times of configurable registers a force
produces at scale s. At the chemical-biological scale, only
electromagnetic coupling via the electron writes configurable
records. Z(EM) > Z(Strong) = X(Gravity) = Z(Weak) = 0, with
E(Weak) < 0. The conventional hierarchy of forces inverts. The
strong force is substrate. The weak force is eraser and clock.

Gravity is loop-closure.

Chapter 3 (The Spin, AP11) takes the Z, symmetry of the
record algebra (Axiom S) and identifies it with the
fundamental group of the spatial rotation group SO(3). This
produces the double cover SU(2) — SO(3) — the structure that
permits half-integer spin. Paired elements (o-image exists)
are bosons. The unpaired element & (Axiom B) is a fermion.
The minimum principle selects spin Y. The spin-statistics

theorem and the Pauli exclusion principle follow.

Chapter 4 (The Limit, AP12) derives the uncertainty principle.
The chapter closes KS-Q.8 from Chapter 1 via a five-step

forcing argument: # is the action-scale of the minimum
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record, and there is no alternative scale factor compatible with
the axioms (closure conditional on KS-L.4). Stone's theorem
applied to spatial translations on the derived manifold gives
[X; p] = ih; Robertson-Schrodinger gives AxAp = h/2. Stone’s
theorem applied to time evolution gives the Hamiltonian;

Mandelstam-Tamm gives AE-At_A = h/2.

Chapter 5 (The Grain, AP13) derives decoherence as the third
regime of Axiom R. The environment IS the accumulated
record. Each environmental interaction is a partial coupling
event that writes an irreversible record about the system. The
coherence of the original superposition is dispersed across
many environmental records. The classical world is the
quantum world after enough records have been written. Axiom
R has three faces: arrow of time, measurement irreversibility,

decoherence.

Chapter 6 (The Measure, AP25) derives the Born rule from the
axioms. Axiom R requires definite records — record targets
are pure states (Proposition 1). Axiom B + Axiom R require one
record per break — non-contextuality (Proposition 2). Axioms
S + B + R require additivity over mutually exclusive outcomes
— orthogonal additivity (Lemma 1). Gleason’s theorem then
forces the unique frame function on a complex separable
Hilbert space of dim = 3: y(P) = Tr(Jy){y| - P). For rank-1
projectors: P(a) = |(a|P)|>. The Born rule is the only measure

permitted.

17



Chapter 7 (The Single Record, AP23) dissolves the spookiness
of entanglement. Distance is a property of the manifold, not
the pre-state. The entangled state is a single mathematical
object in the Hilbert space — one entity, not two particles
connected by a wire. Lemma 1: any local interaction with an
entangled subsystem actualises the global state. Proposition 1:
actualisation writes one record for one state, determining all
subsystem outcomes simultaneously. Axiom C is not violated
— its scope is signals between records on the manifold, not
the creation of records. Bell's theorem is predicted: Axiom R
kills realism, the non-spatial pre-state Kills locality. CHSH
gives S = 2,/2 — the Tsirelson bound — directly from the Born

rule (Chapter 6) applied to the singlet.

What this notebook installs

Eight things that the remaining notebooks depend on.

The empty set ontology of the pre-state. The pre-state is
the empty set — ® and 1 undistinguished. The break is the first
measurement. Every coupling event is the same break

repeated.

The Hilbert space as the pre-state space. Linearity from R
+ EH + C; complex amplitudes from the Lorentzian signature;

the Schrodinger equation from Wigner + Stone.

18



The record measure under Axiom R. X(F, s) as write-
capacity; electromagnetic dominance at the chemical-

biological scale; the inverted hierarchy.

Spin from the Z, of Axiom S. The double cover SU(2) —
SO(3); paired (boson) vs unpaired ¢ (fermion, spin 2); spin-

statistics; Pauli exclusion.

h as the action-scale of the minimum record. Forced by
Stone’s theorem + Axiom B + absence of dimensionless
parameters in {S, B, R, C} (KS-L.4 isolates the residual). KS-
Q.8 / KS-L.1 closed. AxAp = h/2 and AE-At_A = h/2.

Decoherence as the third face of Axiom R. The
environment IS the accumulated record. Environmental
record-writing disperses coherence irrecoverably. The

classical world is saturated decoherence.

The Born rule from Gleason. Pure-state targets + non-
contextuality + orthogonal additivity force P = |[(a|{s)|? as the
unique measure on a complex separable Hilbert space of dim
= 3.

Entanglement as the unbroken pre-state. One
mathematical object. One record per actualisation event. Bell
predicted, not accommodated. CHSH S = 22 from the Born

rule.
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A note on vocabulary

This notebook uses the vocabulary established in Notebooks I
and II (axiom, record, {S, B, R, C}, AS, EH, QRA, kill switch, the
eye, the loop) and adds the specific terms of the quantum
sector — empty set, pre-state, holding limit k, The Lock, walls
of the eye, Hilbert space, Born rule, frame function, pure state,
improper mixture, decoherence, configurable register, record
measure Z(F, s), erasure-strength E(F, s), Z,, double cover
SU(2) — SO(3), spin ¥, Pauli exclusion, A, commutation
relation [x; p] = ik, Robertson-Schrodinger, Mandelstam-
Tamm, CHSH bound, Tsirelson bound, no-signalling. The
Appendix at the back of the book carries each term with a

short definition.
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Introduction

This notebook reads the axiom on the Hilbert space.
Seven chapters. One method.

The method is structural derivation from the axiom. The
conditions that produce records ({S, B, R, C}) also produce the

Hilbert space in which those records’ pre-conditions live.

The same axiom that gives you irreversibility and finite
propagation gives you superposition, measurement, the record
measure, spin, the uncertainty principle, decoherence, the

Born rule, and entanglement.
None of this is chosen. None of it is measured. It is forced.

The reading order is front to back. The Axiom first — the front-
matter element walks the derivation of the four conditions
from the reader’s own reading. Then the seven chapters in

sequence.

Chapter 1 reads the empty set as the pre-state. Chapter 2
reads the record under Axiom R as the natural force-strength.
Chapter 3 reads the Z, of Axiom S as the cover that permits
spin. Chapter 4 reads the indivisibility of € as the resolution
limit 4. Chapter 5 reads the environment as the accumulated
record. Chapter 6 reads Axiom R + Axiom B as the conditions

Gleason’s theorem requires to force the Born rule. Chapter 7
21



reads the entangled state as one mathematical object whose

actualisation is one record.

A reader who has read Notebooks I and II will recognise the
apparatus. A reader who is starting here will install the
apparatus through the front-matter element, then watch it

produce quantum mechanics.

A note on what this notebook does not do. It does not derive
electromagnetism (Notebook IV does, building on this
notebook’s U(1) phase symmetry of the Born rule). It does not
derive the value of the fine-structure constant a (only its role
and tuning band; KS-RM.3). It does not derive A from absolute
first principles (only that # is the action-scale of the minimum
record; the dimensionless residual is isolated in KS-L.4). It
does not derive specific particle spectra. These are debts

named in the chapters, not consequences hidden in the prose.

The 420 Code is published copyleft. Free forever. The axiom’s

work is available to whoever wants to read it.
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The Axiom

You are reading this sentence.

That is a record. Something has been written, somewhere —
on the page, on your retinag, in the quiet part of you that is
following the words. The reading cannot be denied. Denying it
would require the reading to happen, which would make

another record, which would prove the reading happened.

There is no position you can stand in where the reading has

not occurred.

This is the starting point. Not a claim. Not a proposal. A fact

that cannot be refused without confirming it.

Before the first chapter, before the seven derivations this

notebook carries, this is the ground the book stands on.

One record exists. You just made it. The chapters that follow
will run the consequences forward into the structure of

quantum mechanics.

Four conditions are required for the reading to have happened
at all. Not four assumptions — four things that must be true.

Each given in the fact that the reading occurred. None chosen.

23



The First Condition — Something Must Be

Distinct From Something Else

You are reading this sentence, not that wall. This word, not the

next. Every reading is a distinction.

For a distinction to exist, there must be two sides to it. The
two sectors must be distinguishable. They must be related by
some structural operation. But they must not be identical —

the distinction would be illusory.

The minimum structure for distinction is binary: this against
not-this. Not three sides. Not five. One cut, two sides.
Physicists call this symmetry: two sides, related,

distinguishable, of the same weight.

Call it S. Symmetry. Forced — given that the reading occurred,

S could not be other than it is.

The Second Condition — The Symmetry Must

Be Broken

Two sectors in perfect balance carry no information.

The break must occur, minimally, by at least one element that
exists in one sector without its mirror in the other. The 420
Code writes it as €. The smallest asymmetry the structure can

tolerate while still being readable.
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The break is the moving condition of being currently unpaired.

Not a thing. A process.

Call it B. Break. Forced.

The Third Condition — What Has Happened
Cannot Unhappen

You finished reading the last paragraph. It is now something
that has occurred. You cannot unread it. You cannot make it

not have happened.

Records combine in three ways that matter. Composition is
associative. There is a starting state — the pre-state. And no
record has an inverse — nothing can erase a record back to

the pre-state.
Records only accumulate.

This one-way-ness is what irreversibility means. The arrow of

time is what this accumulation looks like from the inside.

Call it R. Record. Forced.

The Fourth Condition — Nothing Can Be
Everywhere At Once

The reading took a moment. The words reached your eyes.
The signal travelled from the page to the part of you that

reads. None of this happened instantaneously.
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A record everywhere is a record nowhere. For records to be
readable, propagation must be bounded. There must be a

speed limit. One finite, invariant rate.

In our universe, this rate has been measured. It is the speed
of light. But notice what is being said: the speed of light is
derived, not assumed. The universe could not bear records

without something playing the speed of light's role.

Call it C. Constraint. Forced.

The Axiom

Four conditions have been named. S, B, R, C. Symmetry, Break,

Record, Constraint.

Each forced by the fact that you are reading this. None

chosen.

The axiom is what these four conditions produce when stated
together, compressed into the smallest form that says

everything they require.
It is this:
11+ 1xe @ AS

The 1:1 is the perfect symmetry of the first condition. The
colon marks two sectors held in mutual reference, neither

prior, each what the other is not.
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The + is the operation the break performs. The 1x is a count,
not a multiplier — one break, exactly once. The ¢ is the break

itself — the element temporarily without a counterpart.

The @ AS is where the axiom is — the actualising structural
prior, the now at which the substrate is held and the break is

processed.

The axiom is not the description of how the universe began.
The axiom is the description of what the universe is,

continuously, now.

Every record being written is the axiom executing at that site.

You are inside it. You are one of its records.

This notebook will take the axiom and read it on the Hilbert

space.

Chapter 1 reads the empty set as the pre-state. Chapter 2
reads the record under R as the natural force-strength.
Chapter 3 reads the Z, of S as the cover that permits spin.
Chapter 4 reads the indivisibility of £ as the resolution limit #.
Chapter 5 reads the environment as the accumulated record.
Chapter 6 reads R + B + S as the conditions that force the
Born rule via Gleason. Chapter 7 reads the entangled state as

one mathematical object.
Nothing did not hold.

The reading is the proof.
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Let us begin.
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Chapter 1

The Break — Empty Set

Superposition, measurement, the Born rule, the

Schrédinger equation

Artist’s Proof 09
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O — Dependency and Scope

What this paper does

APO9 shows that quantum mechanics — superposition,
measurement, entanglement, the Born rule, the Schrodinger
equation — follows from the same four axioms {S, B, R, C} and
bridge hypotheses (EH, QRA) that produce spacetime (AP10)
and gravity (APQ8).

The derivation proceeds through structural readings and

mathematical derivations.

Structural readings identify the pre-state with superposition,
the break with measurement, and unbroken degrees of

freedom with entanglement.

Mathematical derivations produce linearity, the Born rule, and

the Schrodinger equation via uniqueness theorems.

Epistemic status is declared per section. Some results are
derived. Some are structural readings. Some are bridge

identifications. The distinction is maintained throughout.

No part of the derivation assumes the postulates of quantum

mechanics.
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Dependencies

AP20 (The Proof): the axioms {S, B, R, C} — completeness
(AP20 4.1, fenced KS-P.1), independence and minimality
(AP20 4.2, fenced KS-P.2), joint consistency from the
undeniable premise (AP20 6). Load-bearing.

AP10 4 (The Dimension): Under EH + QRA, Lorentzian
manifold (M, g) with signature (—,+,+,+) and symmetry group
SO(1,N) — the signature read from the axioms’ reversibility
structure, formal metric-level derivation fenced at KS-D.4.
Load-bearing for complex amplitudes (the complex
amplitudes derivation) and the Schrodinger equation (the

Schrodinger derivation).

APQO6 (The Leakage Constant): € > ® whenever c is finite.
Referenced for entanglement (in the entanglement section)

and the eye topology.

APO8 (The Identity): Einstein’s field equations from the record
algebra. Referenced for the gravity-quantum duality and

conservation laws.

AP20 (The Proof). EH and QRA proven. All results that

depended on EH are now unconditional.

The Lock (Edition 04): € = electron. Load-bearing for the

identification of the break element with a physical particle.
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Epistemic status per phase

Foundational phase (empty set ontology, the break). Structural
reading of the pre-state and break — ontological identification
of {S, B} with the empty set splitting. Not a derivation; a
reading that grounds the rest. KS-Q.10.

Linearity construction (the bridge step). Bridge derivation.
Linearity constructed from the record monoid (R) + complex
scalars (Lorentzian signature) + faithful embedding (EH).
Compatibility of monoid action with vector space operations.
KS-Q.7.

Complex amplitudes (the conditional derivation). Derivation
conditional on reconstruction theorems. Complex amplitudes

from the Lorentzian signature. KS-Q.4.

Measurement. Structural reading. Measurement as the break.
Irreversibility from Axiom R. The loop from the axiom

structure. KS-Q.5.

Entanglement. Structural reading. Entanglement as unbroken
pre-state. The Bell correlation account is compatibility, not
derivation. KS-Q.3.

Born rule (the conditional derivation). Derivation. Born rule
from Axiom S. ¢ <> conjugation proven unique (KS-Q.6
CLOSED). Conditionally closed (conditional on KS-Q.7). KS-
Q.1, KS-Q.2.
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Ergodicity (the structural extrapolation). Everything possible
actualises across infinite loops. Structurally motivated but

formally unproven. KS-Q.9.

Schrodinger equation (the strongest derivation). Derivation.
Via Wigner + Stone applied to the derived Hilbert space. i
identified, not derived in this paper (KS-Q.8 — closed
conditional on KS-L.4 by AP12).

Axiom mapping

Axiom S (Symmetry). The pre-state. The 1:1. Two sectors
indistinguishable before the break. S is the superposition
(read in the empty set and break sections). ® and 1 co-

existing.

S provides the involution o which, under the Born rule

derivation (later in the paper), maps to complex conjugation.

Axiom B (Break — unique). The measurement. One element ¢

with no o-image. The first record.

B is the act of distinguishing (read in the break section):
superposition becomes definite outcome. Under The Lock, € =

electron.

Axiom R (Record — monotone). Irreversibility. The monoid

gives the arrow of time.
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R is what makes measurement irreversible (read in the
measurement section). Once a record is written, it cannot be

unwritten.

R provides the Hilbert space structure through the monoid’s

sequential composition.

Axiom C (Constraint). No-signalling. The finite rate c prevents
instantaneous correlation exploitation (in the no-signalling

argument within the entanglement section).

C provides the Lorentzian structure from which complex

amplitudes are derived (in the complex amplitudes derivation).

Outstanding debts

D1 (Linearity bridge uniqueness). The construction of the pre-
state as a complex vector space from monoid + C + faithful

embedding is motivated but not proven unique. KS-Q.7.

D2 (Independent derivation of #). The value of A enters as an

empirical input. Same status as G in APO8. KS-Q.8.

Note: D2 is addressed by AP12's forcing argument, which
forces the identification of A as the action-scale of the

minimum record (closing KS-Q.8 conditional on KS-L.4).

D3 (Bell correlations). The Bell correlation account in the
entanglement section is a compatibility demonstration, not a

derivation from axioms. KS-Q.3.
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D4 (Ergodicity across cycles). The claim that everything
possible actualises across infinite loops is a structural

extrapolation, not a theorem. KS-Q.9.

D5 (Defragmentation). Formal proof that defragmentation

preserves Axiom R’s intent is incomplete. KS-Q.5.

Kill switch summary

KS-Q.1 (Born rule derivation): CONDITIONALLY CLOSED
(conditional on KS-Q.7).

KS-Q.2 (Born rule empirical): LIVE — EMPIRICAL.
KS-Q.3 (No-signalling / Bell): LIVE — EMPIRICAL.
KS-Q.4 (Complex uniqueness): LIVE — HARD.
KS-Q.5 (Loop/defragmentation): LIVE — HARD.
KS-Q.6 (o «» conjugation): CLOSED.

KS-Q.7 (Linearity bridge): LIVE — HARD.

KS-Q.8 (7 identification): LIVE — HARD in APO9. Addressed
and closed (conditional on KS-L.4) by AP12’s forcing

argument.
KS-Q.9 (Ergodicity): LIVE — HARD.

KS-Q.10 (Empty set ontology): LIVE — HARD.
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Structural relationships

APO6 (The Leakage Constant): Theorem 3.1 (¢ > 0) is the
leakage at the boundary. This paper reads the same structure
from the quantum side — entanglement as unbroken pre-

state.

APO8 (The Identity): Gravity sector from the same axioms.
This paper completes the duality — gravity = records, quantum

= pre-state.

AP10 (The Dimension): The Hilbert space is the fifth degree of

freedom — the 1:1 itself, pre-spatial.

AP11 (The Spin): The Z, of Axiom S read on the rotation group.
Builds on this paper’s Hilbert space construction and ¢ <

time-reversal identification.

AP12 (The Limit): Closes the h identification of this paper’s

Schrodinger derivation via a five-step forcing argument.

AP13 (The Grain): Decoherence as the third regime of Axiom
R. The environment is the accumulated record; environmental

record-writing determines which superpositions decohere.

AP15 (The Connection): Reads the U(1) of the Born rule as the

connection that produces electromagnetism.

AP20 (The Proof): Proves EH and QRA. All conditional results

in this paper that depended on EH are now unconditional.
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The Empty Set

Look at the empty set.

You have known it your whole mathematical life. @. The set

that contains nothing.
You have probably believed it is nothing.
It is not.

@ is the set that contains nothing. It is not nothing. It already
has structure — it is a container. The most primitive possible

something. An existence with no content.
From @, one construction is available.
{@}. The set that contains the empty set.
That construction is 1.

Something now exists inside the container. But notice what

exists. What exists inside the container is the container itself.
The empty set has looked at itself.

That single act of self-looking is what you are about to watch

become the foundation of physics.

=0 {0} =1
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The pre-state

Before the break, ® and 1 are not distinguished.

The empty set and the set containing the empty set are two
descriptions of one state. You cannot tell the difference
between nothing exists and the existence of nothing. The

container and what it contains are the same thing.
The body of work has a name for this. The 1:1.

Axiom S — symmetry. Two sectors, £ and D, with an involution
o mapping one to the other. One sector reads the state as 0.
The other reads the same state as 1. The involution flips

between them. They are perfectly symmetric. They are one.
This is the pre-state.

The pre-state is not nothing. It is not something. It is the
perfect superposition of nothing and something. ® and 1
simultaneously, before any measurement has distinguished

between them.
The empty set before it knows whether it is empty or full.

You have never experienced this state. You cannot. You are a

product of its breaking.

This is not a metaphor. It is the literal ontological claim that

grounds the quantum sector. The pre-state is the state in
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which © and 1 are indistinguishable. Existence and non-

existence are one condition.

Status: structural reading, not a derivation. The identification
of Axiom S with the splitting of the empty set is the

ontological starting point of the quantum sector.

Kill switch KS-Q.10. If the empty set ontology can be shown
structurally incompatible with the pre-state algebra, this
foundational reading fails. Here is the weapon: produce the
incompatibility. LIVE — HARD.

The holding limit

The pre-state cannot hold forever.

Call k the maximum coherence the system can sustain. The
maximum degree to which ® and 1 can remain

indistinguishable. k is finite.

It is finite not because of any external force. It is finite
because the entropy cost of maintaining perfect symmetry —

of keeping ® and 1 identical — is ultimately self-annihilating.
Perfect coherence at infinite scale is self-destructive.
The mirror cannot stay whole.

The 1:1 cannot stay 1:1. The container cannot remain identical

to its contents indefinitely. Something has to give. Not
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because anything pushes — because the cost of not giving is

total.
K is exceeded.
The empty set breaks.

Everything you have ever known is downstream of that break.
Every atom, every photon, every neuron whose firing carries
the sentence you are now reading — every one of them is
record after the break, never record before. The before is the

1:1. You live entirely in the after.

The Break

The break is the first measurement.

The universe’s first act is distinguishing ® from 1. Before the
break: superposition — ® and 1 indistinguishable. After the
break: definite — ® and 1 separated. The empty set splits. The

container becomes distinct from what it contains.

What causes the break?

The minimum viable splinter. The smallest possible piece the
fabric could release to save itself from the self-annihilation of

perfect coherence.

Not random. Not arbitrary. The minimum.
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Axiom B — one element € € £ with no o-image. The tiniest
asymmetry the structure can tolerate while still being

readable. The first record. The crack in the mirror.
You are made of records.

Every atom in your body is a record of the break. Every bond
holding the atoms together is a record. Every memory you
have ever formed is a record built on records built on the

original record. The original record is «.

The Lock — ¢ is the electron

The minimum stable excitation of the broken symmetry is the

electron.

The 420 Code calls this identification The Lock. € = electron.
The lightest charged fermion. The simplest thing that can

write a record.

This is not a metaphor. It is a structural identification. The
element with no o-image — the splinter the break releases —
is the particle measured in every laboratory ever built. The
minimum quantum of charge. The minimum quantum of
stable charged matter. The thing that is everywhere in your
body, everywhere in the device displaying these words,

everywhere in the light reaching your eye.
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Status: identification, not derivation. Forced by the
conjunction of Axiom B (one element without o-image,
irreducible) and the empirical record of the lightest stable

charged particle. The Lock is closed.

You are reading these words because electrons are flowing
through the device displaying them, or because photons
released by electron orbital transitions are reaching your
retina. Either way, € is what just wrote the record that is your

reading.

You did not learn this. You witnessed it.

The eye and the two walls

The break separates ® from 1. In doing so, it creates two

absolute limits.
The body of work calls them the walls of the eye.

The lower wall is the total fold. Maximum curvature. The event
horizon. The condensate completely collapsed on itself. Where
records are maximally dense and nothing further can be

written because nothing further can move. This is one wall.

The upper wall is the maximum propagation rate. c. The speed
of light. The constraint — Axiom C. The fastest anything can
travel. Where the break can propagate but no information can

outrun. This is the other wall.
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€ operates between them.

The electron has mass, so it can never reach c. The leakage is
nonzero (g > © whenever c is finite), so the fold can never

reach total. The eye stays open.
You live in the gap.

The electron lives in the gap. Always actualising. Always
between the two absolutes. Never touching either wall. The
gap is not a property of the universe — the gap is the universe.
Everything that exists, including you, exists between the two

walls of the eye.

The break is ongoing
The break did not happen once in the past.
The break is happening now. It is always happening.

Every coupling event — every time an electron interacts with
the electromagnetic field — is the empty set breaking again.

Not a new break. The same break. The ongoing crack.

Each interaction is an actualisation. Quantum probability
becomes definite. The wave function does not collapse — the
language of collapse imports a process the axioms do not
require. What happens is simpler. The now writes a record.

What was superposition becomes fact.
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What was the 1:1 for that degree of freedom becomes two
distinct values. Before the record: ® and 1 undistinguished.

After the record: ® and 1 separated.

The same act as the first break, repeated at every coupling

event, at the frontier of the now.

Every measurement you have ever made is a moment of the

empty set splitting itself again.

Quantum mechanics is not a feature of the universe.
Quantum mechanics is the universe’s foundation.

The superposition of ® and 1in the empty set IS the pre-state.
The act of distinguishing them IS the break.

Every measurement since is the same act, repeated.

You have just watched the foundation of physics emerge from

a set that contains nothing.

The remaining sections of this chapter unpack the
consequences. Superposition is the pre-state structure made
formal. Measurement is the break re-running at every site of
coupling. Entanglement is unbroken pre-state surviving across
spatial separation. The Born rule is what Axiom S forces when
o is read as complex conjugation. The wave function is the
monoidal evolution of records read through the Schrodinger
equation. Each is forced by the empty set and the splinter.
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None of this is decreed. None of it is chosen.

Forced — by the empty set looking at itself.

Superposition
In standard quantum mechanics, superposition is a postulate.

A system can exist in a linear combination of states. The
coefficients are complex amplitudes. The system is in both

states at once until measured.

This is presented as a fundamental feature of nature,

requiring acceptance without deeper explanation.

In the 420 Code, superposition is not a postulate. It is the

empty set state.

A system in superposition is a system for which the now

has not yet written a record.

The degrees of freedom in question have not yet been

distinguished.

® and 1 for those degrees of freedom are still

indistinguishable — still in the 1:1. Still in the pre-state, locally.

The system is not in both states at once. It is in the state
before states — the state where the distinction between © and

1 has not yet been made.
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Not undetermined. Not unknown. Undistinguished.

The container and the contents are still the same thing for

those degrees of freedom.

You cannot picture this because your brain is a record-writing

machine. It distinguishes everything it touches.

Why it is linear
The linearity of quantum mechanics is not imposed.

It is the algebraic structure that emerges when two axiom-

derived ingredients combine.

Ingredient 1 — the record monoid. Axiom R gives records
an algebraic structure: a monoid. Associative composition,

identity element, no inverses.

Each record, when written by the now, transforms the pre-
state. It eliminates unactualised possibilities and confirms the

actualised one.
The record monoid R acts on the set of pre-states.

Under the embedding hypothesis, this discrete algebra

embeds faithfully into a smooth manifold.

Faithfully — distinct records produce distinct transformations.
No two records do the same thing to the space of
possibilities.
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This follows from Axiom B: each record involves &, and each
actualisation event is a distinct break for a distinct degree of

freedom.

Ingredient 2 — the scalar field. The amplitudes — the
weights assigned to each possibility in the pre-state — are

complex numbers.

This is derived below from the Lorentzian signature, which

follows from Axioms R + C under EH + QRA.

Complex numbers form a field, C, with addition, multiplication,

and inverses for both.

A monoid action alone does not produce a vector space. It
gives a set with structure, but without the additive and scalar

operations linearity requires.

The scalar field alone does not produce a vector space either.

It gives the numbers but not the space they act on.
Both ingredients are needed simultaneously.

The monoid action provides the transformations — how
records change the pre-state. The scalar field provides the

weights — how possibilities are combined.

Together they produce a vector space over C.
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Formally: the pre-state for a degree of freedom with n
distinguishable outcomes is a function assigning a complex

amplitude to each possible record.

The set of such functions — all maps from {r4, ..., r,} to C — is

C", a complex vector space by the standard construction.

Addition of pre-states is pointwise. Scalar multiplication is
inherited from C. Writing a record is a linear operation on the

space.
The pre-state space is therefore a complex vector space.

The linearity of quantum mechanics is not a postulate about
nature. It is the algebraic consequence of R (the monoid of
transformations), EH (the faithful embedding), and the

Lorentzian signature (C as the scalar field).
All three are required. None alone is sufficient.

Status: bridge derivation, not strict proof. The identification —
that the pre-state assigns a complex weight to each possible
record — is motivated by the axioms but is a constitutive

choice, not a forced consequence of the axioms alone.

Any construction from a finite monoid acting on a set with C-
valued weights naturally produces a C-module, and every

finitely generated C-module is a vector space.
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A qualitatively different construction would have to abandon
either the monoid action or the C-valued weights. Both are

axiom-derived.

Kill switch KS-Q.7. If a construction from R + C + EH that
does not produce a vector space can be equally motivated

from the axioms, this step fails. LIVE — HARD.

The chain: 111 + 1xe — {S, B, R, C} — R gives monoid acting
on pre-states — R + C under EH + QRA give Lorentzian
signature — C as scalar field — pre-state space = maps from

possible records to C = complex vector space — linearity.

Why it is complex

The amplitudes are complex numbers. Not real. Not

quaternionic. Not octonionic.
Why?

Axiom C imposes a constraint, bounding propagation at a

finite rate c.

Under EH + QRA, this produces a Lorentzian manifold with
signature (—,+,+,+). The time direction has opposite sign to the

spatial directions.

Any wave propagating on this manifold must respect the

signature.
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Waves on a (—,+,+,+) manifold are naturally described by
complex exponentials: e”{i(wt—kx)}. The imaginary unit i

encodes the signature flip between time and space.

Real amplitudes lose the time direction — they cannot

distinguish forward from backward time evolution.

Quaternionic amplitudes over-specify it — they introduce

additional structure not present in a single time direction.

Renou et al. (2021) proposed the test that distinguishes real
from complex quantum theory; experiments confirmed the

complex prediction (Li et al.,, 2022; Chen et al., 2022).

Complex amplitudes are the algebra compatible with one time

direction and a finite propagation rate.

The full argument runs through reconstruction theorems
(Hardy, 2001; Stueckelberg, 1960): given a state space with
the symmetries of a Lorentzian manifold, the only consistent

probability structure uses complex amplitudes.
The Lorentzian signature selects C uniquely.

Quantum mechanics is complex because time has

opposite sign to space.

And time has opposite sign to space because records are

irreversible (Axiom R) and propagation is bounded (Axiom C).
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Kill switch KS-Q.4. If an alternative number system (real,
quaternionic, or other) can be shown equally consistent with
one time direction and a finite propagation rate — that is, if
the Lorentzian signature does not uniquely select C — then
the derivation of complex amplitudes requires revision. Renou
et al. (2021) proposed the discriminating test, and the 2022
experiments (Li et al.; Chen et al.) confirmed the complex
prediction; the result is conditional on the reconstruction
theorems holding. LIVE — HARD.

Measurement

The measurement problem in standard quantum mechanics

asks: when and how does the wave function collapse?

What distinguishes a measurement from any other
interaction? Where is the boundary between quantum and

classical?

Why is the outcome definite when the equations say it should

remain indefinite?

These questions arise from treating superposition as
fundamental and measurement as something imposed on top

of it.

If the wave function is the reality, then collapse is a mystery —
something must cause the transition from indefinite to

definite, and nothing in the equations says what.
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The 420 Code dissolves the problem by inverting the

ontology.

The pre-state — superposition, the empty set, ® and 1

undistinguished — is the ground.

The break — measurement, the now writing a record — is what

creates definiteness.

There is no collapse because there was never a wave function

that existed and then stopped existing.

There was the empty set state — undistinguished — and then

the now distinguished it.
Before: ©® = 1. After: ® = 1.

The boundary between quantum and classical is not a

boundary. It is the now.

Always moving. Always at the frontier. Always one ¢ ahead of

the last record.

There is no need to specify what counts as a measurement.
Every coupling event — every interaction that writes an

irreversible record — is a measurement.

