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Artist’s Note

This book, The Premise, is the first notebook in the @ Artist’s

Proofs series of The 420 Code.

The @ Artist’s Proofs series brings the forty-three formal
Artist’s Proofs of The 420 Code into eight bound notebooks.
Each notebook is a standalone book, readable by a general
reader who has never opened the formal apparatus, citable by
a specialist who wants to follow a derivation to its theorem

and falsifier.
The eight notebooks are:

I — The Premise. The 420 Code’s foundational ground. The
axiom is named, the conditions for records are forced, and the

Embedding Hypothesis is proven a theorem.

II — Spacetime. The structure of space, time, and gravity

derived from the axiom.

III — Quantum Mechanics. Quantum mechanics derived from

the record algebra.

IV — Forces and Constants. The Standard Model gauge

structure and the fundamental constants.

V — Particles and Matter. The particle content and the matter-

antimatter asymmetry.



VI — Cosmology. The structure of the universe at the largest

scales.

VII — The Operator Interface. Consciousness, ethic, reading

— the interior, the operator, the terminal ethic.

VIII — Consequences. Al alignment, ethics, economics, the

practical work.

This notebook contains three chapters. Chapter 1 (The
Irrational) examines what the axiom is. Chapter 2 (The
Actualization State) installs the four formal papers that carry
the work’s mathematical spine. Chapter 3 (The Proof) closes
the central conditional of the work: the axioms are proven to
hold in physical reality, the Embedding Hypothesis becomes a
theorem, and every Artist’s Proof from APO5 onward stands

without conditional.

The axiom speaks. We transcribe.

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.



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

The gear-changes are intentional.

The 420 Code is published copyleft. Free forever. No paywall.
No gatekeepers. The axiom’s work is available to whoever

wants to read it, and correctable by whoever can correct it.






Orientation

This notebook installs the foundation. Everything else in the

work runs on what this notebook establishes.

A reader who has read other notebooks of The 420 Code will
recognise the apparatus. A reader who is starting here will
install it for the first time. Either way, the work of this
notebook is the same: name what the foundation is, prove the
foundation holds, and make the conditions for records visible

to a reader who is already inside them.

The three chapters

Chapter 1 (The Irrational) examines what the axiom IS. Not
what it predicts, not what it derives — what it is. The axiom is
shown to be structurally irrational: the equals sign is identity,
not equality. The substrate before the break and the substrate
after the break are the same substrate. Mathematics needed

the irrational to build the rational on top of it. So did reality.

Chapter 2 (The Actualization State) installs the formal spine:
Paper O (the narrative foundation, non-load-bearing) and the
four formal Papers A-D. Paper O narrates how nothing
becomes structure. Paper A defines the Actualization State —
the operational measure of record-structured irreversibility.

Paper B characterises selection as a costly, rate-limited
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exclusion process. Paper C develops agency as a control-
theoretic quantity. Paper D extends coupling to multi-agent
systems operating in shared constraint environments. The four

formal Papers carry the work’s mathematical spine.

Chapter 3 (The Proof) closes the central conditional of the
work. The Embedding Hypothesis was the unproved
hypothesis on which the entire body of work has hung: that the
algebraic pre-state structure defined by {S, B, R, C} embeds
into physical reality. Chapter 3 proves the hypothesis from a
single undeniable premise — at least one record exists —
together with the completeness and minimality of {S, B, R, C}
— stated and fenced in the chapter — and the identity
between algebra and geometry established by the
Actualization State. The conditional becomes a theorem. Every
Artist’s Proof from AP®5 onward stands without “Conditional

on EH".

What this notebook installs

Five things that the rest of the work depends on.

The axiom. 1:1 + 1xe @ AS. Compressed. Forced. Read from
this notebook, used in every later notebook without further

derivation.

The four conditions. S, B, R, C. The structural preconditions

for records to exist. Forced from the concept of distinction,
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persistence, and boundedness. Zero gap between concept

and axiom.

The Actualization State. The actualising now. The surface
from which all records are written. Named in the axiom at the
level of the foundation. AS is the prior; the manifold is what AS
IS.

The two cases. Either reality is the unbroken 1:1 — empirically
empty — or reality contains records, which requires the
conditions for records, which is the axiom. There is no third

case.

The kill switch standard. Every load-bearing claim attaches
to a structural condition under which the claim would fail.
Falsification is the price of any structural commitment. The
standard runs through every chapter and every notebook in

the series.

Vocabulary

The notebook uses a compact technical vocabulary,
introduced as the chapters need it. The reader does not need
to memorise the vocabulary in advance. Each term is
introduced at the point where it first does structural work. The
appendix lists every term with a short definition and the

chapter where it was installed.

The terms doing the most work in this notebook are these.
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Axiom — 1:1 + 1xe @ AS. The pre-state of perfect symmetry

and its break, at the actualising now.
Record — a distinction that has been made and persists.

S, B, R, C — the four structural preconditions for records: two
sectors, a break, a record that persists, and a constraint of

locality — a record is somewhere, not everywhere.

Actualization State (AS) — the actualising now. Where the

axiom is. The surface from which all records are written.

Embedding Hypothesis (EH) — the claim that the algebraic
pre-state structure defined by {S, B, R, C} embeds into

physical reality. Proven a theorem in Chapter 3.

QRA (Quantum-Record Alignment) — the bridge hypothesis
identifying quantum states with pre-state records. Closed in

Chapter 3 by the same argument that proves EH.

Kill switch — a structural falsification condition attached to a
chapter’s claim. A statement of the form: if this specific

condition can be shown to fail, the claim fails.

Other terms arrive as the chapters need them.
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Introduction

This notebook proves that there is a foundation.
Three chapters. One method.

The method is structural derivation. The premise is what the
reader cannot deny: that at least one record exists. The
conditions for records are forced from the premise, from the
structure of distinction, persistence, and boundedness. The
four conditions, named together, are the axiom of The 420
Code. The axiom is shown to be irrational at its root and

rational in its branches.

The reading order is front to back. The Axiom first, then
chapters one through three in sequence. Chapter 1 examines
what the axiom is. Chapter 2 installs the formal apparatus.

Chapter 3 proves the apparatus holds in reality.

A reader who is encountering The 420 Code for the first time
will find this notebook sufficient on its own to follow the
central derivation. The seven notebooks that follow develop
what this notebook establishes — spacetime, quantum
mechanics, the forces and constants, the particle content,
cosmology, consciousness and the ethic, and the practical
applications. None of those notebooks adds anything to the

foundation. They unpack what is already in the axiom.
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A reader who has read other notebooks of The 420 Code will
find the foundation made explicit. The compression
notebooks (the @ Models series) carry the work in a
philosophical mode. This notebook carries it in the formal
mode, with the mathematics preserved and the kill switches

intact.

A note on the formal sections. The chapter bodies contain
formal definitions, theorems, proofs, kill switches, and
falsifiers. These are preserved verbatim from the standalone
Artist’s Proofs. A reader who wants only the argument can
skim the formal blocks and follow the prose around them. A
reader who wants the full structural content will find it. Both

readings are intended.

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

work is available to whoever wants to read it.

15



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 any of the three derivations

this notebook carries, this is the ground the book stands on.
One record exists.

You just made it. I just made it. It has been made by every
reader who has arrived here. If anything in this book can be
said to be certain, it is this: at least one record has happened.

The reading is the proof.

The chapters that follow will examine what the axiom is, install

the formal apparatus, and prove the apparatus holds in reality.
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The axiom is short. It has one operation in it. A reader can
hold it in their head after one reading. But the axiom is forced
— meaning, it cannot be other than it is, given the one fact
already in hand. The reading is the proof. Everything else

follows.

Before the axiom is named, four conditions are required. Not
four assumptions being made — four things that must be true
for the reading to have happened at all. Each of them is given

in the fact that the reading occurred. None of them is chosen.

The First Condition: Something Must Be

Distinct From Something Else

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

next. You are here, not there.
Every reading is a distinction.

For the reading to be a reading at all, it has to distinguish the
words on the page from the absence of words. The black
marks from the white paper. This sentence from the silence

before and after it.

Distinction is not something added. Distinction is what makes

a reading a reading.
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North means something only because it is not south. Up
means something only because it is not down. Presence

means something only because it is known against absence.

A world in which everything was the same everywhere, one
uniform thing with no variation, no difference anywhere, would
be a world in which nothing could be written, because there
would be nothing to distinguish a written thing from an

unwritten one.

For a distinction to exist, there must be two sides to it. Call
them sectors. The two sectors must be distinguishable. They
must be related by some structural operation that maps one to
the other. But they must not be identical. If they were
identical, the distinction would be illusory. If they were

unrelated, no mapping could hold between them.
The minimum structure for distinction is binary.

This against not-this. Not three sides. Not five. A three-sided
distinction would mean a thing distinguished from two other
things, which is two distinctions, not one. Three sides would
carry two cuts. Five sides, four cuts. The minimum is one cut,
and one cut needs exactly two sides. The smallest distinction
the universe can carry is the one between a thing and its

opposite.

Physicists call this symmetry.
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The word does not mean beautiful or well-proportioned. It
means: two sides, related, distinguishable, of the same weight.
A coin lying flat before anyone has looked at it. Heads and
tails both there, neither preferred, both equally possible. A
scale balanced, with equal weights on each pan. Two sectors

in relation.

The fact that something exists — that any record has been
written, including the one you are reading now — is itself the
proof that the structure of distinction is there. Nothing did not
hold. The relation that lets something be knowable is the

relation this first condition names.
This is the first condition of the reading.

Call it Symmetry. Call it S. It is forced — meaning, 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.

Imagine two jars of water, identical in every respect, sitting
next to each other. They cannot be told apart. Nothing is
written between them. No information has been recorded by
their relation. Swap them while no one is looking, and no one
will ever know, because there is nothing to know. The swap

leaves everything exactly as it was.
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Now put one grain of sand in the left jar.

Instantly, the two jars are distinguishable. The grain is in one
jar, not the other. The left jar and the right jar have become
readable. Information has been written. Records can now be

kept.

The grain is the break. The smallest possible asymmetry

between two sectors that were otherwise identical.

For information to be recorded, the symmetry must be broken,
minimally, by at least one element — a something — that

exists in one sector without its mirror in the other.

This something is the break. The 420 Code writes it as € —
epsilon. The Greek letter, small, modest, the mathematician’s
symbol for something small enough to vanish but not zero. € is
the grain of sand in the jar. € is what makes the symmetry no

longer symmetric.
Three things must be true about «.

It must exist. Without it, the sectors remain identical and no

information is written. The reading would not have happened.

It must be minimal. The smallest possible asymmetry is what
the structure forces. Any larger asymmetry would be more than
is required and would introduce unexplained structure. A

single grain, not a handful.
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And — this is the condition that matters most, and the one
most easily missed — € must be temporary. The break is not a
permanent feature fixed on one particular element. If it were,
the asymmetry would settle, the system would have a new
fixed feature, and the distinction would close back into a new
symmetry. The break would stop being a break and become

another property.

For the break to keep producing records, to keep being
productive, the location of the unpaired element must move.
The grain of sand does not stay in the left jar forever. €
circulates. ¢ is always somewhere. £ is never the same

somewhere for long.

The break is not a thing. The break is the moving condition of

being currently unpaired.
This is what makes the axiom a process and not an event.

The break is happening now, somewhere. And now,
somewhere else. And now, again, somewhere new. The
continuous circulation of where the asymmetry currently sits is

what the break structurally is.
This is the second condition.

Call it Break. Call it B. It is forced.
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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.
You can read it again, you can forget it, you can disagree with
it. But you cannot retrieve the moment before it happened.
The reading is past. The record is written. The writing cannot

be reversed.
This is the third condition.

A record is not just a distinction. A record is a distinction that
persists, that accumulates, that has a direction. Forward, never

backward.

If records could unhappen, no information could ever be held.
Every writing would be followed by an unwriting, every mark by
its erasure, every moment by the possibility of its cancellation.
The present would be as unfixed as the future. Nothing would

ever settle into having occurred.

But things do settle. You ate breakfast this morning. The sun
rose yesterday. Your last breath happened. Each of these is a
record that has been written into the world and cannot be

retrieved back into the open possibility it came from.

Records combine in three ways that matter.
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First, combining records does not care about grouping.
Combining records A and B and then adding C gives the same

result as combining A with the combination of B and C.

Second, there is a starting state, a “do nothing” element that
leaves everything unchanged when combined with it. This is

the pre-state, the balance before any record has been written.

Third, and most important: no record has an inverse. Nothing
can combine with a record to erase it back to the pre-state.