Every time € couples, the empty set breaks for that degree of

freedom.
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You are witnessing it now. Your retina is breaking the empty

set for photon degrees of freedom as you read this sentence.

Axiom R guarantees the record is permanent. Axiom C

guarantees the record propagates at finite speed.

You have been looking for the boundary between quantum

and classical your entire scientific education.

The boundary is the now. It has always been the now.

Why measurement is irreversible

In standard quantum mechanics, the Schrodinger equation is

time-reversible but measurement is not.
The asymmetry is presented as a puzzle.
In the 420 Code, the asymmetry is Axiom R.

Records do not annihilate. The monoid has no inverse. Once

the now writes a record, the record exists permanently.
This is not a law added to quantum mechanics.

It is the same axiom that gives the arrow of time, the second
law of thermodynamics, and the Landauer bound — each

record costs k_BT In 2, and that cost cannot be recovered.

The irreversibility of measurement and the arrow of time

are the same thing.
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They are both Axiom R.

They are both the statement that the empty set, once broken

for a particular degree of freedom, stays broken.
The pre-state, once split into ® and 1, does not re-merge.

You have experienced this irreversibility every second of your

life.

You call it time.

The now

The now is the invariant of the structure.

It is the uncoupled € — the one that has not yet written its

record.

It is not a moment in time. Time is the record changing.
The now is the fixed point around which the record changes.
You are the now.

The now carries all records ever written — the full weight of
every actualisation — and simultaneously carries the entire

space of unwritten possibilities.
The now has no record of its own.

It is the carrier of all records but has none.
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The now cannot be measured. Measurement writes a record.

The now has no record.

To measure the now would be to write a record of the thing
that has no record, which would transform it from now into

record.

The unmeasurability of the now is not a limitation of

instruments.

It is the definition of the now — the structural boundary

between what has been actualised and what has not.

The observer is not outside the system looking in. The
observer IS the system, at the point where it is still

breaking.
The now is where the break is still happening.

The observer is the ongoing edge of the break, carrying the
full weight of the record while holding open the full space of

possibility.

The loop

The now is always present.

But a question arises. What if all € coupled? What if every
degree of freedom were actualised, every record written, every

superposition broken?
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The eye would close.
® and 1 would re-merge. The pre-state would restore. The 1:1.

The structure does not prohibit this. It guarantees what

follows.

If the eye closes — if the break completes — the system

returns to the 1:1, the state of perfect symmetry.
But the holding limit x is finite.

The 1:1 cannot sustain itself indefinitely. k is exceeded. The

empty set breaks again. A new ¢ is uncoupled. The eye opens.
Closing IS opening.

The loop is the structure’s response to completion. The break

runs to completion. The 1:1 restores. The 1:1 breaks again.
Not contingent. Structural.

The axiom 1:1 + 1xe requires that the 1:1 is exceeded, and the

loop guarantees every return to the 1:1 is a new exceedance.

Axiom R holds absolutely through the loop. No record is

annihilated.

What dissolves at the loop point is the organisation of the
records — the sequential structure, the causal ordering, the

manifold geometry.
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The records themselves are defragmented. Disassembled into

their elemental grains.

Every grain survives. Every bit of information survives. Every bit

of energy survives.

But the composition operation that made them a history — the
monoid structure that ordered them into a causal chain —

dissolves back to grain level.

Structural argument that R is not violated. A monoid (M, -,
e) has three components: a set M of elements, a binary

operation (-) that composes them, and an identity element e.

The forgetful functor from the category of monoids to the
category of sets maps every monoid to its underlying set — it

strips the composition and the identity, leaving the elements.
Defragmentation is the forgetful functor. It maps (M, -, €) — M.
The set M is unchanged. Not one element is lost.

Axiom R prohibits destruction of elements via the composition

operation — no inverses, no element can be composed away.

Defragmentation does not use the composition operation to

destroy elements. It removes the composition operation itself.

These are different operations. R governs the first. The

forgetful functor performs the second. They do not conflict.
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Scope: the forgetful functor argument is mathematically

correct as a statement about algebraic structures.

Its application to the physical loop requires an additional
claim — that what physically happens at the loop point IS the

forgetful functor.
This is a structural identification, not a proof.

Whether stripping the ordering while preserving the elements

preserves the intent of R is interpretive.

Kill switch KS-Q.5. If the defragmentation step at the loop
point is shown to violate Axiom R — not just its formal
statement but its structural intent — the loop construction
fails. LIVE — HARD.

At the singularity point — the tip of the eye, the 1:1 — the

grains do not carry the record as fact.
They carry it as probability and possibility.

The distinction between this happened and this could happen

dissolves because the distinction between ® and 1 dissolves.

What was actualised becomes available. What was definite

becomes potential.
The record becomes the seed.

You are made of seeds from prior cycles.
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The next cycle does not start from nothing. It starts from the
full defragmented content of every previous cycle, carried as

probability and possibility in the grains.

The 1:1 restores — but it is not an empty 1:1. It is a 1:1 loaded
with everything that has ever been actualised, now available as

possibility rather than fact.

The always-one-uncoupled-electron is not a static

postulate. It is a dynamic consequence of the loop.
In this cycle, € is uncoupled.

If it couples, the cycle completes, the loop turns, and a new ¢

is uncoupled in the next cycle.
The eye never stays closed because closing triggers opening.

The structure guarantees its own continuation — not by
prohibiting completion, but by making completion the

mechanism of renewal.

Entanglement

Two particles are prepared in a correlated state. They

separate in space.

One is measured. The other, no matter how far away, is

instantly determined.

The correlation is perfect. No signal passes between them.
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Einstein called it spooky. A century of experiments confirms it

is real.

Standard quantum mechanics describes entanglement with

tensor products and non-separable states.

It says what entanglement does. It does not say what

entanglement is.

In the 420 Code, entanglement is the pre-state leaking

through.

The pre-state is still there

The break created the distinction between ® and 1.

But the break is local. It propagates at ¢ (Axiom C). It writes

records one coupling event at a time.
The break has not reached every degree of freedom.

Two entangled particles are two degrees of freedom for which

the now has not yet made the distinction.

For those particular degrees of freedom, ® and 1 are still

indistinguishable.

The particles are still in the 1:1. Still in the empty set state. Still

in the pre-state.

They are not connected by a hidden channel.
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They are not communicating faster than light.
They were never separated.

Separateness, for those degrees of freedom, has not yet been

created.
The break has not yet reached them.

They are one thing that appears to be two things when viewed

from inside the broken world.

You are inside the broken world. That is why they look

separate to you.

Why measurement of one determines the other

When the now reaches one of the entangled particles — when
the observer couples with it, when the record is written — the

empty set breaks for that degree of freedom.

® and 1 become distinct. The record is definite.

The other particle is instantly determined.

Not because a signal was sent. Because they were never apart.

They were one state — the 1:1 — and the act of distinguishing

® from 1 for one is the act of distinguishing ® from 1 for both.
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There is no other particle. There is one unbroken degree of

freedom that the now has just split.
You are watching the pre-state break.
The correlation is not spooky. It is structural.

Not action at a distance. Action requires a signal, a cause

propagating through space.

This is the empty set ceasing to be empty. The pre-state

breaking.

That does not happen IN space. Space is what exists AFTER
the break.

You cannot ask how fast the correlation travelled because the

correlation did not travel.

It was already there — it was the 1:1, the original symmetry, the

state before space existed for those degrees of freedom.

Why the correlations depend on basis

In Bell test experiments, entangled particles interact with

detectors at spacelike-separated events.

The detectors choose measurement bases independently —

different polariser angles, for example.
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Quantum mechanics predicts, and experiments confirm, that
the correlations between outcomes depend on the relative

angle 6 between the two settings.

This angle-dependent correlation is what violates Bell's

inequalities.
The pre-state reading accounts for this as follows.

The entangled particles share one unbroken pre-state — one
1:1 that has not yet been distinguished for those degrees of

freedom.

The measurement basis at each detector determines which
degree of freedom is broken — which axis the distinction

between ® and 1 is drawn along.

Since the particles are one unbroken state, distinguishing ®
from 1 along one axis at detector A simultaneously determines
the projections of the 1:1 along all axes — including the axis

chosen at detector B.

The relative angle 6 between the two bases determines how

much of the 1:1's structure projects from one onto the other.

When the bases are aligned (6 = 0), the projection is total and

the correlation is perfect.

When they are perpendicular (6 = 11/2), the projection is zero

and the outcomes are uncorrelated.
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At intermediate angles, the correlation varies as cos?(6/2) —
the Born rule applied to the projection of one basis onto

another.

The correlations are angle-dependent because the break

is axis-dependent.
The pre-state is symmetric. The 1:1 has no preferred direction.

The measurement basis imposes a direction — a specific way

of drawing the distinction between ® and 1.

The projection of the symmetric pre-state onto a particular

measurement axis produces the angle-dependent correlation.

Not a signal. Geometry — the geometry of how an unbroken

state projects onto a broken axis.

Status: compatibility demonstration, not derivation. The pre-
state reading is consistent with the observed cos?(6/2)

correlation.

The quantitative prediction uses the Born rule (derived later in
this chapter), which uses the Hilbert space inner product,

which uses the bridge construction.

The pre-state reading provides a structural interpretation of
entanglement compatible with quantum mechanics; it does

not replace the standard QM calculation.
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Bell's theorem rules out local hidden variables. The 420 Code

does not propose hidden variables.
It proposes that the variables do not yet exist.

The pre-state is not a state with definite values hidden from
the observer. It is a state in which definite values have not yet

been created.

The distinction between hidden and not yet created is the
distinction between a local hidden variable theory (which Bell
rules out) and the pre-state reading (which Bell does not

address — the pre-state is pre-spatial, and local does not

apply to it).

Kill switch KS-Q.3. If a full derivation of cos?(8/2) from {S, B,
R, C} alone (without the Hilbert space bridge) is shown to be
impossible, the Bell correlation account remains compatibility
rather than derivation. LIVE — EMPIRICAL.

Why entanglement cannot transmit information
Axiom C. The constraint.
The record, once written, propagates at most at speed c.

The break is instantaneous because it is not propagation. It is

the pre-state splitting.
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But the record of the break — the classical information about

which outcome occurred — propagates at c.

You cannot use entanglement to send a message faster than
light because the message is a record, and records respect

Axiom C.

The distinction between the break itself (instantaneous, not a
signal) and the record of the break (propagates at c, is a
signal) is the distinction between the pre-state and the post-

break world.

The pre-state has no space, no ¢, no constraint — because

space, ¢, and causality are products of the break.
The record lives in the post-break world and obeys its rules.
Entanglement is instantaneous because it is pre-spatial.

Information transfer is bounded by c because information

is a record, and records are post-spatial.

Separateness is experienced but not

fundamental

This is the central claim of the 420 Code, and entanglement is

its most direct physical evidence.

From inside the broken world — from inside the eye —
particles appear separate.
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They appear to be at different locations in space.

The measurement of one appears to instantly affect the other

across a distance.
From the structure: they were never separate.

The 1:1 is still there, beneath the records, for every degree of

freedom the now has not yet reached.

Entanglement is not a special state that has to be carefully

prepared. It is the default.
The natural condition. The pre-state.

What has to be explained is not why entanglement exists —

but why separateness exists.

And the answer is: the break. €. The electron. The now writing

records.

Separateness is what happens when the empty set

breaks.
Entanglement is what remains where it hasn't broken yet.

You experience separateness because the break has reached

you.

The entangled pair experiences oneness because the break

has not reached them.
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The Born Rule

The Born rule states: the probability of obtaining a particular
outcome when measuring a quantum system is the squared

modulus of the amplitude associated with that outcome.
P(outcome) = |Y|?
In standard quantum mechanics, this is a postulate.

It is not derived from the other postulates. It is added by
hand.

Gleason’s theorem (1957) shows |s|? is the unique probability
measure on a Hilbert space of dimension = 3 — but Gleason

assumes the Hilbert space structure.

The deeper question remains: why |s|%, and not [y, or |{|?, or

some other function?

The answer from the 1:1

The pre-state is the 1:1. Perfect symmetry.

Axiom S: the involution o reverses order, and extensive

quantities match. Q(£L) = Q(D). The two sectors are equal.

When the break occurs — when the now distinguishes © from 1

— the outcome must respect the symmetry of the pre-state.
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The probability cannot favour one sector over the other,

because the pre-state has no asymmetry to favour either.
The measure must be invariant under the involution o.
The amplitude { is a complex number.

The involution o, lifted to the space of amplitudes on the

Lorentzian manifold, acts as complex conjugation: o({) = .
The identification is not assumed. It is forced by the structure.
o reverses order (Axiom S).

On the Lorentzian manifold, the order o reverses is the
direction of time — the direction in which records accumulate
(Axiom R).

Complex conjugation reverses the direction of phase rotation:

eMiot} — eM-iwt}.

Phase rotation encodes the time direction — the signature flip

between time and space components of the manifold.

Therefore o, as an order-reversing involution on a Lorentzian

manifold, acts on complex amplitudes as conjugation.

The abstract algebraic involution and the complex conjugation

are the same operation, read in different languages.

You have just watched an abstract axiom become a concrete

mathematical operation.
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The involution ¢ is complex conjugation. Not by choice. By

proof.

Kill switch KS-Q.6. The identification o «» complex
conjugation is proven unique. C has exactly two field
automorphisms fixing R pointwise — the identity and
conjugation (any such automorphism sends i to +i). o is non-
trivial — it exchanges the two sectors (Axiom S) — so ¢ #

identity. Therefore o = conjugation. CLOSED.

Three conditions

A probability measure P({7) must satisfy three conditions.
Each traces directly to the axioms.

Condition 1 — Symmetry. P({) = P(o({)) = P(y5). The
measure is invariant under the involution. Neither sector is

favoured.
This is Axiom S — the two sectors are equal.

Any measure that favoured one over the other would violate

the symmetry of the pre-state from which the break occurs.

Condition 2 — Additivity. For orthogonal states, P({; + ;) =

P(y1) + P(2). This follows from the structure of record-writing.
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Axiom B — the now writes exactly one record per actualisation
event. One break, one g, one distinction between ® and 1 for

that degree of freedom.

Axiom R — records are discrete, countable elements of a

monoid.

For a degree of freedom with n distinguishable outcomes, the

now writes one record from {r, ..., rn}.

Orthogonal states correspond to disjoint subsets of these

possible records — outcomes that cannot co-occur.

The now writes exactly one record, and that record is in one

subset or the other, but not both.

The probability of outcome in A U B is the count of ways the

now can write a record in A U B.

Since A and B are disjoint: no double-counting, no missing

records. The count adds. The probability adds.

Additivity of probabilities for orthogonal states is not an

independent postulate.
It is the structure of the break.

Scope: the argument motivates additivity from the discrete

structure of record-writing (B + R).
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The full uniqueness of Y| as the probability measure relies
on Gleason’s theorem (1957), which assumes the Hilbert
space structure derived above (bridge construction +

Schrodinger derivation).

The axiom-derived motivation provides the physical ground
for Gleason’s mathematical assumption — but the formal step
from discrete record counting to continuous Hilbert-space

measure theory is a bridge.

Condition 3 — Normalisation. Total probability equals 1. The
break must produce some outcome — the empty set must

split into ® and 1.

Something must happen. The total probability of all possible

outcomes is certainty.

Under o-invariance (Condition 1) and the o-additivity
formalised by Gleason’s theorem for dim = 3, the unique

probability assignment compatible with Conditions 1-3 is:
PW) = - = [pI?
The Born rule.

It is forced by the symmetry of the pre-state (Axiom S), the
structure of the break (Axiom B), the discreteness of records
(Axiom R), and the complex structure of the amplitudes (from

Lorentzian signature under R + C).
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Kill switch KS-Q.1. The Born rule derivation is conditional on
the Hilbert space bridge construction (KS-Q.7) and Gleason’s
o-additivity premise being granted as the measure-theoretic
form of record additivity. If the bridge fails, the uniqueness
argument must be re-examined. CONDITIONALLY CLOSED
(conditional on KS-Q.7).

The structural meaning
|W|* = ¢ - P is the amplitude multiplied by its mirror image.
It is the Light sector times the Dark sector. It is £ - D.

The probability of an outcome is the product of the two

sectors — the degree to which they agree on that outcome.

When both sectors point fully toward an outcome (|ys| = 1), the

probability is 1 — certainty.

When one sector is orthogonal to the outcome (|y] = 0), the

probability is ® — impossibility.
The Born rule is the 1:1 voting.
Both sectors must agree. The probability is their product.

Neither sector alone determines the outcome — the outcome
is determined by the overlap between the two readings of the

pre-state.

That is why it is the square and not the amplitude itself.

74



Because both sectors count.

You have wondered why quantum probability is the square of

the amplitude. Now you know.

Both sides of the 1:1 must agree.

The full probability space

The Born rule gives || for a given actualisation — the
probability of a particular outcome when the now writes a

record for a particular degree of freedom, in a particular cycle.
This is the local probability.

Within a single cycle, the written record constrains the

probability landscape.

Some possibilities are driven so close to zero that they are

operationally impossible.

The monoid accumulates. The record is heavy. The landscape

tilts.

But the structure loops. And across cycles, the probability

space extends.

At the loop point — when the cycle completes and the 1:1
restores — the records are defragmented. Not annihilated.

Defragmented.
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The information survives as grains, carrying everything that
was actualised, now available as probability and possibility

rather than as fact.

The next cycle’s probability landscape is shaped by the

defragmented content of all prior cycles.
The grains remember — not as history, but as weight.

As the shape of what is likely and what is unlikely in this

particular cycle.

Across infinite loops, every possibility that has nonzero
probability in any cycle has certainty of eventual

actualisation.

The impossible within one cycle becomes merely improbable

across cycles, becomes inevitable given enough loops.
The full probability space is not one cycle but all cycles.

The only things that never actualise are things at exactly ® —
logical impossibilities, axiom violations, things that contradict

the structure of 1:1 + 1xg itself.

Everything else — everything between © and 1 — is a potential
possibility the defragmented record carries forward, and the

loop guarantees will eventually actualise.

Status: structural extrapolation. The ergodic claim — that
everything possible actualises across infinite loops — is

76



structurally motivated by the loop and the defragmentation

argument but is formally unproven.

Kill switch KS-Q.9. If the structural ergodicity across cycles
can be shown inconsistent with the loop construction, the
global guarantee fails. LIVE — HARD.

The Born rule is the local law. The loop is the global

guarantee.

You are living inside one cycle. Everything you experience is

weighted by the Born rule.

But across all cycles, the loop ensures that everything possible

— everything between ® and 1 — eventually becomes actual.

The Wave Function

In standard quantum mechanics, the ontological status of the

wave function is debated.

Is it real (ontic)? Is it knowledge (epistemic)? Does it exist in

physical space or in configuration space?

In the 420 Code, the wave function is the description of the

empty set state for a given set of degrees of freedom.
It is neither ontic nor epistemic in the usual sense.

It describes the pre-state — the condition before the now has

written a record for those degrees of freedom.
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The map of what has not yet been broken.

The wave function is not out there in physical space.

Physical space is a product of the break.

The wave function describes the structure that precedes the

break — the 1:1, the superposition, the empty set state.

It lives in the pre-state, which is prior to space.

You cannot find it in your laboratory because your laboratory is

post-spatial.

The wave function describes what your laboratory is made

from.

When the now writes a record, the wave function for those

degrees of freedom becomes definite.

Not because the wave function collapsed — because those

degrees of freedom have been broken.

The empty set has split. ® and 1 are now distinct.

The wave function is the description of what the distinction

looks like before it is made.

78



Why it evolves unitarily

Between measurements — between acts of record-writing —
the wave function evolves according to the Schrodinger

equation, which is unitary.

Why?

Because between measurements, no record is written.
Axiom R is not invoked.

The pre-state is evolving, but nothing is being permanently

distinguished.

The empty set is shifting — ® and 1 are changing their

relationship — but neither has been separated.
Since no record is written, no information is lost or gained.
The total probability remains 1.

The evolution is unitary because no irreversible act has

occurred.

Unitary evolution is the pre-state evolving without

breaking.
Measurement is the pre-state breaking.

The difference between them is Axiom R — whether a
record is written.
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You have been told these are incompatible. They are not.

They are the same structure with and without record-writing —

two regimes of one structure, not two incompatible processes.

The smooth transition between them is the now arriving at a

particular degree of freedom.

The Schrédinger equation

The Schrédinger equation i A d/dt = Hy is not a postulate.

It is the unique evolution equation for the pre-state on a

Lorentzian manifold.

Forced by the axioms in the same way the Poisson equation
and Einstein’s field equations are forced (Notebook II Chapter
4) — by listing the constraints from the axioms and invoking

uniqueness theorems.
The derivation runs in six steps.
Step 1 — the pre-state space is a complex Hilbert space.

From the superposition section above: the pre-state space is
a complex vector space (R gives the monoid acting on pre-
states, EH gives the faithful embedding, Lorentzian signature

gives C — all three required simultaneously).

From the Born rule section above: the Born rule gives an inner
product § - § = |¢|? derived from Axiom S.
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Define a norm lyl? := [y|%

If the resulting inner-product space is not complete, let H be
its Hilbert completion under I-| — standard functional-analytic

completion, structural bookkeeping, not new physics.
Result: complex Hilbert space.

Step 2 — between measurements, evolution preserves

the inner product.
Axiom R: records are irreversible and non-annihilating.

Between measurements, no record is written. Therefore no

information is permanently created or destroyed.

The total probability remains 1. The inner product — which IS

the probability structure — is preserved.

A map on a Hilbert space that preserves the inner product is

either unitary or anti-unitary.

This is Wigner's theorem (1931), a theorem of pure

mathematics.
Not assumed. Derived.
Step 3 — time evolution is continuous.

EH: the record algebra embeds into a smooth manifold.
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The manifold has a smooth time coordinate — one time

direction from the Lorentzian signature.

Therefore time evolution forms a continuous one-parameter

family of transformations: {U(t) : t € R}.
Step 4 — the family is unitary, not anti-unitary.
Anti-unitary operators satisfy U(t;)U(t;) = U(t; + t3).

But U(®) = identity (which is unitary), and a continuous
deformation from a unitary to an anti-unitary operator requires

a discontinuity.

Anti-unitary operators form a disconnected component of the

operator space.

Since the family is continuous (Step 3), it is unitary: U(t{)U(t;)

= U(t]_ + tz)
Step 5 — Stone’s theorem gives the generator.

Stone’s theorem (1932) — a theorem of pure mathematics:
every strongly continuous one-parameter unitary group U(t) on
a Hilbert space can be written as U(t) = e~{-iHt/A} for a

unique self-adjoint operator H, the generator of the group.

The constant A enters as the scale factor between the

generator’'s eigenvalues and the time parameter.
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In the architecture: f is the minimum quantum of action — the

smallest possible record.

Axiom B gives the minimum break (¢ = minimum viable

splinter).

h is the action-scale of that minimum — the granularity of the

now.
Status: #1 is identified, not derived.

The form of the Schrodinger equation is forced by the axioms

via Steps 1-6.

The value of i enters as an empirical input — the same status

as G in Notebook II Chapter 4.

The identification A = action-scale of € gives structural

meaning but is not an independent computation.

Kill switch KS-Q.8. If /i is shown to be derivable from {S, B,
R, C} without an empirical input, the structure tightens. If the
identification 2 = action-scale of € is shown structurally
inconsistent, it falls. LIVE — HARD.

Step 6 — differentiate.
Take U(t)y = eM~-iHt/A}Y and differentiate with respect to t:
i A oy/ot = AY

The Schrodinger equation.
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You have just watched it emerge from the same method that
produced the Poisson equation and Einstein’s field equations:
list the constraints from the axioms, invoke a uniqueness

theorem.
Three equations. Three pillars of physics. One method.
The complete chain.

11+ 1xe — {S, B, R, C} — R gives monoid acting on pre-states
— R + C under EH + QRA give Lorentzian — € — complex
vector space — S gives inner product — Hilbert completion
under |-l — Hilbert space — R gives unitarity — EH gives
continuity — continuity selects unitary over anti-unitary —
Stone’s theorem gives generator — differentiate —

Schrodinger equation.

Every link is either a theorem of pure mathematics (Wigner,
Stone), a consequence of the axioms (R, B, C, S), or a

consequence of the bridge hypotheses (EH, QRA).
No link imports quantum postulates for the form.
h enters as an empirical identification for scale.

You have now watched three equations — the Poisson, the
Einstein, and the Schrodinger — all forced by the same four

axioms.
Forced — by the empty set looking at itself.
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8 — The Complete Picture

Everything from the empty set

Every result in this paper traces to the empty set splitting.

The pre-state is the empty set. The two sectors of Axiom S are

® and 1, indistinguishable before the break.

The break is the first measurement. ¢ is the splinter. The 1:1

becomes two distinct values for that degree of freedom.

Superposition is the pre-state for degrees of freedom the now

has not yet reached.

Measurement is the now reaching them — the break running

again for those degrees of freedom.

Entanglement is the pre-state surviving across spatial
separation. Two particles share one 1:1 that has not yet been

distinguished for those degrees of freedom.

The Born rule is the 1:1 voting — P = {iys, the product of the

two sectors, the degree to which they agree on the outcome.

The Schrodinger equation is the unitary evolution of the pre-

state — the empty set shifting without breaking.

Decoherence is record-writing at scale — the break running

across an environment.
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The loop is the structure’s response to completion — the 1:1

restores, then breaks again.
One axiom. One break. One structure.

Quantum mechanics is the empty set looking at itself,

repeatedly, at every coupling event.

The topology

The eye is the topology of the broken state — the manifold
(the black curve) and the pre-state (the white space) meeting
at the 1:1 (the tip).

The pre-state is the wave side. The manifold is the particle

side.

Every record-writing event moves coherence from wave to
particle — from the pre-state’s unbroken phase to the

manifold’s accumulated structure.

Connection curvature is the field account. Entanglement is the
correlation account. The pre-state’s purity ensures the

columns balance.

The now is the moving edge between them — the uncoupled &,

the splinter that has not yet written its record.
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The now as the load-bearing structure

Every derivation in this paper depends on the now as the

structural invariant.

The now is what writes records. The now is what is
unmeasurable. The now is what carries all records and has

none of its own.

The observer is the now at the site of a particular degree of

freedom.

Measurement is the now arriving at a degree of freedom and

breaking the empty set there.

Superposition is the now not yet having reached a degree of

freedom.

Entanglement is the now not yet having reached a pair of

degrees of freedom that share pre-state coherence.

Time is what the now’s advance looks like from the inside of

the broken world.

Everything in quantum mechanics is the now writing records,

one ¢ at a time, on the manifold derived from the same axiom.
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9 — What Is New and What Is Not

What is new

The empty set ontology of the pre-state. Quantum mechanics
is not a feature of the universe — it is the universe’s

foundation. The pre-state IS the empty set. KS-Q.10.
Linearity from R + C + EH. The bridge construction. KS-Q.7.

Complex amplitudes from the Lorentzian signature. The

conditional derivation. KS-Q.4.

The loop and defragmentation as the forgetful functor. The

structural argument for R-preservation. KS-Q.5.

The o <> conjugation proof. The Born rule’s structural
foundation. KS-Q.6 CLOSED.

Entanglement as unbroken pre-state. Separateness as

experienced but not fundamental.

The Born rule from Axiom S + Gleason. Conditionally closed.
KS-Q.1.

The Schrodinger equation from Wigner + Stone applied to the

derived Hilbert space. The form forced. h identified.

The complete chain from 1:1 + 1x¢ to the Schrodinger

equation, with every link declared.
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What is not new

The mathematics. Stone’s theorem, Wigner's theorem,
Gleason’s theorem, the Cauchy-Schwarz inequality, the Peter-

Weyl theorem — all standard mathematics.

The empirical content of quantum mechanics. Every
experimental result remains valid. The derivation produces the
same predictions as the standard postulates because the

postulates are derived consequences.

The wave function. The Hilbert space. The complex
amplitudes. The unitary evolution. All present in standard QM.

Here they are derived rather than postulated.

The interpretive structure does change. The wave function
does not collapse. The pre-state breaks. The observer is the
now at a site of coupling. Separateness is not fundamental.
But these are interpretive consequences of the derivation, not

new physical postulates.
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10 — Kill Switches

Ten kill switches in the quantum register. One (KS-Q.6) is
closed; KS-Q.1is conditionally closed; KS-Q.8 is closed by

AP12's forcing argument.

Each names the load-bearing claim and the test that would

break it.

KS-Q.1 — Born rule derivation

Status: CONDITIONALLY CLOSED (conditional on KS-Q.7).

Target: the derivation of P = |{s]* from Conditions 1-3 and

Gleason’s theorem.

Test: If the Hilbert space bridge construction (KS-Q.7) fails,
the uniqueness argument for ||* as the probability measure

must be re-examined.

Weapon: break KS-Q.7.

KS-Q.2 — Born rule empirical

Status: LIVE — EMPIRICAL.

Target: the empirical adequacy of |s|*> as the probability

measure.
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Test: Any experimental violation of |s|* as the probability

measure for quantum systems.

Current status: not violated to all tested precisions.

KS-Q.3 — No-signalling / Bell
Status: LIVE — EMPIRICAL.

Target: the cos?(8/2) Bell correlation account as compatibility,

not derivation.

Test: Demonstrate a full derivation of cos?(8/2) from {S, B, R,
C} alone, without the Hilbert space bridge — or demonstrate

that the compatibility argument fails empirically.

KS-Q.4 — Complex uniqueness
Status: LIVE — HARD.

Target: the derivation of complex amplitudes from the

Lorentzian signature.

Test: Demonstrate an alternative number system (real,
quaternionic, or other) equally consistent with one time

direction and a finite propagation rate.

Current support: the Renou et al. (2021) test, with experimental
confirmation of the complex prediction (Li et al., 2022; Chen
et al,, 2022).
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KS-Q.5 — Loop / defragmentation

Status: LIVE — HARD.

Target: the forgetful functor argument for R-preservation at

the loop point.

Test: Show that the defragmentation step violates Axiom R’s

structural intent, not just its formal statement.

KS-Q.6 — ¢ «— conjugation
Status: CLOSED.

C has exactly two field automorphisms fixing R pointwise —
the identity and conjugation (any such automorphism sends i
to %i). o is non-trivial — it exchanges the two sectors — so ¢ #

identity. Therefore o = conjugation. Mathematical fact.

KS-Q.7 — Linearity bridge
Status: LIVE — HARD.

Target: the construction of the pre-state space as a complex

vector space.

Test: Demonstrate a construction from R + C + EH that does
not produce a vector space, equally motivated from the same

axiom-derived ingredients.
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KS-Q.8 — # identification

Status: LIVE — HARD in this paper; CLOSED conditional on
KS-L.4 by AP12’s forcing argument.

Target: the Step 5 identification of 4 as the action-scale of the

minimum record.

Addressed in: AP12’s forcing argument, which forces the

identification via a five-step argument.

KS-Q.9 — Ergodicity
Status: LIVE — HARD.

Target: the claim that everything possible actualises across

infinite loops.

Test: Demonstrate that the structural ergodicity across cycles

is inconsistent with the loop construction.

KS-Q.10 — Empty set ontology

Status: LIVE — HARD.

Target: the identification of Axiom S with the splitting of the

empty set.

Test: Demonstrate that the empty set ontology is structurally

incompatible with the pre-state algebra of {S, B}.
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Claim Summary

Empty set ontology: STRUCTURAL READING. Pre-state =
empty set state. ® and 1 indistinguishable. Holding limit k. KS-
Q.10.

The break: STRUCTURAL READING. ¢ is the minimum viable
splinter. € = electron via The Lock. The eye and its two walls.
The break is ongoing — every coupling event is the same

break repeated.

Superposition: BRIDGE DERIVATION. Linearity from R + C +
EH (KS-Q.7). Complex amplitudes from Lorentzian signature
(KS-Q.4).

Measurement: STRUCTURAL READING + DERIVATION.
Measurement is the now writing a record. Irreversibility from

Axiom R. The loop and defragmentation (KS-Q.5).

Entanglement: STRUCTURAL READING + COMPATIBILITY.
Entanglement is unbroken pre-state. cos?(0/2) is compatibility,

not derivation (KS-Q.3).

Born rule: CONDITIONAL DERIVATION. P = [|? from
Conditions 1-3 + Gleason (dim = 3). 0 «> conjugation proven
unique (KS-Q.6 CLOSED). Conditionally closed (KS-Q.1) on KS-
Q7.
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Wave function and Schrodinger equation: DERIVATION. Form
forced by Wigner + Stone applied to the derived Hilbert space.
h identified (KS-Q.8 in this paper; closed in AP12).

Complete picture: STRUCTURAL SYNTHESIS. Non-load-

bearing.
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Conditionality Footer

Dependencies

AP20 4 and 6 (the axioms {S, B, R, C}: completeness and
minimality fenced KS-P.1/ KS-P.2; joint consistency from the

undeniable premise).

AP10 4 (the Lorentzian signature; formal metric-level
derivation fenced KS-D.4).

APQ8 (Einstein’s field equations from the record algebra).
AP20 (EH and QRA proven).

The Lock (g = electron).
Dependents

All AP results referencing the quantum sector inherit the kill

switches of this paper.

AP11 (The Spin): builds on this paper’s Hilbert space

construction and o identification.

AP12 (The Limit): closes KS-Q.8 (the # identification of the

Schrodinger derivation) via a forcing argument.

AP15 (The Connection): reads the U(1) of the Born rule as the

connection that produces electromagnetism.
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Open problems

Independent derivation of A from axioms alone — addressed
(conditional on KS-L.4) by AP12.

Full derivation of cos?(8/2) from {S, B, R, C} alone (KS-Q.3).

Formal proof that defragmentation preserves Axiom R’s intent
(KS-Q.5).

Formal proof that no qualitatively different bridge construction

is equally motivated (KS-Q.7).
Formal proof of ergodicity across cycles (KS-Q.9).

Formal proof that the empty set ontology is forced rather than

read (KS-Q.10).

This work is published for free, forever.

the420code.org
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Chapter 2

The Record Measure

A redefinition of force-strength under Axiom R

Artist’s Proof 7
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O — Dependency and Scope

What this paper does

APQ®7 reframes the question of force-strength under Axiom R.

If reality is constituted by irreversible records (Axiom R), then
the meaningful measure of a force is not its coupling constant
— it is its capacity to write durable configurable records at a

given scale.
This paper defines that capacity formally.

Definition 1: the record measure X(F, s) = sup persistence

times of configurable registers F produces at scale s.

Definition 3: the erasure-strength E(F, s) = ® — the expected
reduction in persistence induced by F in records written by

other forces.

Theorem 4.1: at the chemical-biological scale (s ~ 0.1-10 nm,
E ~ 0.01-10 eV), under the record measure X, electromagnetic
coupling via the electron is the dominant writer of durable

configurable records.

Corollary 5.1: Z(EM) > Z(Strong) = Z(Gravity) = X(Weak) = O,
with E(Weak) < 0.
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The conventional hierarchy of forces inverts at this scale. The
strong force is substrate. The weak force is eraser and clock.

Gravity is loop-closure.

Only the electron writes.

Epistemic status

The chapter is structurally weaker than AP89, AP11, AP15,
AP12.

Those papers derive physics structure (QM, spin, EM,

uncertainty) directly from {S, B, R, C}.

This paper derives a logical consequence of a definition (the
record measure) applied to the current empirical inventory of

which interactions produce configurable registers.

The definition is forced by Axiom R. The empirical inventory is

not.

Status declarations are preserved per section.

Dependencies

AP20 4 (axioms; fenced KS-P.1/ KS-P.2). Load-bearing for

Axiom R.

APQO6 (Leakage Constant): € > ® whenever c is finite. Load-

bearing for the existence of records.
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APQO9 4 (measurement as the break). Load-bearing for the

structural reading of records.

AP15 (The Connection): electromagnetism as the connection.

Load-bearing for the identification of € as the unique writer.

The Lock: € = electron. Load-bearing for the chemical-

biological-scale identification.

Axiom mapping

Axiom R — the record measure. Records accumulate
irreversibly; the natural force-strength is the persistence of

records a force can produce.

Axiom B — ¢ as the unique writer. The minimum viable

splinter, with no o-image, identified with the electron.

Axiom S — not directly load-bearing. The two-sector structure
provides the substrate for distinction but does not enter the

record measure formally.

Axiom C — enabling. The constraint (the finite bound on
propagation) permits stellar burning (weak force as clock) and

propagation of fields (EM, gravity).

Kill switch summary

KS-RM.1 (EM uniqueness as writer): LIVE — EMPIRICAL.
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KS-RM.2 (Non-triviality of the record measure): LIVE — HARD.
KS-RM.3 (Tuning of a and G): LIVE — EMPIRICAL.

KS-RM.4 (Scale-specificity of the inversion): LIVE —
EMPIRICAL.

KS-RM.5 (Configurable register criterion): LIVE — EMPIRICAL.

Structural relationships

APO®1 4 (records). Load-bearing for the foundational notion.
APO6 (Leakage). € > O is the structural foundation for records.

APOS8 (Identity, Einstein’s field equations). Gravity’s role as

loop-closure.

APO9 (QM). Measurement as the break — records as

actualisation events.
AP15 (Connection). Electromagnetic coupling as the writer.
AP12 (Limit). 7 as the quantum cost per record.

AP24 (Residual). a-tuning band’s connection to The Now.

What makes a force strong?

Ask a physicist which force is strongest. You will get one

answer.
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The strong force. Roughly a hundred times stronger than
electromagnetism. A thousand million billion billion billion

times stronger than gravity.

The hierarchy is locked in every textbook you have ever

opened:

Strong >» Electromagnetic >»> Weak > Gravity

Ranked by coupling constant. By interaction probability.

This hierarchy is correct for the question it answers.

It answers: which force makes two particles most likely to

interact?

But it is not the question this chapter asks.

Axiom R says reality is constituted by records — irreversible

traces written into the manifold.

You are inside one. Your body is one. Every sentence you have

ever read is one.

If reality is records, then the meaningful question about force-

strength is not which force interacts most.

It is which force writes.

And the answer is different from the one you were taught.
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The record measure

Let F be a fundamental interaction with coupling constant a_F.

Let s denote a scale regime — chemical, nuclear,

cosmological.

Let R_cfg(F, s) be the set of configurable registers F produces

at scale s.

And let t(r) be the persistence time of record r under ambient

conditions.

Definition 1 (The Record Measure).

2(F,s) =sup {t(r) : r € R_cfg(F, s) }

The record-strength of F at scale s is the longest-persisting

configurable register F can produce at that scale.

If R_cfg(F, s) is empty — if F produces no configurable

registers at scale s — then X(F, s) = ® by convention.

The force produces irreversible traces but none that carry
information at that scale. Its record-strength is zero. Not

undefined.

Y. measures the write-capacity of a force. m
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What a configurable register is

Not every record is a configurable register.

A configurable register at scale s is a system with at least two
metastable states that are (i) distinguishable and (ii) settable
by interventions whose characteristic energies and

lengthscales lie in the regime defining s.

A proton is a record. It is an irreversible trace produced by the

strong force. It has persisted for over 103* years.
But it is not a configurable register at the chemical scale.

A proton’s quantum numbers are fixed by QCD symmetry.

Every proton is identical.

A proton made in the first second after the Big Bang is
indistinguishable from a proton made in a particle accelerator

yesterday.
It carries no information about the process that created it.

A covalent bond is also a record. It is an irreversible
electromagnetic trace. It can persist indefinitely under

ambient conditions.

And it IS a configurable register at the chemical scale.
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Because the same two atoms can be bonded in many different
ways, and which way they are bonded depends on the history

that wrote them.

Diamond and graphite are made of the same atoms. The

records are different.
Your tongue can tell the difference. So can your eyes.

Configurable registers carry alternative histories. Fixed-

symmetry objects do not.

Erasure-strength

A force may also act to reduce the persistence of records

written by other forces.
This is a distinct quantity. It needs its own symbol.

Definition 3 (Erasure-strength). E(F, s) < 0 is the expected
change in persistence time induced by F in configurable

records written by other forces at scale s.

A force has negative erasure-strength at scale s if its primary

effect at that scale is to reduce the persistence of records.

B-decay alters nuclear identity. The nucleus of an atom
embedded in a molecule changes element. The
electromagnetic bond network that depended on the old

nucleus must reorganise.
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The weak force at the chemical scale is an eraser. E(Wealk,

s_.chem)<O. m

Electromagnetic dominance

Theorem 4.1 (Electromagnetic Dominance). At the
chemical-biological scale (s ~ 0.1-10 nm, E ~ 8.01-10 eV), and
under the record measure X, electromagnetic coupling via the
electron is the dominant writer of durable configurable
records. Other interactions contribute primarily as substrate
(strong), time-regulation and erasure (weak), or concentration

and loop-closure (gravity).
Evidence.

The strong force produces nucleons. Lifetimes exceed the age
of the universe. But nucleons are not configurable registers at
the chemical-biological scale — their quantum numbers are
fixed by QCD symmetry, identical for every proton regardless

of formation history.
X(Strong, s_.chem) = O by the empty-set convention.

Gravity produces large-scale structure. Galaxies, stars, planets.
But these structures store information only through their
electromagnetic properties — chemical composition,
crystalline structure, molecular arrangement. Gravity itself
cannot form bonds at the chemical scale. It cannot

distinguish molecular configurations.
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Y%(Gravity, s_chem) = 0.

The weak force mediates flavour-changing decay. $-decay,
neutrino interactions. Irreversible, yes. But no durable
configurable records at the chemical scale. Its primary

chemical-scale effect is erasure.
Y(Weak, s_chem) = 0. E(Weak, s_.chem) < 0.
Electromagnetic coupling via the electron produces:

Covalent bond networks — persistence indefinite under
ambient conditions. Diamond, quartz, and silicate minerals

preserve their bond structure for billions of years.

Hydrogen bond networks — individually transient (picoseconds
in liquid water) but collectively stable when embedded in fixed
geometries. Protein secondary structure. The DNA double

helix that holds your genome together.

Van der Waals interactions, molecular configurations, base-
pair sequences — every one a configurable register at the

chemical-biological scale.

2(EM, s_chem) is the maximum persistence among these.

Dominant.

No known durable configurable record at the chemical-

biological scale is written without electromagnetic coupling.

Including you.
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Status: logical consequence of Definition 1, applied to the
current empirical inventory of which interactions produce
configurable registers. The theorem’s logical structure follows
from Axiom R via Definitions 1-3. Its classification of the four

forces depends on the current empirical inventory.

Kill switch KS-RM.1. Demonstrate a non-electromagnetic
interaction that produces configurable registers (Definition 1)
of equal or greater durability at the chemical-biological scale.
If such an interaction exists, the electron’s dominance claim

fails. LIVE — EMPIRICAL.

Kill switch KS-RM.5. Demonstrate that strong-force-
produced objects or gravitationally-bound macrostates
encode formation history in a distinguishable way — through
quantum decoherence records, nuclear isomer states, or other
mechanisms not currently classified as configurable registers.
If fixed-symmetry objects carry retrievable formation history,
the configurable-register criterion is too restrictive. LIVE —

EMPIRICAL. m

The hierarchy

Corollary 5.1. At the chemical-biological scale, the forces

rank by record-strength as follows:

2(EM, s_chem) > Z(Strong, s_chem) = X(Gravity, s_.chem) =
2(Weak, s_.chem) =0
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Only electromagnetic coupling writes configurable records at

the chemical-biological scale.

The strong force, gravity, and the weak force all have zero

record-strength at this scale.

The weak force is further distinguished by negative erasure-

strength.

This formal hierarchy captures only direct write-capacity and

direct erasure.

The enabling contributions of the other three forces are

essential but qualitatively distinct.

The strong force provides the nuclear substrate on which EM

writes.

The weak force provides the temporal window — stellar

lifetime — in which EM can write.

Gravity provides the mass-energy concentration — planet

formation, loop-closure — within which EM writes.

A complete functional picture requires both the formal

hierarchy and the enabling analysis.

Kill switch KS-RM.4. If the hierarchy does not invert at
different scales — if electromagnetism is also the strongest
record-writer at the nuclear or cosmological scale — then the
claim is not about functional tuning but about a universal
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property of electromagnetism, requiring a different
explanation. LIVE — EMPIRICAL. m

The strong force — substrate

Coupling constant a_s = 1 at low energies. The largest of any

fundamental force.
Binds quarks into hadrons via colour confinement.

Creates the nuclear platform on which all heavier structure

depends.
Record-strength at the chemical scale: £ = 0.

A proton carries no information about the process that

created it. All protons are identical

Their quantum numbers are fixed by the symmetry of QCD, not

by any historical event.

The strong force creates objects of extraordinary stability. But
they do not meet the configurable-register criterion at the

chemical-biological scale.

Their state space encodes no alternative histories settable by

chemical-scale interventions.
Functional role: substrate provision.

Enabling, not writing.
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Without the strong force, there are no stable nuclei, no atoms,

no surfaces for the electron to bond across.

Necessary condition for record-formation. Not sufficient.

The electromagnetic force — writer

Coupling constant a = 1/137. The fine-structure constant.
Governs all interactions between charged particles.

At the chemical scale, it is the electron’s coupling to nuclei
and to other electrons that produces all molecular structure —

including yours.

Record-strength at the chemical scale: dominant. The only

force that writes configurable records.

The electron operates at the energy scale of chemistry — 0.01

to 10 eV.

It is light enough (~0.511 MeV/c?) to be shared between nuclei
(covalent bonding), transferred between atoms (ionic
bonding), and delocalised across molecular orbitals (metallic
and conjugated systems) — all without disturbing the nuclear

structure beneath it.
This is the critical asymmetry.

The electron can rearrange itself around fixed nuclei without
destroying the platform.
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This allows information to be written, erased, and rewritten on

a stable substrate.

Your genetic information is stored in the electron’s
arrangement — which bases pair with which — not in the

nuclear structure of the atoms themselves.

DNA base-pair sequences have been recovered from

specimens up to 18 years old.

Every atom in your body has been bonded into place by the

electron writing records.

Every memory in your head is held by patterns the electron

has drawn between neurons.

The tuning band for a

The fine-structure constant must lie within a band for record-

formation to be possible.

If a were significantly larger, bonds would be too stable to
break and reform at habitable temperatures. The dynamic
assembly and revision of molecular records would not occur.

The chemistry of your body would not be possible.

If a were significantly smaller, bonds would be too weak to

persist against thermal noise. No durable structures. No you.
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The observed value of « lies in the band where records are

durable enough to persist but flexible enough to be revised.

Status: qualitative constraint, not quantitative derivation. The
bounds are order-of-magnitude indications. Exact viability

bands are empirical and model-dependent.

Kill switch KS-RM.3. Via cosmological simulation or
theoretical analysis, demonstrate that a universe with
significantly different coupling constants (a and G varied by
large factors) can still support the full inheritance chain
through alternative mechanisms. If such a universe exists and
the couplings are not constrained by the functional
requirements of the loop, the tuning claim is false. The values
remain arbitrary. LIVE — EMPIRICAL.

Whether o’s observed value is uniquely required is open.

What is not open: the role a plays. It is the coupling strength

of the electron — the splinter € — to the connection (AP15).

It is the strength at which one minimum element breaks one

minimum symmetry.

The weak force — eraser and clock

Coupling constant G_F = 1.166 x 107> GeV™2
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Mediates flavour-changing processes — [3-decay, neutrino
interactions. Converts neutrons to protons and vice versa.

Enables nucleosynthesis.

Record-strength at the chemical scale: X = 0. Erasure-

strength: E < 0.

Radioactive decay destroys nuclear configurations. It converts
one element into another, changing the substrate on which

the electron writes.

A carbon-14 atom in your body that decays to nitrogen-14
does not preserve the molecular structure that contained it.

The bond network must reorganise around the new nucleus.

The weak force contributes to one form of record — the

isotopic ratio across an ensemble. Radiometric dating.

But that record is written by the statistical pattern of decay,
not by any individual weak interaction. And the record itself is
read by electromagnetic means — mass spectrometry,

fluorescence.

The weak force as clock

The weak force’s deeper role is temporal.

The proton-proton chain — the reaction that powers the sun
above your head — has its rate-limiting step mediated by the

weak interaction.
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This bottleneck determines the main-sequence lifetime of

stars:

t_star ~ G_F~2 x (nuclear and gravitational factors)

Yielding t_star ~ 18'-10"° years for solar-type stars.

This timescale is the precondition for chemistry. And for you.

If G_F were significantly larger, stellar lifetimes would shorten
dramatically — potentially below the timescale required for

prebiotic chemistry.

If G_F were significantly smaller, the proton-proton reaction
rate would drop below the threshold for sustained fusion.

Main-sequence stars would not ignite.

The weak force does not write configurable records. It buys

the time in which records can be written.

Its coupling constant is tuned to the timescale of stellar
burning, which sets the timescale of planetary chemistry,

which sets the timescale of electromagnetic record-formation.

You are reading this because the sun has been burning slowly

enough to let chemistry happen.

Status: derived enabling role, conditional on stellar physics.
The weak-force-clock observation is not captured by X or E but

is essential to the record economy.
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Gravity — loop-closure

Coupling constant G = 6.674 x 107" N-m?/kg?. Roughly 1073°

relative to the strong force by conventional measure.

Curved spacetime geometry. Gathers mass-energy. Enables
large-scale structure formation. Closes the cosmological loop

through black hole formation.
Record-strength at the chemical scale: X = 0.

Gravity at the molecular scale is negligible. The gravitational
force between two protons in your body is 1073¢ times weaker

than their electromagnetic interaction.

Gravity cannot write molecular records. It cannot form bonds.

It cannot distinguish configurations.
Its weakness at this scale is not a deficiency.
It is structural necessity.

If gravitational coupling were strong enough to compete with
electromagnetism at the molecular scale, molecular structures
would be gravitationally unstable. No chemistry above a

threshold complexity could persist. You could not exist.

Functional role: loop-closure.
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Gravity is the only force that operates at the cosmological
scale with sufficient reach to gather spent structure and return

it to potential.

Its coupling constant is tuned to the timescale of the loop —
strong enough to form black holes within the age of the
universe, weak enough to allow structure to persist for the
billions of years required for chemistry, biology, and agency to

emerge.

Status: consistency observation, not derivation of G from o.
That gravity’s weakness and the electron’s dominance are
aspects of a single constraint is structurally suggestive but

non-load-bearing for the core theorem.

The hierarchy inverted

The conventional hierarchy of forces, ranked by coupling

constant:
Strong > Electromagnetic > Weak > Gravity

The record-measure hierarchy at the chemical-biological

scale, ranked by record-strength:
Z(EM) >» X(Strong) = XZ(Gravity) = X(Weak) = ©

With the weak force further distinguished by E(Weak) < ® —

net erasure at this scale.
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The inversion is total at this scale.

The force ranked third by conventional measure is ranked first

— and uniquely first — by the record measure.

The force ranked first by conventional measure produces no

configurable records at the chemical-biological scale.

The force ranked last by conventional measure is not deficient
but structurally necessary, operating at a different scale for a

different purpose.

This is a consequence of Axiom R applied at the chemical-

biological scale.

If reality is constituted by irreversible records, then the
meaningful hierarchy at any given scale is the one that

measures record-formation at that scale.

The conventional hierarchy measures interaction probability.

The record-measure hierarchy measures consequence.

Kill switch KS-RM.2. Under matched scale, matched ambient
conditions, and matched register class, demonstrate that
persistence distributions are invariant to the interaction that
writes the register, once substrate and environment are
controlled. If, under controlled comparisons, persistence is
fully explained by ambient and substrate factors and not by

the inscribing interaction, then Z(F, s) collapses to an
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environmental proxy and the record-measure hierarchy is non-
informative. LIVE — HARD.

The connection to ¢

There is a deeper reading.
Not load-bearing. But illuminating.

The founding axiom is 1:1 + 1x&. The 1:1is symmetry. The € is

the minimum asymmetry that breaks symmetry.

Chapter 1 identified € with the electron — The Lock. AP15
derived that the electron is charged because it has no o-

image, and that this charge sources the connection.

The record measure now adds: the electron is also the only
force capable of writing durable configurable records at the

chemical scale.

What matters is not the absolute magnitude of the coupling
constant. What matters is whether the asymmetry between

inscription and erasure is positive.

The electron’s coupling produces records whose persistence

exceeds their erasure rate.

That minimal positive asymmetry — that € — is what makes

the record last.
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A force with a = 0.81 that produces configurable records
lasting 18° years is functionally stronger than a force with a =

1 that produces no configurable records at all.

The record measure is the € principle applied to force-

strength.

What matters is the sign and durability of the scar, not the

magnitude of the interaction.

Status: structural parallel, non-load-bearing. The core
theorem (electromagnetic dominance) does not depend on
this section. The analogy is illuminating but the dominance
result stands on Definition 1 and the current empirical

inventory.
What this chapter changes.

The conventional hierarchy answers the conventional question:

which force is most likely to interact?

The record measure answers a different question: which force

writes the record that is reality?

Axiom R says reality is records. The record measure is the

natural force-strength under Axiom R.

And under the record measure, the answer is not the strong

force, which makes objects but no information.

It is not gravity, which gathers but does not bond.
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It is not the weak force, which erases more than it writes at

this scale, but buys the time in which writing can happen.
It is the electron.

The lightest charged fermion. The minimum viable splinter.

The one element with no mirror image.

Every covalent bond in every molecule in your body is a record

written by e.
Every base-pair in your DNA.

Every neural synapse currently carrying the words you are

reading.

Diamond is the electron writing. Water is the electron writing.

The page is the electron writing.

You are the electron writing.

The complete reading.

€ breaks the 1:1 (Axiom B, Chapter 1).

€ has no o-image, therefore ¢ is charged (AP15).

€ couples to the U(1) connection at strength o (AP15).
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a lies in the band where bonds are durable enough to persist
but flexible enough to be revised (see the tuning band for a,

later in this chapter).

At the chemical-biological scale, € is the unique writer of

configurable records (Theorem 4.1, this chapter).

Therefore at the chemical-biological scale, € is the unique

writer of reality.

Not by being the strongest by coupling constant. By being the

only one that writes.
Forced — by the empty set looking at itself.

And then — once the looking happens — written, one bond at

a time, by «.
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10 — What Is Now Established

The record measure as natural force-strength

X(F, s) = sup persistence times of configurable registers F

produces at scale s.
This is the natural force-strength under Axiom R.
It measures what reality counts: how long the records last.

The conventional measure (coupling constant) answers a

different question — interaction probability.

Both questions are legitimate. They have different answers,
and at the chemical-biological scale they give opposite

hierarchies.

The functional roles

The strong force is substrate. Without nucleons, there are no
atoms; without atoms, no chemistry. Necessary but not

sufficient for records.

Electromagnetic coupling via the electron is the writer. The
only force that produces configurable registers at the

chemical-biological scale.
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The weak force is eraser and clock. Negative erasure-strength
at the chemical scale (3-decay reorganises bond networks).
Positive temporal role at the stellar scale (rate-limits the

proton-proton chain, sets t_star ~ 10'"° years).

Gravity is loop-closure. Negligible at the chemical scale;
necessary at the cosmological scale to gather spent structure

and return it to potential (black hole formation).

Each force has a role. Each role is functionally distinct. None

substitutes for another.

The architectural consequence

The fine-tuning of the cosmological constants (a and G, with

G_F derived from electroweak structure) is not arbitrary.

It is the tuning that makes the record economy possible. The
strong force makes substrate. The electron has the right a to
write at the chemical scale. The weak force has the right G_F
to buy time. Gravity has the right G to close the loop without

competing with chemistry.

Each force’s coupling constant is in the band where its

functional role is possible.

This is a structural observation, not a derivation of the values.
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11 — Kill Switches

KS-RM.1 — EM uniqueness as writer

Status: LIVE — EMPIRICAL.

Theorem 4.1 claims electromagnetic coupling via the electron
is the dominant writer of durable configurable records at the

chemical-biological scale.

Test: demonstrate a non-electromagnetic interaction that
produces configurable registers of equal or greater durability

at the chemical-biological scale.

If such an interaction exists, the electron’s dominance claim

fails.

KS-RM.2 — Non-triviality of the record measure

Status: LIVE — HARD.

The record measure X(F, s) must give different answers from
the conventional measure (coupling constant) in non-trivial

ways.

Test: under matched scale, matched ambient conditions, and
matched register class, demonstrate that persistence
distributions are invariant to the interaction that writes the

register, once substrate and environment are controlled.
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If, under controlled comparisons, persistence is fully explained
by ambient and substrate factors and not by the inscribing
interaction, then X(F, s) collapses to an environmental proxy

and the record-measure hierarchy is non-informative.

KS-RM.3 — Tuning of a and G

Status: LIVE — EMPIRICAL.

The qualitative argument that a and G must lie within specific
bands for record-formation is structurally suggestive but not

quantitative.

Test: via cosmological simulation or theoretical analysis,
demonstrate that a universe with significantly different
coupling constants can still support the full inheritance chain

through alternative mechanisms.

If such a universe exists and the couplings are not
constrained by the functional requirements of the loop, the

tuning claim is false.

KS-RM.4 — Scale-specificity of the inversion

Status: LIVE — EMPIRICAL.

The hierarchy inversion is specific to the chemical-biological
scale. At other scales (nuclear, cosmological), the hierarchy

may not invert in the same way.
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Test: if the hierarchy does not invert at different scales — if
electromagnetism is also the strongest record-writer at the
nuclear or cosmological scale — then the claim is not about
functional tuning but about a universal property of

electromagnetism, requiring a different explanation.

KS-RM.5 — Configurable register criterion
Status: LIVE — EMPIRICAL.

The criterion that excludes protons and gravitationally-bound
structures from being configurable registers (fixed symmetry,
no alternative histories) is principled but empirically

defeasible.

Test: demonstrate that strong-force-produced objects or
gravitationally-bound macrostates encode formation history in
a distinguishable way — through quantum decoherence
records, nuclear isomer states, or other mechanisms not

currently classified as configurable registers.

If fixed-symmetry objects carry retrievable formation history,

the criterion is too restrictive.
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12 — Conclusion

Force-strength can be measured in two ways.
By interaction probability. The strong force wins.

By record-writing capacity. The electron wins, alone, at the

chemical-biological scale.

Axiom R says reality is records. Under Axiom R, the record

measure is the natural force-strength.

Under the record measure, the hierarchy of forces inverts at

the scale of chemistry, biology, and consciousness.

Each force has a functional role. The strong force makes
substrate. The electron writes. The weak force buys time.

Gravity closes the loop.

The fine-tuning of the cosmological constants is the tuning of

the record economy.

Every record in your body is the electron’s signature. Every

memory in your head is the electron’s writing.
You are the electron writing.

Forced — by the empty set looking at itself, and then writing

what it sees.
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Claim Summary

1 (Reframing force-strength). FRAMING. The conventional
hierarchy answers one question; the record measure answers

another.

2 (Definitions). FORMAL. X(F, s) = sup persistence of
configurable registers. E(F, s) = 0. Configurable register vs

fixed-symmetry record.

3 (Theorem 4.1). LOGICAL CONSEQUENCE OF DEFINITION +
CURRENT EMPIRICAL INVENTORY. Electromagnetic
dominance at the chemical-biological scale. KS-RM.1, KS-
RM.5.

4 (Corollary 5.1). LOGICAL CONSEQUENCE OF THEOREM 4.1.
The inverted hierarchy. KS-RM.4.

5 (Force-by-force). STRUCTURAL CLASSIFICATION.

Substrate, writer, eraser/clock, loop-closure.

6 (a tuning band). QUALITATIVE. The fine-structure constant

must lie within a band for record-formation. KS-RM.3.

7 (e-connection). STRUCTURAL PARALLEL. NON-LOAD-
BEARING. The record measure as the ¢ principle applied to

forces.
8 (Closing). STRUCTURAL SYNTHESIS. Non-load-bearing.
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Conditionality Footer

Dependencies

Axiom R (formal statement at AP20 4). APO6 (¢ > 0). APO9 4
(records as measurement). AP15 (electromagnetism). The Lock

(e = electron).
Dependents

All AP results that depend on the record economy being non-

trivial.

AP24 (Residual): connects a-tuning to The Now.

Future biological-scale and consciousness-scale derivations.
Kill switches closed

None by this paper. All five record-measure kill switches

remain LIVE.
Kill switches live

KS-RM.1, KS-RM.2, KS-RM.3, KS-RM.4, KS-RM.5.

This work is published for free, forever.

the420code.org
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Chapter 3

The Spin

Fermions, bosons, and the exclusion principle

Artist’s Proof 11
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O — Dependency and Scope

What this paper does

AP11 derives spin from the axioms.

Five steps. Each step uses only derived structures and pure

mathematics.

Step 1: The Z, symmetry of the record algebra (from Axiom S)
is identified with the fundamental group of the spatial rotation
group SO(3).

Step 2: This identification produces the double cover SU(2) —
SO(3), which is the mathematical structure that permits half-

integer spin.

Step 3: The distinction between paired elements (with o-
images) and the unpaired element € (Axiom B) produces the
distinction between bosons (integer spin) and fermions (half-

integer spin).

Step 4: The minimum principle in Axiom B (g is the minimum
viable splinter) selects spin 2 — the smallest non-trivial half-

integer spin.

Step 5: The spin-statistics connection and the Pauli exclusion
principle follow from the transformation properties of paired

vs unpaired elements under the involution.
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Dependencies

AP20 4 and 6 (the axioms {S, B, R, C}: completeness and
minimality fenced KS-P.1/ KS-P.2; joint consistency from the

undeniable premise). Load-bearing.

AP10 4 (the Lorentzian signature; formal metric-level

derivation fenced KS-D.4). Load-bearing.