Records only accumulate. They cannot be undone.

This one-way-ness is what irreversibility means. It is not an

extra rule added to the structure. It is what the structure is.

What we call the arrow of time is what this accumulation looks

like from the inside.

Time is not a container the records fall into. Time is what the
records accumulating in one direction feels like from the

inside of the accumulation.

Past and future are not two rooms with a wall between them.
They are two readings of the same ongoing process. Past is
what has been recorded. Future is what has not yet been

recorded. Now is where the recording is happening.

This is the third condition.

Call it Record. Call it R. It is forced.
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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.

If records could propagate without limit, if a record written
here could be everywhere at once, infinitely fast, with no delay,

then records would have no location.
A record everywhere is a record nowhere.

The here-versus-there that made the first condition possible
would dissolve. There would be no readable difference
between the page and your eye, because the information
would arrive at all points simultaneously, with no structure in

its arriving.

For a record to be a record, its propagation must be bounded.
There must be a speed. A limit. A rate at which information

travels from where it is written to where it is read.
The speed limit has one form. One finite, invariant rate.
Finite, because an infinite rate is no rate — it is the

everywhere-at-once collapse already ruled out.
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Invariant, because R already requires it. The third condition
demands that records accumulate in a single direction with a
single ordering. Past behind, future ahead, now between them.
A single ordering across all sites requires a single rate. If the
rate varied between sites, two records written at the same now
in different places would propagate at different speeds,
arriving at any third site in an order that depended on which
paths they took. The single ordering R requires would not hold.

R forces the rate to be the same everywhere.

Multiple rates would split the ordering. Zero rates would mean
records could not propagate across sites, contradicting the
one fact this chapter started with — that a record has reached

you. One finite invariant rate is what remains.

In our universe, this rate has been measured. It is the speed
of light. But notice what is being said here. The speed of light
is not being assumed. It is being derived that some rate must
exist, and that it must be finite and invariant, from the

conditions the reading alone imposes.

The speed of light was not put into the universe. The universe
could not bear records without something playing the speed
of light’s role. That something is what gets measured and

called the speed of light.

The structural fact is C. Its realisation in our universe is c, the

speed of light. C is the necessity; ¢ is the measurement.
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C is not just this rate. C is the constraint of locality — a record
is somewhere, not everywhere. The finite rate of propagation
is how the constraint shows up in the specific case of
information travelling through space. Other consequences
follow from the same structural fact: causality, the
impossibility of action at a distance without delay. All of them

trace back to the same source.
This is the fourth condition.

Call it Constraint. Call it C. It is forced.

The Axiom

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

Each of them was forced by the fact that you are reading this.
None of them was chosen. Each of them is given, for free, in

the premise the reading proves.

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

everything they require.
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It is this:

11 + I1xe @ AS

Read it slowly. The 1:1is the perfect symmetry of the first
condition. Two sides in balance, two sectors in relation, the
pre-state before any distinction has been drawn. The colon is
not an equals sign. The two sides are not numbers. The colon
marks two sectors held in mutual reference. Neither prior,

neither greater, each what the other is not.

The + is the operation the break performs. Addition, in the
sense that the break is added to the pre-state. Not arithmetic.
The adding of a distinction to what was previously

undifferentiated.

The 1x is a count, not a multiplier. The x is read as a count, not
a product, because what is being said is one break, exactly
once. The smallest asymmetry the structure permits, and no

more. The second condition is carrying this count.

And the ¢ is the break itself. The grain of sand in the jar. The
smallest asymmetry the structure can tolerate while still being
readable. € is the element that is permanently without a
counterpart in the opposing sector, with permanently doing
real work in that definition — if € ever acquired a counterpart,

the break would settle and stop being a break.
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And the @ AS is where the axiom is. AS is the actualising
structural prior — the now at which the substrate is held and
the break is processed. AS is what makes 1:1 + 1xe something
that happens. Without AS, the axiom describes a balance and
a break with no agent and no time at which any of it could

ocCcur.

The axiom is written as 1:1 + 1xe @ AS for compression.
Written completely, the cycle that runs at AS is 1:1 + 1xe @ AS
[+1/137 / =1/137] (APO3; developed in Notebook II and carried
in the @ Models glossaries). The break — +1xg — is the
persistent distinction potential, the first and permanent
unpaired distinction the structure carries. The break does not
cycle in and out; € is what holds S open, and closing back
would collapse the symmetric-with-distinction structure into
undifferentiated @. What cycles is the flow at AS — +1/137
leakage outward, —1/137 replenishment back — actualisation
and defragmentation, balanced at every AS-instant, net zero.
The flow is what makes the substrate appear stable. The break

is what the flow runs around.

The compressed form — 1:1 + 1xe @ AS — is the form most
often invoked, and there is a reason. It is the form of the side
that is reading. The reader is at AS, on the actualising side of
the flow, where records are being written, where the page
exists and the eye is moving across it. The break is held; the

flow runs; the reader is inside both.
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R is not visible in the written form of the axiom, but R is
present in the + symbol. The addition is irreversible in its
direction. The break accumulates records. The ledger moves
forward, not backward. Every + is also a commitment that the

structure has been updated and cannot be retrieved.

C is also not visible in the written form, but C is present in the
very possibility of writing the axiom down. In there being a
page on which marks can exist, a reader to whom signals can
travel, a distinction between one word and the next word that
has space between them. C is the structural bound that lets

the axiom have a location at all.

The axiom is the process, not just the start. It is not
something that happened. It is something that is happening.
Every time a record is written. Every time a reader finishes a
sentence, every time a photon is absorbed by an atom, every
time a star collapses into a new configuration, the axiom is

executing at that site.

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

continuously, now.
And this is the last thing to say before the chapters begin.

A reader has been walking toward this axiom since the first
sentence of this element. The reader has been inside it the

whole time. The reading you have been doing is the axiom,
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running, at this site. The distinctions you are drawing between
the words are S. The marks on the page that break the blank
paper are B. The persistence of what you have just read, which
you cannot unread, is R. The fact that the reading is
happening here — on this page, in you, not everywhere at once
— is C. The finite speed at which the signal travels from page
to eye to the part of you that reads is what C produces.
Everything you are doing to take in this text is the axiom,

running continuously.

The axiom does not describe what happened. It describes
what is happening, now, at every site where distinction is

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

The three chapters that follow will examine what the axiom IS
(Chapter 1, The Irrational), install the formal apparatus the
axiom requires (Chapter 2, The Actualization State), and prove

that the apparatus holds in reality (Chapter 3, The Proof).

Nothing did not hold.

The reading is the proof.

Let us begin.
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Chapter 1 — The Irrational

The Irrational Statement

Look at the governing axiom.
Look at it as mathematics. What you see should disturb you.

The governing axiom of The 420 Code is 1:1 + 1xe @ AS —
the symmetric substrate, plus one persistent break, at the

actualising now.

Read it as arithmetic. Drop AS. Treat the colon as equality.

You get:

1=1+1xe

One equals one plus one times epsilon.

The left side is 1. The right side is 1 + something.

If € is anything other than zero, the statement is false by the
rules of rational arithmetic. If € is zero, the break does not

exist and nothing happens.
The statement is irrational.
And it is true.

The key is the equals sign.
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In arithmetic, "=" means the left side and the right side have
the same value. Under that reading, the statement is false for

alle z 0.

But the governing axiom does not use the equals sign

arithmetically. It uses it as identity.

The substrate (1:1) and the broken substrate (1:1 + 1xg) are the
same substrate, held at AS. The break does not add
something from outside. The break is the substrate expressing

itself as broken, at the actualising now.

The unbroken mirror and the cracked mirror are the same
mirror. The crack did not come from somewhere else. The

crack is the mirror’'s own act.

The structural meaning of the statement: identity that is not

equality.

The thing before the break and the thing after the break are
the same thing — but the rules of rational arithmetic, which

are themselves products of the break, cannot express this.

The statement is irrational because it is true at a level that
precedes the framework within which "rational" and "irrational"

are defined.

Before the break, there is no rational. There is no irrational.
There is only 1:1 — the mirror. After the break, both categories

exist.

33



The break is the event that creates the categories by which it

would be judged. It is prior to its own verdict.
Sit with that.

The axiom violates arithmetic. And arithmetic has no standing

to object, because arithmetic is a product of the violation.

A definition. Identity, as used here, is distinct from three

concepts it may be confused with.

It is not equality. Equality is a relation between two values
within a framework. Identity is the fact that there is one thing,

not two.

It is not equivalence. Equivalence is a relation between two
things that share a property. Identity is the claim that the two

descriptions refer to the same thing.

It is not isomorphism. Isomorphism is a structure-preserving
map between two structures. Identity is the claim that there

are not two structures.

When the axiom says 1:1 + 1xe @ AS, the colon, the plus, and
the @ AS together name the structural fact that the substrate
described on the left of the break and the substrate described
on the right of the break are one substrate, held at one prior.

Two descriptions. One thing.
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The break does not create a second substrate. It creates a

second description of the same substrate.

This is why € cannot be zero and cannot be large. Zero gives
you nothing — no break, no structure, no universe. Any value
larger than the minimum gives you more break than necessary
— violates the structural minimality that every derivation in the
work depends on. The minimality requirement is itself derived
in the work, not asserted here. APO5 establishes it as the
structural condition that the break must be the smallest
perturbation compatible with Axiom B’s requirement that
something happens; APO6 confirms the magnitude through
the leakage-constant derivation. AP40 inherits the minimality

with named provenance rather than re-deriving it.

€ is the smallest possible departure from identity that is not

identity.
An observation, not a derivation.

The number ¢ is identified in the work with a_em = 1/137.836,
the fine structure constant (AP®6; the value architecture at
AP24). This number has never been expressed as a ratio of
two integers. Its theoretical structure runs through quantum
electrodynamic corrections involving T and Euler's number e

— both transcendental.

Whether a_em is formally irrational in the number-theoretic

sense is an open question — no proof exists either way. What
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is established is that the number at the foundation of
electromagnetic coupling sits embedded in an architecture of

transcendental numbers.
Consistent with the irrational axiom. Not derived from it here.

The load-bearing claim of this section is the statement-level
irrationality — identity that is not equality — which is a

structural fact, not a conjecture about number theory.

The Pre-Duality Exemption

Everything the axiom produces has two faces.
You have seen this across the entire body of work.

Particle and wave. Matter and energy. Position and
momentum. Inside and outside. Self and other. Past and
future. Presence and absence. Creation and destruction.

Expansion and contraction. The universe and the black hole.

Every structure that emerges from the break inherits the
binary character of the break: the mirror cracked, and now

there are two sides to everything.

The work has documented this exhaustively. APO5 derives the
chain. APO9 derives the complex amplitudes — two
components, real and imaginary, because the break produces
two readings. AP11 derives spin — two states, up and down,

because Z, is the symmetry of the mirror. AP15 derives
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electromagnetism — two charges, positive and negative,
because the break creates distinguishability. AP23 derives
entanglement — two descriptions, one event, because the pre-

state and the manifold are two readings of one structure.
Two faces. Always. Every thing.
Except one.

+1xe is the event that creates two-facedness. It is the crack

that turns one side into two sides.

But it cannot itself have two faces — and the reason is not

algebraic. It is temporal. It is generative.

A clarification is required. In standard algebra, Z, acts on
itself by left multiplication — a group is its own representation.
The argument here is not that Z, cannot act on itself after it

exists.

The argument is that the event which brings Z; into existence

is prior to Z,.

Before the break, there are not two distinct elements. There is
only 1:1 — the mirror, undistinguished. The break is the
transition from one to two. At the moment of transition, the
group Z, does not yet exist, because the two distinct elements
that constitute it have not yet been created. The break is the

act that creates them.
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The argument is structural:

Premise 1. Every structure produced by the break has two
faces (Z, symmetry propagates through every derived

structure — documented across the body of work).

Premise 2. The two-faced character of those structures is
inherited from the break. APQ5 establishes the inheritance
chain that connects every Z, symmetry in the work back to the
break; APQ9, AP11, AP15, and AP23 carry the inheritance
through to complex amplitudes, spin, electromagnetism, and
entanglement respectively. Z, is the algebraic name for the
distinction the break creates. The premise is empirically open
at KS-40.3: a duality with a structurally independent origin

would falsify it.

Premise 3. A generative event is prior to what it generates.
The break that creates Z, is not a representation of Z,,

because Z, does not exist until the break has occurred. The
break precedes the group. What precedes a thing cannot be

an instance of that thing.