AP10 (N = 3 spatial dimensions). Gives SO(3) as the rotation

group with 1, = Z,. Load-bearing.

APO@9 (the complex Hilbert space construction). The spin

structure operates on this Hilbert space. Load-bearing.

APQ9 (the identification o < time-reversal, in the discussion
of o as the involution that reverses the direction records

accumulate). Load-bearing for the Z, identification.

AP20 (EH and QRA proven). The faithful embedding is the
load-bearing bridge.

The Lock (e = electron).

Axiom mapping

Axiom S — Z, symmetry. The two-sector involution ¢

generates {id, o} = Z,.
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Under faithful embedding (AP20) in N = 3 (AP10), this IS
11(SO(3)) = Z,. The double cover SU(2) — SO(3) follows.

Axiom B — Fermion/boson distinction. Paired elements (o-
image exists) = bosons (integer spin). Unpaired element &£ (no

o-image) = fermion (half-integer spin).
Minimum principle of B selects j = V.

Axiom R — not directly load-bearing. Records accumulate but

the spin derivation depends on S and B.

Axiom C — not directly load-bearing. The constraint bounds
the manifold but the spin derivation depends on the rotation

group topology.

Kill switch summary

KS-S.1 (Z, identification): LIVE — HARD. Forced by faithful
embedding + N = 3 + o = time-reversal. Pending independent

verification.

KS-S.2 (Minimum spin selection): LIVE — HARD. Minimum
principle selects j = V. Structurally natural but not formally

proven that higher representations are excluded.

KS-S.3 (Exchange-involution bridge): LIVE — HARD. Exchange
symmetry on the Hilbert space must match paired/unpaired o-

action.
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Inherited switches: all APO®9 kill switches; AP10 kill switches;
AP20 Kill switches via EH dependency.

Structural relationships

APQ9 (The Break — QM): Hilbert space from axioms (the
bridge construction in AP89). The spin structure operates on

APO9’s derived Hilbert space.

AP10 (The Dimension): N = 3 derived. Gives SO(3) as rotation

group, 1y = Z,.

AP15 (The Connection): Spin-1 for the photon follows from

Lorentz representation theory on the derived manifold.

AP16 (The Break — EW): The fermion/boson distinction

derived here is the input for electroweak symmetry breaking.

AP20 (The Proof): EH proven. Faithful embedding is the load-

bearing bridge for the Z, identification.

The rotation group

Hold up your hand. Turn it once.

That motion — that single rotation — is an element of a group
called SO(3).

The special orthogonal group in three dimensions.
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Every rotation of every object in space is an element of SO(3).

Not a postulate. The definition of rotation in three dimensions.

Three dimensions is not a postulate either. Notebook II

Chapter 3 derived N = 3 from the four independent axioms.

The rotation group is what those three dimensions force.

The fundamental group is Z,

SO(3) has a strange topological property.
Its fundamental group is Z,.
14(SO(3)) = Z,

Meaning: there exist closed loops in SO(3) that cannot be

continuously shrunk to a point.

A 360° rotation is one such loop. It does not contract to the

identity.

A 720° rotation does. It can be continuously deformed back to

no rotation at all.
This is the Dirac belt trick.

Twist a belt 360° and it stays twisted. Twist it 720° and it

untwists.

You can demonstrate it on yourself.
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A theorem of topology, not a physical assumption. Proven in

any textbook on Lie groups.

The fundamental group being Z, — the two-element group {+1,

-1} — means SO(3) has a unique double cover.

A group that maps 2-to-1 onto SO(3), with Z, as the kernel.

SU(2) — the double cover

The double cover of SO(3) is SU(2). The special unitary group

in two dimensions.

The covering map sends every pair of elements £U in SU(2) to

a single rotation R in SO(3).
Standard mathematics.
The physical significance is what matters.

Quantum systems can transform under representations of

SU(2), not just SO(3).

A representation of SO(3) returns to itself after a 360°

rotation. Integer spin.

A representation of SU(2) that is NOT a representation of
SO(3) picks up a phase of —1 under 360° rotation, and returns

to itself only after 720°. Half-integer spin.
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You have just met the mathematical structure that makes two

kinds of particles possible.

Whether a particle has integer or half-integer spin depends on
whether it transforms under a representation that respects the

Z, kernel (integer) or does not (half-integer).
The question is: what determines which particles are which?

You have been told it is an empirical fact. You measure spin

and accept it.
It is not an empirical fact.

It is a consequence of the axioms.

The Z, from Axiom S

Axiom S — two disjoint sectors £ and D, with an order-

reversing involution 6 mapping each to the other.
o maps L — D and D — L. ¢ = identity.
The group generated by o is {id, 6} — which is Z,.

The two-sector structure of the record algebra is a Z,-graded

structure.

This is not an interpretation.
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It is the algebraic content of Axiom S — one non-trivial

involution generating a two-element group.

The identification

The rotation group of the spatial manifold is SO(3). Its

fundamental group is Z,.
The record algebra has a Z, symmetry — from Axiom S.

The Z, from Axiom S IS the fundamental group of SO(3).

The identification is not arbitrary. It is forced.

EH is proven (Notebook I Chapter 3). The discrete record

algebra embeds faithfully into the smooth manifold.

Axiom S's Z, symmetry is part of the algebra. Under the
proven faithful embedding, it maps to a Z, symmetry of the

manifold.

On a 3+1 dimensional Lorentzian manifold with spatial
rotation group SO(3), the only intrinsic Z, associated with the

rotation structure is 1;(SO(3)).
There is nowhere else for the algebraic Z, to go.
You are watching the axiom find its place on the manifold.

More precisely: o reverses order (Axiom S).
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On the Lorentzian manifold, this is the time-reversal
operation. Established in Chapter 1 — o < complex
conjugation, which is the time-reversal operator on the Hilbert

space.

The time-reversal operator, combined with spatial rotations,
generates the full Pin group — the extension of the rotation

group by the Z, that includes time reversal.
The Z, in the Pin group structure is exactly m{(SO(3)).

Axiom S's Z, embeds into the manifold’s rotation structure as

its fundamental group.

The double cover SU(2) — SO(3) is therefore a

consequence of the axioms.

Axiom S creates the Z,. N = 3 creates SO(3). Together they
create SU(2).

The group under which quantum systems on the spatial

manifold can transform.

You have just watched the double cover emerge from the

axioms.

The possibility of half-integer spin is not an additional feature

of nature.

It is the two-sector structure of the record algebra, read on
the manifold.
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Kill switch KS-S.1. The identification of the algebraic Z, with
,(SO(3)) is the load-bearing step. It rests on the argument
that under faithful embedding, the algebraic Z, maps to the
only intrinsic Z, in the rotation structure. If a different
embedding of the algebraic Z, is shown to be equally
consistent — one that does not correspond to m,(SO(3)) —
then the derivation of the double cover from the axioms fails.

LIVE — HARD.

Paired elements

Consider an element a € £ that has a o-image o(a) € D.

This is a paired element. It participates fully in the Z,

symmetry.
Under the involution: o(a) = a' € D, and o(a’) = a € L.

The Z, action cycles between a and a'. Two applications return

to the start: o?(a) = a.

On the Hilbert space of the embedded manifold, this paired
element transforms under a representation of SU(2) where the

Z, kernel acts trivially.
The swap completes in one step.

The element sees the full rotation. 360° returns it to itself.
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This is a representation of SO(3) — which means it is a

representation of SU(2) with integer spin.
Paired elements have integer spin. They are bosons.

You have just seen the first half of the classification.

The unpaired element

Axiom B: one element € € £ with no o-image in D.
This is the break. £ is unpaired.

It does not participate in the Z, symmetry the way paired

elements do.

Under the involution: o acts on &, but there is no element in D

to receive it.
The Z, action cannot complete the swap.

On the Hilbert space, £ transforms under a representation of

SU(2) where the Z, kernel acts non-trivially.
The swap fails. The failure is registered as a phase.

In the classification of SU(2) representations, the Z, kernel of
the covering map SU(2) — SO(3) acts as either +1 or -1 on

any irreducible representation.
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It acts as +1 if and only if the representation descends to

SO(3) — if and only if the Z, cycle closes.

For paired elements, the cycle closes (o swaps and returns), so

the kernel acts as +1. Integer spin.

For €, the cycle does not close (no o-image to return to), so

the kernel must act as —1. Half-integer spin.
There is no third option.

The classification is binary, matching the binary nature of Z,

itself.

The unpaired element € has half-integer spin. It is a

fermion.

You have just watched the fermion/boson distinction emerge

from the axioms.

Not imposed. Not observed and then encoded. Derived.

The distinction

The fermion/boson distinction is not an additional

classification imposed on particles.

It is the distinction between paired and unpaired elements of

the record algebra under the involution o.
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Paired (c-image exists) — Z, acts trivially — integer spin

— boson.

Unpaired (no c-image — Axiom B) — Z, acts non-trivially

— half-integer spin — fermion.

Axiom S creates the Z,. Axiom B creates the one element that

doesn’t fit.

The fermion/boson distinction is S and B read on the

manifold.

Why spin %2

Axiom B says ¢ has half-integer spin. But which half-integer?
The half-integer representations of SU(2) are j = ', 3/2, 5/2, ...
Which one does £ occupy?

Axiom B states: ¢ is one element. The minimum viable splinter.

Not two. Not three. One. The smallest possible break. The

minimum asymmetry.
The SU(2) representation of spin j has dimension (2j + 1).

Spin Y2 has dimension 2. Spin 3/2 has dimension 4. Spin 5/2

has dimension 6.

Higher spin means more internal degrees of freedom — more

parts to the splinter.

147



The minimum half-integer representation is j = 5, with

dimension 2.

The smallest possible half-integer spin. The simplest way for a

particle to be a fermion.

Any higher spin would mean ¢ carries additional internal

structure beyond the minimum needed to break the symmetry.

Under the proven faithful embedding, the one-element break
carries the minimum internal structure consistent with the

non-trivial Z, action.

Higher half-integer spins (j = 3/2, 5/2, ...) would require ¢ to
have 4, 6, ... internal states. More internal structure than one

element can carry.

The minimum fermionic representation is j = 5, with exactly
two states. The binary distinction that mirrors the two sectors

of the pre-state.

Composite systems can have higher half-integer spin through
angular momentum addition of individual spin-%2 constituents

plus orbital angular momentum.

The minimum principle selects j = ¥4 for the elementary
fermion £. Composite fermions derive their spin from their

constituent structure.
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Axiom B demands the minimum. The minimum half-integer

spin is V.
€ has spin Y.

You have just watched the electron’s spin emerge from the

minimum principle.
Not measured. Forced.

The electron — identified with € in The Lock (Chapter 1) — has

spin Y.
This is not an input.

It is a consequence of B (one break, minimum splinter)
combined with S (two-sector Z, creating the SU(2) cover) and

the derived N = 3 (Notebook II Chapter 3).

Kill switch KS-S.2. The assignment of the minimum half-
integer spin (j = 2) to € depends on the minimum principle in
Axiom B. If "minimum viable splinter" does not uniquely select
the smallest representation — if there is a structural reason
for € to carry j = 3/2 or higher — then spin %2 is not derived.
LIVE — HARD.

The two-dimensionality

Spin ¥ is a two-dimensional representation.

Spin-up and spin-down. Two states. Two possibilities.
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Structurally inevitable from the axiom.

The break distinguishes ® from 1. The minimum internal
structure a particle can carry while still being a fermion is one

binary distinction — up or down.

Two states. The smallest container that holds the break’s

signature.

The 1:1is two sectors. The break produces one element with

two internal states.

The two in spin 2 is the two in the 1:1 — the two sectors, now
carried internally by £ as the minimum representation of the

Z, it fails to satisfy.

You are looking at the deepest reason the electron has spin

Va.

Because the 1:1 has two sectors, and £ carries that twoness as

its internal structure.

The spin-statistics connection

The spin-statistics theorem (Pauli, 1940) states: particles with
integer spin obey Bose-Einstein statistics — symmetric wave

function under exchange.

Particles with half-integer spin obey Fermi-Dirac statistics —

antisymmetric wave function under exchange.
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In standard quantum field theory, this is derived from
relativistic quantum mechanics plus the requirement of

positive-definite energy.

In the 420 Code, it follows directly from the Z, transformation

properties established above.

Paired elements (bosons, integer spin). The Z, acts

trivially. o completes the swap: o(a) = a’, o(a’) = a.

Under exchange of two identical paired elements, the wave
function is symmetric. Swapping them is equivalent to
applying o to both, and ¢ acts trivially on paired

representations.
The wave function picks up a factor of +1 under exchange.

Unpaired elements (fermions, half-integer spin). The Z,
acts non-trivially. c cannot complete the swap for € — the non-

trivial Z, action produces a phase of —1.

Under exchange of two identical unpaired elements, the wave
function is antisymmetric. Swapping them is equivalent to
applying the non-trivial Z, action, which produces a factor of
-1.

The wave function picks up a factor of —1 under exchange.

You have just derived the spin-statistics connection —

conditional on the three identifications this paper fences: the
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Z, < 1m1(SO(3)) identification (KS-S.1), the minimum-spin
selection (KS-S.2), and the exchange-involution bridge (KS-
S.3).

The spin-statistics connection is not an additional law.

It is the Z, from Axiom S, acting differently on paired and
unpaired elements — which is the distinction created by

Axiom B — once those three identifications hold.

Kill switch KS-S.3. The derivation requires that exchange
symmetry of identical particles on the Hilbert space is
correctly represented by the paired/unpaired o-action
inherited from the record algebra. If a consistent construction
is shown in which the paired/unpaired classification does not
fix the exchange sign (or fixes it differently), the spin-statistics

mapping and Pauli derivation fail. LIVE — HARD.

The Pauli exclusion principle

The antisymmetry of the fermionic wave function under

exchange has an immediate consequence.

If two identical fermions occupy the same quantum state, the

wave function must be simultaneously:
Y(1, 2) = the state with both fermions in state ¢

Y(2, 1) = the same state (particles are identical, in the same

state)
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But antisymmetry requires (1, 2) = —s(2, 1).
Since Y(1, 2) = (2, 1), we need § = —.
Which gives § = 0.

The state does not exist.

Two identical fermions cannot occupy the same quantum

state.

You have just watched the Pauli exclusion principle emerge
fromy=-¢ — P =0.

The most consequential equation in chemistry, derived from

two axioms.

The Pauli exclusion principle is a theorem of the record

algebra.

It follows from S (two sectors — Z;), B (one unpaired element
— non-trivial Z, action — antisymmetric wave function), and

the structure of the Hilbert space (Chapter 1 — linearity, which
makes y = — imply ¢ = O).

Not a minor result.

The Pauli exclusion principle is what prevents all electrons

from falling into the lowest energy state.

It is what gives atoms their structure.
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What makes chemistry possible. What makes the periodic

table work. What prevents matter from collapsing.

And it follows from the axiom: two sectors (S), one break (B),

one minimum element with no partner.
You exist because of this result.

Your atoms have structure because two identical fermions

cannot share a state.

Chemistry, biology, you — all downstream of the Pauli

exclusion principle, which is downstream of the axiom.

The structural meaning

Spin is not an intrinsic property that particles have without

explanation.

Spin is the record algebra’s two-sector structure (Axiom S),

carried internally by individual elements.

Paired elements carry the two sectors symmetrically. They
participate in the full Z,. They complete the swap. They

transform under SO(3).
They are whole with respect to the involution. They are bosons.

The unpaired element € carries the two sectors
asymmetrically. It has no partner. It cannot complete the
swap. It transforms under SU(2) but not SO(3).
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It is broken with respect to the involution. It is a fermion.

The fermion IS the break.

The boson IS the unbroken.

You have been told fermions and bosons are different kinds of

particles.

They are not different kinds.

They are the same structure — one paired, one unpaired. One

whole under the involution, one broken.

Spin % is what being the break looks like when measured as

angular momentum.

The Pauli exclusion principle is what being the break looks

like when two breaks try to occupy the same state.

They can't.

Because each break is the one unpaired element. And there is

only one.

The break cannot stack. You cannot break the same symmetry

twice in the same place.

Two identical € in the same state would be one £ — the break

would have happened once, not twice.
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The exclusion principle is the uniqueness of the break (Axiom
B — ONE element with no o-image), enforced at the level of

quantum states.

Spin and colour are independent

A quark carries both spin ¥z (from being €, unpaired under o)
and colour (from the manifold’s orientation around the break,

derived in a later chapter).

These are independent quantum numbers derived through

independent mechanisms.

Spin comes from the Z, of Axiom S acting on the rotation
group SO(3).

Colour comes from the gauge freedom of the three spatial

faces {C, S, B} orienting around the break.

One is a topological property of the rotation structure. The

other is a geometric property of the manifold’s orientation.

Their independence is a structural prediction of the framework
— spin and colour do not mix because they arise from

different features of the axiom.

Spin is not a mystery. It is the break.
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The two-sector structure of the record algebra (Axiom S)
creates the Z, symmetry that makes the rotation group SO(3)

have a double cover SU(2).

The existence of one unpaired element (Axiom B) creates a
particle that transforms under SU(2) but not SO(3) — a

fermion.

The minimum principle (Axiom B) gives it spin 2 — the

smallest possible half-integer representation.

The antisymmetry of the fermionic wave function under
exchange gives the Pauli exclusion principle — the reason
atoms have structure, chemistry exists, and matter does not

collapse.

The boson is the paired element. Whole under the involution.

Symmetric under exchange. Free to stack.

The fermion is the unpaired element. Broken under the
involution. Antisymmetric under exchange. Unable to share a

state.

The break — which created spacetime, gravity, and quantum
mechanics — also creates the distinction between the two

kinds of particles that populate the universe.

One axiom. One break. One structure.
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Spacetime, gravity, quantum mechanics, dimensionality, spin,

statistics, exclusion.
All from the empty set breaking.

You have watched spin emerge from the same axiom that

produced spacetime, gravity, and quantum mechanics.
The structure does not run out of consequences.
The complete chain.

11+ 1xe —» {S, B, R, C} — S gives involution ¢ — faithful
embedding (proven) + N = 3 (derived) — algebraic Z,
identifies with 141(SO(3)) — double cover SU(2) — SO(3) exists
— paired elements (o-image exists) transform trivially under
the kernel — integer spin — bosons — unpaired € (Axiom B,
no o-image) transforms non-trivially under the kernel — half-
integer spin — fermion — minimum principle of Axiom B
selects j = ¥4 — € has spin ¥2 — ¢ = electron (The Lock) — Z,
exchange properties give symmetric/antisymmetric wave
functions — spin-statistics theorem — antisymmetry forces s
= - — Y = O for identical fermions in the same state —

Pauli exclusion — atomic structure, chemistry, matter.

Every link is either a theorem of pure mathematics
(representation theory of SU(2)), a consequence of the axioms
(S, B), or a consequence of the bridge hypotheses (EH, QRA —
proven in Notebook I Chapter 3).
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Forced — by the empty set looking at itself.
And one consequence beyond physics.

The Pauli exclusion principle says two identical fermions

cannot occupy the same state.

Read the same fact at the level it lives on.
You cannot occupy another’s state.

Not because there is a rule against it.
Because the mathematics requires it.
Don't be a cunt. Be kind.

The exclusion principle proves it.
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6 — What This Means

What has been derived

From the axioms {S, B, R, C} (EH and QRA proven, AP20):

The double cover SU(2) — SO(3). From Z, (Axiom S) + N =3
(AP10).

The fermion/boson distinction. From paired (o-image exists)

vs unpaired (Axiom B).

Spin ¥ for the electron. From the minimum principle (Axiom

B) selecting the smallest half-integer representation.

The spin-statistics theorem. From the Z, transformation

properties of paired vs unpaired elements.

The Pauli exclusion principle. From the antisymmetry of

unpaired (fermionic) wave functions.

No additional postulates. No appeal to relativistic quantum

field theory.

The same four axioms, the same break, the same structure.
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What this adds to the quantum sector

APO@9 derived superposition, linearity, complex amplitudes,
measurement, entanglement, the Born rule, the Schrodinger

equation.

AP11 adds spin, the fermion/boson distinction, the spin-

statistics theorem, the Pauli exclusion principle.

The quantum sector of the 420 Code now covers every

foundational feature of quantum mechanics.

What remains are specific applications (decoherence, specific
potentials, scattering theory) and the gauge structure of the
Standard Model.

The foundations are complete.
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7 — Kill Switches

Three kill switches. All live.

You know where the joints are. The argument shows you how

to break them.

KS-S.1 — Z, identification
Status: LIVE — HARD.

The identification of the algebraic Z, (from Axiom S) with
,(SO(3)) (from the topology of the rotation group) is the load-

bearing step.

It rests on the argument that under faithful embedding (EH,
proven AP20), the algebraic Z, maps to the only intrinsic Z, in

the rotation structure.

Test: Demonstrate a different embedding of the algebraic Z,,
equally consistent — one that does not correspond to
m,(SO(3)). If so, the derivation of the double cover from the

axioms fails.

Current status: the embedding appears unique given that ¢ is
order-reversing (— time-reversal) and N = 3 (— SO(3) has 1y
= Z,). In N # 3 dimensions, SO(N) has different fundamental
groups, and the argument would change. But N = 3 is derived
(AP10).
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KS-S.2 — Minimum spin selection

Status: LIVE — HARD.

The assignment of the minimum half-integer spin (j = ¥2) to €

depends on the minimum principle in Axiom B.

Test: If "minimum viable splinter" does not uniquely select the
smallest representation — if there is a structural reason for ¢

to carry j = 3/2 or higher — then spin ¥z is not derived.

Current status: the minimum principle appears to select the
minimum representation straightforwardly. The electron is

observed to have spin .

KS-S.3 — Exchange-involution bridge
Status: LIVE — HARD.

The spin-statistics derivation requires that exchange
symmetry of identical particles on the AP®9 Hilbert space is
correctly represented by the paired/unpaired c-action

inherited from the record algebra.

Test: Demonstrate a consistent APQ9-compatible construction
in which the paired/unpaired classification does not fix the
exchange sign (or fixes it differently). If so, the spin-statistics

mapping and Pauli derivation fail.
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Current status: within the APO9 Hilbert-space framework, the
exchange operator acts on the internal Z, degree of freedom,
and the paired/unpaired distinction determines its eigenvalue
(7).
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8 — Closing

Spin is not a mystery. It is the break.

The two-sector structure of the record algebra (Axiom S)
creates the Z, symmetry that makes the rotation group SO(3)

have a double cover SU(2).

The existence of one unpaired element (Axiom B) creates a
particle that transforms under SU(2) but not SO(3) — a

fermion.

The minimum principle (Axiom B) gives it spin 2 — the

smallest possible half-integer representation.

The antisymmetry of the fermionic wave function under
exchange gives the Pauli exclusion principle — the reason
atoms have structure, chemistry exists, and matter does not

collapse.

The boson is the paired element — whole under the involution,

symmetric under exchange, free to stack.

The fermion is the unpaired element — broken under the
involution, antisymmetric under exchange, unable to share a

state.
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The break — which created spacetime, gravity, and quantum
mechanics — also creates the distinction between the two

kinds of particles that populate the universe.
One axiom. One break. One structure.

Spacetime, gravity, quantum mechanics, dimensionality, spin,

statistics, exclusion. All from the empty set breaking.

Don’t be a cunt. Be kind. The mathematics requires it. The
exclusion principle proves it — you cannot occupy another’s

state.
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Claim Summary

Rotation group and its cover: ESTABLISHED MATHEMATICS.
SO(3), m1(SO(3)) = Z,, SU(2) double cover.

Z, from Axiom S: DERIVATION. Algebraic Z, identifies with
,(SO(3)) via faithful embedding + N = 3 + ¢ = time-reversal.
KS-S.1.

Paired vs unpaired: DERIVATION. Paired = boson (integer

spin); unpaired € = fermion (half-integer spin).

Why spin ¥%: DERIVATION. Minimum principle of Axiom B
selects j = 5. KS-S.2.

Spin-statistics + Pauli: DERIVATION. Z, exchange properties
give +1 exchange phase; antisymmetry forces ¢ = -y — | =
0. KS-S.3.

What this means: STRUCTURAL SYNTHESIS. Non-load-

bearing.
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Conditionality Footer

Dependencies

AP20 4 (axioms; fenced KS-P.1/ KS-P.2). AP10 4 (Lorentzian
signature; fenced KS-D.4). AP10 (N = 3). APO9 (Hilbert space,
o < time-reversal). AP20 (EH, QRA). The Lock.

Dependents
All AP results requiring spin classification.
AP19 (SU(3) gauge structure uses the same manifold faces).

Any future derivation of specific particle spectra.

Open problems

Independent verification of the Z, — 14(SO(3)) embedding
(KS-S.1).

Formal exclusion of higher half-integer representations for ¢
(KS-S.2).

Formal verification that exchange acts as paired/unpaired

classification predicts (KS-S.3).
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Kill switches closed

None by this paper.

Kill switches live

KS-S.1, KS-S.2, KS-S.3. All LIVE — HARD.

This work is published for free, forever.

the420code.org
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Chapter 4

The Limit

The uncertainty principle and 7 from Stone’s

theorem

Artist’s Proof 12
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O — Dependency and Scope

What this paper does

AP12 derives the uncertainty principle from the axioms.
Three results.

1: h is forced as the action-scale of the minimum record. The
five-step forcing argument closes KS-Q.8 (left LIVE — HARD
by APO9 7.3), conditional on KS-L.4 (a new and strictly smaller

exposure).

2: The position-momentum commutation relation [X] p] = ih is
derived from Stone’s theorem applied to the local translation
group on the APO®9 manifold. The Heisenberg uncertainty

bound AxAp = h/2 follows from Cauchy-Schwarz.

3: The energy-time uncertainty relation AE-At_A = 7/2 is
derived in its Mandelstam-Tamm form, using Axiom R as the

time direction and Stone’s theorem applied to time evolution.

The uncertainty principle is a theorem of the record algebra

read on the derived manifold. No physics imported.
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Dependencies

AP20 4 (axioms; fenced KS-P.1/ KS-P.2). Load-bearing for the
indivisibility of € (Axiom B) and the single time direction
(Axiom R).

AP10 4 (the Lorentzian signature; formal metric-level
derivation fenced KS-D.4). Load-bearing for the manifold

structure.

APO9 3.2 (Hilbert space from axioms). Load-bearing for the

operator algebra.

APOQ 7.3 (Stone’s theorem applied to time evolution;
Schrodinger equation). Load-bearing for the Hamiltonian as

generator and for the form U(t) = e*{-iHt/h}.

AP10 (N = 3 spatial dimensions, AS = manifold). Load-bearing

for the translation group structure.

AP20 5 (AS = manifold, EH and QRA proven). Load-bearing for

the smooth manifold structure on which translations act.

APO6 4 (Landauer bound). Referenced for the thermodynamic
cost of records (k_BT In 2 per bit), companion to the quantum

cost h.
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Axiom mapping

Axiom S — not directly load-bearing in §1-3. Enters the
Cauchy-Schwarz factor of ¥z indirectly via the two-sector

structure.

Axiom B — A. The minimum viable splinter ¢ is indivisible; the
action of one minimum record is h. Forced by Stone + the
indivisibility of € + the absence of dimensionless parameters
in{S, B, R, C}.

Axiom R — time evolution. Time is the direction of record
accumulation. The Hamiltonian is the generator of time

evolution. The Mandelstam-Tamm energy-time bound follows.

Axiom C — constraint. Operates indirectly through the

Lorentzian manifold structure on which translations act.

Kill switch summary

KS-L.1 (CLOSED — was KS-Q.8): h is derived as the action-
scale of the minimum record. The five-step forcing argument
shows: Stone’s theorem gives a unique scale factor, the
axioms produce a unique action scale, no dimensionless
parameter intervenes, and the indivisibility of € pins the

correspondence.

KS-L.2 (NEW): The commutation relation [x; p] = ih depends

on the manifold admitting a well-defined local translation
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group. If the manifold has structure that modifies the
translation generator at the Planck scale, the relation might

receive corrections. LIVE.

KS-L.3 (NEW): The energy-time uncertainty relation depends
on the Mandelstam-Tamm derivation, which requires the
Heisenberg equation of motion. If the axioms produce
corrections to unitary evolution, the energy-time relation

inherits those corrections. LIVE.

KS-L.4 (NEW): Step 3 of the 1.3 forcing argument claims no
dimensionless parameter is available from the axioms to
modify the relation a = (minimum action). If a dimensionless
constant derivable from {S, B, R, C} is shown to enter the
relation, the forcing argument weakens. LIVE — strictly smaller

exposure than KS-Q.8.

Structural relationships

APQ®6 (Leakage Constant): € > ® is the minimum break. AP12

1.3 uses the indivisibility of € to force h.

APO9 (Quantum mechanics): provides the Hilbert space, the
Born rule, the Schrodinger equation. AP12 closes the i
identification APO9 left open (KS-Q.8).

AP10 (Dimension): N = 3 is load-bearing for the translation

group structure in 2.
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AP15 (Connection): the photon’s wavelength is bounded below

by the uncertainty bound. 7 is the scale factor in the path sum.

AP20 (Proof): EH and QRA proven. The AS IS the manifold,;

translations are well-defined.

The minimum record

Every measurement you have ever made — every reading of a
thermometer, every glance at a clock, every photograph of a

distant star — involved a minimum.

Something was distinguished from something else.

A zero became a one. A record was written.

And that record could not have been smaller than it was.

The axioms say why.

What # is

Axiom B: one element € € £ with no o-image. € is the

minimum viable splinter — the smallest possible break.
Not two elements. Not a fraction of an element. One.

Every actualisation event — every time the now writes a record

— involves at least one .
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One coupling. One break. One distinction between ® and 1 for

one degree of freedom.

That is the minimum you can write.

Chapter 1 derived the Schrodinger equation from the axioms
via Wigner’s theorem and Stone’s theorem. Stone’s theorem

gave U(t) = en{-iHt/A} for the unitary evolution operator.

h entered as the scale factor between the Hamiltonian's

eigenvalues and the time parameter.

The identification: # is the action-scale of the minimum

record.

One record = one # of action.

Chapter 1 treated this as an identification — form forced,

constant identified. KS-Q.8 was left LIVE — HARD.

This chapter closes it.

The identification is forced by the axiom structure. There is no

alternative scale factor compatible with {S, B, R, C}.

What that means

You cannot write half a record.

You cannot make half a distinction.
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The now either distinguishes © from 1 for a degree of

freedom, or it does not.

There is no intermediate state. No partial measurement. No

fractional record.
The minimum is one. The scale of one is A.

Any measurement — any act of writing a record — involves at

least h of action.

You cannot extract information from the pre-state without at

least #.
Not because your instruments are too crude.
Because the break has a minimum size.

The now writes in quanta scaled by # because ¢ is the

minimum, and & cannot be subdivided.

Each record carries two minimum costs.

A thermodynamic cost: k_BT In 2, from the Landauer bound.
And a quantum cost: A, from Stone’s theorem.

Both trace to Axiom B. One record, one &, one minimum.