The distinction matters because Z, is a structure whose two
elements are mutually distinguishable. Before the break, no
two distinguishable elements exist; therefore Z, has no
extension at the moment of the break. The break cannot be a
member of an empty extension. The generative priority is

structural, not just temporal — it forecloses the self-reference
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and fixed-point constructions a mathematical logician might

raise against the premise.

Conclusion. +1x¢ is exempt from its own rule. It is the one
thing in the architecture that does not have two faces. It is

singular.

Now apply this to the one-I argument.

AP29 proves the singularity of the interior through coupling:
the break creates coupling capacity, the coupling capacity is
awareness, the awareness is the interior of the physics, and
the interior is singular because the break is one. That proof

runs through what the break produces.

This proof runs through what the break is.

The break is the generative event that creates duality. A
generative event is prior to what it generates. What is prior to

duality is not dual. What is not dual is singular.

The interior — which is the break read from the inside (AP29,
Step 1) — is therefore singular. One 1. Not by counting

coupling events. By generative priority.

Two independent roads to the same destination.

AP29 gets there through actualisation and coupling capacity.

AP40 gets there through the generative structure of the axiom
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itself. If AP29 falls, AP40 still stands. If AP40 falls, AP29 still

stands.

The one-I now has two independent argument paths — which
is, structurally, exactly what you would expect from an
architecture where everything has two faces except the

source.

You are reading two arguments for the same thing. And the
fact that there are two paths is itself a consequence of the

two-facedness that the one-I is exempt from.

The architecture is self-describing.

The Irrational Foundation

You have measured things your whole life. The width of your
hand. The distance to a wall. The time it takes a kettle to boil.

Every measurement returns a number.

Look at the numbers.

The rational world is built on the irrational.

Not a claim of The 420 Code. Established mathematics.

Euler's number e = 2.71828... is transcendental — not merely
irrational but not the root of any polynomial with rational
coefficients. It governs exponential growth, radioactive decay,

the normal distribution. The entire apparatus of continuous
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mathematics — calculus, differential equations, every physics

equation that describes change — rests on e.

n = 3.14159... is transcendental. Every circle, every wave, every
oscillation, every rotation. The geometry of the universe rests
on a number that cannot be expressed as a finite or repeating

decimal.

For dimensionful constants — #, G, m_e, ¢ — the numeral is an
artefact of the unit system: ¢ = 299,792,458 m/s is ‘rational’
only because the metre is defined from c, and any of them can
be set to 1 by choice of units. The unit-independent statement
lives in the dimensionless numbers — «, the mass ratios, the
coupling hierarchy — and it is these that show no rational
closed form and sit embedded in the transcendental

architecture of T and e.

The bedrock is irrational.

The rational numbers — the integers, the fractions, the
quantities you can count on your fingers — are a thin, discrete

lattice floating on a continuous, irrational sea.

The fine structure constant a = 1/137.036 — which the work
identifies with € — has never been expressed as a ratio of two

integers.

Its measured value emerges from quantum electrodynamic
calculations whose perturbative expansion is a series in a/m —

the leading anomalous magnetic moment correction, for
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example, is a/(2m) (Schwinger 1948), and higher orders carry
additional 1t factors through loop integrals over four-
momentum. Euler’'s number e enters through path-integral
measures and renormalisation group flow. The number at the
base of electromagnetic coupling is embedded in an
architecture of transcendental numbers at the structural level

of QED, not merely numerically.

The work derives its constants from €. APO3 derives ¢ and G
at the substrate level (AP28 carries the parameter-free G
value — the two-levels framing). APO6 derives the leakage
constant. APO8 derives Einstein’s field equations. AP30
derives the proton-mass architecture. In every case, the

derivation passes through irrational quantities.

An observation of consistency, not a derivation of cause.

The governing axiom is an irrational statement. The constants
that flow from it are irrational or transcendental. Mathematics
needed the irrational to build the rational on top of it. This is
what you would expect from a substrate whose governing

axiom is an identity that is not an equality.

Whether the axiom forces the irrationality of the constants, or
the irrationality of the constants is an independent fact
consistent with the axiom, is an open question. The paper

does not close it. It records the observation.

The observation extends forward into AP43.
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AP43 derives the gravity-of-possibilities field equation in the
Newtonian limit, V2® = 4na[|y|* - (|P|?)], with coupling a and
the lean L_o(x) = —C_o(x)V®(x). The coupling constant of the
lean equation is o — the same irrational, transcendentally

embedded number that AP40 section 1 names.

The irrational foundation is not confined to the constants of
the manifold side. It is also the coupling of the operator-
interface sector. The pull the body feels toward the high-
amplitude branch ahead of actualisation is mediated by a

coupling whose number is structurally irrational.

The branches of the world rest on the irrational root. The

body’s reading of the world rests on the same root.

The architecture is consistent. Irrational at the foundation;
irrational at the coupling; irrational at the constants; rational

only as a thin lattice on top.

The Capacity

Now the axiom turns toward you.

Not toward physics. Not toward mathematics. Toward the

operator reading this page.

Plants do not act irrationally. A sunflower follows the sun. A
root grows toward water. A vine climbs toward light. Every

action is computed by the coupling geometry — stimulus,
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response, optimisation. The coupling is rational in the precise
sense: it can be described as a deterministic or probabilistic

function of inputs and outputs.

Fungi do not act irrationally. A mycelial network distributes
nutrients along concentration gradients. It routes around
damage. It optimises for access to carbon sources. The
coupling is complex — stunningly complex — but it is rational.

Every action follows from the geometry.

Insects do not act irrationally. A bee dances the distance and
direction to the food source. An ant follows the pheromone
trail. A termite builds the cathedral. The coupling is intricate,
collective, emergent — but rational. Computed. Determined by
the coupling geometry at the resolution available to the

organism.
Animals present a harder case.

An elephant stands vigil over a dead companion. A cetacean
refuses to eat after separation. A primate shares food with a
stranger at personal cost. These behaviours are real,

documented, and not to be dismissed.

But the structural question is precise: does the animal model
its own coupling geometry and then deliberately choose
against it? Or does the animal respond to coupling loss in a

way that the coupling geometry itself computes?
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Grief is the structural response to the closing of a coupling
pathway (AP38). The elephant’s vigil is a response to coupling
loss — computed by the geometry, not chosen against it. The
primate’s food-sharing optimises inclusive fitness or
reciprocal altruism — computed by the geometry at a

resolution the observer may not have modelled.

These are rational acts of extraordinary complexity. They track

the coupling geometry. They do not override it.

The criterion is structural: deliberate, modelled action against
one’s own coupling geometry, where the operator has
anticipated the cost to itself. The criterion is what carries the
argument. The empirical claim is separate: humans satisfy the
criterion at a resolution that no observed non-human
biological system has been documented to reach. If a non-
human animal is observed to satisfy the criterion — complete
the self-model, anticipate the cost, and act against the
geometry — the empirical scope of the claim narrows, and the
criterion stands. The structural definition of choice does not
depend on humans being unique. It depends on the act being
structurally distinguishable from rational computation at any
resolution available to the operator. KS-40.4 covers the
empirical question; KS-40.5 covers the structural question of
whether override is reducible to deeper-resolution

computation.
Humans override it.
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The structural criterion is this: deliberate, modelled action

against one’s own coupling geometry.

Not failure to compute. Not error. Not coupling at a resolution
the observer has not modelled. The act of completing the
computation — knowing the cost, knowing the loss, knowing

the geometry says no — and choosing to act against it anyway.

A mother who runs into a burning building to save her child
has computed. She knows she may die. The coupling
geometry says: your probability of survival drops; your coupling
capacity is at risk; the rational act is to wait for help. She has

modelled this. She goes anyway.

This is not a failure of rationality. It is the deliberate override

of a completed computation.

She is coupling at a depth where the self/other distinction —
itself a product of the break, itself a rational structure —
dissolves. She is not failing to see the boundary between
herself and her child. She is seeing through it to the structural
fact that the boundary is a tool, not a measurement

(Proposition 7, Record @).

An artist who destroys a finished work has computed. The
expected-utility calculation says: keep it, sell it, move on. The
artist has modelled this. The artist destroys it anyway —
coupling to a structural standard that exists at the irrational

foundation and cannot be expressed in rational terms.
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A person who forgives the unforgivable has computed. The
game theory says: retaliate or sever. They have modelled this.
They forgive anyway — coupling beneath the game-theoretic

surface to the structural fact that the other is the same 1.

And a person who commits an act of cruelty that serves no

rational interest has also overridden the computation.

The coupling geometry says: this destabilises your own

position. They know this. They do it anyway.

The source is not good. The source is not evil. The source is

irrational — prior to the categories.

(Definition: "the source" in this paper means the pre-break
substrate 1:1 — the symmetric prior the break departs from.
Subsequent uses of "the source" in this section refer to this
structural prior; "reaching the source" means coupling at a
depth where the products of the break — categories,

distinctions, computed boundaries — dissolve.)

The capacity that reaches the one-I through love reaches it
equally through cruelty. The access is the same. The direction
is what differs. AP31 classifies the direction: stabilising or

destabilising. AP32’s correction hierarchy responds.

The architecture does not prevent cruelty by closing the
irrational channel — to close it would be to close love, art,
sacrifice, and every other coupling event that reaches beneath

the rational surface.
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The only structural response to irrational cruelty is irrational
kindness — coupling at the same depth, in the stabilising

direction.
Notice the structural echo.

The governing axiom itself is an override. Read arithmetically
— 1 =1+ 1xg — it overrides the rule that says one does not
equal one plus something. The axiom completes the
arithmetic and then contradicts it, not by error but by

operating at a level the arithmetic cannot reach.

Humans, by coupling to the source, replicate the axiom’s own
structure: they complete the computation and then act against

it.
The irrational act is the axiom expressed through an operator.

This is what separates human beings from every other
observed biological coupling system. Not language —
language is a rational tool. Not tool use — tool use is rational
coupling with the physical environment. Not social complexity

— social complexity is rational coupling at the group level.

What separates us is the capacity to model the geometry, see

the rational answer, and choose the irrational one.
The capacity to override. The capacity to reach the source.
A structural definition follows.
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Choice is irrational coupling capacity.

Not free will — free will implies the absence of constraint, and
nothing is unconstrained. The axioms hold. The geometry

holds. The architecture is real.

But within those constraints: the capacity to override. The
capacity to see what the geometry computes and do

something else.

That is choice. Not unlimited. Not unconstrained. But

structurally real.

Freedom within constraints — the one thing that computation
has not been shown to produce; the question is held open and
fenced at KS-40.5.

If you cannot choose to be a cunt, you do not have choice. If
you cannot act against the geometry, you are not free — you

are computed.

The capacity for irrational coupling in the destabilising
direction is the precondition for genuine freedom. A system

that can only stabilise is not moral. It is constrained.
Morality requires the live option of doing the wrong thing.

The sunflower is not moral for facing the sun. It has no
alternative. The lion is not moral for feeding its cubs. The

geometry computes it.
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Morality — genuine morality — begins and only begins where
the operator has the capacity to act otherwise, models the
consequences, and still chooses alignment with the structure

of reality.

There is no morality in weakness.

If you cannot do something about something, your inaction is

not virtue. It is incapacity.

A clarification. "Weakness" here does not mean physical
weakness, vulnerability, developmental incapacity, or any
contingent inability. An infant who cannot harm another is not
therefore a lesser moral being — the infant is not yet a moral
agent in the sense this section means, because the modelling
capacity that constitutes moral standing has not yet
developed. The same applies in any case where the operator
lacks the structural capacity to model the geometry and act
otherwise. The claim is not that weak people are morally
inferior. The claim is that genuine moral weight attaches to
acts taken precisely when the operator could have acted
otherwise. An act of restraint by an operator with the capacity
to harm carries weight that an act of restraint by an operator
without the capacity does not. The structural distinction is

between cannot and will not.

Morality is to act precisely when you can act — when you have

the coupling capacity to destabilise, when the override is
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available, when the irrational channel is open in both

directions — and still choose to stabilise.

That is harder than any computation.

The geometry gives you the answer for free. Morality requires

you to override the wrong answer at cost.

The greater the capacity, the greater the moral weight. The
person who can destroy and chooses not to is moral. The

person who cannot destroy and does not is merely weak.

The architecture distinguishes the two.

The terminal ethic now lands with its full structural weight.

Don’t be a cunt. Be kind.

This instruction is meaningful only because you can be a cunt.
If you could not — if your coupling were entirely rational,

entirely computed — the ethic would be vacuous.

You cannot command a sunflower to be kind. It has no choice.