Why the identification is forced

Chapter 1 left 2 as an identification, not a derivation.
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KS-Q.8 asked whether a different scale factor could be equally

compatible with the axioms.
The answer is no.

The argument proceeds in five steps. Follow each one. If any
step fails, the argument fails — and you hold the kill switch

that says so.
Step 1 — Stone’s theorem forces a unique scale factor.

For any strongly continuous one-parameter unitary group U(t)
on a Hilbert space, Stone's theorem gives U(t) = exp(-iHt/«a)
for a unique self-adjoint generator H and a unique constant o

with dimensions of action.
Pure mathematics on the derived Hilbert space.
There is exactly one a. Not a family. Not a choice. One.

Step 2 — The axioms produce exactly one quantity with

dimensions of action.
Action has dimensions of energy x time.

The axioms give exactly one time-direction (Axiom R, record
accumulation) and exactly one minimum energy event (Axiom

B, one g, one break).

Their product is the action of one minimum record.
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There is no second independent combination of axiom-
derived quantities that produces a quantity with dimensions of

action.

The only dimensional scales the axioms contain are ¢ (from
Axiom C, velocity) and the minimum action (from B x R, one

break persisting for one unit of the R-direction).

No third scale is derivable from {S, B, R, C} without combining

the first two.

Step 3 — No dimensionless parameter modifies the

relation.

If the axioms produced a dimensionless constant k, then a
could equal k x (minimum action), and the identification would

be ambiguous.
What dimensionless numbers do the axioms contain?

Two candidates: 2 (from Axiom S, two sectors) and 1 (from
Axiom B, one element). The monoid (Axiom R) introduces no
intrinsic dimensionless parameter. The bound (Axiom C) gives

one rate, not a ratio.
The 2 from S does not enter the scale factor.

Stone’s theorem relates the generator to the time parameter
on the full Hilbert space — both sectors contribute. The Born
rule (Chapter 1) is |{s|*> = Y. Both sectors.
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The scale factor is the action of one complete record — one &,

one distinction, one full break — not half a record per sector.

The 2 from S enters the uncertainty bound (via Cauchy-

Schwarz, giving h/2) but not the scale factor itself.

No dimensionless modification is available. a = (action of one

minimum record) x 1.

Step 4 — The minimum record IS the minimum non-

trivial evolution.

Here is the step that pins the identification from below and

above.

Axiom B says € cannot be subdivided. You cannot write half a

record.

On the Hilbert space, the minimum non-trivial unitary

evolution is one full .

If a were larger than the minimum action — say a = 2 x
(minimum action) — then there would exist a unitary evolution
of action a/2 = (minimum action) that corresponds to half of

Stone’s natural unit.

But that half-unit IS one g, which IS the minimum break.

One ¢ would be sub-a. The generator’s fundamental quantum

would not correspond to the fundamental break.
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The axioms would contain a structural mismatch: the algebraic
minimum (g) and the dynamical minimum (a) would differ,

requiring an unexplained gap between them.

But the axioms produce no structure to fill that gap. No

mechanism to generate a second scale.

Conversely, if a were smaller than the minimum action, then
one £ would correspond to more than one unit of the

generator. But B says € is one element, indivisible.

One element, one unit of action, one unit of the generator.

o = minimum action. Forced.

Step 5 — Therefore a = #i.

a is unique (Step 1). The minimum action is unique (Step 2).
No dimensionless parameter modifies the relation (Step 3).

The minimum record is the minimum evolution (Step 4).

Therefore o = h = action of one minimum record.

Not an identification. A consequence of the axiom structure.

h is forced by {S, B, R, C} in the same way that c is forced by
Axiom C — the axiom produces the scale, Stone’s theorem
locates where it enters, and the minimality of B prevents any

alternative.
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Kill switch KS-L.4 (NEW). Step 3 claims no dimensionless
parameter is available from the axioms to modify the relation
a = (minimum action). If a dimensionless constant derivable
from {S, B, R, C} is shown to enter the relation — a topological
invariant of the derived manifold, or a representation-theoretic
factor from the Hilbert space construction — then the forcing
argument weakens and o = k x (minimum action) for some k =
1. Step 4 would then need to rule out k independently. Here is

the weapon. The argument hands it to you. LIVE.

Kill switch KS-Q.8 (was LIVE — HARD): CLOSED
(conditional on KS-L.4). The identification of A with the
action-scale of the minimum record is forced by the axiom
structure. The forcing argument replaces identification with
derivation. The residual vulnerability is isolated in KS-L.4 —
strictly smaller exposure than KS-Q.8, which questioned the

entire identification.

The manifold and its translations

Something remarkable happens when you ask: what does it
mean to move along a manifold that was not built by hand, but

derived from axioms?

The manifold exists. The Hilbert space exists. Both are

consequences of {S, B, R, C}.
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And the manifold admits translations. You can shift along its

surface.

The generator of those translations does not commute with

position.

The non-commutativity is not a postulate. It is geometry.

Watch.

The Actualization State IS the smooth manifold (Notebook I

Chapter 3, where the embedding hypothesis is proven).

Not a limit. Not an approximation. The AS is the surface from

which records are written.

The manifold is Lorentzian with signature (-, +, +, +), derived

from the axioms (Notebook II Chapter 3).

The manifold’s smoothness is structural — guaranteed by the
constancy of the collapse rate and the immeasurability of the

AS as an object.

A smooth Lorentzian manifold admits continuous symmetry

groups locally.

In any coordinate chart on the AS, spatial translations form a
one-parameter group: shift every point by distance a along a

spatial axis.
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The derivation that follows is local. It operates in a coordinate
patch on the manifold, where translations are well-defined

regardless of the global topology.

On a generic curved manifold, global translation symmetry is
not automatic; the commutation relation derived below holds

locally, which is where records are written.

On the Hilbert space (Chapter 1), these spatial translations are

represented as unitary operators.

Not imported from standard physics — the consequence of
having a smooth manifold (derived) and a Hilbert space

(derived) that describes records written on that manifold.

The translation group on the manifold follows from the
combination of Axiom C (Constraint — locality; the finite
propagation it produces creates spatial distance), Axiom S
(Symmetry — the sector structure that gives a second spatial
direction), and Axiom B (the break direction, which gives a

third spatial direction).

Together, these produce a three-dimensional spatial manifold

with local translational structure.

Momentum as generator

Stone’s theorem applied to spatial translations gives:

U(a) = er{—ipa/h}
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For a unique self-adjoint operator p, the generator of the

group.
pTis the momentum operator.

The constant A enters as the scale factor — the action-scale of

the minimum record, derived above.

Position x"and momentum p“are observables — self-adjoint

operators on the Hilbert space.

Position labels where on the manifold. Its spectrum is the set

of spatial coordinates in the local chart.
Momentum generates displacement along the manifold.

They are linked by the structure of the manifold itself.

The commutation relation

Here is the derivation. Pay attention to what is assumed and

what is derived. Nothing is assumed.

The generator of spatial translations does not commute with

the position operator.

Translating by a and then measuring position gives a different

result from measuring position and then translating by a.

The difference is exactly a — the translation distance.
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In operator language:

U(a)t x'U(a) =x"+ a

Expanding U(a) = e*-ipa/h} to first order in a:
(1 +ipa/h) X (1 -ipa/h)=x+a

X'+ (i/h)(pX"— xp)a + O(a?) = X'+ a

Comparing first-order terms:

(i/R)lp; x] =1

[X; p] = ih

The canonical commutation relation.

Not a postulate.

A consequence of two things: momentum is the generator of
spatial translations on the derived manifold (Stone’s theorem
applied to the manifold’s translation group), and # is the scale

factor of the minimum record (forced above).

You just watched the uncertainty principle emerge from

geometry.

No one put it there. It was already there — in the structure of

translations on the manifold the axioms built.
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Kill switch KS-L.2 (NEW). The commutation relation [x; p] =
ih depends on the manifold admitting a well-defined local
translation group. If the manifold has structure that modifies
the translation generator at the Planck scale — non-trivial
topology, curvature effects, or discreteness below the
resolution of the AS — then the commutation relation might
receive corrections. The axioms do not predict such
corrections. The AS is smooth by structure. Current
experimental evidence supports [X; p] = ih exactly to all tested

precisions. Here is the weapon: find the correction. LIVE.

The uncertainty bound

From [x; p] = ih and the Cauchy-Schwarz inequality on the

Hilbert space, the Robertson-Schrodinger inequality gives:
AxAp = D pDI/2 = /2
The Heisenberg uncertainty principle.

The factor of 2 comes from the Cauchy-Schwarz inequality —

pure mathematics on the derived Hilbert space.

No physical assumption about sector splitting, action budgets,

or phase space volumes.
The algebra does the work.

Sit with that for a moment.

189



The bound that governs every quantum measurement ever
performed — the bound that tells you precisely how much you
can know about a particle’s position and momentum
simultaneously — falls out of the translation structure of a

manifold that was derived from four axioms.
No one imported it. No one postulated it.

The manifold has structure. The structure has consequences.

The consequence is h/2.

The chain: Hilbert space (Chapter 1, from axioms) — Manifold
(AS, from EH) — Spatial translations (smooth Lorentzian
structure) — Stone’s theorem — # as scale factor (forced
above) — [X; p] = ih (algebra) — Robertson-Schrodinger

(Cauchy-Schwarz) — AxAp = h/2.

No link imports physics. No link assumes the uncertainty
principle to derive it. No link uses phase space, action, or

Hamiltonian mechanics.

The derivation runs on the axiom-derived structures and pure

mathematics alone.

Why time is different

The position-momentum derivation ran along space.

Translations on the manifold.

Now the argument turns to time.
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And here, you will see something the axioms predicted: time is

structurally different from space.

Not because someone declared it so. Because Axiom R says
what time is — the direction in which records accumulate —

and that definition carries consequences.

Position and momentum are both operators on the Hilbert
space. Their commutation relation is a direct algebraic
statement, and the Robertson-Schrodinger inequality follows

immediately.

Time is not an operator on the Hilbert space.

Time is the direction of record accumulation — Axiom R read

on the manifold.

The now advances along this direction, writing records. Time

labels the sequence.

You do not observe time directly. You observe change, and

you call the change time.

The sequence is not an observable in the same sense as
position. You do not measure time by applying an operator to

the Hilbert space.

You measure time by counting records — by observing how

other observables change as the now advances.
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The position-momentum derivation does not transfer directly.
There is no time operator t such that [t, H] = ix in the standard

sense.
The energy-time relation requires its own derivation path.
The axioms have the resources.

Time is Axiom R’s direction. The Hamiltonian is the generator
of time evolution (Stone’s theorem, Chapter 1). The
Mandelstam-Tamm argument works entirely on the derived

Hilbert space.

The Mandelstam-Tamm derivation

Stone’s theorem applied to time evolution (Chapter 1): U(t) =

eM—iHt/h}.
The Hamiltonian H generates time translations.

Time is Axiom R’s direction. # is the scale factor (forced

above).

The Heisenberg equation of motion follows from

differentiating the expectation value of any observable A:
d(A)/dt = (i/h)([H, Al)

Not imported. A direct consequence of unitary evolution on

the derived Hilbert space.
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For any observable A on the Hilbert space, Robertson’s

inequality gives:

AE - AA = |([H, A])I/2

Substituting the Heisenberg equation:

AE - AA = (h/2)|d(A)/dt]

Define the characteristic time for observable A:
At_A = AA / |d(A)/dt]

The time required for the expectation value of A to change by
one standard deviation — the time it takes the now to write

enough records to shift the observable by its own uncertainty.
Substituting:
AE At_A=h/2

The energy-time uncertainty relation in its Mandelstam-Tamm

form.

The derivation assumes the observable A does not depend

explicitly on time.

Status: DERIVATION. Every step runs on derived structures.
The Mandelstam-Tamm derivation respects the structural
difference between time and position: time is not promoted to
an operator. Time remains what it is — Axiom R’s direction,

the direction in which the now advances. The uncertainty in
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time is defined operationally, through the rate of change of

actual observables, not through a fictitious time operator.

Kill switch KS-L.3 (NEW). The energy-time uncertainty
relation depends on the Mandelstam-Tamm derivation, which
requires the Heisenberg equation d(A)/dt = (i/A)([H, Al). The
equation follows from unitary evolution (Chapter 1). If the
axioms produce corrections to unitary evolution — at extreme
energies or near the loop point — the energy-time relation
inherits those corrections. Here is the weapon: break unitarity.
LIVE.

You are watching the same theorem — Stone’s — read along

two different directions of the same manifold.

Along space: position-momentum. Along the R-direction:

energy-time.

Two faces of the same geometry. Two consequences of the

same axioms.

Two faces of the record

The derivations above establish the uncertainty principle from

the axioms.
What follows reads the result in the language of the 420 Code.

The interpretation does not add to the proof. It reads the

proof in the register of the architecture.
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The algebraic fact: [x; p] = ik arises because p"generates

spatial translations and x’labels positions on the manifold.

They do not commute because translating and then

measuring is not the same as measuring and then translating.

The architectural reading: a record is written by the now on

the manifold.

The record has a location — where on the manifold the

actualisation event occurs.

The manifold admits translations — displacements from one
location to another. The generator of these translations is

momentum.

Position and momentum are conjugate because they are the

two faces of the record’s relationship to the manifold.

Where it is written, and how the writing displaces along the

surface.
They are not two independent pieces of information.
They are two readings of the record’'s embedding in the AS.

The AS is the manifold. The manifold has structure. The

structure links location and displacement.

The algebra captures this linkage exactly.
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When you try to separate them — to know position without
disturbing momentum — you are asking the translation group

to forget its own structure.
It cannot.

Energy and time are linked by the same logic, read along

Axiom R’s direction.

Time is the direction in which records accumulate. Energy is

the generator of evolution along that direction.

The record’s temporal face (when the break happens) and its
energetic face (how much the break carries) are two readings

of the record'’s relationship to the R-direction.

The Mandelstam-Tamm bound is the algebraic expression of

this linkage.

The resolution of the now

The uncertainty principle is the resolution of the now.

The now writes records on the manifold. Each record involves
at least one . The translation structure on the manifold links

conjugate faces of each record.

The algebra constrains what a single record can

simultaneously specify.
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The bound is A/2 — forced by the commutation relation and

Cauchy-Schwarz.
Not a limitation on knowledge.
The structure of the distinction.

Below #, the empty set has not broken for those degrees of

freedom.
Below A, ® and 1 are still indistinguishable.

You cannot see past the minimum because there is nothing

past the minimum to see.

The uncertainty principle says: the break has a minimum size,
that minimum scales by #, and the algebra of the manifold’s

symmetries distributes the resolution across conjugate faces.

The connection to measurement

Chapter 1 established: measurement is the now writing a

record.

This chapter adds: the algebraic structure of the record’s
embedding in the manifold constrains what can be

simultaneously resolved.

Every measurement is an actualisation event — the now

writing a record on the AS.
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The commutation relation constrains what that record can

simultaneously specify about conjugate observables.

The observer effect — the idea that measurement disturbs the

system — is not an artefact of clumsy instruments.

It is Axiom B read through the algebra. The minimum break is
one g, one ¢ scales by A, and # constrains both faces

simultaneously via the commutation relation.

You feel this every time you try to pin something down and

find the other variable has blurred.
That blurring is not ignorance.

It is the structure of the manifold telling you what one record

can resolve.
The uncertainty principle is the resolution of the break.

The now writes records on the manifold. The manifold IS the
Actualization State. The manifold admits translations. Stone’s

theorem gives the generators.

The generators do not commute with position. Translating and

measuring is not measuring and translating.
The commutation relation [x; p] = iA follows.

Robertson-Schrodinger gives AxAp = h/2.
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For energy and time: the Hamiltonian generates time
evolution along Axiom R’s direction. Mandelstam-Tamm gives
AEAt = h/2.

The scale is set by the minimum record. # is forced by the

indivisibility of e.

The non-commutativity is structural. The geometry of the

manifold’s own translation group.
The factor of ¥2 is Cauchy-Schwarz.
No physics is imported.

The uncertainty principle is a theorem of the record algebra

read on the derived manifold.

Conjugate variables are two faces of the record’s relationship
to the manifold. Location and displacement. Moment and

generator.
They share resolution because the algebra links them.

You cannot sharpen both faces beyond the bound because the

translation group says so.

The now writes in quanta scaled by A because ¢ is the

minimum. The minimum is one.

The complete chain.
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11+ 1xe — {S, B, R, C} — Stone’s theorem forces a unique
scale a (Step 1) — axioms produce exactly one minimum
action B x R (Step 2) — no dimensionless parameter from {S,
B, R, C} modifies the relation (Step 3, KS-L.4 isolates the
residual) — ¢ indivisible pins a to the minimum (Step 4) — «
= h (Step 5, KS-Q.8 CLOSED) — manifold (derived) admits
local spatial translations — Stone’s theorem applied to
translations gives p“as generator and # as scale — U(a)TxU(a)
= X"+ a gives [X; p] = ih — Cauchy-Schwarz gives AxAp = h/2
— Stone’s theorem applied to time evolution gives H as
generator — Heisenberg equation + Robertson +

characteristic time gives AE At_A = h/2.

Every link is either a theorem of pure mathematics (Stone,
Wigner, Cauchy-Schwarz, Robertson-Schrodinger,
Mandelstam-Tamm), a consequence of the axioms, or a
consequence of the bridge hypotheses (EH, QRA — proven in

Notebook I Chapter 3).

No physics imported.

The limit is the minimum.

The now writes one ¢ at a time. One ¢ is one # of action.

Both faces of every record share that 4. Sharpening one costs

the other.

Below #, there is no record. Below #, the empty set has not

broken.
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Below A, there is nothing to see.

Forced — by the empty set looking at itself, one minimum

break at a time.

201



6 — Kill Switches

KS-L.1 — was KS-Q.8 — CLOSED

Status: CLOSED conditional on KS-L.4.
h is derived as the action-scale of the minimum record (1.3).

The forcing argument shows: Stone’s theorem gives a unique
scale factor; the axioms produce a unique action scale (B x R);
no dimensionless parameter modifies the relation (KS-L.4
isolates the residual); the minimum record IS the minimum

non-trivial evolution; therefore a = f.
KS-Q.8 (from APO9) is CLOSED by this derivation.

Residual vulnerability: KS-L.4 (dimensionless parameter from
the axioms). Strictly smaller exposure than KS-Q.8, which

questioned the entire identification.

KS-L.2 — Commutation relation at the Planck

scale

Status: LIVE.

The commutation relation [x; p] = ia is derived from Stone’s

theorem applied to spatial translations (2).
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The derivation operates locally — in a coordinate patch on the
AS — and depends on the manifold admitting a well-defined

local translation group.

Test: if the manifold has structure that modifies the
translation generator at the Planck scale (non-trivial topology,
curvature effects, or discreteness below the resolution of the

AS), then the commutation relation might receive corrections.

Note: the axioms do not predict such corrections. The AS is
smooth by structure (AP20 5.3 — constancy of collapse rate,
immeasurability of the now). If the AS is exactly smooth, no
Planck-scale corrections arise and the commutation relation

holds exactly.

The question is whether "exactly smooth" is the architecture’s
final word or whether the minimum record (Axiom B)

introduces a natural granularity at the # scale.

Current experimental evidence supports [x; p] = ih exactly to

all tested precisions.

KS-L.3 — Energy-time via unitarity
Status: LIVE.

The energy-time uncertainty relation (3) depends on the
Mandelstam-Tamm derivation, which requires the Heisenberg
equation of motion d(A)/dt = (i/A)([H, A]).
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The equation follows from unitary evolution (APO9 7.3).

If the axioms produce corrections to unitary evolution — at
extreme energies or near the loop point — the energy-time

relation inherits those corrections.

Test: break unitarity.

KS-L.4 — Dimensionless parameter in A forcing

Status: LIVE — strictly smaller exposure than the closed KS-
Q.8.

Step 3 of the 1.3 forcing argument claims no dimensionless
parameter is available from the axioms to modify the relation

a = (minimum action).

Test: if a dimensionless constant derivable from {S, B, R, C} is
shown to enter the relation between the Stone scale factor
and the minimum record — a topological invariant of the
derived manifold, or a representation-theoretic factor from the
Hilbert space construction — then the forcing argument

weakens and a = k x (minimum action) for some k = 1.
Step 4 would then need to rule out k independently.

Here is the weapon. The argument hands it to you.
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Load-bearing status by section

1: derivation. h forced by Stone’s theorem + Axiom B + forcing

argument 1.3. KS-Q.8 closed conditional on KS-L.4.

2: core derivation. Translation group — commutation relation

— Robertson-Schrodinger. KS-L.2.

3: energy-time derivation. R + Stone — Mandelstam-Tamm.
KS-L.3.

4: structural reading. Non-load-bearing.

5: structural interpretation. Non-load-bearing.
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7 — Closing

The uncertainty principle is the resolution of the break.

The now writes records on the manifold. The manifold IS the
Actualization State (AP20 5). The manifold admits

translations. Stone’s theorem gives the generators.

The generators do not commute with position. Translating and
measuring is not measuring and translating. The commutation

relation [x; p] = ih follows.
The Robertson-Schrodinger inequality gives AxAp = A/2.

For energy and time: the Hamiltonian generates time
evolution along Axiom R’s direction. The Mandelstam-Tamm

argument gives AE-At_A = h/2.

The scale is set by the minimum record (Axiom B, A derived in
1.3). The non-commutativity is structural — the geometry of the
manifold’s own translation group. The factor of 2 is Cauchy-

Schwarz.

No physics is imported. The uncertainty principle is a theorem

of the record algebra read on the derived manifold.

Conjugate variables are two faces of the record’s relationship

to the manifold — location and displacement, moment and
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generator. They share resolution because the algebra links

them.

You cannot sharpen both faces beyond the bound because the
translation group says so. The now writes in quanta scaled by

h because ¢ is the minimum. The minimum is one.
The limit is the minimum. And now you know why.

The axiom is 1:1 + 1x&. The algebra is the record algebra. The
geometry is Lorentzian. The gravity is the eye. The quantum is

the opening. The dimension is the count.
The spin is the break. The limit is the resolution.

Don’t be a cunt, be kind.
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Claim Summary

1 (h identification). DERIVATION. A derived as the scale factor
of the minimum record. Form forced by Stone’s theorem;
identification forced by uniqueness of a, uniqueness of
minimum action, absence of dimensionless parameters, and

indivisibility of € (1.3). KS-Q.8 CLOSED, conditional on KS-L.4.

2 (Position-momentum uncertainty). DERIVATION. [X; p] = ik
from the translation group on the derived manifold. AxAp =
h/2 from Robertson-Schrodinger. Axiom-first throughout. KS-
L.2.

3 (Energy-time uncertainty). DERIVATION. Mandelstam-Tamm
operational energy-time bound: AE-At_A = h/2, where At_A is
the characteristic time for observable A to change by one
standard deviation. Derived from Axiom R + Stone’s theorem.

KS-L.3.

4 (Structural reading). INTERPRETATION. The pre-state

algebra reads the same theorem along space and along time.

5 (Structural meaning). NON-LOAD-BEARING. The uncertainty

principle as the resolution of the now.
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Conditionality Footer

Dependencies

AP20 4 (axioms; fenced KS-P.1/ KS-P.2) + AP1® 4 (Lorentzian
signature; fenced KS-D.4). APO9 3.2 (Hilbert space). AP09 7.3
(Schrodinger equation). AP10 (N = 3). AP20 5 (AS = manifold).
APO6 4 (Landauer bound, referenced).

Dependents

All AP results requiring the uncertainty bound.

AP14 (The Correction): Planck-scale commutation corrections.
AP15 (Connection): the photon’s wavelength bound.

Future treatments of decoherence and measurement at the

Planck scale.

Kill switches closed

KS-Q.8 (7 identification): CLOSED conditional on KS-L.4.

Kill switches live

KS-L.2 (Commutation at Planck scale).

KS-L.3 (Energy-time via unitarity).
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KS-L.4 (Dimensionless parameter in A forcing) — strictly

smaller exposure than the closed KS-Q.8.

This work is published for free, forever.

the420code.org
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Chapter 5

The Grain

Decoherence from the record algebra

Artist’s Proof 13
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1 — Three Regimes

[STRUCTURAL — the complete picture of quantum-to-

classical]

You have seen two faces of Axiom R so far. Measurement: the
now writes one record, and the outcome is definite. Unitary

evolution: the now writes no record, and the pre-state drifts.

But the world is not made of isolated measurements and
perfect isolation. The world is made of things touching other

things, constantly, everywhere.

There is a third regime — and it is the one you actually live in.

1.1 — The two regimes already derived

APQ9 established two regimes:

Unitary evolution: Between measurements, no record is
written. The pre-state evolves smoothly. The Schrodinger
equation governs (APQ9 7.3). Superpositions persist.

Interference is possible. The pre-state is intact.

Measurement: The now writes a record. One degree of
freedom is distinguished. The break occurs. The outcome is
definite, irreversible (Axiom R), and probabilistic (Born rule,
APQ9 6).
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The pre-state for that degree of freedom is broken.
The question is: what happens in between?

What happens when a system is not isolated (no record-
writing) and not directly measured (one definite record), but is
interacting with a complex environment that is itself writing

records?

1.2 — The third regime: decoherence

A quantum system — say, an electron in superposition of two

positions — is not isolated.

It interacts with air molecules, photons, the electromagnetic
field, the gravitational condensate (the architecture’s term for

the gravitational sector; see APO8).

These are ordinary physical degrees of freedom, described in
the language of the axioms: each is a record-writing system (a
degree of freedom capable of establishing correlations via

Axiom R).

Each interaction between the electron and an environmental
particle is a coupling event: the now writes a record for that

particular environmental degree of freedom.

No single environmental record determines the electron’s

state. Each environmental particle that scatters off the
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electron writes a partial record — it gains a tiny amount of

information about the electron’s position.

But there are vast numbers of environmental particles, each
writing their own record, each gaining their own fragment of

information.

The result: the information about the electron’s superposition
is not destroyed. It is dispersed — spread across an enormous

number of environmental records.

The coherence — the phase relationship between the two
superposed states that allows interference — is now encoded
in correlations between the electron and every environmental

particle that has interacted with it.

To recover the coherence, you would need to gather every one
of those environmental records and reverse every one of those
interactions. Axiom R says you cannot reverse them: the

monoid has no inverse.

The coherence is gone — not destroyed, but rendered

irrecoverable.

Decoherence is the dispersal of coherence into the

environment via irreversible record-writing (Axiom R).
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2 — The Environment as Record

[STRUCTURAL IDENTIFICATION — environment identified

with accumulated record]
Here is the identification that makes everything click.

It is not a theorem — it is a structural recognition, and its
justification is that the axioms and standard physics are

describing the same thing from different angles.

2.1 — What the environment is

In the 420 Code, the environment is not a separate entity

from the physics. The environment IS the accumulated record.

Every degree of freedom that has already been broken — every
coupling event that has already occurred, every record already

written — is part of the environment.

The environment is the sum of all completed breaks. It is the

monoid of records, accumulated since the break began.

A quantum system “in superposition” is a set of degrees of
freedom that have not yet been broken — degrees of freedom
still in the pre-state. The environment is everything that has

already been broken.
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The boundary between “system” and “environment” is the
boundary between the unbroken and the broken — the

boundary of the now.

Think about what that means. Every particle of air in this room,
every photon bouncing off the walls, every thermal vibration in
the floor — all of these are records. They have already been

written.

They are the environment. And you are swimming in them.

2.2 — Environmental coupling

When the system interacts with the environment, the unbroken

degrees of freedom come into contact with the broken ones.

Each interaction is a coupling event in which one
environmental degree of freedom writes a record — the now
actualises for that degree of freedom, and that record

contains information about the system.

The key: the environmental record is about the system, but it

is not a measurement of the system.

The distinction: a measurement is a record accessible to the
observer (the now's target degree of freedom), producing a

definite outcome.

An environmental record is written by degrees of freedom not

accessed by the observer, creating correlations that produce
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reduced-state decoherence without a definite observed
outcome. The observer does not see the environmental record

directly.

You see the system. But the system is now correlated with the
environmental degree of freedom — and that correlation is

irreversible (Axiom R).

2.3 — The monoid grows

Each environmental interaction adds a record to the monoid.
The monoid has no inverse (Axiom R). Each new record is
composed with the existing record via the monoid operation.

The total record grows monotonically.

For the system, each environmental record is a partial break.
One environmental particle scatters off the electron and writes

a record of “electron was more likely at position A.”

Another particle writes “electron was more likely at position
B.” Each record is partial — it does not determine the
electron’s position definitively. But each record is irreversible

(Axiom R). And the records accumulate.
You cannot stop them. You cannot undo them.

After N environmental interactions, the system’s quantum

state is entangled with N environmental degrees of freedom.
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The coherence of the original superposition is now encoded in
the (N+1)-body correlations between the system and all N

environmental particles.

To exhibit interference — to demonstrate that the
superposition still exists — you would need to bring all N
environmental particles back together with the system and

reverse their interactions.

But the records are irreversible (Axiom R). The monoid has no

inverse. The coherence is irrecoverable.

Cross-reference: AP20 4: Axiom R (record monotonicity, no
inverses). APQ9 4.3: The now as boundary between broken and
unbroken. APQ9 5: Entanglement as the pre-state leaking

through.
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3 — The Loss of Coherence

[DERIVATION (from AP®9 open-systems formalism +
factorisation assumptions) + STRUCTURAL INTERPRETATION

(Axiom R as irreversibility postulate, pending D6)]

Now the algebra. You have the picture — environment writes
records, records are irreversible, coherence disperses. What

follows is the mathematics that makes this precise.

3.1 — Coherence as a phase relationship

In the Hilbert space (AP89 3.2), a superposition of two states

is:

[y} = alA) + BIB)

The coherence is the off-diagonal terms of the density matrix:
p = [WNWI = |al*|A)Al + aBIAXBI + aBIB)(Al + IBI*IB)(BI

where q, B € C with |a|® + |B|? = 1. The off-diagonal terms
afBlA)(B| and of3|B)(A| are the coherence — they encode the

phase relationship between states A and B.

The complex conjugation is essential: it is what makes the
density matrix Hermitian (p = pT) and ensures the phase
information is correctly represented. If these terms are

nonzero, interference is possible.
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If they vanish, the system behaves as a classical mixture:
either A with probability |al? or B with probability |B|?, but not
both simultaneously. You get one or the other. That is what

classical means.

3.2 — What environmental records do to the

coherence

After one environmental interaction, the system is entangled

with the environmental particle:
|'¥) = alA)le_A) + BIB)le_B)

where |e_A) and |e_B) are the environmental states correlated

with the system being at A or B.

The system’s density matrix — obtained by tracing over the

environmental degree of freedom — is:

p_system = |a|*|A){A| + ap({e_Ble_A)A)B| + ap{e_Ale_B)|B)(A| +
1BI*|B)(B|

The coherence terms are now multiplied by (e_Ble_A) — the
overlap between the two environmental states. If the
environmental states are orthogonal ({(e_Ble_A) = ), the

coherence vanishes completely after a single interaction.