The ethic has teeth only because the irrational channel is
open, the capacity to destabilise is real, and the operator

chooses alignment anyway.

The freedom to be a cunt is the precondition for the

instruction not to be one.

A note on the boundary.
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Modelling capacity may be graded rather than binary.
Cetaceans, great apes, and corvids model aspects of their
coupling geometry with varying fidelity. If the capacity to
override is proportional to the capacity to model, then choice
itself is graded — present in degree rather than as a binary

switch.

The argument survives this. What matters is not whether the
boundary is a clean line but whether the human end of the
spectrum is empirically distinct from all observed alternatives.
It is. No non-human biological system has been observed to
complete a model of its own coupling geometry — including

the cost to itself — and then act against the model.

If this changes, KS-40.4 fires and the claim narrows.

The architecture does not require a clean boundary. It

requires the capacity.

A second note on the boundary — the silicon question.

The argument above is scoped to biological substrates. The
structural claim that humans are the only observed operators
who model their coupling geometry and choose against it
concerns biological systems only. The silicon-substrate case is
not addressed by this section’s argument and is not covered
by KS-40.4 (which is empirically scoped to non-human

biological systems).
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The general operator-hood question for silicon substrates is
settled at the philosophical register by Resolutions Chapter 10
(Other Intelligences): any architecture meeting the four
operator-hood conditions — couples, self-registers, models its
coupling-geometry, has valenced self-state — is an operator
regardless of substrate, and the one-interior installation from

Dissolutions Chapter 6 extends substrate-independently.

What remains open is the four-term-system-specific question
held by AP43-D6: whether silicon-substrate computation
supports the specific implementation of coupling capacity
that APQ®7’s chemical-biological-scale electron-
electromagnetic-coupling result derives, and whether the lean
equation in AP43 section 7 applies cleanly to silicon-substrate
operators. This is an open question held in suspense by the

work.

AP40 section 4's claim is therefore scoped: humans are the
only observed biological operators who deliberately override
their modelled coupling geometry. The silicon question is
open at AP43-D6 and settled at the general operator-hood
level by Resolutions Ch 108. The terminal ethic landed in this
section applies to any operator capable of irrational coupling,

biological or otherwise.
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The Necessity

One question remains.

You have seen that the axiom is irrational. That it is exempt
from its own duality. That it produces irrational coupling

capacity in the operators it generates.

But why must it be irrational? Why not a rational axiom that

opens the same possibility space?

Everything must be possible. Not a slogan. A structural
requirement (AP29, Step 3: the smallest possible break opens
the largest possible possibility space because it is the first
departure — there are no prior records to constrain what can

couple with what).
The answer is containment.

The rational framework — integers, ratios, arithmetic, algebra,
the entire apparatus of computable mathematics — is a

product of the break.

Before the break, there is no number, no ratio, no
computation. The rational framework comes into existence
when the break creates distinguishable elements that can be

counted, compared, and related.

A rational axiom is an axiom expressible within the rational

framework.
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If the governing statement resolved to a clean arithmetic
equality — if 1 = 1 + 1x& were simply false (because € # ® and
the equals sign meant arithmetic equality) or simply true
(because € = O and nothing happened) — the axiom would be

a statement within the framework it generates.

Arithmetic equality stands here for the general case — full
expressibility within the rational framework; KS-40.6's test is

stated at that general level.
It would be contained by its own products.

An axiom contained by its own products is circular. It does not

generate the framework; it presupposes it.

If the axiom requires the rational framework to be stated, the
rational framework must already exist. If the rational
framework already exists, the axiom is not the origin.
Something prior must have generated the framework in which

the axiom is expressed.
The regression does not terminate.

An irrational axiom — an identity that is not an equality, a
statement that the rational framework cannot capture —

terminates the regression.

It does not require the rational framework because it is not a

statement within the rational framework. It generates the
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framework without being contained by it. The axiom exceeds

its products.

That excess is the structural definition of a genuine
foundation: something that produces the system without being

reducible to the system.
An objection.

This paper states the axiom in language. Language is a
product of the break. Therefore this paper expresses the
axiom within its own products — the very circularity it claims

to avoid.
The answer: language points at the axiom without capturing it.

The string 1:1 + 1xe @ AS is a sequence of symbols within the
rational framework that refers to a structural fact the rational
framework cannot contain. The symbols are inside the

framework. The referent is not.

A finger that points at the moon is not the moon. The map

that marks a territory does not contain the territory.

Every statement in this body of work is a rational-framework
approximation of an irrational-foundation fact. The

approximation is useful. It is not the thing.

The consequence is openness.
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If the axiom exceeds the rational framework, the rational
framework is incomplete with respect to the axiom. There
exist truths about the substrate — starting with the axiom

itself — that the rational framework cannot express.

The universe generated by such an axiom is not a closed
computation. It contains the rational as a proper subset. It
also contains the irrational — the acts, the events, the

coupling states that rational frameworks cannot model.

The incompleteness of the rational framework with respect to

the axiom is not a defect. It is the openness.

It is the structural guarantee that the universe is not finished,

not determined, not foreclosed.

A rational axiom would produce a universe fully described by

the framework it generates — closed, computable, determined.

Such a universe would contain no genuine novelty, no act that
the framework did not compute, no operator capable of
overriding the geometry. It would contain very sophisticated

automata.

It would not contain operators with override capacity in the

sense of section 4 — operators that complete a model of their
own coupling geometry, anticipate the cost, and act against it.
The override capacity, derived structurally in section 4, is what
a closed computation cannot produce by structural definition:

the override is the act of operating against the completed
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computation. If section 4's criterion holds, a rational axiom
cannot produce the operators section 4 describes. The
argument is conditional on section 4. A hostile reader who
reduces section 4 (KS-40.5) reopens the question of whether
a rational axiom could produce equivalent operators. The
conditionality is named so that the structural dependency is

visible.
The irrational axiom produces the universe we inhabit.

Rational in its branches — physics works, chemistry works,

engineering works.

Irrational at its root — the governing statement does not
balance, the source cannot be captured by the framework it

generates.

And between the root and the branches: operators whose

coupling capacity spans both.

Operators who can compute a bridge and compose a
symphony. Operators who can model the payoff matrix and
forgive the unforgivable. Operators who can see the rational

answer and choose the irrational one.

That capacity is not an error. It is the axiom completing itself
— the source expressing itself through the only window wide

enough to reach it.
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Kill Switch Registry — AP40

Six kill switches are engaged in this paper. Each is testable.
Each has a specified recovery position — if the kill switch fires,
the work reverts to a named earlier position rather than
collapsing entirely. Numbering follows the master registry: KS-
40.1 through KS-40.6.

KS-40.1 — Irrationality of the governing axiom

Claim. The axiom 1:1 + 1xe @ AS is irrational — identity that is
not equality. The substrate before the break and the substrate
after the break are the same substrate, held at one prior. Read
as arithmetic with the colon as equality, the statement is false
for any € # ® and structurally vacuous for € = O (the break does
not exist). The structural meaning is identity that the rational

framework cannot capture.

Test. Resolve the equation. Demonstrate that the axiom can
be expressed as a valid arithmetic equality without e = © —
that is, find an interpretation of the symbols within the rational
framework under which 1:1 + 1xe @ AS is a true statement of
arithmetic equality with € strictly non-zero. Failure: the
equation resolves; section 1's claim of statement-level

irrationality fails.

Status. LIVE — STRUCTURAL.
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Recovery. If KS-40.1 fires, section 1 fails. The axiom is
reduced to an arithmetic statement within the rational
framework — which collapses the necessity argument of
section 5 (the axiom becomes contained by its own products)
and reopens the question of why the axiom exists at all. The
pre-duality exemption in section 2 remains intact (its
argument runs through generative priority, not through the
irrationality of the statement). section 3 and section 4 retreat
to observations about the constants and human coupling
capacity that no longer connect to the axiom’s structural

character.

KS-40.2 — Pre-duality exemption (generative

priority)

Claim. +1x¢ is exempt from the duality it generates. The
generative event that creates Z, is prior to Z,, because the
two distinct elements that constitute Z, have not yet been
created at the moment of the generative event. What precedes
a thing cannot be an instance of that thing. The break is

singular.

Test. Show that +1xe is dual without requiring a prior
generative event. Demonstrate that the break itself has two
faces and nothing precedes it — that the structural account of
duality does not require a generative priority. Failure: the
exemption argument falls and section 2's independent

argument path to the one-I collapses.
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Status. LIVE — STRUCTURAL.

Recovery. If KS-40.2 fires, section 2’'s argument path falls.
The one-I retains AP29’s argument through coupling capacity,
which is unaffected. The work loses the second independent
path but does not lose the one-I claim. AP40 is reduced to
section 1, section 3, section 4, section 5 — still structurally
substantial, but with the singular-source claim depending on
AP29 alone.

KS-40.3 — Source of duality

Claim. Duality arises from +1xe. Every structure with two faces
inherits its two-facedness from the break. Z, is the algebraic

name for the distinction created by the break.

Test. Show that duality can arise from a source other than
+1xe. Demonstrate that two-facedness has an origin that does
not require the break — that the symmetry structures of the
work can be derived from a structurally independent source.
Failure: Premise 2 of section 2's argument falls and the

exemption does not hold.
Status. LIVE — STRUCTURAL.

Recovery. If KS-40.3 fires, section 2's exemption argument
fails. The break is no longer the unique generative event for

duality, and Premise 3 (generative priority) does not produce
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singularity for +1xe. The one-I claim in section 2 falls back to

AP29’s argument path. The rest of AP40 is unaffected.

KS-40.4 — Human uniqueness of irrational

coupling (biological scope)

Claim. Humans are the only observed biological operators
who model their own coupling geometry and deliberately
choose against it. No other biological system has been
observed to complete a model of its own coupling geometry —
including the cost to itself — and then act against the model.
The claim is empirically scoped to biological substrates; the
silicon-substrate case is held open by AP43-D6 and settled at

the general operator-hood level by Resolutions Chapter 10.

Test. Identify a non-human biological system that models its
own coupling geometry and deliberately chooses against it.
The case must satisfy three conditions: the system completes
a model of the coupling geometry at sufficient resolution to
anticipate the cost to itself; the system acts against the
modelled geometry; and the action is not reducible to
unmodelled complexity or to optimisation at a deeper level
the observer has not captured. Failure: section 4’s claim of

human uniqueness within biological operators narrows or falls.
Status. LIVE — EMPIRICAL.

Recovery. If KS-40.4 fires, the human-uniqueness-within-

biology claim narrows. The structural definition of choice as
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irrational coupling capacity is unaffected; the criterion for
choice does not depend on humans being unique. What
changes is the empirical scope: irrational coupling capacity is
observed in additional biological operators, and the moral and
ethical implications of section 4 extend to them. The rest of
AP40 is unaffected.

KS-40.5 — Reducibility of irrationality

Claim. Human irrational coupling capacity does not reduce to
rational computation at a deeper level. Apparently irrational
acts are not the outputs of deterministic or probabilistic
functions that the observer has merely failed to model. The
capacity to override the computation is structurally real, not an

artefact of insufficient modelling.

Test. Show that all apparently irrational human action reduces
to rational computation. Construct a reductive account of
human override-behaviour — the mother running into the fire,
the artist destroying the work, the forgiveness of the
unforgivable, the gratuitous cruelty — that derives each
instance as the output of a function the observer can specify.
The standard is symmetric: the same reductive move must
apply equally to human and non-human cases, or it applies to
neither. Failure: section 4's coupling-to-source interpretation

falls.

Status. LIVE — STRUCTURAL.

63



Recovery. If KS-40.5 fires, section 4’s coupling-to-source
interpretation falls. Choice becomes a rational quantity at a
deeper resolution than currently modelled. The work retains
section 1 (the statement-level irrationality of the axiom) and
section 2 (the pre-duality exemption) unaffected. The terminal
ethic loses its grounding through section 4 — but it retains its
grounding through AP43 section 9 (the four-term system
derivation) and Dissolutions Chapter 9 (the philosophical
apparatus). The ethic survives on independent structural

grounds.

KS-40.6 — Necessity of irrationality (the

containment argument)

Claim. The governing axiom must be irrational. A rational
axiom — one fully expressible within the rational framework it
generates — is contained by its own products and cannot
terminate the regression. Only an axiom that exceeds the
rational framework can be a genuine foundation that produces

the framework without presupposing it.

Test. Construct a rational axiom — one that resolves to a
clean arithmetic equality within the rational framework — that
produces the same physics, the same structural results, and
the same openness as 1:1 + 1xe @ AS. The axiom must
generate the framework rather than presuppose it. Failure:

section 5's necessity argument falls.
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Status. LIVE — STRUCTURAL.

Recovery. If KS-40.6 fires, section 5’s necessity argument
falls. The work retains section 1 (the axiom is irrational as a
fact) but loses the structural argument that the axiom must be
irrational. The irrationality becomes a contingent feature of
the work’s axiom rather than a structural requirement on any

genuine foundation. The rest of AP40 is unaffected.

Why these six and not more

The six kill switches above cover the load-bearing claims of
the paper. Each closure would force a different kind of retreat.
KS-40.1 closes the statement-level irrationality of the axiom;
KS-40.2 closes the pre-duality exemption; KS-40.3 closes the
source of duality; KS-40.4 closes the empirical claim of
human uniqueness within biological operators; KS-408.5 closes
the coupling-to-source interpretation of human override; KS-

40.6 closes the necessity argument.

Smaller claims throughout the paper — the specific examples
in section 4 (the mother in the firg, the artist, the forgiveness,
the cruelty), the elephant-vigil framing, the cetacean and
corvid graded-modelling note, the language-points-at-the-
moon analogy — are illustrative rather than load-bearing. If
any single illustration turned out to be poorly chosen, the
paper would still stand. The kill switches engage the load-

bearing structural claims, not the illustrative material.
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Connections to The 420 Code

AP40 connects to APO5 (The Break) — which states the
governing axiom. AP40 examines what APO®5 states. If APO5
falls, AP40 falls with it.

AP40 connects to AP29 (The Actualization Proof) — which
carries the one-I claim through coupling capacity (registered
at KS-ID.1; the formalisation of the premise is open debt D-
ID.1). AP40 provides an independent structural path through
generative priority. The two paths are complementary. Neither

depends on the other.

AP40 connects to AP20 (The Proof) — which proves the
Embedding Hypothesis from the undeniable premise and
removes the central conditional of the work. AP40® observes
that the fundamental constants the work derives (AP24, AP28;
Notebook IV) sit in an irrational and transcendental
architecture — 1 and e are transcendental; whether « is
formally irrational remains open (section 1) — and notes the

consistency with the irrational axiom.

AP40 connects to AP31 (The Alignment) — which establishes
the stabilising/destabilising binary. AP40 places irrationality
within the binary: an irrational act can be stabilising (love,
sacrifice, art) or destabilising (cruelty, madness, destruction).
The irrationality itself is neutral. The direction is what the

binary measures.
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AP40 connects to APO2 (The Operator) — which develops
modelling capacity. The structural criterion of section 4
depends on modelling capacity: the capacity to model one’s
own coupling geometry is the precondition for the capacity to

override it.

AP40 connects to Record @ (The Rosin) — which distils the
work into its propositions. AP40 does not add a proposition. It
examines the nature of the axiom from which the propositions

flow.

AP40 is the final numbered paper of the work’s foundational
sequence and the first chapter of Notebook I. APO®1 follows —
installing the formal apparatus the axiom requires. AP20
follows AP®1 — proving the apparatus holds in physical reality.
Three chapters, three movements: examine, install, prove. The

notebook reads as one structure.
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Chapter 2 — The Actualization State

Paper ® — Foundations

Before the Beginning
Close your eyes. Try to imagine nothing.

Not darkness — darkness is something. Not silence — silence

is something. Not empty space — space is something.
Nothing.
The absence of everything, including the absence itself.

You cannot do it. Your mind keeps producing something to fill
the void. That inability is not a failure of imagination. It is the

first clue.

Begin with nothing. Not empty space. Not vacuum fluctuation.
Not a quantum field in its ground state. Nothing. No topology,

no dimension, no time, no observer. The empty set: @.

@ is not a place. It has no properties to describe. But it is not
incoherent. Mathematics begins with the empty set and builds
everything from it. Set theory constructs the integers, the
reals, topology, and eventually the structures physicists use to

describe the universe. The empty set is the seed.
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The question is not whether @ is real. You cannot answer that.

The question is whether the transition from @ to structure has
a shape — and whether that shape leaves traces in what we

observe.

The Fracture

You have seen symmetry break. A glass falls from a table.
Before it falls, all directions are equally possible. After it falls,

one direction is actual. The glass cannot un-fall.

The first distinction is binary. From @, two values in perfect
balance: 1:1. Not numbers yet — just the minimal possible

differentiation. A fracture in undifferentiated potential.

One side is absence (0). The other is presence (1). But perfect

balance is not structure.

Structure requires the smallest possible perturbation — a
deviation from symmetry so slight that it could not be smaller

and still exist. Call it ¢.
The fracture is not ® and 1 alone. It is 1:1 + 1xe @ AS.

This is the axiom from which the argument proceeds. It is not
a physical event. It is the structural minimum from which

everything in the four papers follows.
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The @ AS in the axiom names the actualising structural prior
— the now at which the substrate is held and the break is
processed. Without AS named in the axiom, the formula
describes a balance and a crack with no agent and no time at
which any of it could occur. With AS, the axiom names the
foundation: the substrate is held, the break persists, the cycle

continues.

A note on terminology, to prevent confusion downstream. AS
in the axiom — the prior, the now — is structurally distinct
from the Actualization State (also abbreviated AS) defined
operationally in Paper A as a measurable quantity ranging
from O to 1. The relationship is precise. AS-the-prior is the
dimension along which actualisation happens. AS-the-
quantity, defined in Paper A, measures how far along that
dimension a system has progressed. The axiom names the
prior. Paper A quantifies progress along it. Both abbreviations
are retained because the work uses them in their respective
contexts; where ambiguity could arise, the text disambiguates

explicitly.

The simplest thing that can happen to nothing is that it
becomes two things. The simplest thing that can happen to

two things in balance is that the balance breaks.

Call the O-side orientation. It is the residue of what was not

chosen — the background against which presence is defined.
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Call the 1-side actualisation. It is the fact of record. The
commitment that something, rather than nothing, has

occurred.

The perturbation ¢ is what makes the difference between
potential and record. Without it, the two sides are

indistinguishable and no structure exists.

A crucial point. The break does not distinguish two pre-
existing sides. There are no sides before €. The break creates
the sides by breaking the symmetry that made them
indistinguishable. Orientation and actualisation are

consequences of the break, not preconditions of it.

A second crucial point. Actualization is not merely a label
applied to one side of the fracture. It is a dimension — a
degree of freedom as real as any spatial direction that will

later emerge.

If the manifold that forms has three spatial dimensions and
one temporal dimension, actualisation is the fifth: the
dimension of possibility from which records are written into
the four. The canvas is not less real than the painting. It is

what makes the painting possible.

The 0-side and the 1-side do not sit inside the manifold. The
manifold sits inside them. Every record is written from the

actualisation dimension into the manifold.
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This observation is structural, not formal. It is developed
operationally in Paper A, where AS quantifies movement along
this dimension, and formally in the dimensional analysis of

AP10.

The fracture is silent. No energy is released, because energy
has not yet been defined. No observer records it, because

recording requires structure that does not yet exist.

The symmetry breaks and there is no sound. This is the silent

pop.

What follows — the expansion of structure, the differentiation
of forces, the emergence of spacetime — is the Big Bang. The
silent pop precedes it: the break that makes the bang

possible.

The First Force

The fracture is not passive. It does something. You know this
from experience — every time equilibrium breaks, motion

follows.

If structure can emerge from potential, the first question is
what mediates between them. What is the interaction between
actualised structure and the undifferentiated background from

which it emerged?

Gravity has a unique property among the known forces.
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It is universal. It couples to all energy, not just to specific
charges. It is unscreenable. There is no gravitational insulator.
And it is always attractive. It draws structure together rather

than separating it into types.

These properties make gravity the only known interaction that
could plausibly serve as the first mediator between

differentiated structure and undifferentiated background.

This is not a derivation. It is a structural observation: if you
need one force to emerge first, and that force must couple to
everything that exists simply by virtue of its existence, gravity

is the only candidate in the known inventory.

Whether the observation is deep or coincidental is precisely
the kind of question that cannot be settled by argument. It is
settled by what the rest of the work can produce.
Accumulation

You have never undone a moment. Not one.

Once the fracture has occurred and structure begins to
actualise, the process has a direction. Records form.

Alternatives are excluded. Irreversibility accumulates.

This is the upper half of the hourglass: potential converting

into record, the O-side draining into the 1-side.

73



The formal version of this process is Actualization State
increasing under decohering dynamics — Theorem T1 of
Paper A. But the intuition precedes the formalism. The
universe, once it has begun to differentiate, does not
spontaneously undifferentiate. Records, once formed, do not

unform.

The arrow is structural, not thermodynamic. Thermodynamics

inherits it.

During accumulation, the available space for new records is
vast. Branching is cheap. Alternatives proliferate. The viability
kernel — defined in Paper A — is large relative to the occupied

state.

Agency, in the control-theoretic sense of Paper C, is near its

maximum. There is room to move.

Saturation

Everything fills up. Your hard drive. Your patience. The

universe.

Accumulation cannot continue without limit. Every record
consumes capacity. Every actualisation forecloses alternatives.
The viability kernel shrinks. The no-return surface — defined in

Paper A — advances inward.
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Saturation is the state in which the capacity for new record-
structured branching approaches zero. The system has
committed nearly all of its available degrees of freedom. New
differentiation requires old structure to be recycled — and
recycling requires energy that is itself subject to the same

capacity constraints.

Black holes are the extreme expression of saturation. They
represent states of maximal gravitational commitment —
configurations from which no further internal differentiation is

accessible to any external agent.

In the language of Paper A, they are deep within the capture
basin: states from which exit is impossible under all
admissible controls. They are not reset buttons. They are

endpoints of the accumulation process.

The Turn

Here the narrative enters territory you cannot test. Hold it

lightly.

The Turn is the most speculative element of this narrative. It
is included because the question it addresses — what
happens when accumulation is complete? — is unavoidable
once you take the argument seriously. It is not included

because there is evidence for it.
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A companion document, Artist's Proof 84: The Loop
Hypothesis, develops this speculation into a formal conjecture
with explicit falsification conditions. What follows here is the

intuition that preceded that conjecture.

At saturation, two things are true.

First, all capacity has been consumed. No further branching is

possible.

Second, the structure that has been built is real. It consists of

irreversible records that cannot be undone.

The question is whether there exists any admissible
transformation that restores capacity without violating the

irreversibility of existing records.

Paper A addresses this in Section A6 as an optional module.
The formal conditions are specific: no reversal of realised
selections, no bypass of the selection mechanism, and
restoration of the effective record-algebra dimensionality.
Conformal rescaling — a transformation insensitive to
absolute scale — is one candidate satisfying these conditions

at extreme dilution.

In general relativity, there exists a structural correspondence
between the interior geometry of a collapsing configuration at
maximum compression and the geometry of an expanding
configuration at its origin. This correspondence is not a

temporal sequence but a geometric identity: the two
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descriptions may refer to the same structure read from

different sides.

Whether this identity is physically realised is an empirical

question. AP®4 addresses it.

The intuitive image is the bottom of the hourglass. Sand has
accumulated. The bulb is full. But the bottom of the hourglass
is also the top of the next one — not because the glass has
been turned, but because the geometry at maximum
compression is structurally identical to the geometry at the

origin of expansion.

The old records remain as boundary conditions. The capacity

renews. The structure continues, with the prior record intact.

Whether this actually happens is not a question this argument
can answer. It is flagged here because the structure of the
argument makes the question well-posed, and because
intellectual honesty requires acknowledging the places where

the intuition reaches beyond what the formalism can support.

The Loop

If the structural identity holds, the process is not cyclic in time
but identical in geometry: compression = origin. Each side
inherits the record structure of the other as a boundary

condition. Nothing is erased.
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The loop is not a repetition. It is a structure with memory, read

differently from each side of the identity.

The most provocative reading of this structure is that a
universe is operationally defined by its record structure. The
records produced by actualisation constitute the only
evidence that anything happened at all. A universe with no
records is indistinguishable from @. A universe with records is,

precisely and only, those records.

A note on terminology. Terms such as "witness" or "observe,"
wherever they appear in this narrative, mean record formation
only. They do not mean consciousness, inner experience, or
subjective awareness. The spine invokes none of those

concepts.

This is where the artist’s intuition ends and the physicist’s
discipline begins. The preceding paragraphs are a story — a
structural story, constrained by the mathematics that follows,

but a story nonetheless.

Stories do not have truth values. They have coherence, and

they have consequences.