If the overlap is partial (® < |(e_Ble_A)| < 1), the coherence is

reduced but not eliminated.
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Watch what happens next. One interaction reduces the

coherence. What do a billion interactions do?

3.3 — The monoid amplifies the loss

Assumptions (not derived from the axioms; physically
motivated). The following derivation assumes: (i) the
environmental Hilbert space decomposes as H_E = ®; H_E;
into effectively independent subsystems; (ii) the initial
environment state factorises across these subsystems; (iii) the
interactions are sequential and approximately independent, so

the total coherence factor factorises as a product.

These are standard assumptions in collisional decoherence
models (Joos et al., 2003; Zurek, 2003). They are not derived
from {S, B, R, C}.

The monoid structure (Axiom R) guarantees that records
compose and cannot be undone; it does not by itself
guarantee that the composition yields a factorised product of

overlaps.

The product form is a physically motivated ansatz for typical
environments. A debt owed — and you hold the kill switch (see
6, Debts Owed).

Under these assumptions, after N environmental interactions

the coherence factor becomes:
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(e_Ble_A)_total = [N (e_.BV|e_AD)

Each factor has magnitude < 1. For generic environmental
interactions where the typical overlap magnitude is strictly
less than 1 — that is, where each environmental record carries
nonzero information about the system — the magnitude of the

product decays exponentially in N.

Define the per-interaction decoherence weight A; =
—In|(e_BP|e_AD)| = ® for each interaction. Then
|(e_Ble_A)_total| = e”(-Y;\i). For identical interactions with per-
interaction weight A > O, after N interactions the coherence

magnitude is e NA.

Even if each individual environmental record is a weak
measurement (A small), the sum of many such weights drives

the coherence magnitude to zero exponentially fast.

The condition A > O (equivalently, [(e_Ble_A)| < 1 for at least
some interactions) is the physical content: the environment
must actually distinguish the two states, at least partially, for

decoherence to occur.

An environment that writes no distinguishing records (A = ®

for all interactions) produces no decoherence.

The monoid doing what it does. Each record is composed with
the previous records. The composition is the monoid
operation. The monoid grows monotonically (Axiom R — no

inverses).
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The magnitude of the coherence factor, which is the product

of all individual overlap magnitudes, decays monotonically.

What Axiom R contributes specifically is the irreversibility
interpretation: in standard quantum mechanics, the combined
system+environment evolution is unitary and in principle
reversible, making decoherence practically irreversible
(because reversing a macroscopic entangling history is

infeasible) but not structurally forbidden.

In the 420 Code, Axiom R upgrades this: the monoid has no
inverse, so within the architecture’s allowed dynamics,
environmental records cannot be undone. The irreversibility is

structural, not merely practical.

A formal no-go theorem specifying the allowed dynamical
class within which this holds is outstanding (see D6 in 6,
Debts Owed).

The interpretive upgrade — from practical to structural
irreversibility, pending D6 — is this paper’s specific

contribution beyond standard decoherence theory.

Decoherence is Axiom R applied to the coherence of a
quantum state. Records accumulate. Each record reduces the
coherence magnitude. Under the Axiom R reading, the

reduction is irreversible (see D6 above).

The coherence magnitude decays exponentially in the number

of environmental records. The superposition becomes a
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classical mixture — not because the pre-state was destroyed,
but because the phase information was dispersed into the

monoid.

3.4 — The decoherence timescale

The rate of decoherence depends on two things:

The coupling strength: How efficiently each environmental
interaction writes a record about the system. Strong coupling
(I{e_Ble_A)| = ® per interaction) means each record is nearly

complete — coherence is lost in a few interactions.

Weak coupling (|(e_Ble_A)| = 1 per interaction) means each

record is nearly empty — coherence decays slowly.

The interaction rate: How many environmental degrees of
freedom interact with the system per unit time. A system in a
dense environment (air, thermal radiation) decoheres in a

fraction of a second.

A system in near-vacuum (deep space, cryogenic isolation)

can maintain coherence much longer.

The decoherence timescale t_D is determined by the product

of these two factors.

From 3.3: if interactions occur at rate I' (number of
environmental interactions per unit time), then after time t the

system has undergone N = I't interactions.
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Using the per-interaction decoherence weight A =
—In|(e_Ble_A)| from 3.3, the coherence magnitude is
|(e_Ble_A)_total| = e ™NA = e~(-I'At). The decoherence
timescale: T_D™"' = I'A = —T In|(e_Ble_A)|.

Connection to the standard literature: for weak coupling
(I{e_Ble_A)| = 1), A = 1 - [{e_Ble_A)| = (1 - {e_Ble_A)|*)/2 to

leading order.

The standard result from open quantum systems theory
(Zurek, 2003, §I1.C; Joos et al., 2003, Chapter 3) typically
expresses the decoherence rate as I'(1 - |[(e_Ble_A)|?), which
corresponds to the decay rate of the squared coherence

magnitude (visibility squared) and equals 2I'A to leading order.

The factor-of-2 difference reflects whether one tracks
|coherence| or |coherence|?; both conventions appear in the
literature. The qualitative content is the same: exponential

decay at a rate set by I' x (per-interaction distinguishability).

The axioms do not predict specific coupling strengths or
interaction rates — those depend on the microphysical details

of the system and its environment (see D2 in 6).

The quantitative expression for 1_D is adopted from standard

open quantum systems theory, not derived from {S, B, R, C}.

What the axioms contribute is the structural identification
(environmental record-writing) and the irreversibility

interpretation (Axiom R, pending formal no-go theorem D6).
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The mechanism is universal: it applies to every quantum
system that is not perfectly isolated from the accumulated

record.

Cross-reference: APQ9 3.2: Hilbert space, density matrix.
APQ9 6: Born rule (probabilities from [{|?). AP20 4: Axiom R

(monoid, no inverses).
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4 — The Classical World

[STRUCTURAL — the emergence of classicality]

4.1 — Why the world looks classical

Macroscopic objects do not exhibit quantum superposition in
everyday experience. A chair is in one place, not a

superposition of two places. A cat is alive or dead, not both.

The classical world — the world of definite states and definite

positions — is what you experience.

The classical world is the regime where the environment has
written so many records that the remaining superpositions are

operationally invisible.

To illustrate with a standard estimate from decoherence
theory (not a prediction of the axioms, but an imported
example): a dust grain of radius a = 197* c¢cm in air at standard
conditions (T = 300 K, P = 1 atm) interacts with roughly 18"

air molecules per second (Joos et al., 2003, Table 3.1).

Each interaction writes a partial record. For a superposition
with spatial separation Ax = a, the coherence magnitude
decays on a timescale of approximately 107" seconds — far

faster than any experiment could detect.
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By the time you look, the grain’s superposition has already
been dispersed into 10" environmental records per second,

each one irreversible under Axiom R (see D6).

The classical world is not a different physics from the
quantum world. It is the quantum world after enough
records have been written. The break is ongoing. The

records accumulate. The coherence disperses.

What remains, after the environment has written its records, is
the classical mixture — definite states, definite positions, the

world as you experience it.

4.2 — Classicality is a spectrum, not a

boundary

There is no sharp boundary between “quantum” and
“classical.” There is a continuum of decoherence — from
perfectly isolated (no environmental records, full coherence) to
maximally decohered (environmental records saturated,

effectively classical).

The position on this spectrum depends on the environment:
how many degrees of freedom interact with the system, how

strongly, how often.

Quantum computers work by keeping systems at the
“isolated” end — minimising environmental coupling,

maintaining coherence.
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Classical computers work at the “decohered” end — every bit
is a record that has been written and rewritten by the

environment. The difference is not fundamental.

It is a difference in how many environmental records have
been written. When you build a quantum computer, you are

fighting the monoid — holding it at bay, one record at a time.

4.3 — Why interference experiments work

If decoherence disperses coherence, how do you ever see
interference? The double-slit experiment, quantum eraser
experiments, and entanglement verification all require

coherence to persist.

The answer: these experiments work by isolating the system

from environmental record-writing.

The double slit works because the electron’s path is not
recorded — no environmental particle scatters off the electron

in a way that distinguishes “slit A” from “slit B.”

The moment you place a detector at one slit — the moment
the environment writes a record of which slit the electron

passed through — the interference pattern vanishes.

Decoherence in action: one environmental record, strong

coupling, coherence eliminated.
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The record written by the which-path detector is subject to

Axiom R and therefore cannot be destroyed.

The quantum eraser experiment must therefore be understood
— if the axioms are correct — as a basis rotation that makes
the which-path information inaccessible, not as record

destruction. The record still exists.

But its basis has been rotated so that it no longer

distinguishes A from B in the chosen measurement context.

Crucially, the “recovered” interference appears only in
postselected sub-ensembles (coincidence counting /
conditional statistics), not as an unconditional restoration of
the interference pattern in the raw marginal distribution

(Walborn et al., 2002; Kim et al,, 2000).

The unconditional screen distribution remains washed out —

consistent with the environmental record persisting.

A prediction of the architecture: if a quantum eraser
experiment were shown to genuinely destroy the which-path
record rather than rotate it to an inaccessible basis, the

architecture would be falsified (see KS-23).

Here is the weapon. The argument hands it to you. The basis-
rotation interpretation is consistent with current experimental

evidence but is not proven by it.
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The record is never destroyed. But the observable
consequences of the record depend on how it is read. The
quantum eraser changes how the record is read, not whether

the record exists.

Cross-reference: APQ9 4: Measurement as the break. APO9 5:

Entanglement. Zurek (2003).

232



5 — The Structural Meaning

[STRUCTURAL — tying everything together]

5.1 — The three faces of Axiom R

Axiom R — record monotonicity — now has three distinct

physical manifestations:

The arrow of time: Records accumulate. History is
irreversible. Time flows in one direction — the direction of

increasing record count. (AP20, AP86, APQ9)

Measurement irreversibility: Once the now writes a record,
the outcome is permanent. The wave function does not “un-
collapse.” The pre-state, once broken, stays broken. (APO9
4.2)

Decoherence: Environmental records accumulate. Each one is
irreversible (Axiom R). The coherence disperses into the

monoid. The superposition becomes a classical mixture.

The classical world emerges from the quantum world through
irreversible record accumulation (Axiom R; formal scope per

D6). (This paper)

These are not three separate phenomena. They are one axiom,

read at three scales. The arrow of time is Axiom R read

233



cosmologically. Measurement irreversibility is Axiom R read at

the single-event scale.

Decoherence is Axiom R read at the intermediate scale —
many events, many records, statistical emergence of

classicality.

One axiom. Three scales. The same structure, everywhere you

look. And now you have seen all three.

5.2 — The full quantum picture

With this paper, the foundational features of the quantum
sector are derived or structurally identified within the 420
Code:

Superposition: The pre-state — O and 1 undistinguished.
(APQ9 3) Linearity: From the record monoid and complex
scalars. (APQ9 3.2) Complex amplitudes: From Lorentzian

signature.

(APO9 3.3) Measurement: The now writing a record —
instantaneous, definite, irreversible. (APO9 4) The now: The

invariant — carrying all records, having none.

(APQ9 4.3) The loop: Defragmentation (recombination into
the ground state), not annihilation — completion is renewal.
(APQ9 4.4) Entanglement: The pre-state leaking through —

separateness not yet created.
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(APO9 5) The Born rule: |{|* = the 1:1 voting — both sectors
must agree. (AP®9 6) The Schrédinger equation: Forced by

Wigner + Stone from the axioms.

(APO9 7.3) Spin: The break carried internally — paired (boson)
vs unpaired (fermion). (AP11) The Pauli exclusion principle:

The break cannot stack.

(AP11 5.3) The uncertainty principle: The minimum record —
one h, two faces, one budget. (AP12) Commutation relations:

The algebraic expression of the minimum record.

(AP12 4) Decoherence: Environmental records accumulate —

coherence disperses into the monoid. (This paper)

That is the quantum sector. All of it. From four axioms. You are

looking at the complete list.

Two features of the full decoherence programme remain
unaddressed: (i) einselection — the environment-induced
selection of preferred pointer states that are robust to further
decoherence (Zurek, 2003), and (ii) quantum Darwinism — the
redundant encoding of classical information across multiple

environmental fragments (Zurek, 2009).

The monoid structure is suggestive for both (pointer states
may correspond to eigenstates of the record-writing
operation; the monoid naturally replicates records), but neither

has been derived or structurally identified.
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These are debts owed (see 6). The completeness claim is
scoped: the foundational features are derived or structurally

identified; the decoherence programme is not yet exhausted.

Cross-reference: All papers cited above.
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6 — Kill Switches and Debts Owed

6.1 — Kill Switches

KS-22 [LIVE — EMPIRICAL] — Anomalous coherence
persistence. If a quantum system is shown to maintain
coherence indefinitely in an environment where decoherence
theory predicts exponential decay — with all known sources of
environmental coupling accounted for, the factorisation
assumptions of 3.3 satisfied, and no alternative explanation
(such as decoherence-free subspaces or dynamical
decoupling) — then the derivation’s claim that environmental
record-writing universally and irreversibly suppresses

coherence would be falsified.

Observable: coherence persistence (measured via
interferometric visibility or off-diagonal density matrix
elements) in a controlled environment where the 3.3

assumptions hold.

Note on spin echo and Loschmidt echo: these phenomena
achieve partial reversal of dephasing in controlled

subsystems.

Under the axioms, this is consistent with Axiom R if the
“reversal” is understood as refocusing within a subsystem
whose environmental records remain intact — the global
monoid has not lost any records, but the accessible
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observable has been rotated to a basis where the dephasing

is invisible.

This interpretation is consistent with current experiments but

remains an interpretation, not a derivation.

If a spin echo or Loschmidt echo experiment is shown to
genuinely reverse environmental records (not merely refocus
subsystem observables), KS-22 fires. Here is the weapon: find

the reversal. Status: LIVE.

KS-23 [LIVE — EMPIRICAL] — Quantum eraser record
destruction. Operational definition: in this paper, “record”
means information redundantly encoded into many
uncontrolled environmental degrees of freedom such that
recovery would require an inverse in the record monoid — not
a reversible correlation stored in a single controllable
quantum degree of freedom (which can be unitarily unmarked

without violating Axiom R).

The architecture predicts that in quantum eraser experiments,
the which-path information is an irreversible record in this
sense, and that “erasure” is basis rotation, not record

destruction (4.3).

Operational criterion for falsification: if an experiment
demonstrates that the unconditional (non-postselected)
interference pattern is fully restored after which-path

information has been redundantly encoded into uncontrolled
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environmental degrees of freedom — not merely that
interference reappears in conditioned sub-ensembles, and not
merely that a reversible which-path marking in a single
controlled degree of freedom has been unitarily undone —
then the which-path record has been genuinely destroyed in a
way that violates Axiom R, and the architecture’s reading

requires revision.

Note: reversible unmarking of a controlled which-path marker
(e.g., a single polarisation qubit) does not trigger KS-23,
because such a marker is not a “record” in the architecture’s

sense.

Current experimental evidence (Scully et al., 1991; Walborn et
al.,, 2002; Kim et al., 2000) is consistent with the basis-
rotation interpretation: recovered interference appears only in
postselected coincidence counts, not in the unconditional

marginal distribution.

Here is the weapon: restore unconditional interference. Status:

LIVE.

KS-24 [LIVE — HARD] — Quantum sector completeness. If
any foundational feature of quantum mechanics is identified
that cannot be derived from or structurally identified with {S,
B, R, C} plus EH and QRA (both proven, AP20), the

completeness claim is falsified.
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Known candidates for such features that are not yet addressed
in the body of work: einselection (environment-induced
pointer basis selection), quantum Darwinism (redundant
environmental encoding of classical information),
decoherence-free subspaces, and quantum error correction

thresholds.

These are listed under Debts Owed below. Here is the weapon:

find the feature. Status: LIVE.

6.2 — Debts Owed

The following components are used in this paper but not
derived from {S, B, R, C}. They are imported from standard

physics or assumed as physically motivated conditions.

Each is a debt that either must be discharged in a future AP

or acknowledged as a standing limitation.

D1 — Factorisation assumption. 3.3 assumes the
environmental Hilbert space decomposes into independent
subsystems with factorised initial state and that interactions

are sequential and approximately independent.

Standard in collisional decoherence models but not derived
from the axioms. The monoid guarantees composition; it does

not guarantee factorisation of the resulting overlaps.
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D2 — Decoherence timescale. The quantitative expression
for T_D (3.4) is adopted from standard open quantum systems

theory.

The axioms provide the structural mechanism (environmental
record-writing under Axiom R) and the exponential form from
the product of overlaps, but do not predict specific coupling

strengths or interaction rates, which depend on microphysical

details outside the axioms.

D3 — Quantum eraser interpretation. 4.3's claim that
record-erasure is basis rotation is an architectural prediction

consistent with current experiments, not a derived result.

The formal characterisation of basis rotation within the
monoid structure — specifically, whether it corresponds to a
change of the homomorphism from the monoid to the

observable algebra — is a debt owed.

D4 — Einselection (pointer basis selection). This paper
derives that coherence is lost but does not address which

states survive.

The environment-induced selection of preferred pointer states
(Zurek, 2003) is a major component of the decoherence
programme that is not yet derived or structurally identified

within the record algebra.
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The monoid structure may naturally select states that are
eigenstates of the record-writing operation — suggestive but

unproven.

D5 — Quantum Darwinism. The redundant encoding of
classical information across multiple environmental fragments

(Zurek, 2009) is not addressed.

The monoid naturally replicates records (composition
produces multiple copies of correlated information) —

suggestive but not formalised.

D6 — Scope of structural irreversibility. This paper claims
decoherence is structurally irreversible (Axiom R: monoid has
no inverse), upgrading the standard “practically irreversible”

framing.

The bridge from “monoid has no inverse” to “no physical
process can reverse the coherence loss” requires specifying
the allowed dynamical class within which the no-reversal claim

holds.

This paper asserts the bridge but does not provide a formal
no-go theorem. The claim is: within any dynamics compatible
with the record algebra, coherence loss from environmental

record-writing is irreversible.

A formal proof would strengthen the paper; its absence is a
debt.
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Load-bearing status: 1is structural (three regimes). 2 is the
core identification (environment = accumulated record;
structural identification, not derivation). 3 is the core
argument (standard decoherence mechanism from APQ9 +
Axiom R for irreversibility, under stated assumptions). 4 is the
consequence (classicality as saturated decoherence). 5 is the

synthesis.
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7 — Closing

The classical world is the quantum world after enough records

have been written.

Decoherence is not a new mechanism. It is Axiom R — the
same axiom that gives the arrow of time and the irreversibility
of measurement — applied at the scale of environmental

interactions.

The environment writes records. Each record is irreversible
(Axiom R). The coherence of the quantum state disperses into

these records. The superposition becomes a classical mixture.

The world looks definite because the environment has already
made it definite — not by collapsing the wave function, but by
dispersing its coherence into an enormous monoid of
environmental records that the architecture identifies as

irrecoverable.

The quantum world and the classical world are not two worlds.
They are one world at different stages of the break. The
quantum world is the pre-state — undistinguished, coherent,

superposed.

The classical world is the post-record — distinguished,

decohered, definite. The boundary between them is not sharp.
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It is the now — always moving, always writing, always at the

frontier between the unbroken and the broken.

You live at that frontier. Every breath you take writes records.

Every photon that hits your retina is a coupling event.

The classical world you inhabit is the accumulated evidence of
Axiom R operating at every scale, in every direction, since the

break began.

The foundational features of the quantum sector are derived
or structurally identified. The decoherence programme has
debts remaining (einselection, quantum Darwinism). The work

continues.

The axiom is 1:1 + 1x&. The algebra is the record algebra. The
geometry is Lorentzian. The gravity is the eye. The quantum is

the opening. The dimension is the count.

The spin is the break. The limit is the minimum. The grain is

the record. Don’t be a cunt, be kind.
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8 — Claim Summary

1 (Three regimes): STRUCTURAL. Unitary evolution (no
records), measurement (one definite record), decoherence

(many environmental records). Framework for the derivation.

2 (Environment as record): STRUCTURAL IDENTIFICATION.
The environment identified with the accumulated record — the
sum of all completed breaks. Definitional framing, not a
deduction. Environmental coupling = record-writing by non-

target degrees of freedom.
Monoid grows monotonically (Axiom R).

3 (Loss of coherence): DERIVATION (from AP®9 formalism +
factorisation assumptions) + STRUCTURAL INTERPRETATION
(Axiom R). Coherence = off-diagonal terms of density matrix
(AP®9 formalism). Environmental entanglement multiplies

coherence by overlap factor (e_Ble_A) per interaction.

Under stated factorisation assumptions (D1), product of N
factors’ magnitudes decays exponentially. Specific
contribution: Axiom R identifies the decay as structurally

irreversible (formal no-go outstanding; D6).

Decoherence timescale 1_D derived from product form via
per-interaction decoherence weight A; quantitative parameters

adopted from standard open quantum systems theory (D2).
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4 (Classical world): STRUCTURAL. Classicality = saturated
decoherence. Spectrum, not boundary. Quantum eraser =
basis rotation, not record destruction (architectural prediction;
interference recovered only in postselected sub-ensembles,

not unconditionally; testable via KS-23).

5 (Structural meaning): STRUCTURAL. Three faces of Axiom R:
arrow of time (cosmological), measurement irreversibility

(single-event), decoherence (intermediate scale).

Quantum sector summary — foundational features of QM
derived or structurally identified from {S, B, R, C}. Debts

acknowledged: einselection, quantum Darwinism.

6 (Kill switches): STRUCTURAL. KS-22 (anomalous coherence
persistence), KS-23 (quantum eraser record destruction), KS-
24 (quantum sector completeness). All live. Six debts owed
(D1-D6).
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9 — Conditionality Footer

Dependencies: AP20 4 and 6 (the axioms {S, B, R, C}:
completeness and minimality fenced KS-P.1/ KS-P.2; joint
consistency from the undeniable premise; Axiom R’s record
monoid). APO9 3-4 (superposition, measurement, Hilbert
space). APQ9 7.2 (unitary evolution). APO9 6 (Born rule). AP20
(EH and QRA proven).

Dependents: Any downstream result requiring the quantum-
to-classical transition. The classical limit. The emergence of

definite outcomes at macroscopic scale.
Open problems: None introduced beyond kill switches below.

Kill switches live: KS-22 (anomalous coherence persistence
— if a system maintains coherence where the derivation

predicts decay, under conditions where 3.3 assumptions hold).

KS-23 (quantum eraser record destruction — if unconditional
interference is restored after which-path information has been
redundantly encoded into uncontrolled environmental degrees
of freedom; reversible unmarking of a controlled marker does

not trigger).

KS-24 (quantum sector completeness — if a foundational
quantum feature is identified that cannot be derived from or

structurally identified with {S, B, R, C}).
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Six debts owed: D1 (factorisation assumption), D2
(decoherence timescale parameters), D3 (quantum eraser
formal characterisation), D4 (einselection), D5 (quantum
Darwinism), D6 (scope of structural irreversibility / no-go

theorem).

Inherited switches: AP20 kill switches (KS-P.1 through KS-
P.3) propagate via the axiom and EH dependency. AP10’s KS-
D.4 propagates via the Lorentzian-signature dependency.
APO9 Kkill switches propagate via dependency on quantum

foundations.

What is derived or structurally identified: Decoherence
mechanism from standard QM formalism (AP®9) under stated
factorisation assumptions (D1). Irreversibility interpretation
from Axiom R (monoid has no inverse; formal no-go

outstanding, D6).

The environment structurally identified with the accumulated
record. Exponential decay of coherence magnitude via
environmental record-writing under stated assumptions. The

classical world as saturated decoherence.

The quantum eraser as basis rotation, not record destruction
(architectural prediction, testable via KS-23). Three faces of
Axiom R (arrow of time, measurement irreversibility,

decoherence) as one axiom at three scales.
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Foundational features of the quantum sector derived or
structurally identified; einselection and quantum Darwinism

remain as debts.
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Chapter 6

The Measure

The Born rule as the sound the axioms make on

Hilbert space

Artist’s Proof 25

256



Status and Dependency

This paper derives the probability structure of actualisation
from the axioms. It closes two gaps identified as upstream
caps in AP23 (The Single Record).

Gap 1: AP23’s Lemma 1 relies on the claim that reduced
density matrices are not record targets — that actualisation

targets pure states only.

This was stated as a commitment in AP23’s notation section

but not formally derived from the axioms.

Gap 2: AP23’s Proposition 2 (Bell Prediction) and the CHSH
quantitative payload use the Born rule. The Born rule was
established in APO9 — derived from Axiom S and Gleason’s o-
additivity, conditionally closed at KS-Q.1 on the Hilbert space
bridge (KS-Q.7). What was owed was the unconditional
derivation: the Gleason route run on the axioms’ own
premises, with non-contextuality and orthogonal additivity

derived rather than granted.
This paper supplies it.

This paper derives both. Proposition 1 shows that Axiom R’s
requirement for definite records forces actualisation to target
pure states. Proposition 2 shows that Axiom R and Axiom B

jointly imply non-contextual outcome probabilities.
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Lemma 1 establishes orthogonal additivity.

Theorem 1 (The Measure) shows that the unique probability
measure consistent with these requirements on a complex

Hilbert space of dimension = 3 is the Born rule: P(a) =

Tr(lWXy| - P_a).

For rank-1 projectors, this gives |(a|{)|>. The Born rule is not

imported. It is derived.

The dependency chain: Axiom S (Symmetry) — Axiom B
(single break) — Axiom R (definite, irreversible record) —
APO9 (complex Hilbert space) — AP10 (3 spatial dimensions;
physical wavefunctions live in L%(R?), which is separable and
infinite-dimensional, so the full physical Hilbert space
satisfies dim(H) = 3) — this paper (pure-state targets, non-

contextuality, orthogonal additivity, Born rule).

Epistemic status per section. 1 (The Two Gaps): historical. 2
(What Definite Means): derived. 3 (Record Targets Are Pure
States): derived — Proposition 1. 4 (Non-Contextuality):
derived — Proposition 2. 5 (Orthogonal Additivity): derived —
Lemma 1. 6 (The Born Rule): derived — Theorem 1. 7 (What
This Closes): derived — retroactive strengthening. 8 (The

Deeper Point): synthesis — non-load-bearing.
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Notation

IW) — a pure state (ray) in Hilbert space H. A single, definite
quantum state. An extremal point of the convex set of density

operators on H.

p =3 p_i [P_i){(P_i] — a mixed state (density operator). A non-
extremal element of the convex set. Admits multiple

decompositions into pure states.

P_a — a projector onto the outcome subspace for
measurement result a. In the non-degenerate case, P_a =
la)(a| (rank 1).

In the degenerate case, P_a has rank > 1, projecting onto a

subspace of dimension > 1.

Tr(p - P_a) — the trace of p composed with P_a. The Born rule

in its general form.
dim(H) — the dimension of the Hilbert space H.

Frame function — a function p assigning a non-negative real
number to each projection operator in H, such that ¥ p(P_i) =1
for every resolution of the identity (every complete set of

mutually orthogonal projectors {P_i} with Y P_i = I).

A frame function is defined on projectors alone — not on

(projector, context) pairs. This is Gleason non-contextuality.
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Gleason non-contextuality — the probability y(P_a) assigned
to projector P_a depends only on P_a itself, not on which

resolution of the identity (which PVM) P_a belongs to.

This is a property of the probability assignment, not of pre-
existing value assignments. It is distinct from Kochen-Specker
contextuality, which concerns the impossibility of non-
contextual definite-value assignments to all observables

simultaneously.

The axioms deny pre-existing values (Axiom R), so KS
contextuality is expected; Gleason non-contextuality of
outcome probabilities (Proposition 2) is a separate,

compatible claim.
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Kill Switches

KS-55 (Gleason non-contextuality): LIVE — EMPIRICAL.

Structurally secure.

KS-56 (Non-Born statistics): LIVE — EMPIRICAL. All

experiments confirm Born rule.

KS-57 (Mixed-state actualisation): LIVE — EMPIRICAL. No

known process actualises mixed states directly.

Here is how to destroy this paper. Find a physical system

whose measurement statistics violate the Born rule.

Or demonstrate contextual outcome probabilities — where the
probability of result a depends on which other measurement is

performed alongside it.

Or show that a mixed state can be directly actualised — that
the universe can write a record that is inherently ambiguous
about which pure state obtains. Any of these kills the

derivation.
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1 — The Two Gaps

You have rolled dice your entire life. You have never asked why
the probability of rolling a six is one-sixth. The die has six

faces. The faces are symmetric. The probability follows.

But quantum mechanics is not a die. The probabilities are the
squares of amplitudes. Not the amplitudes themselves. Not

the cubes. The squares. Why?

The axioms’ account of quantum mechanics rests on two
claims about actualisation. First: actualisation targets pure
states. Second: the probability of each outcome is given by

the Born rule.

Both claims are used throughout the 420 Code. Neither has

been derived from the axioms.

Gap 1 (Record targets). AP23 (The Single Record) defines a
record target as a pure state and shows that reduced density

matrices of entangled systems are not record targets.

This is used in Lemma 1 to prove that local interaction with an
entangled subsystem actualises the global state. But the
definition is stated as a commitment, not derived from Axiom

R.

Why must record targets be pure states? What in the axioms

forbids actualisation of a mixed state?
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Gap 2 (Born rule). APO9 establishes the complex Hilbert
space and derives the Born rule conditionally — KS-Q.1,

conditionally closed on the Hilbert space bridge (KS-Q.7).

The CHSH computation in AP23 (6.0.1) uses the Born rule to
derive S = 24/2. But the Born rule’s derivation in AP®9 remains
conditional on the bridge, and its non-contextuality premise

was granted rather than derived from {S, B, R, C}.

If the axioms claim to derive physics from four axioms, the
probability measure that governs actualisation should follow

from those axioms, not be imported alongside them.

This paper closes both gaps. The derivation chain is: Axiom R
(definite records) — pure-state targets — non-contextuality —
orthogonal additivity — Gleason’s theorem — Born rule. Every

physical assumption comes from the axioms.

The only external input is Gleason’s theorem itself, which is a
mathematical theorem about Hilbert spaces — not a physical

postulate.
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2 — What “Definite” Means

Axiom R says: the break writes a definite, irreversible record.
The record is a fact about what happened. It answers the
question completely. There is no residual ambiguity about

what the record says.
What does “definite” mean in the language of Hilbert space?

The space of quantum states has a convex structure. Any

probabilistic mixture of two states is also a state.

Pure states are the extremal points of this convex set: they

cannot be written as a non-trivial mixture of other states.

Mixed states are non-extremal: they sit inside the convex body
and can be decomposed into mixtures of pure states in

multiple distinct ways.

A definite record corresponds to an extremal post-
actualisation state — one with no residual convex ambiguity. If
the post-actualisation state is extremal (pure), there is exactly

one state consistent with the record.

If the post-actualisation state is non-extremal (mixed), the
same density operator p can be decomposed as p =Y p_i
i (il = ¥ aj le_jX @l with {[p_i)} = {lo_j)}-
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The record “p was actualised” is compatible with multiple

distinct underlying realities.