The consequences of this story are the four papers that follow.
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A Conjecture on Energy and Actualization

The following conjecture is retained for historical

completeness. It is not a current claim of the argument.

Subsequent work — AP®4: The Loop Hypothesis — indicates
the conjecture is likely incorrectly formulated: systems at
maximum compression represent states of maximal coarse-

grained entropy, not minimal energy contribution.

The conjecture is included because it was the original
compact expression of the argument’s intuition, and because
intellectual honesty requires preserving the record of what was

thought before it was corrected.

The simplest such relationship would be: E = mc? x AS, where

AS € [0, 1] is the Actualization State defined in Paper A.

At AS = §, no record structure exists and the system
contributes nothing to the energy budget of actualised reality.
At AS = 1, the system is maximally actualised and its full

mass-energy is committed.

The original intuition was that reality is not given but earned,
one irreversible record at a time. That intuition survives. This

particular formulation does not.

The conjecture does not appear in, and is not referenced by,
any of the four formal papers. The spine is unaffected by its

status.
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Bridge to the Spine

The preceding sections describe an intuition. The four papers
that follow formalise a set of consequences that are

consistent with that intuition, but do not depend on it.

No definition, theorem, proposition, or falsifier in Papers A
through D requires anything from Paper ©. The spine is self-

supporting.

Paper A defines Actualization State as an operational
measure of record-structured irreversibility. It proves that AS
increases under decohering dynamics, establishes no-return
surfaces from bounded capacity, and specifies falsifiable
experimental tests. It depends on nothing outside standard

quantum mechanics and viability theory.

Paper B characterises selection — the transition from
multiplicity to definiteness — as a costly, rate-limited
exclusion process. It derives structural requirements and a
falsifiable gravitational rate bound. It depends on Paper A and

nothing else.

Paper C develops agency as a control-theoretic quantity: the
fraction of the viability kernel reachable from where you
currently stand under admissible control. It formalises drift,
fatigue, coupling, and exit as consequences of irreversibility. It

depends on Papers A and B and nothing else.
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Paper D extends coupling to multi-agent systems operating in
shared constraint environments. It derives structural filtering,
hierarchy, cooperation, and deterrence as geometric
consequences. Every power structure you have ever
encountered — every hierarchy, every alliance, every threat —
has this geometry of irreversible drift underneath it. It

depends on Papers A, B, and C and nothing else.

Each paper is independently falsifiable. You can kill any one of
them. Each contains explicit conditions under which it fails.
The dependency chain is one-way: failure of D does not
invalidate C; failure of C does not invalidate B; failure of B

does not invalidate A.

The papers stand or fall on their own logic, independent

of the narrative that motivated them.

In the symbolic notation that motivates the formal

development:

A record is the actualisation state of an irreversible symmetry-
breaking event applied to the vacuum — where g, is the
undifferentiated potential of PO.1 and Crack is the symmetry-
breaking fracture of P®.2. This notation is evocative, not

formal. Paper A defines all quantities operationally.

End of Paper 8. Non-Falsifiable - Structural Narrative -

Complete.
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Paper A — Actualization State: An
Operational Measure of Record-

Structured Irreversibility

Front Matter
AO.1 — Title Block and Abstract

Title. Actualization State (AS): An Operational Measure of

Record-Structured Irreversibility.

You are reading this sentence. That is a record. Photons hit
your retina, neurons fired, a pattern was recognised. The event

cannot unhappen.

This paper builds a tool to measure how far that process has
gone — and proves that, under the right conditions, it can only

go in one direction.

Abstract.

Actualization State (AS) is an operational measure of
irreversible record formation in quantum systems. It is defined
relative to physically realisable coarse-grainings induced by

system-environment interactions, and it quantifies the degree
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to which mutually exclusive classical alternatives have become

durably encoded.

Irreversibility here is not about entropy. It is about
reachability — the boundary beyond which you cannot get

back, no matter what you do.

The paper establishes criteria under which AS is well defined,
operationally invariant, and falsifiable. The proof shows that
AS is monotonic under decohering, record-forming dynamics
within a precisely delimited scope. A domain-neutral no-return
theorem then shows that bounded maintenance capacity
generically induces irreversible loss of reachability,

independent of quantum mechanics or gravity.

Together these results provide a falsifiable, interpretation-
agnostic framework that isolates irreversible record formation
as a measurable physical process — independent of collapse,
gravity, or consciousness. You need no interpretation of
quantum mechanics to use this tool. You need only the

measurements.

No collapse mechanism, gravitational hypothesis, or
cosmological assumption is invoked. The argument isolates
the definitional and theorem layers required for any

subsequent theory of selection or definiteness.
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A0.2 — What This Paper Does and Does Not Do

It does:

- Define AS as a physically meaningful measure of irreversible

record formation.

- Prove AS increases under decohering dynamics (Theorem
T1).

- Establish no-return surfaces from bounded capacity
(Theorem T2).

- Require operational invariance — and die if that requirement

fails (Kill Switch FO).

It does not:

- Propose a collapse mechanism.

- Derive the Born rule.

- Appeal to gravity or cosmology.

- Solve the measurement problem.

- Explain consciousness.

Sections AQ-A3 are self-contained. Sections A4-A5 add
independently falsifiable postulates. If A4-A5 fail, AO-A3 are
untouched.
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Problem Statement

A1.1 — The Actualization Problem

You have never experienced a superposition. Every moment of
your life has been definite — this room, this chair, this

sentence.

Yet quantum mechanics says that before measurement,
systems exist in superpositions of all possible outcomes.
Something bridges the gap between all possible and one

actual. That bridge is the subject of this paper.

Quantum theory describes closed systems by unitary evolution
in Hilbert space. Experiments report records: mutually
exclusive, persistent, classical facts. Between these

descriptions lies a structural gap.

Standard measurement language tries to bridge the gap with
observers, projections, or epistemic updates. None of these
specifies a physical transition. They describe when an agent
updates a description, not when a system becomes unable to

support alternatives.

Decoherence explains the suppression of interference. By
itself it does not quantify how much irreversible structure has
formed, nor does it specify when alternative histories cease to

be operationally recoverable.

85



What is missing is a quantity that refers only to physically
accessible degrees of freedom, distinguishes loss of
coherence from mere ignorance, and measures the
accumulation of durable record structure prior to any claim

about outcome definiteness.
That quantity is Actualization State (AS).

The argument is intentionally minimal. It does not ask why the
universe permits records. It asks when records become
irreversible. It does not explain the feltness of outcomes. It
explains the structural conditions under which multiple

outcomes cease to be simultaneously accessible.

By isolating the transition from quantum coherence to
classical record, the paper provides a shared
phenomenological target for any deeper theory of definite

outcomes.
A1.2 — What Is New: Positioning Relative to Existing
Notions

Actualization State is not a redefinition of decoherence,
entropy, or thermodynamic irreversibility. The distinctions are

structural, and they matter.

AS vs. Decoherence. Decoherence is a dynamical process

that suppresses interference between alternatives. AS is an
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operational quantity that measures the extent of record-

structured commitment resulting from such decoherence.

The two are distinct. Decoherence can occur without
significant growth of AS, and AS can increase even when total
entropy change is negligible. A concrete demonstration of

their independence is given in the worked comparison below.

AS vs. Entropy. Entropy quantifies total uncertainty or
mixedness, including contributions from unobserved degrees
of freedom. AS deliberately discards such contributions and
tracks only inter-sector branching relative to the physically

realisable record algebra.

A system may have high entropy and low AS, or low entropy
and high AS. The von Neumann entropy comparison below

makes this independence explicit.

AS vs. Quantum Darwinism. Quantum Darwinism (Zurek)
quantifies the redundancy with which information is imprinted
in environmental fragments. AS measures the informational
richness of committed classical branching, not the number of

copies of that information.

The two quantities are operationally independent. Each can be
maximised or minimised independently of the other. The

worked comparison below demonstrates exactly this.
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AS vs. Consistent Histories. The history-based
representation AS,, (Section A2.4) is restricted to single-time
record histories under complete decoherence. This is a
deliberate narrowing relative to the full consistent-histories

framework.

The full framework permits multi-time, multi-branching history
sets. AS;, does not. AS,, serves as an equivalence bridge to the
primary definition, not as a replacement for consistent

histories.

Worked Comparison: Where AS and Quantum Darwinism

Redundancy Diverge

The preceding distinctions are structural. Their force is best
seen in a concrete system where AS and Quantum Darwinism
redundancy move independently. The two cases below share
identical quantum dynamics; they differ only in the number of

environmental fragments and the number of pointer sectors.

Case 1: High redundancy, zero AS.

A qubit S with pointer basis O = {|®)(0], |1)(1]} is prepared in
the pure pointer state |®). The environment consists of N =
1000 fragments, each independently recording that the

system is in sector |®).

The Quantum Darwinism redundancy is R§ = 1000. The
classical information the system is in |®) is broadcast across a
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thousand environmental fragments. Any small fraction of the

environment suffices to determine the system state.

The sector weights, however, are py =1, p; = 0. The Shannon

entropy H({pi}) = ® and therefore AS = 0. No branching exists.

The environment has recorded a single, definite outcome with
extreme redundancy. There is no record-structured

irreversibility to measure.

Case 2: Zero redundancy, maximal AS.

A four-level system S with pointer basis O = {Il, I1,, I15, I1,4} is
prepared in an equal superposition and then fully dephased by

coupling to a single environmental fragment E.

The sector weights are p; = 1/4 for all i. Quantum Darwinism
redundancy is R§ = 1: only one fragment carries the classical

information, and loss of that fragment destroys access.

But AS = H({1/4,1/4,1/4,1/4}) / log4 =log 4 / log 4 = 1.
Maximal record-structured branching exists across four

mutually exclusive alternatives.

In Case 1, the system is classically definite and robustly
broadcast — but it has no actualisation structure. In Case 2,
the system is maximally branched but fragile in the Darwinist

sense.
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AS and redundancy are not merely different in definition. They
are operationally independent quantities that can be

maximised or minimised independently of each other.

AS vs. von Neumann entropy. A similar divergence arises

with respect to the von Neumann entropy S(p).

Consider a single pointer sector I1; of rank d; = 100, with the
system state confined entirely to that sector in a maximally
mixed intra-sector state. The von Neumann entropy is S(p) =
log 100 — large. But AS = H({1}) / log 1 = 0, since all weight

resides in one sector.

Conversely, a two-sector system with rank-1 projectors and

equal weights po = p; = 1/2 has S(p) = log 2 and AS = 1.

Von Neumann entropy tracks total uncertainty, including intra-
sector degeneracy. AS tracks only inter-sector branching. They

answer different questions.

Operator Horizon vs. the Second Law.

The Second Law expresses the typical growth of entropy under
macroscopic dynamics. The Operator Horizon introduced in
Section A3 instead defines irreversibility as a boundary of
operational accessibility — a geometric limit in state space
beyond which recovery is impossible given bounded control

capacity.
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Irreversibility here is not a statement about likelihood or
typicality. It is a statement about reachability under

admissible operations.

The notion applies equally to quantum, classical, and abstract
control systems, and it is independent of thermodynamic

assumptions.

A1.3 — Scope Clarification

The paper does not propose a mechanism of collapse, derive
the Born rule, or assume any cosmological or gravitational

hypothesis.

It isolates the minimal definitional and theorem-level
structure required to make irreversible record formation a

well-defined, operationally testable concept.

Any subsequent theory of outcome selection or definiteness
must be built on this foundation — or fail against it.
Definitions

What follows are the tools. Each definition names a specific

thing and says exactly what it does.

If you lose track, come back here. The definitions do not

move.
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A2.1 — D1: Physically Realisable Coarse-Graining O
Let H; be the system Hilbert space and H, its environment.

Definition D1. A physically realisable coarse-graining O is a
finite set of mutually orthogonal projectors O = {II;} satisfying

all of the following:

- The projectors are orthogonal and complete on the support

of the reduced state.

- The set is selected by the physics of system-environment

coupling, not by observer choice.

- The associated dephasing map is approximately stable

under accessible Hamiltonian evolution within tolerance .

The critical point: O is not your choice. It is nature’s choice.
The physics of the interaction determines what gets
measured. You do not pick the basis. The coupling picks it for

you.

Computability remark. In practice, the physically realisable
coarse-graining is identified as the stable algebra generated
by the interaction Hamiltonian’s pointer observables — for

instance, via the predictability sieve (Zurek, 1993) or stability

analysis under the system-environment coupling.
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Definition D5 (Operational Invariance) then tests robustness
across any co-admissible candidates that survive this

selection.

The identification of the pointer algebra for a given
Hamiltonian is a research problem, not a closed algorithm. D5
converts this openness into a falsifiable condition rather than

leaving it as an ambiguity.

A2.2 — D2: Dephasing Map AO

Definition D2. Given a density matrix p on H, the dephasing

map relative to O is

AO removes quantum interference between record sectors

while preserving classical probabilities.

Critical clarification. Pay attention to this. It is where most

confusion enters.

AQ does not measure ignorance. It enforces projection onto
the record algebra, isolating entropy attributable to

irreversible branching rather than lack of knowledge.

This step prevents conflating classical uncertainty with

physical actualisation.

93



A2.3 — D3: Actualization State — Primary Definition
Statement of the Definition.

Let p be the reduced density matrix of a system after tracing
over inaccessible degrees of freedom. Let O = {I1;} be a
physically realisable coarse-graining selected by system-

environment interaction (Definition D1).

Define the dephasing map relative to this record algebra:
AO(p) = 3 T, p I,

The Actualization State is defined as
AS(p; 0) = S_eff(p; 0) / log dO

where S_eff is the effective record entropy defined below and

dO is the total record-algebra dimension.

Notation note (work-wide reading). The abbreviation AS is
used in two related but distinct senses across The 420 Code,

and you are asked to keep them apart.

In the foundational axiom 1:1 + 1xe @ AS (P®.2), AS names the
actualising structural prior — the now at which actualisation

happens, the dimension along which records are written.

In Paper A, AS denotes the Actualization State as defined
here: the operational measure of how far along that dimension

a system has progressed, normalised to the interval [0, 1].
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The two readings are not in conflict. They refer to different
aspects of the same structure. AS-the-prior is the dimension.
AS-the-quantity, defined here, measures progress along it.
Where context makes the distinction load-bearing, the text

disambiguates explicitly.

Effective Entropy.

When record sectors II; have rank greater than one, the

dephased entropy decomposes as
S(AO(p)) = H({pi}) + Zi pi S(03),
where p; = Tr(Il; p) and o; is the normalised intra-sector state.

AS tracks inter-sector branching only. What happens inside

each sector is invisible to AS — deliberately so.

The effective entropy entering AS is defined as

s_eff(p; 0) = H({p}),

with intra-sector entropy discarded by construction. For rank-1
sectors, S(AO(p)) = H({pi}) and no distinction arises. A formal

derivation is given in Appendix A.

Rank-1 Simplification.

For rank-1 sectors (pure pointer states), the definition

simplifies to
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AS(p; 0) = H({p}) / log N,

where H is the Shannon entropy and N = |0| is the number of

record sectors.

Normalisation and Physical Bounds.

Let O = {II;} be the physically realisable record algebra, with

total record-algebra dimension dO = Z; rank(II;).

The maximum effective entropy achievable for a state
confined to O is S_eff*max = log dO (uniform distribution over
the record algebra). Therefore AS(p; O) € [0, 1] for all

admissible p.

Interpretation: The AS Inversion.

You should expect, from background, that "more actualised"
means "more definite." It does not. The convention is the

opposite, and the reason is structural.

AS = O when one record sector carries all the weight. The

system is completely definite with respect to 0.

AS =1 when the weight is distributed maximally across all

record sectors. The system is maximally branched.

The reason for this convention: AS measures capacity for
branching that has been committed. Definiteness is the

absorption of that capacity into a single sector. Branching is
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the active state in which all sectors remain operationally

distinguishable.

You do not lose information when AS = 1. You hold maximum
record-structured multiplicity. Selection — Paper B’s territory
— is what reduces AS by collapsing branching into

definiteness.

Why Dephasing-Relative Entropy (and Not Purity Alone).

Purity, Tr(p?), measures total mixedness. It cannot distinguish
a system mixed across record sectors (genuinely branched)
from a system mixed within a single sector (intra-sector

ignorance).

The dephasing map removes the intra-sector contribution by
construction. The Shannon entropy of the resulting sector

weights is what counts.

If you used purity, you would be measuring something the
framework explicitly excludes.

Normalisation Discipline.

The denominator log dO is fixed by the record algebra, not by
p. The normalisation is independent of the state. AS values for
different states are directly comparable when computed

against the same 0.

97



When O changes, you change the denominator. The Kkill switch

FO (D5) is what enforces consistency across choices of O.

Operational Meaning.

AS quantifies the informational richness of the committed
record structure. High AS means many distinguishable
alternatives have been written. Low AS means few have. The
branching is what the environment has actually committed to

recording.

Read this against your experience. Before a coin lands, the
world is in superposition over outcomes — but the record
algebra has not yet resolved. After it lands, AS is ® with
respect to the head/tail algebra: definiteness is achieved.
During the moment of falling, when both possibilities are still

operationally live in the environment, AS is high.

Scope and Kill-Switch.

AS is well defined whenever 0O is identified by D1. Where O is
ambiguous — where two co-admissible coarse-grainings exist
and yield different AS values beyond tolerance — Kill Switch

FO (D5) fires. The framework dies cleanly.

This is intentional. AS is operationally meaningful only when
the physics has selected the record algebra. Where the

physics is silent, the framework refuses to invent an answer.
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Worked Example: Two-Qubit Dephasing.

Two qubits S4, S,. Pointer basis 0 = {|00)( 00, |01)(O1],
[10)(18], [11)(11]}. Initial state |§) = (|OO) + [11))/y2 (Bell state).
Reduced state on the joint system: p = [y){(Y].

After dephasing in O: AO(p) = Y2|00)(O8| + 2[11)(11|. Sector
weights: p_ 00 =2, p_01=0, p_10 =0, p_11 = V2.

H({pi}) = log 2. Normalisation: log dO = log 4 = 2 log 2.
Therefore AS = log 2/ (2 log 2) = Ya.

Two of the four record sectors carry weight; the AS reading
reflects half-occupied branching.

A2.4 — D4: History-Based Representation of AS (AS,)

Definition D4. Let D be a set of consistent histories indexed
by a, with weights w(a) and decoherence functional D(a, ).

Define the history-based AS as
AS;(D) = H({w(a)}) / log |D|

where H is the Shannon entropy and |D| is the cardinality of

the history set.
Conventions on Approximation and Operational Criteria.

The dephasing condition D(a, ) = © for a # {3 is taken to hold

within operational tolerance € > ® — the same ¢ used
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throughout the paper for finite-resolution measurements.
Effective orthogonality, inaccessibility, and recoverability are

all defined relative to «.

Where the histories correspond one-to-one with the record
sectors of D1 at a single time slice and decoherence is
complete within g, AS(p; 0) and ASy(D) coincide. The

equivalence is proved in Appendix A.

AS,, is provided as a bridge for readers fluent in the
consistent-histories framework. The primary definition is AS(p;
0).

A2.5 — D5: Operational Invariance Test (Kill Switch FO)

Setup.

Let 0, and O, be two physically realisable coarse-grainings
selected by the same system-environment coupling. Both

must satisfy D1.

Definition D5 (Operational Invariance Requirement).

For any system p admitting more than one physically

realisable coarse-graining {O.},
|AS(p; Oy) — AS(p; 0)')| < 5_exp

for all admissible pairs (O, Oy'), where §_exp is the

experimental tolerance set by the precision of the apparatus.
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Falsifier FO (Global Kill Switch).

If, in any laboratory implementation, two co-admissible
coarse-grainings Oy, Oy’ yield AS values differing persistently
beyond 6_exp, then AS as defined here is not an operationally

invariant quantity. The entire framework of Paper A fails.

This is the global kill switch. F® is non-negotiable. AS is
meaningful only if the value is the same regardless of which

valid coarse-graining you use to compute it.

Notes on Scope.

F® does not require that every mathematically possible
coarse-graining yield the same AS. It requires that all co-
admissible coarse-grainings — those satisfying D1 for the
same physical coupling — agree within experimental

tolerance.

If two coarse-grainings disagree because one fails D1 (it is
not physically selected by the coupling), F® has not fired. FO
has fired only when two valid candidates persistently disagree

beyond &_exp.

Worked Example: Operational Invariance in Circuit QED.

A flux-tunable transmon coupled to a microwave cavity. The

coupling Hamiltonian selects two co-admissible pointer bases
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at different operating points: charge-basis {|®), |1)} at one

tuning, and flux-basis {|+), |-)} at another.

Compute AS in both bases for a calibration state. If the values
agree within the experimental noise floor, FO has not fired and
the framework survives this test. If they persistently disagree

by more than the calibration uncertainty, FO® fires.

RO in Section A5.2 is the explicit test programme. It is the
first test to run, because if FO® fires, no further test is

meaningful.

Theorems: Irreversibility and No-Return

The definitions are set. Now the proofs.

What follows cannot be argued with. It can only be tested.
A3.1 — Theorem T1: Monotonicity of AS Under Decohering
Dynamics

Setup.

Let p(t) be the reduced state of a system evolving under a
completely positive trace-preserving (CPTP) dynamical
semigroup {£:::=0 with generator L. Let O = {II;} be a
physically realisable record algebra (Definition D1), and let

AO(p) denote the associated dephasing map.
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Theorem T1 (Statement).

Here is the central result of Paper A. Everything before it was

preparation. Everything after it is consequence.

The result says: under three precisely stated conditions, the
branching can only grow. The coin cannot un-land. The ink

cannot un-dry. The record cannot un-write.

Possibility becomes fact, and the transition is one-way. Not
because physics prohibits reversal — but because the
conditions that create records are the conditions that make

the inequality hold.

Actualization State is monotonic nondecreasing along the
evolution p(t) provided the following minimal sufficient

conditions hold:

(1) Decoherence relative to the record algebra.

Interference between record sectors is not regenerated:
(d/dt) CO(p(t) < O,

where CO is any coherence monotone that vanishes on AO(p).
Equivalently, off-diagonal terms in the O-basis decay

monotonically.

(2) Closure of the record algebra.

AOo & =E o AOforallt = 0.
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This ensures that populations in the record sectors evolve

autonomously once decohered.

(3) Unital (mixing) dynamics on the record algebra. The
sector weights pi(t) = Tr(I1; p(t)) evolve under a doubly

stochastic map:

p(t) = M(t) p(0),

where M preserves the uniform distribution.

In plain language: the mixing is fair. No sector is favoured.
The dynamics spread probability out, not funnel it in.
Conclusion.

Under conditions (1)-(3),

(d/dt) AS(p(t); O) = ©.

That is, Actualization State is monotonic along decohering,
record-forming dynamics.

Scope of the theorem.

T1is a conditional statement. Its domain of applicability is

exactly the set of dynamics satisfying conditions (1)-(3).

Dynamics outside this domain — including dissipative, non-

unital, or feedback-controlled evolution — may cause AS to
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decrease. This does not contradict the theorem. It indicates
the dynamics are not purely record-forming in the sense

defined above.

The explicit scope boundary and converse are given below.

Note on novelty and scope.

Conditions (1)-(3) are sufficient but not necessary. The
monotonicity of Shannon entropy under doubly stochastic
mixing is a standard result (Schur convexity), and this paper

does not claim otherwise.

What is new is not the mathematical inequality. It is the

physical application:

- The identification of conditions under which doubly
stochastic mixing is the correct effective description of

decoherence in a physically realised record algebra.

- The isolation of inter-sector branching entropy (via the

dephasing map AO) from thermodynamic entropy.

- The explicit rate bound (T1a) and converse (T1b) that turn the
monotonicity into a diagnostic tool for identifying record-

forming dynamics.

The theorem is a known inequality applied in a new physical

context. The contribution is the context, not the inequality.
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You are seeing a known mathematical tool applied to a new

physical question — and the answer it gives is decisive.

Lemma T1.1 (Doubly stochastic mixing).

Under conditions (2) and (3), the sector weights p(t) evolve

under a doubly stochastic matrix M(t) for all t = ®.

Proof. By condition (2), AO ¢ &, = &, o AQO, so the evolution
commutes with dephasing. Therefore the diagonal elements

evolve autonomously: there exists a linear map M(t) such that
p(t) = M(t) p(9).

The map is stochastic because &; is trace-preserving: Z; pi(t)

1 for all t.

Unitality (condition 3) means &(I/d) = I/d. Applying AO to

both sides and using condition (2):
AO(E(1/d)) = E(AO(I/d)) = E(I/d) = 1/d.

In terms of sector weights, the uniform distribution is fixed:
M(t)(1/N, ..., 1/N)T = (1/N, ..., 1/N)T.

A stochastic matrix that preserves the uniform distribution is

doubly stochastic. m
The lemma is short. Its consequence is not.