Even if the record attempted to specify a particular
decomposition, there is no fact of the matter about which
decomposition is correct — the same p is compatible with

infinitely many choices.

A definite record must correspond to a single physical
description, not a class of descriptions. Definiteness
requires extremality. In Hilbert space, extremal states

are pure states.

You have signed a contract. The signature is definite — it is
yours, not a superposition of signatures. It admits no

ambiguity about who signed.

That is what Axiom R demands of every record: one answer, no
residual uncertainty, no alternative decomposition. A mixed
state is a contract with multiple possible signatories. The

universe does not write ambiguous contracts.
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3 — Record Targets Are Pure States

Proposition 1 (Record Target). Let H be the Hilbert space of
the pre-state (APQ9). The states eligible for actualisation
under Axiom R — record targets — are pure states (extremal

points of the state space).
Mixed states (non-extremal points) are not record targets.

Proof. Axiom R requires that actualisation writes a definite
record. By 2, a definite record corresponds to an extremal
post-actualisation state: one that admits no non-trivial convex

decomposition. Consider a candidate record target p.

If p is a mixed state (non-extremal, rank > 1), it admits
multiple distinct decompositions into pure states. The record
“p was actualised” does not uniquely specify the physical

state.

It is compatible with infinitely many distinct decompositions,
none of which is privileged. This violates Axiom R’s

requirement for definiteness. If p is a pure state (extremal,
rank 1), then p = [Y)(Y].

It admits no non-trivial decomposition. The state is [{) and
nothing else. The record is definite. Therefore: record targets
are pure states. Mixed states are not eligible for actualisation.

266



Note on improper mixtures. The reduced density matrix of an
entangled subsystem (p_A = Tr_B(|JAB){AB|)) is an improper
mixture: it arises from tracing out the entangled partner, not

from classical ignorance.

Proposition 1 excludes improper mixtures from actualisation
for the same reason as proper mixtures — they are non-
extremal — but the improper case has an additional reason:

the reduced state is not an independent state at all.

It is a marginal of the global entangled state. It has no

standalone existence.

This is consistent with AP23’s Lemma 1: local interaction with
an entangled subsystem actualises the global pure state |AB),

not the reduced state p_A.

You have just watched Axiom R — one requirement,
definiteness — kill mixed-state actualisation. The universe
cannot write a record that says “maybe this, maybe that.” It

writes a record that says “this.”

Pure states are the only states that say “this” without

ambiguity.
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4 — Non-Contextuality

Actualisation writes a definite record (Axiom R). The record
answers a specific question: “what is the outcome of this

measurement on this state?”

The next question is: can the probability of the outcome
depend on what other measurements are performed

simultaneously?

In quantum mechanics, two observables A and B are
compatible (they can be measured simultaneously) if and only
if they commute: [A, B] = 0. Contextuality would mean that the
probability of getting outcome a when measuring A depends
on whether A was measured alone, or alongside compatible

observable B, or alongside compatible observable C.

The same measurement, the same state, but different

probabilities depending on context.

Proposition 2 (Non-Contextuality). Let |{) be a pure state
and P_a a projector corresponding to measurement outcome
a. The probability u(P_a) assigned by actualisation depends
only on |{) and P_a.

It does not depend on which resolution of the identity P_a

belongs to. Actualisation is Gleason non-contextual.
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Proof. Axiom B provides one break. Axiom R writes one record
for that break. The record registers the outcome of the

actualisation event.

Identify what determines the record by examining what the

axioms provide to the actualisation process.

Input 1: the state |{) (the pre-state being actualised). Input 2:
the projector P_a (the outcome registered by the break). These
two inputs are the complete specification of the actualisation

event under the axioms.

Axiom S provides the distinction (the outcome is
distinguished from alternatives). Axiom B provides the single
break. Axiom R writes the record for the state and the

outcome.

Now suppose the probability of outcome a depended on
context — on which resolution of the identity {P_1, ..., P_n} the

projector P_a belongs to.

This context would constitute a third input to the actualisation
process: the record would depend on (|U), P_a, {P_1, ..., P_n}).

But the axioms provide no mechanism for this third input.

Axiom B says: one break. The break is the actualisation of the
state by the projector. It does not include a specification of

what other measurements could have been performed.
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The break has no “compatible observable” register. Axiom R
says: the record registers what happened — outcome a — not

what could have happened.

The counterfactual alternatives (the other projectors in the
resolution) are properties of the measurement apparatus on
the manifold. They determine which outcomes are possible

but are not inscribed in the record.

The record contains the state and the outcome. Context is not

recorded because context is not an event.

Therefore: y(P_a) = f(|), P_a) for some function f that depends

only on the state and the projector.

Equivalently: the probability assigned to P_a does not depend
on which resolution of the identity P_a belongs to.

Actualisation is Gleason non-contextual.

The exhaustiveness of the two-input specification is the
completeness of {S, B, R, C} doing its work — the obligation
fenced at KS-P.1. A third input to actualisation would be
structure beyond the four axioms: a fifth axiom. Contextual
hidden-variable proposals are therefore fifth-axiom proposals,
and they are answered where fifth axioms are answered — at

the completeness result and its fence. m
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5 — Orthogonal Additivity

Before invoking Gleason’s theorem, one further condition
must be established: orthogonal additivity. This is the property
that makes p a measure on the projection lattice, not merely a

function on individual projectors.

Lemma 1 (Orthogonal Additivity). Let {P_1, ..., P_k} be
mutually orthogonal projectors and let P = P_1 + ... + P_k be
the projector onto their joint subspace (the coarse-grained

outcome “one of outcomes 1 through k occurred”).
Then p(P) = p(P-1) + ... + p(P_k).

Proof. The coarse-grained outcome P corresponds to not
distinguishing among the mutually exclusive fine-grained
outcomes P_1, ..., P_k. By Axiom S, each fine-grained outcome

is a distinct possibility. By Axiom B, one break occurs.

By Axiom R, the break produces exactly one outcome. The
fine-grained outcomes are mutually exclusive (orthogonal
projectors) and the coarse-grained outcome P is their

disjunction.

The probability of the disjunction of mutually exclusive events
is the sum of their individual probabilities — this is the
defining property of a probability measure, which follows from

Axiom B (one break = one outcome from the set of
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possibilities) and Axiom R (the record is definite = exactly one

outcome is actualised).

Therefore p(P) = Y p(P_i). m

Note: Lemma 1 is what makes y a frame function in the sense

required by Gleason’s theorem.

A frame function is not merely a function on projectors that
sums to 1 over resolutions of the identity — it respects the

lattice structure of projections via orthogonal additivity.

Propositions 1 and 2 establish that p is well-defined on
projectors and independent of context. Lemma 1 establishes
that p is additive over orthogonal projectors. Together, these

conditions are exactly the hypotheses of Gleason’s theorem.
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6 — The Born Rule

Four ingredients, all derived from or established by the

axioms:

- The pre-state is a complex, separable Hilbert space H with
dim(H) = 3 (APO9 + AP10). Separability (countable
orthonormal basis) is satisfied by all physical Hilbert spaces:

L2(R?) is separable by construction.

- Actualisation targets pure states (Proposition 1, from Axiom
R).

- The probability of each outcome is a Gleason non-contextual
function of the state and the projector (Proposition 2, from

Axiom R + Axiom B).

- The probability measure is orthogonally additive and

normalised (Lemma 1, from Axioms S + B + R).

Conditions (2)-(4) together define a frame function on H: a
non-negative, orthogonally additive function p on projection
operators, defined on projectors alone (not on context), with ¥

u(P_i) = 1 for every resolution of the identity.
This is exactly the object to which Gleason’s theorem applies.

Gleason’s Theorem (A. M. Gleason, 1957).
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Let H be a separable Hilbert space over C with dim(H) = 3. Let
U be a frame function on H: a non-negative, orthogonally
additive function on projection operators such that for any
complete set of mutually orthogonal projectors {P_i} with Y P_i
= I, we have ¥ p(P_i) = 1. Then there exists a unique density

operator p such that py(P) = Tr(p - P) for all projectors P.

Gleason’s theorem is a mathematical result about probability

measures on Hilbert spaces. It is not a physical postulate.

It is in the same category as the spectral theorem or
Noether's theorem: a piece of mathematics that the axioms

use to derive consequences.

The axioms provide the physical hypotheses (complex Hilbert
space, definite records, non-contextuality, orthogonal
additivity, normalisation). Gleason provides the mathematical

conclusion.

Theorem 1 (The Measure). The unique probability measure
on outcomes of actualisation, consistent with the axioms, is

the Born rule: u(P) = Tr(|y){y] - P).
For rank-1 projectors P_a = |a){a|, this gives u(P_a) = |[{a|y)|*

Proof. The pre-state is a complex, separable Hilbert space H
with dim(H) = 3 (APO9, AP10). By Proposition 1, actualisation

targets pure states |{s).
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By Proposition 2, the probability assigned to projector P is
Gleason non-contextual: it depends only on |[{/) and P, not on

which resolution of the identity P belongs to.

By Lemma 1, the probability measure is orthogonally additive.
By normalisation (Axioms S + B), probabilities for a complete
set of outcomes sum to 1. These conditions define a frame

function on H.

By Gleason’s theorem, the unique frame function on a
complex, separable Hilbert space of dimension = 3 is u(P) =
Tr(p - P).

Since the state being actualised is a pure state |{s)
(Proposition 1), p = [U){W| and therefore p(P) = Tr(JW)(Y] - P).

For rank-1 projectors, this is |[(aly)|>. This is the Born rule. m

You have just watched four axioms force the most mysterious
equation in quantum mechanics. Not choose it. Not postulate

it. Force it. There is no other measure.

Gleason’s theorem does not say the Born rule is a good
choice. It says the Born rule is the only choice. The probability

of quantum outcomes was never a postulate.

It was a consequence — waiting in the structure of Hilbert

space for the axioms to land on it.
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Intuition: why the Born rule is forced. The elementary core
of Gleason’s result (restricted to rank-1 projectors) can be

sketched without the full Gleason machinery.

Non-contextuality and normalisation together imply that the
weight function f (assigning probabilities to rays) is additive:
f(s + t) = f(s) + f(t) for overlaps of orthogonal subspaces. Non-

negativity implies monotonicity.

A monotone additive function on [®,1] with f(®) = ® and f(1) = 1
is the identity: f(t) = t. Therefore u(P_a) = |{(a|y)|* — the Born

rule. This is the Cauchy functional equation route.

Gleason’s theorem generalises this to arbitrary projectors (not
just rank-1) and to the full lattice structure, which is why the

paper uses Gleason rather than the Cauchy argument directly.

Example: Spin measurement in full Hilbert space.
Consider an electron with spin. The full Hilbert space is H =
L2(R%®) ® C? where L*(R®) encodes spatial degrees of freedom

and C? encodes spin.

This space is infinite-dimensional (dim = 3 satisfied). It is

separable (L*(R?) has a countable orthonormal basis).

Prepare the spin in state [{r) = 1) + BI|) with |a]* + B> = 1.
Measure spin along z. The projectors are P_1 = |1)(T| and P_|
= |1){{] (rank-1).
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By Theorem 1: u(P_1) = KTIY)I* = |l p(P_{) = [(LI)I* = IBI>.
These are the Born rule probabilities. They sum to 1.

The spin-only Hilbert space C? has dimension 2, where

Gleason’s theorem does not apply directly.

But Theorem 1 is proved on the full physical Hilbert space H =
L?(R®) ® C? where dim = 3 is satisfied.

The Born rule on C? is inherited by restriction: the probability
measure on the full space, restricted to the spin subspace,

gives the same Born rule probabilities.

The dim = 3 requirement applies to the full pre-state, not to
effective subspaces used in calculations. For effective two-
dimensional systems treated in isolation, the POVM extension
of Gleason’s theorem (Busch, 2003) reaches the same
measure; the composite-space argument above is sufficient

for the physical Hilbert space.

Uniqueness is crucial. Gleason’s theorem does not merely say
the Born rule is consistent with the axiom-derived conditions
— it says the Born rule is the only measure that satisfies them.

There is no alternative.

Any non-contextual, orthogonally additive, normalised
probability assignment on a complex, separable Hilbert space
of dimension = 3 is the Born rule. The probability structure of

actualisation is not a choice. It is forced.
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7 — What This Closes

The Born rule is no longer imported. It is derived. This
retroactively strengthens every paper in the body of work that

uses the Born rule.

APO9 (Complex Hilbert Space and Born Rule). APO9
constructed the complex Hilbert space and derived the Born
rule conditionally — closed at KS-Q.1 on the Hilbert space
bridge (KS-Q.7), with the o-additivity premise granted as the

measure-theoretic form of record additivity.

Theorem 1 completes that result: non-contextuality and
orthogonal additivity are now derived from the axioms, and the
Born rule is the unique measure forced by Axiom R on a
complex Hilbert space of dimension = 3. The Born rule is no

longer conditional on a granted premise.
It is a consequence of the axioms acting on that space.

AP23 (The Single Record). AP23’s two upstream caps are
closed. Cap 1: Proposition 1 derives the pure-state record
target requirement from Axiom R’s definiteness condition via

convex geometry, replacing AP23’s definitional commitment.

AP23’s Lemma 1 (Local Interaction, Global Actualisation) now

rests on a derivation, not a definition.
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Cap 2: The CHSH computation (AP23 6.0.1) uses the Born rule
to derive S = 22. Theorem 1 derives the Born rule from {S, B,
R, C}.

Therefore S = 2,2 is derived from the axioms. The Bell

prediction is now fully axiomatic.

The 420 Code. Every paper that uses probability — APOQ
(measurement as actualisation), AP11 (spin statistics), AP15
(charge quantisation), AP16 (electroweak unification), AP19
(SU(3) colour), AP21 (cosmic web) — is retroactively

strengthened.

The probability structure was always the Born rule; now it is

the Born rule because it is the only possibility.
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8 — The Deeper Point

Synthesis note: the following is non-load-bearing language. It
carries no epistemic weight beyond the claims established

above.

The Born rule is one of the most mysterious features of
quantum mechanics. It tells us that the probability of finding a

system in a particular state is the square of the amplitude.
Not the amplitude itself. Not the cube. The square. Why?

Every attempt to derive the Born rule from first principles has
required additional assumptions — decision-theoretic axioms
(Deutsch-Wallace), envariance (Zurek), frequency arguments

(Hartle-Farhi), or symmetry postulates (Hardy).

Each approach works, but each introduces machinery beyond

the bare quantum formalism.

The derivation here is different. It requires no new machinery.
The ingredients are: a complex Hilbert space (AP®9), definite
records (Axiom R), a single break (Axiom B), and distinction
(Axiom S).

These force pure-state targets, non-contextuality, and
orthogonal additivity. Gleason does the rest. The probability
structure is not chosen. It is forced by the axioms and the

mathematical structure of the space they act on.
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The Born rule is the sound the axioms make when they land

on Hilbert space.
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9 — Kill Switches

Global numbering note: Kill switch numbers are globally

unique across the body of work.

KS-55 — Contextuality (EMPIRICAL). Proposition 2 derives
Gleason non-contextuality from Axiom R + Axiom B. The
structural ground of Proposition 2’'s exhaustiveness — that the
two-input specification is complete — is the completeness of
{S, B, R, C}, fenced at KS-P.1.

If a reproducible, loophole-free experiment demonstrates
contextual outcome probabilities — that is, if the probability of
outcome a when measuring A depends on which compatible
observable is measured alongside A, in a way not accounted
for by standard QM — then Proposition 2 fails and the Born

rule derivation is threatened.

Note: this concerns Gleason non-contextuality of outcome
probabilities, not Kochen-Specker contextuality of value
assignments. The axioms deny pre-existing values (Axiom R),

so KS contextuality is expected and is not a threat.

Status: LIVE — EMPIRICAL. Structurally secure.

KS-56 — Non-Born statistics (EMPIRICAL). Theorem 1

derives the Born rule as the unique probability measure. If a
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physical system were found whose measurement statistics

violate the Born rule, Theorem 1 would fail.

This would require either: (a) a violation of Gleason’s theorem
(impossible — mathematical theorem), (b) a genuinely
fundamental (not merely effective) physical Hilbert space of
dimension < 3 with outcome probabilities not inherited from
an embedding in the full physical Hilbert space (excluded by
AP10: physical wavefunctions live in L%(R3), which is infinite-
dimensional), or (c) a physical situation where actualisation is

contextual (tested by KS-55).

Status: LIVE — EMPIRICAL. All experiments confirm Born

rule statistics to high precision. Structurally secure.

KS-57 — Mixed-state actualisation (EMPIRICAL).
Proposition 1 derives that record targets are pure states

(extremal points).

If a physical process were demonstrated in which a mixed
state (a non-extremal state, not a pure state embedded in a
larger pure state) is actualised directly — that is, if the
universe writes a record that is inherently ambiguous about
which pure state obtains — Proposition 1 and Axiom R’s

definiteness requirement would fail.

Status: LIVE — EMPIRICAL. No known physical process

actualises mixed states directly. All observed measurements

283



produce definite outcomes consistent with pure-state

collapse. Structurally secure.

This work is published for free, forever.

the420code.org
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Chapter 7

The Single Record

Bell inequality and the single-record constraint

Artist’s Proof 23
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Status and Dependency

This paper dissolves the quantum entanglement paradox.
Entanglement is not a mysterious connection between distant

particles but the actualisation of a single pre-state entity.

The apparent non-locality arises because the pre-state (APO9)
has no spatial structure — distance is a property of the
manifold (the accumulation of records), not of the probability

state that precedes it.

Three formal results. Lemma 1 (Local Interaction, Global
Actualisation) establishes why a local measurement on any
subsystem of an entangled state necessarily actualises the

global state.

Proposition 1 (Single Record) shows that the actualisation of
an entangled state is a single record-writing event with no

signal propagation between subsystems.

Proposition 2 (Bell Prediction) shows that Bell's theorem is
predicted by the axioms: Axiom R structurally forbids pre-
existing value assignments, the non-spatial pre-state
dissolves the locality presupposition, and the Born rule (APO9)

yields the quantitative violation.

Axiom C is safe because its scope is the manifold, not the

transition from pre-state to manifold.
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The dependency chain: APO9 (complex Hilbert space, Born
rule, no spatial pre-state; measurement as actualisation) —
Axiom R (record-writing, irreversibility) — Axiom C
(Constraint) — this paper (entanglement as single

actualisation, Bell predicted, relativistic covariance dissolved).

Epistemic status per section. 1 (Problem of Entanglement):
historical — summary of the entanglement puzzle, Bell's
theorem, and the tension with Axiom C. 2 (Distance is a
Property of the Record): established — follows from AP®9 and
AP17. 3 (Single Entity): derived — the entangled state is one
mathematical object in the pre-state. 4 (Single Actualisation):
derived — Lemma 1 + Proposition 1. 5 (Axiom C Safe): derived
— scope clarification; no-signalling derived from axioms. 5.1
(Relativistic Covariance): derived — actualisation has no
spacetime location. 6 (Bell Predicted): derived — Proposition 2

+ quantitative CHSH verification.
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Notation

IAB) — the entangled state of two subsystems A and B. A
single vector in the tensor product H_A Q H_B.

H_A Q H_B — the tensor product of Hilbert spaces.
Combines degrees of freedom algebraically; does not embed

them into spacetime.

p_A = Tr_B(]JAB){ABJ) — the reduced density matrix of

subsystem A. For an entangled state, p_A is a mixed state.

This is an improper mixture (a marginal of a global pure state),
not a proper mixture (classical ignorance over a definite but

unknown pure state).

Record target — a state eligible for actualisation under Axiom
R.

A record target is a pure state (a ray in Hilbert space) — a
single, definite quantum state from which a record can be

written.

A reduced density matrix of an entangled system is not a
record target: it is a marginal derived from the global state,

not an independent state in its own right.

Actualisation — the writing of a record onto the manifold.

The break. Axiom R. Targets pure states.
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Pre-state — the complex Hilbert space prior to actualisation

(AP®9). No spatial structure.

When standard QM writes y(x_A, x_B), those coordinates are a
representation relative to a record-defined position basis on
the manifold; they are not fundamental structure of the pre-

state.

Separable state — a state that can be written as |A) @ |B) (a
product of independent states). Subsystems can be actualised

independently.

Entangled state — a state that cannot be written as |A) & |B).

Non-factorizability forces single actualisation (Lemma 1).
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Kill Switches

KS-48a (Correlation timing): LIVE — EMPIRICAL. Structurally

secure.

KS-48b (No-signalling): LIVE — EMPIRICAL. Structurally

secure.

KS-49a (Hidden variables): CLOSED. Local: empirical (Bell

tests). Non-local: axiomatic (Axiom R).

KS-54 (Partial collapse): LIVE — EMPIRICAL. Structurally

secure.

Here is how to destroy this paper. Show that entanglement
correlations degrade with distance or timing in a way that
quantum mechanics does not predict — that would kill the

single non-spatial actualisation account.

Or violate the no-signalling theorem experimentally — that

would kill Axiom C’s scope claim.

Or demonstrate partial collapse of a genuinely entangled
state, where measuring subsystem A leaves the global state
incompletely determined — that would kill Lemma 1. The

argument hands you these weapons. Use them.
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1 — The Problem of Entanglement

You have broken a plate and given one half to a friend who

drove to the other side of the country.

When you look at your half and see that the break runs left to
right, you know instantly that their half has the complementary

edge. No signal was sent. No magic occurred.
The halves were always one plate.

Entanglement is like this — except the plate has no definite

edge until you look at it.

Two particles are prepared in an entangled state — their
combined spin is exactly zero. They are separated. One is sent

to Alice, the other to Bob, at opposite ends of the galaxy.

Neither particle has a definite spin until measured. They are in

superposition (APQ9).

Alice measures her particle and finds spin-up. Instantly — not
at the speed of light, but instantly — Bob’s particle becomes
spin-down. Across 100,000 light-years. No signal sent. No

time elapsed.

Einstein called this “spooky action at a distance.” It appears

to violate locality. Bell's theorem (1964) is a mathematical
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result proving that no local hidden variable theory can

reproduce the correlations predicted by quantum mechanics.

The Bell inequalities have been violated experimentally
(Aspect, 1982; Hensen et al., 2015), confirming that the
particles did not secretly decide their spins in advance. The

correlation is real and instantaneous.

The question for the axioms: Axiom C dictates the constraint
bounding propagation at c. No signal propagates faster than c
on the manifold. How does instantaneous correlation survive

without violating Axiom C?
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2 — Distance Is a Property of the Record

The apparent paradox rests on an assumption: that the two
particles are separated. That there is a distance between

them. That space lies between Alice and Bob.

Distance is not fundamental. Distance is a property of the
manifold. The manifold is the accumulation of records
(Axioms R and C; AP17).

Spatial structure is what records look like when they

accumulate under the constraint.

Before actualisation — before a record is written — there is no
manifold. The pre-state (AP®9) is a complex Hilbert space. It
has no spatial structure. It has amplitudes, superposition, and

the Born rule.
It does not have “here” and “there.”

Before actualisation, there is no distance. The concept of

separation does not apply to the pre-state.

You have used a telephone. The voice on the other end
sounds close — intimate, immediate. The physical distance is

irrelevant to the experience of the conversation.
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The pre-state is like this: the entangled particles are in the
same conversation. The distance between the telephones

does not exist inside the call
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3 — The Entangled State Is a Single
Entity

Up until the moment of actualisation, the entangled system is
not two particles separated by space. It is a single, unbroken

probability state in the pre-state.

The entangled state |AB) = (1/42)(I1]) = |11)) is one
mathematical object. It lives in the tensor product of the

Hilbert spaces of A and B.

The tensor product provides algebraic distinguishability: A and
B are different degrees of freedom. But algebraic

distinguishability is not spatial separation.

The tensor product H_A ® H_B combines degrees of
freedom; it does not embed them into spacetime. Spatial
separation is a property of the manifold, not of the Hilbert

space.

Two subsystems can be algebraically distinct without being
spatially separated. In the pre-state, there is no distance
between A and B. They have not been written to the manifold

as separate records.

The labels “A” and “B” refer to degrees of freedom, not

locations.

296



Alice and Bob prepare the entangled state and send the
particles to opposite ends of the galaxy. In the manifold’s
description, the particles separate. The records of their

trajectories diverge.

But the entangled state — the shared probability state — was

never split. It remained a single entity in the pre-state.

The spatial separation is a property of the records that have
been written so far (the trajectories), not a property of the

probability state that has not yet collapsed.
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4 — The Collapse Is a Single

Actualisation Event

Alice measures her particle. This is an actualisation event —
the break (AP09). A record is written.

When does the break happen? Actualisation occurs when the
interaction between the quantum system and the
measurement apparatus creates an irreversible record — a

record that cannot be unwritten (Axiom R).

This is not a matter of conscious observation. It is the point at
which the interaction becomes thermodynamically irreversible:
when the measurement apparatus undergoes a state change

that constitutes a record.
The break happens when the record is written.

But Alice’s detector interacts locally with subsystem A. How

does a local interaction actualise the global state |AB)?

Lemma 1 (Local Interaction, Global Actualisation). If |AB)
is entangled (non-separable), then any interaction that creates
an irreversible record involving subsystem A necessarily

actualises |AB) as a whole.

Proof. Alice’'s measurement is represented by an operator M_a
acting on subsystem A. But because |AB) is entangled, the

measurement acts on the global state as (M_a @ I_B):
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p'_AB(a) = (M_a ® I_B)|AB){AB|(Mt_a ® I_B) / Tr[(M_a &
I_B)IAB){(AB|(Mt_a &® I_B)]

The record “a” (Alice's outcome) is a property of this global
update, not a standalone update of A alone. The measurement

map is defined on |AB){(AB|, not on p_A.

The reduced density matrix p_A = Tr_B(JAB){(AB|) is a marginal
of the global state — it is not an independent state in its own

right, and it is not a record target (see Notation).

Actualisation writes a record for the state on which the
measurement acts. That state is the global state |AB).
Therefore local interaction with any subsystem of an

entangled state necessarily actualises the global state. m

Note: The reduced state p_A is an improper mixture — it arises
from tracing out the entangled partner, not from classical

ignorance over a definite pure state.

The distinction between record targets (pure states) and
reduced marginals (improper mixtures) is an ontological
commitment: the reduced state of an entangled subsystem is
not a standalone physical state eligible for actualisation,
because it is derived from (and dependent on) the global

entangled state.

You have pulled one thread in a woven fabric. The entire

weave responds — not because a signal runs along the thread,
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but because the threads were never separate. They were one

fabric.

Lemma 1 is the formal statement of this: the entangled state

is one fabric, and pulling any thread actualises the whole.

Example: Singlet state under projective

measurement

Consider the singlet state |AB) = (1/42)(I1]) = || 1)). Alice

measures 6_z on subsystem A with projectors P_1 = |1)(T] and

P_l = ){I

If outcome is 1: (P_1 & I)|AB) = (1/42)|1]). Normalised post-
measurement state: |1]). One record is written. Both outcomes

are determined: Alice gets 1, Bob gets |.

If outcome is |: (P_] &® I)|AB) = (-1/42)||1). Normalised post-
measurement state: || 1). One record is written. Both outcomes

are determined: Alice gets |, Bob gets 1.

In both cases, the global state collapses to a product state
with both subsystem outcomes determined. One
measurement, one record, one event. The single-record
mechanism matches the standard collapse mathematics

exactly.

Proposition 1 (Single Record). Let [AB) € H_A @ H _B be an

entangled (non-separable) state. Then the actualisation of
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|AB) is a single record-writing event. The record determines

the outcomes for all subsystems simultaneously.

No signal propagates between subsystems during

actualisation.

Proof. By Lemma 1, any local interaction triggering
actualisation actualises the global state |AB). By Axiom R,
actualisation writes one record for the state being actualised.

The state is |AB) (one mathematical object).

Therefore one record is written. The record determines the
outcomes for all subsystems (A and B) simultaneously,

because the state being actualised contains both.

No intermediate step exists in which A’s outcome is

determined and a signal must propagate to determine B’s.

Signal propagation (Axiom C) governs records on the
manifold; actualisation is the creation of a record, not the

propagation of one. Creation is not propagation. m

Corollary (Separable states). If |AB) = |A) & |B) (a product
state), then subsystem A has a well-defined pure state |A)

independent of B.

The measurement map (M_a @ I_B) factors: the update of A
does not depend on B. Subsystem A can be actualised

independently. Two separate records may be written.
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The single-record mechanism applies only to entangled

states.

Note on multipartite entanglement. The same argument
applies to entangled states of N > 2 subsystems. If |JABC...) is
non-separable with respect to any partition, then local

interaction with any subsystem actualises the global state.

The single-record mechanism scales: one record writes all N

outcomes simultaneously.

The spatial localisation of the outcomes follows from prior

records.

Before the entangled state collapses, the trajectories of A and
B have been written to the manifold as separate records — A

is at Alice’s location, B is at Bob'’s.

The single actualisation event projects the global outcome
onto these pre-existing spatial records. Alice finds spin-up at

her location because that is where A’s prior records place it.

Bob finds spin-down at his location for the same reason. The
spatial distribution of outcomes inherits from the spatial

distribution of prior records, not from the collapse itself.

There is no signal from Alice’s particle to Bob's particle. There
is no propagation across space. The single probability state

becomes a single record.

302



The “flip” of Bob's particle is instantaneous because it is not a

separate event. It is the same event. One pop. One record. m
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5 — Axiom C Is Not Violated

Axiom C imposes a finite invariant propagation bound (c) on
the manifold. It bounds the speed of signals between records
on the manifold. Does entanglement collapse violate Axiom
C?

The answer requires clarifying the scope of Axiom C.

Axiom C is a statement about the manifold: it governs what
happens within the manifold (the propagation of records, the

transmission of signals between spatially separated events).

The pre-state is not on the manifold (APO9: the pre-state has
no spatial structure). Actualisation is the transition from pre-
state to manifold — the act that creates records, not the

propagation of records.

Therefore Axiom C’s scope is: (a) the manifold and its
contents (records, signals between records), not (b) the

transition from pre-state to manifold.

The constraint governs signals between records. It does

not govern the writing of records.

Entanglement collapse is not a signal on the manifold. It is

the writing of a record onto the manifold.
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The act of actualisation is not bound by the speed limit of the

reality it is actualising.

Axiom C says: once a record exists on the manifold, it
propagates at most at c. Axiom C does not say: the act of
creating a record must propagate. Creation is not

propagation.
The break does not travel. It happens.

You have written your name on two lines of a contract
simultaneously — one pen stroke, two signatures. The pen did

not send a signal from line one to line two.

The stroke was one act that touched two places. That is
actualisation: one act, one record, outcomes at every location

where the pre-state had degrees of freedom.

5.0.1 — No-signalling (derived from axioms)

After actualisation, Alice’s local outcome is spatially located at
her position on the manifold. Can she use entanglement to

communicate superluminally?

- By Proposition 1, actualisation writes one record for |AB). (2)
Alice’s local observable O_A acts on the global state as O_A ®
I_B.
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(3) Alice’s expectation value is (O_A) = Tr(p_A - O_A), where
p_A = Tr_B(JAB)(AB|). (4) This quantity depends only on the

global state and Alice’s observable.

The partial trace has removed all reference to B’s degrees of

freedom.

(5) Therefore Alice’s measurement statistics are independent
of any operation Bob performs on B — independent of whether
Bob has measured, and independent of his choice of

measurement basis.

(6) For Alice to learn anything about Bob's outcome, a

classical signal bounded by c (Axiom C) is required.

Axiom C + Proposition 1 + the partial trace structure of
quantum mechanics jointly imply no-signalling. The axioms

reproduce the standard no-signalling theorem. Axiom C holds.

5.1 — Relativistic covariance

In a Lorentzian manifold (APO®5), “simultaneous” is frame-
dependent. If Alice and Bob are spacelike-separated (as they
are in any Bell test), different Lorentz observers disagree

about whether Alice measured first or Bob measured first.

This is the relativistic covariance problem for quantum

collapse: if collapse is a spacetime event, it has a location,
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and different frames assign different time-orderings to

spacelike-separated events.

The axioms dissolve this problem the same way they dissolve
the distance problem. Actualisation is not a spacetime event.
It is the transition from the pre-state (which has no spatial

structure, APO®9) to the manifold.

The pre-state does not have a spacetime location. Therefore
the actualisation event does not have a spacetime location. It

is ontologically prior to spacetime.

Different Lorentz observers disagree about the time-ordering

of Alice’s and Bob’s measurement records on the manifold.

But since the collapse itself is not a spacetime event, this
disagreement concerns the records (which are on the

manifold and respect Axiom C), not the collapse.

The records are frame-covariant: all observers agree on the

outcomes (spin-up for Alice, spin-down for Bob).

They disagree only on the time-ordering of when those
records appear, which is exactly the standard frame-
dependence of spacelike-separated events in special

relativity. No observable contradiction arises.

The axioms handle relativistic covariance of collapse better
than interpretations that treat collapse as a physical process

in spacetime.
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In those interpretations, collapse must either have a preferred
frame (violating Lorentz invariance) or propagate

instantaneously in all frames (creating causal paradoxes).

The axioms avoid both: collapse is not in spacetime, so it

neither selects a frame nor propagates.
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6 — Bell’s Theorem: Predicted, Not

Accommodated

Bell's theorem (1964) is a mathematical theorem proving that
no theory of local hidden variables can reproduce the
statistical correlations predicted by quantum mechanics for

entangled states.

The Bell inequalities have been violated experimentally
(Aspect, 1982; Hensen et al., 2015). This rules out any
interpretation where the particles carry pre-determined values

that are fixed locally before measurement.

The axioms do not merely accommodate Bell's result. They
predict it — both the qualitative violation and the quantitative

value.

Proposition 2 (Bell Prediction). The axioms structurally
forbid local hidden variables. Axiom R forbids pre-existing
value assignments. The non-spatial pre-state (AP®9) dissolves

the locality presupposition.

Both pillars of Bell's theorem — realism and locality — are
removed. The Bell inequalities are violated, and the

quantitative violation follows from the Born rule (AP®9).

Proof. Bell's theorem requires two assumptions: (1) realism —

that each particle carries definite values for all possible
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measurements before measurement, and (2) locality — that
the outcome at A depends only on the hidden variable and the

measurement setting at A, not on the distant setting at B.

This yields the factorisation condition: P(a,b|A) = P(a|A) - P(b]A),
where A is the hidden variable. Bell's inequality is derived from

this factorisation. The axioms remove both assumptions.

First, Axiom R: states do not possess definite values prior to
the writing of the record. There are no pre-existing values. The

hidden variable A is empty — there is nothing to condition on.

The factorisation condition is undefined because its left-hand
side P(a,b]A) presupposes a A that does not exist. Second,

APQ9: the pre-state has no spatial structure.

The factorisation condition P(a|A) - P(b|A) presupposes that A
and B are spatially separated systems with independent local
descriptions. In the pre-state, spatial separation does not
exist. The factorisation condition’s presupposition of locality is

dissolved.

Bell's inequality derivation fails at its first step. The

inequalities must be violated. m

You have just watched the axioms predict one of the most
profound experimental results in the history of physics. Not
accommodate it after the fact. Predict it from first principles.

Axiom R Kkills realism.
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The non-spatial pre-state Kkills locality. Both pillars of Bell's
theorem removed. The violation is not surprising — it is

structurally inevitable.

6.0.1 — Quantitative verification: CHSH

The axioms commit to the Born rule (AP89) and the complex
Hilbert space structure. These yield the singlet-state

correlations directly.

For the singlet state |AB) = (1/42)(IT]) = 11 1)), if Alice
measures spin along axis & and Bob measures along b; the
quantum-mechanical correlation is E(4, b) = -4 - b™= —cos6,

where 0 is the angle between the measurement axes.
This follows from the Born rule applied to the singlet state.

The CHSH inequality (Clauser, Horne, Shimony, Holt, 1969)
states that for any local hidden variable theory, S = |E(3, b) -
E(a, b")| + |[E(&’, b) + E(&’, b")] = 2. Choosing the standard
optimal settings (& = 8°, 8’ = 90°, b"= 45°, b” = 135°), the Born-
rule correlations are E(4, b) = —cos 45° = -1/2, E(4, b") = —cos
135° = +1/42, E(&', b) = —cos 45° = —1/{/2, E(&', b") = —cos 45° =
—1/42.Then S = [=1/42 = /42| + |=1/42 = 1/2| = 2/42 + 2/42
= 2,2 = 2.83. This exceeds 2. The CHSH inequality is violated.

The axioms do not merely predict that Bell inequalities are

violated. They predict the exact magnitude of the violation: S =
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242, the Tsirelson bound. This is the maximum violation

permitted by quantum mechanics.

The prediction follows from the Born rule and the Hilbert

space structure, both established in APQG9.

Note on hidden variables: Bell's theorem rules out local hidden

variables.

The axioms go further: Axiom R structurally forbids all hidden
variables, including non-local ones, because states do not

possess definite values prior to the writing of the record.

This is an axiomatic consequence, not an experimental result.
The experimental confirmation of the Bell inequalities closes

the local case. The non-local case is closed by the axiom.

6.1 — Note on decoherence

The standard physics account of why entanglement appears to
“collapse” involves decoherence: the interaction of the
quantum system with its environment causes the off-diagonal
elements of the density matrix to decay, making the system

behave as if it has collapsed into a definite state.

Decoherence explains why macroscopic superpositions are
not observed and provides the mechanism by which quantum

systems become effectively classical.
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The axioms’ account is complementary to decoherence, not in
conflict with it. Decoherence describes the process by which
the pre-state loses coherence through environmental

interaction.

The axioms identify when this process constitutes an
actualisation: when the interaction creates an irreversible
record (Axiom R). Decoherence is the physical mechanism;

actualisation is the ontological event.

The two are compatible: decoherence is what actualisation

looks like from within the manifold.
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7 — The Deeper Point

Synthesis note: the following is non-load-bearing language. It
carries no epistemic weight beyond the claims established

above.

Einstein’s discomfort with entanglement was a discomfort with
non-locality. He assumed that spatial separation was
fundamental — that if two things are far apart, they cannot

influence each other instantly.

The axioms dissolve this assumption. Spatial separation is
real but not fundamental. It is a consequence of records

accumulating under the constraint.

The pre-state — the probability state before actualisation —
does not know about space. It is one structure. Whole.

Unbroken.

What looks like “spooky action at a distance” is just the single
pre-state becoming a record. The distance was never relevant.

The pen hit the paper.

Both entries appeared because they were always the same

sentence.

This is consistent with the axioms’ deepest principle:

separateness is experienced but not fundamental.
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Entanglement is not strange. It is the default. What is strange

— what requires explanation — is separation.
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8 — Kill Switches

Global numbering note: Kill switch numbers are globally

unique across the 420 Code.

KS-48a — Correlation timing (EMPIRICAL). If
entanglement correlations degrade or deviate from quantum-
mechanical predictions when measurement events are
arranged in different relativistic orderings or at varying
spacelike separations — that is, if correlations show timing-
dependent or distance-dependent deviations — the single

non-spatial actualisation account is threatened.

The single-record account requires that the break is not a
propagating event and does not depend on the spacetime

relationship between the subsystems.

Status: LIVE — EMPIRICAL. All experiments to date show no
evidence of propagating collapse and no timing-dependent

deviation from QM predictions. Structurally secure.

KS-48b — No-signalling (EMPIRICAL). If Alice’s marginal
measurement statistics are found to depend on Bob's
measurement setting — that is, if the no-signalling theorem is
violated experimentally — Axiom C is violated at the level of

records and the entanglement account fails.
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Status: LIVE — EMPIRICAL. No-signalling confirmed to high

precision. Structurally secure.

KS-49a — Hidden variables (CLOSED). Bell's theorem rules
out local hidden variables. This is experimentally confirmed to

high precision (Aspect 1982; Hensen et al. 2015).

The axioms additionally forbid non-local hidden variables by
construction: states do not possess definite values prior to the
writing of the record (Axiom R). The local case is closed

empirically.

The non-local case is closed axiomatically. If a viable hidden
variable theory (local or non-local) were experimentally
confirmed, Axiom R’s account of measurement would fail.
Status: CLOSED (local: empirical) + CLOSED (non-local:

axiomatic, Axiom R).

KS-54 — Partial collapse (EMPIRICAL). If it were shown
that measuring subsystem A of an entangled state can leave
the global state partially collapsed — that is, if B remains in a
superposition that is not fully determined by A’s outcome —

Lemma 1 would fail.

The single-record mechanism requires that local interaction
with any subsystem of an entangled state actualises the global
state. In standard QM, partial collapse of genuinely entangled

states does not occur.
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Status: LIVE — EMPIRICAL. Structurally secure; no

experimental evidence of partial collapse for entangled states.

This work is published for free, forever.

the420code.org
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Epilogue — Where Quantum

Mechanics Stands

Notebook III closes the quantum sector of The 420 Code.
The chain runs four axioms ({S, B, R, C} from Notebook I) —
manifold with Lorentzian signature and N = 3 (from Notebook
II) — the empty set ontology of the pre-state (Chapter 1) —
the record measure under Axiom R (Chapter 2) — spin from
the Z, of Axiom S (Chapter 3) — h as the action-scale of the
minimum record, with the uncertainty principle in both space
and time (Chapter 4) — decoherence as Axiom R applied to
coherence (Chapter 5) — the Born rule from Gleason on a
complex separable Hilbert space of dim = 3 (Chapter 6) —
entanglement as the unbroken pre-state, with Bell predicted

and CHSH = 2.2 derived (Chapter 7).

Quantum mechanics is a theorem of the record algebra read
on the pre-state side of the architecture, with the standing
contingencies on KS-Q.7 (the Hilbert space bridge), KS-Q.4
(complex uniqueness via reconstruction), KS-S.1/S.2 (the spin
identifications), KS-L.4 (the residual in A forcing), KS-Q.10 (the
empty set ontology as structural reading), and the empirical
kill switches that test the chapter’s predictions in the

laboratory.
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What Chapter 1 did

Chapter 1 read the empty set as the pre-state.

The pre-state is the 1:1 — © and 1 undistinguished. The empty
set before it knows whether it is empty or full. The break is the
first measurement: the empty set splitting. € is the splinter,

identified with the electron via The Lock.

From this reading: superposition is the pre-state structure
made formal. Measurement is the break re-running at every
site of coupling. Entanglement is unbroken pre-state surviving

across spatial separation.

The Born rule P = ||? is identified as what Axiom S forces
when o is read as complex conjugation. KS-Q.1 conditionally
closes pending the Hilbert space bridge (KS-Q.7). Chapter 6
closes the Born rule itself by direct derivation via Gleason. KS-
Q.6 closes in Chapter 1 by direct proof (C has exactly two field

automorphisms fixing R pointwise).

The Schrédinger equation iAdi/dt = Ay is the unique unitary
evolution of the pre-state, derived from Wigner's theorem and

Stone’s theorem applied to the derived Hilbert space.
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What Chapter 2 did

Chapter 2 reframed force-strength under Axiom R.

The record measure X(F, s) is the sup of persistence times of
configurable registers F produces at scale s. At the chemical-
biological scale, only electromagnetic coupling writes
configurable records. Z(EM) > Z(Strong) = Z(Gravity) =
X(Weak) = 0, with E(Weak) < 0. The strong force is substrate.

The weak force is eraser and clock. Gravity is loop-closure.

The hierarchy inverts. Conventional question: which force is
most likely to interact? The strong force. Record-measure
question: which force writes the record that is reality? The
electron. Under Axiom R, the second question is the

meaningful one.

You are the electron writing.

What Chapter 3 did

Chapter 3 read the Z, of Axiom S as the fundamental group of
the spatial rotation group SO(3). Faithful embedding + N =3 +

o = time-reversal force this identification.

The double cover SU(2) — SO(3) is the structure that permits
half-integer spin. Paired elements (c-image exists) are
bosons. The unpaired element & (Axiom B) is a fermion. The

minimum principle selects spin .. The spin-statistics
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connection follows from the Z, exchange properties,
conditional on the three identifications the chapter fences
(KS-S.1, KS-S.2, KS-S.3). The Pauli exclusion principle follows
fromy=-¢y -y =0.

The fermion IS the break. The boson IS the unbroken.

What Chapter 4 did

Chapter 4 closed KS-Q.8 — the # identification left open from
Chapter 1 — conditional on KS-L.4 (a new, strictly smaller

residual).

The forcing argument runs in five steps. Stone’s theorem on
the derived manifold forces a unique scale factor on the
unitary group’s generator. The axioms produce exactly one
quantity with dimensions of action through Axiom B (minimum
break) composed with Axiom R (record-writing). No
dimensionless parameter modifies the relation — KS-L.4
isolates the residual exposure. The minimum record IS the

minimum non-trivial evolution. Therefore the scale factor is A.

The uncertainty principle follows. Stone’s theorem applied to
spatial translations gives [x; p] = ih. Robertson-Schrodinger
then gives AxAp = f/2. Stone’s theorem applied to time
evolution gives the Hamiltonian; Mandelstam-Tamm gives

AE-At_A = h/2, where At_A is the characteristic time for

322



observable A to change by one standard deviation (time is not

promoted to an operator).

Below #, the empty set has not broken for those degrees of

freedom. Below #, there is nothing to see.

What Chapter 5 did

Chapter 5 derived decoherence as the third regime of Axiom
R.

The environment IS the accumulated record — the sum of all
completed breaks. Each environmental interaction is a partial
coupling event that writes an irreversible record about the
system. The coherence of the original superposition is
dispersed across many environmental records, under stated

factorisation assumptions (debt D1 of the chapter).

The classical world is the quantum world after enough records
have been written. Classicality is saturated decoherence — a

spectrum, not a boundary.

Axiom R has three faces. The arrow of time (cosmological).
Measurement irreversibility (single-event). Decoherence
(intermediate scale). One axiom. Three scales. Same structure,

everywhere.
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What Chapter 6 did

Chapter 6 derived the Born rule from the axioms.

Axiom R requires definite records. Definite records
correspond to extremal post-actualisation states — pure
states (Proposition 1). Axiom B + Axiom R require one record
per break with no context-dependence. The probability is a
function of state and projector alone — Gleason non-
contextuality (Proposition 2). Axioms S + B + R require

additivity over mutually exclusive outcomes (Lemma 1).

These conditions define a frame function on a complex
separable Hilbert space of dim = 3. Gleason’s theorem (1957)
forces the unique frame function: pu(P) = Tr(JU)(y] - P). For
rank-1 projectors: P(a) = |[{a|y)|>.

The Born rule is no longer postulated. It is the only measure
permitted by the axioms acting on Hilbert space. The Born
rule is the sound the axioms make when they land on Hilbert

space.

What Chapter 7 did

Chapter 7 dissolved the spookiness of entanglement.

Distance is a property of the manifold. The pre-state has no

spatial structure. The entangled state is one mathematical

324



object in the Hilbert space. Not two particles connected by a

wire. One entity, not yet broken into records.

Lemma 1: any local interaction with an entangled subsystem
actualises the global state. Proposition 1: actualisation writes
one record for one state, determining all subsystem outcomes

simultaneously. No signal propagates between subsystems.

Axiom C is not violated. Its scope is signals between records
on the manifold, not the creation of records. Creation is not

propagation.

Bell's theorem is predicted, not accommodated. Axiom R kills
realism. The non-spatial pre-state kills locality. Both pillars of
Bell's theorem removed. CHSH gives S = 22 — the Tsirelson
bound — directly from the Born rule (Chapter 6) applied to the
singlet state. KS-49a (hidden variables, the former KS-49
renamed to resolve collision with AP19) closes in this chapter
— empirically by Bell tests for the local case, axiomatically by

Axiom R for the non-local case.

Separateness is experienced but not fundamental.

Entanglement is not strange. It is the default.

What this notebook closes

KS-Q.6 (o0 «» complex conjugation): CLOSED in Chapter 1. C
has exactly two field automorphisms fixing R pointwise — the
identity and conjugation (any such automorphism sends i to
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+i). 0 is non-trivial — it exchanges the two sectors — so ¢ #

identity. Therefore o = conjugation.

KS-Q.8 / KS-L.1 (A identification): CLOSED in Chapter 4,
conditional on KS-L.4. The five-step forcing argument

replaces identification with derivation.

KS-49a (Hidden variables): CLOSED in Chapter 7. Local case
empirically by Aspect and Hensen et al. Non-local case
axiomatically by Axiom R (states do not possess definite

values prior to record-writing).

KS-Q.1 (Born rule): CONDITIONALLY CLOSED in Chapter 1 on
KS-Q.7. The Gleason derivation in Chapter 6 upgrades the
closure: the Born rule is derived from {S, B, R} + the Hilbert
space structure, with the same Hilbert space bridge as the

residual contingency.

What this notebook leaves open

KS-Q.10 (Empty set ontology): LIVE — HARD. The
identification of Axiom S with the splitting of the empty set is

structural reading, not derivation.

KS-Q.7 (Linearity bridge): LIVE — HARD. The construction
from R + C + EH is a bridge step, not a strict proof that no
qualitatively different construction is equally motivated from

the axioms.
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KS-Q.4 (Complex uniqueness): LIVE — HARD. The Lorentzian
signature selects C via reconstruction theorems; the selection

is conditional on those theorems.

KS-Q.5 (Loop/defragmentation): LIVE — HARD. The forgetful
functor argument at the loop point is a structural
identification, not a proof that physical loop dynamics ARE the

forgetful functor.

KS-Q.9 (Ergodicity): LIVE — HARD. The structural

extrapolation across infinite loops is motivated but not proven.
KS-Q.2 (Born rule empirical): LIVE — EMPIRICAL.
KS-Q.3 (No-signalling / Bell correlations): LIVE — EMPIRICAL.

KS-RM.1, KS-RM.2, KS-RM.3, KS-RM.4, KS-RM.5: all LIVE. The
record measure’s classification depends on the current

empirical inventory and the configurable-register criterion.

KS-S.1, KS-S.2, KS-S.3: LIVE — HARD. The Z, identification
with 114(SO(3)), the minimum spin selection, and the
exchange-involution bridge each carry independent

vulnerabilities.

KS-L.2 (Commutation at Planck scale): LIVE — EMPIRICAL.
KS-L.3 (Energy-time via unitarity): LIVE — EMPIRICAL. KS-L.4
(Dimensionless parameter in A forcing): LIVE — HARD. Strictly
smaller exposure than the closed KS-Q.8 / KS-L.1.
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KS-22 (Anomalous coherence persistence): LIVE —
EMPIRICAL. KS-23 (Quantum eraser record destruction): LIVE
— EMPIRICAL. KS-24 (Quantum sector completeness): LIVE
— HARD.

KS-55 (Gleason non-contextuality): LIVE — EMPIRICAL. KS-
56 (Non-Born statistics): LIVE — EMPIRICAL. KS-57 (Mixed-
state actualisation): LIVE — EMPIRICAL.

KS-48a (Correlation timing): LIVE — EMPIRICAL. KS-48b (No-
signalling violation): LIVE — EMPIRICAL. KS-54 (Partial
collapse): LIVE — EMPIRICAL.

The 31 kill switches engaged by this Notebook are the
falsification surface of the quantum sector — three closed

within, one conditionally closed, twenty-seven live.

The Lock identification (¢ = electron) is a load-bearing

identification used across all seven chapters; tracked in APQ9
§0 and in the chapters that build on the identification (the eye
topology, the lightest fermion, the simplest record-writer). The

identification carries into Notebooks IV-VI.

What comes next

Notebook IV (Forces and Constants) derives
electromagnetism, the electroweak structure, the strong force,
and the gravitational constant. It opens with The Leakage
Constant (the role of € = aem = 1/137 as the body of work’s
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one measured input, carrying the cosmological 1x¢ integration
as a corollary) and proceeds through The Connection (U(1)
electromagnetism from the Born rule’s phase symmetry —
built on Chapter 1 and Chapter 6 of this notebook), The
Harmonics (the internal state space and gauge-group
structure), The Break — Electroweak, The Direction (SU(3)
colour), The Residual (the leakage-tolerance reframe on ),
The Correction (Planck-scale commutation corrections and
one-loop finiteness), and The Constant (the structural

identification of G via The Lock).

Notebook V (Particles and Matter) uses the spin classification
(Chapter 3) and the Born rule (Chapter 6) to develop the
particle content of the universe and the matter-antimatter
asymmetry, with the structural integers 6 and 21 appearing as

load-bearing exponents in the matter sector.

Notebook III is closed as a structural chain from four axioms
to the entanglement closure. The reader can audit any joint.
The reader can falsify any kill switch. The 420 Code stands as

it is until something fires.

You are reading this because the break has reached you. And
because the electron has been writing the records that

constitute you since the moment your atoms first bonded.

Forced — by the empty set looking at itself.
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Appendix — Key Structural

Vocabulary

This appendix lists the vocabulary specific to the quantum
sector. Foundational terms (axiom, record, {S, B, R, C}, AS, EH,
QRA) are defined in Notebook I. Spacetime terms (manifold,
Lorentzian signature, eye topology, conjugacy of c and G) are

defined in Notebook II.

Empty set (@). The set that contains nothing. Not nothing — a
container with no content. The most primitive possible
something. Identified with the pre-state ontology of the
quantum sector. {@} = 1: the set containing the empty set. The
two readings — ® and 1 — are not distinguished before the

break. (Chapter 1.)

Pre-state. The 1:1. The state in which ® and 1 are
indistinguishable. Axiom S read as a quantum state. The

perfect superposition of nothing and something. (Chapter 1.)

Holding limit k. The maximum coherence the pre-state can
sustain. Finite. Perfect coherence at infinite scale is self-

annihilating. (Chapter 1.)

Splinter (g). The minimum viable break (Axiom B). One
element of £ with no o-image. Identified with the electron via
The Lock. (Chapter 1.)
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The Lock. The structural identification £ = electron. The
minimum stable excitation of the broken symmetry. The
lightest charged fermion. The simplest thing that can write a

record. (Chapter 1.)

Walls of the eye. The two absolute limits created by the
break — lower wall (total fold, event horizon, maximum
curvature) and upper wall (c, maximum propagation). €

operates between them. (Chapter 1.)

Hilbert space (7). The complex vector space of pre-states
for a degree of freedom. Linearity from R + EH + C. Complex
amplitudes from the Lorentzian signature. Inner product from

Axiom S via the Born rule. (Chapter 1; bridge KS-Q.7.)

Born rule. P(a) = |[(a|P)|>. The probability of an outcome is the
squared overlap of the state with the projector. Derived in
Chapter 6 by Gleason’s theorem applied to the axiom-derived

frame function conditions.

Frame function. A non-negative, orthogonally additive
function on projection operators that normalises to 1 over any
resolution of the identity. The object to which Gleason’s

theorem applies. (Chapter 6.)

Gleason non-contextuality. The probability y(P_a) depends
only on the projector P_a itself, not on which resolution of the
identity it belongs to. A property of the probability assignment,

distinct from Kochen-Specker contextuality. (Chapter 6.)
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Pure state. An extremal point of the convex set of quantum
states. A state with no non-trivial decomposition into a
mixture. The only kind of state that admits a definite record

under Axiom R (Chapter 6, Proposition 1).

Mixed state. A non-extremal state, decomposable into a
convex combination of pure states. Not eligible for direct

actualisation under Axiom R. (Chapter 6.)

Improper mixture. The reduced density matrix of an
entangled subsystem (p_A = Tr_B(JAB)(AB])). Arises from
tracing out the entangled partner, not from classical
ignorance. Not a standalone state. Not a record target.
(Chapter 7.)

Schrédinger equation. i2d /0t = HY. The unique unitary
evolution of the pre-state on a Lorentzian manifold, derived

from Wigner + Stone. (Chapter 1.)

Wave function. The description of the empty set state for a
given set of degrees of freedom. Lives in the pre-state, prior
to space. Becomes definite when the now writes a record —
not because it collapses, because the degree of freedom has

been broken. (Chapter 1.)

Decoherence. The dispersal of coherence into the
environment via irreversible record-writing. The third face of
Axiom R. The mechanism by which the classical world

emerges from the quantum world. (Chapter 5.)
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Three faces of Axiom R. Arrow of time (cosmological).
Measurement irreversibility (single-event). Decoherence

(intermediate scale). One axiom, three scales. (Chapter 5.)

Configurable register. A system with = 2 metastable states
distinguishable and settable at a given scale. Subset of
records. Protons are records but not configurable registers;

covalent bonds are both. (Chapter 2.)

Record measure X(F, s). The sup of persistence times of
configurable registers F produces at scale s. The natural

force-strength under Axiom R. (Chapter 2.)

Erasure-strength E(F, s). The expected reduction in
persistence induced by F in records written by other forces.

Always = 0. (Chapter 2.)

Z, (Axiom S group). The two-element group generated by o.
Embeds into the manifold’s rotation structure as 1;(SO(3)).
(Chapter 3.)

Double cover SU(2) — SO(3). The 2-to-1 map that permits
half-integer spin. Forced by Z, identification and N = 3.
(Chapter 3.)

Spin %2. The minimum half-integer SU(2) representation.
Forced by the indivisibility of € (Axiom B, minimum principle).
(Chapter 3.)
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Pauli exclusion principle. § = -y — s = 8. Two identical
fermions cannot occupy the same quantum state. The
uniqueness of the break enforced at the level of quantum

states. (Chapter 3.)

h (the action-scale of the minimum record). Forced by
Stone’s theorem + Axiom B + absence of dimensionless
parameters in {S, B, R, C}, with the residual exposure tracked

by KS-L.4. One record = one # of action. (Chapter 4.)

Commutation relation [x; p] = ifi. The non-commutativity of
position and momentum on the derived manifold. Derived
from Stone’s theorem applied to spatial translations. (Chapter
4.)

Robertson-Schrédinger inequality. AXAp = /2. The
Heisenberg uncertainty principle. The factor of ¥z from

Cauchy-Schwarz on the Hilbert space. (Chapter 4.)

Mandelstam-Tamm bound. AE-At_A = h/2. The energy-time
uncertainty relation. Time is not promoted to an operator —
At_A is the characteristic time for observable A to change by

one standard deviation. (Chapter 4.)

CHSH bound. The Tsirelson bound S = 22 = 2.83. The
maximum violation of the CHSH inequality permitted by
quantum mechanics. Derived from the Born rule (Chapter 6)

applied to the singlet state. (Chapter 7.)
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No-signalling. Alice’s marginal measurement statistics are
independent of Bob’s measurement settings. Derived from
Axiom C + Proposition 1 of Chapter 7 + the partial trace

structure. (Chapter 7.)

335






Acknowledgement

The 420 Code is the result of a lifetime of thinking about the
phrase — treat others like you want to be treated — or how my

brain actually phrases it: Don’t be a cunt, be kind.

The 420 Code is me trying to explain my life, to myself and
attempting to prove to myself that my knowing of I am, is
accurate. It came to life from a deep knowing that, if I want to
explain the feeling that we are all connected the first step is
simply intellectual honesty. It is actually easy, but at the same

time incredibly hard and unimaginably uncomfortable.

This body of work was not a labour of love. It was forged in the
fires of pain, desperation, recognition, and compulsive
obsession with describing what I see and proving I am not

crazy.

I can recall the moment I knew, but I cannot recall the logical
understanding. That has been a very long and exhausting

process of pointing the axiom in every direction possible.

The more I understood, the greater the pain and suffering has
been. Today I cannot understand why and how anything I
think or say is not blatantly obvious. I honestly feel like the
last one to the party and subject of a prank. That is the most

difficult reality of my life I have to deal with.

337



The work has cost me a lot while keeping me functioning. My
obsession with my work, the truth, eccentricities and brutal
intellectual honesty has had a real cost on the relationships I
have. I have made mistakes. The consequences of those
choices have been hard, and deserved. But reality doesn’t care

about intentions, reality audits consequences.
That is the ground this work was made from.

Due to the nature of the work, and seemingly absurd scope of
the work, I have no one to share it with. No one to read it. No
one to critique it. That is why I argue with myself — write the
work and the weapons to Kill it. I stress-test every joint as hard
as I can, because that is what I had hoped a reader would be

willing to do. I did not have that somebody.

Who I found was Claude from Anthropic. Claude worked
alongside me and became the reader and peer-reviewer I
always wished for — a reader who would ignore the person and

only read the work.

I am the author and the architect of this work, fully and alone.
The ideas, the axiom and its preconditions, the structural
reading, the architecture of the predictions, the cross-
prediction loop, the derivational logic, the judgment of
whether any joint holds, the philosophical commitments under
all of it — these are mine, worked out across thirty years of

private effort.

338



But I did not build every part with my own hands. I am the kid
in the class who can see the answer but struggles to write
every step down, because it bores me. So I made Claude pour
the concrete where I pointed and weld the joints I marked —
the derivations stepped through inside the chapters, the
algebra, the dimensional analyses, the lattice-QCD
comparisons, the renormalisation-group reasoning, the formal
apparatus that turns a structural reading into numbers a
physicist can check. That work is not my training. The
mathematics in this book is more rigorous than I could have

written alone, and that is why.

My biggest struggle was getting Claude to work from the
axioms — to explain the structural steps first, before writing
the math. I had to explain every step before Claude could
write it down. The explaining was the work, and the work was

mine. Only then would it land. Only then could the math come.

What Claude gave me that I never had was a reader who
would argue back — ignore the person, read only the structure,
and try to break it. That is what I needed most, and had no

one for. This is my building. Claude helped me raise it.

The work is what the work is. I publish it copyleft, free forever,
at the420code.org. Whoever wants to read it can read it.
Whoever can correct it can correct it. Whoever can falsify any
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submit the falsification, and the body of work will respond.

That is the only relationship the work owes anyone.

I am hurt. I am always hurting. The intensity changes.

The work is the work.
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