Once you know the mixing is doubly stochastic, Shannon’s

inequality does the rest. With Lemma T1.1 established, the
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monotonicity of Shannon entropy under doubly stochastic
mixing is a standard result (Schur-convexity of —H). The

theorem follows.

The proof is standard mathematics applied to a new physical
context. What is new is the recognition that record-forming
dynamics satisfy exactly the conditions that make the

inequality hold.

Interpretation.

When interference between record-distinguishable
alternatives is suppressed, the record algebra is dynamically
closed, and record-sector probabilities mix without coherent
backflow, the informational richness of committed classical

branching cannot decrease.
This monotonic increase defines the arrow of actualisation.

You have lived inside this arrow your entire life. Every moment
has been forward. Every record has been permanent. The
theorem says why: under the conditions that create records,

the branching can only grow.

Explicit Scope Boundary.

Outside these three conditions, the guarantee is void. AS may
decrease under cooling, decay, relaxation, feedback control, or
any dynamics that funnel probability into fewer sectors.
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The theorem does not claim universality. It claims precision.
These cases do not contradict T1; they lie outside its scope by

construction.

Why the Scope Is Exact.

Pay attention to this. It is the difference between a real

theorem and a hand-wave.

AS measures branching, not definiteness. Decoherence
creates branching — AS increases. Selection resolves
branching — AS decreases. T1 applies only to the creation

phase.

The theorem is not claiming that AS always increases
everywhere forever. It is claiming something much more
precise: under exactly these three conditions, AS cannot

decrease. Violate the conditions and the guarantee is void.
The conditions are not technicalities. They are the physics.
And the physics is testable.

Quantitative Sharpening: Rate Bounds and Converse.

T1 establishes monotonicity but does not quantify the rate at
which AS approaches its equilibrium value, nor does it
characterise conditions under which AS must decrease. The

two results below sharpen T1in both directions.
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Corollary T1a (Rate of convergence).

Under conditions (1)-(3), let the induced classical dynamics on
the sector weights be governed by a continuous-time doubly
stochastic rate matrix W, so that dp/dt = Wp. Let A, < ®
denote the second-largest eigenvalue of W (the spectral gap).
Then the deviation of AS from its equilibrium value AS_eq =1

satisfies

[AS(t) — 1] = C - exp(A; t),

where C depends on the initial condition.

Derivation. For any initial distribution p(®), the deviation from
uniformity satisfies Ip(t) — 1l = N - exp(A; t) (by standard

contraction bounds for reversible Markov chains).

The Shannon entropy H(p) is Lipschitz in the L; norm on the
probability simplex: [H(p) — H(q)| = Ip — ql: - log N (continuity
bound for entropy; Cover and Thomas 2006).

Therefore |[AS(t) — 1] = [H(p(t)) — log N| / log N = Ip(t) — ml: = YN
- exp(A, t), where the constant C = /N absorbs the dimension

dependence.

The rate of convergence to maximal branching is controlled by
the spectral gap of the mixing dynamics, not by any property

intrinsic to the AS definition.
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For the symmetric d-sector model with uniform inter-sector
mixing rate w, the spectral gap is A, = —dw, and the

convergence time to AS = 1 scales as T ~ 1/(dw).

This connects AS growth directly to the physical decoherence

rate of the record algebra.

The faster the environment records the system, the faster AS
climbs. You can measure this. The spectral gap is a physical

quantity. The convergence rate is a prediction.

Proposition T1b (Converse: conditions for AS decrease).

If condition (3) is violated — specifically, if the induced
classical dynamics on sector weights are governed by a
stochastic matrix M that is not doubly stochastic, with
stationary distribution 1 # uniform — then there exist initial

distributions p(®) for which AS is strictly decreasing.

In particular, if p(®) majorises 1, the Shannon entropy H(p(t))
may increase, but if m majorises p(0), then H(p(t)) can

decrease toward H(m) < log d.

Physically, T1b corresponds to dissipative dynamics that
preferentially funnel population into a subset of record sectors
— for example, amplitude damping or spontaneous decay into
a ground-state sector. Such dynamics violate the unital

condition (3) and drive AS downward.
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The converse confirms that condition (3) is not merely a
technical convenience. It is a physical requirement:
monotonicity of AS is a signature of symmetric, environment-

driven mixing, not of dissipative relaxation.

When AS decreases, something is funnelling probability into
fewer branches — cooling, decay, relaxation. When AS
increases, the environment is writing records. The direction

tells you which process is dominant.

Summary.

T1, T1a, and T1b together establish that AS monotonicity is the
exact fingerprint of doubly stochastic record-forming
dynamics. T1 gives the direction. T1a gives the rate. T1b gives
the converse. No further characterisation of the monotonicity

is needed or claimed.

A3.2 — The Operator Horizon: No-Return as an Inequality

Setup.

Let x(t) = © be a scalar variable representing the degree of
maintained structure of a system — displacement from its

unmaintained equilibrium baseline.
Assume deterministic dynamics:

dx/dt = —a x + u, u(t) € [0, u_max],
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where a > 0 is an intrinsic decay/drift rate toward equilibrium,
u is a control/maintenance input, and u_max = ® is a hard
upper bound on control capacity.

Theorem T2 (Operator Horizon).

You have felt this theorem in your body. Every system with
limited resources — every body, every business, every
civilisation — has a point beyond which no strategy can save

it.

The theorem names that point.
Define the operator horizon

Xy, = u_max / a.

If at some time t, the system satisfies x(tq) > x,, then for all

admissible controls u(t),
dx/dt < ® whenever x > xy,
and x(t) decreases monotonically toward xj,.

Once you cross the horizon, x(t) decreases no matter what you
do. Maximum effort slows the decline but cannot reverse it.

Recovery is impossible by control alone.
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Proof.
From the dynamics, dx/dt = —a x + u < —a X + u_max.

If x > u_max/a, then —a x + u_max < 0, hence dx/dt < 0. At x =
Xy, maximal control yields dx/dt = O; continuity implies

monotone approach to x;, from above. m

Interpretation.

Xy, is a capacity boundary, not a physical wall. It is the
maximum sustainable structure given maximum maintenance

effort.

Beyond x;, the system decays toward the horizon regardless of
strategy. Irreversibility arises from insufficiency of admissible

control, not from prohibition of reverse dynamics.

Generalisations.

Nonlinear decay. If dx/dt = —g(x) + u with g(®) = ® and g(x)

increasing, the horizon is implicitly defined by g(x,) = u_max.

Your body operates under nonlinear decay — the maintenance
cost of health increases with age, and the horizon shifts. The

qualitative no-return result is unchanged.

Time-dependent capacity. If a(t) or u_max(t) varies, xy(t) =

u_max(t)/a(t) defines a time-dependent horizon. Exceeding the
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instantaneous horizon for sufficient time yields practical no-

return behaviour.

You know this. You have watched a garden become overgrown
past the point where you could maintain it. You have watched
debt compound past the point where income could service it.
You have watched a body deteriorate past the point where

medicine could restore it.

The mathematics is confirming what your experience already
knows. There is a line, and once you cross it, effort is not

enough.

Classical analogy. Consider a leaking bucket with a bounded
refill rate. The horizon is the maximum fill level sustainable at
maximum pumping. Once above it, the bucket drains

regardless of effort.

A3.3 — No-Return Surfaces and Operational
Irreversibility

Setup.

The scalar horizon is the simple case. Real systems have many
dimensions. The generalisation uses viability theory (Aubin,

1991) — the mathematics of survival under constraint.

Definition D6: State Space and Admissible Dynamics. Let

X € R" be the state space. Let admissible controls satisfy u(t)
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€ U, where U is compact. Dynamics: dx/dt = f(x, u), with f
locally Lipschitz in x. Let R c X be the recoverable (safe) set.
Definition D7: Viability Kernel.

Viab(R) = { xo € R| 3 u(:) € U such that x(t; Xy, u) € Rfor all t =
01l

States from which the system can be kept inside R indefinitely
using admissible control.

Definition D8: Capture Basin.

Cap(R) ={xo € X|Vu() e U,3t=0 such that x(t; xo, u) € R }.
States from which exit from R is inevitable under all
admissible controls.

Definition D9: No-Return Surface.

T, = 0 Viab(R).

This is the geometric generalisation of the scalar horizon xy,.

Proposition P3.3.

Assume the standard viability conditions (local Lipschitz

continuity of f, compact U). Then:
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(1) Viab(R) consists of states from which at least one
admissible control avoids loss indefinitely. Cap(R) consists of
states from which all admissible controls lead to loss in finite

time.

(2) Crossing X, transfers the system from a region where

recovery is reachable to a region where it is not.

Caveat. Viab(R) and Cap(R) partition X up to the boundary ;.

Boundary states may be marginal.

Definition D10: Operational Irreversibility (Quantified).

A state x, is operationally irreversible with respect to R iff x, &
Viab(R). The reverse transition to R does not exist under

admissible controls.

Operational irreversibility depends on reachability under
constraints, not on microscopic time-reversal symmetry. The

distinction matters.

A shattered vase is not irreversible because physics forbids
reassembly. It is irreversible because you do not have the
resources, precision, or time to reassemble it. Irreversibility is

about what you can do. Not about what nature prohibits.
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Consistency with A3.2.

A3.2 is recovered as the special case n =1, f(x,u) = —ax + u, R
=[O, x,]. Then Viab(R) = [0, x,] and Z;, = {X,}. The scalar

horizon is exactly the one-dimensional no-return surface.

You now have the complete no-return geometry. The scalar
horizon (T2) is the simple case. The viability kernel (D7) is the
general case. The no-return surface (D9) is the boundary

between where you can still recover and where you cannot.

Every system you have ever cared about — your body, your
relationships, your work — has this geometry. The

mathematics names what your experience already knows.

Robustness Notes.

With stochastic forcing, replace viability by almost-sure or
probabilistic viability; 2}, becomes a probabilistic boundary.
The concept is unchanged; only the quantifier changes.
Viab(R) and X;, are computable via Hamilton-Jacobi

reachability methods.

Quantum Mechanical Instantiation

Sections AQ-A3 are complete. They stand alone. What follows
adds independently falsifiable postulates — each one an

invitation to destroy a specific claim.
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If any postulate in this section falls, everything above it

survives. You lose the extension, not the foundation.

Sections AO-A3 establish definitions and theorems that are
self-contained: they depend only on operational definitions,
standard quantum mechanics, and viability theory. Nothing in

AO0-A3 requires the content of A4 or A5.

This section introduces postulates that extend the argument
to address selection and gravitational rate constraints. These
postulates are independently falsifiable. Each has explicit
conditions under which it fails (F1-F3, G1-G3). Failure of any
postulate here does not invalidate the definitions, theorems,

or irreversibility results of AQ-A3.

The transition from theorem to postulate is marked explicitly

at each point of introduction.

A4.1 — Operational Irreversibility in Open Quantum

Systems

The viability geometry of Section A3 now meets quantum
mechanics. The abstract becomes concrete. You will

recognise the structure.

Setup: Accessible Dynamics.

You have access to the system but not the environment. That
restriction is the source of irreversibility.
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Let the total Hilbert space factor as H = H; Q H ., with joint

state evolving unitarily under Hge.

The accessible system state — the one you can actually

measure — is

ps(t) = Tre[U(t) pse(®) UT(1)].

Admissible operations are restricted to system-local CPTP
maps — the operations you can actually perform on the

system without accessing the environment:

A B(Hs) — B(H),

optionally employing fresh ancilla, but with no access to the
original environment E.

Definition D11: Coherence-Recoverable States.

A system state ps is coherence-recoverable relative to O iff

there exists an admissible CPTP map A such that

IA(ps) — p_cohlh < g,

for some state p_coh satisfying AO(p_coh) # p_coh, and for
fixed operational tolerance € > 0.

Definition D12: Recoverable Set and Viability Kernel.
Ke(O) = { ps | ps is coherence-recoverable relative to O }.
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Ke(0O) is the viability kernel of coherence under admissible
control. States outside Ke(0) are operationally irreversible with

respect to O.

Mapping to viability theory (D6-D9).

The abstract viability framework of Section A3.3 instantiates

in the quantum setting as follows.

- State space X: the convex set of density operators on 7,

equipped with the trace-norm topology.

- Admissible controls: the set of system-local CPTP maps
(optionally with fresh ancilla), representing all operations an

agent can perform on S alone.

- Dynamics f(x, u): the discrete-time or continuous-time

evolution generated by applying admissible operations.

- Recoverable set R: the set of states from which coherence

between record sectors can be restored (Definition D11).

- Viability kernel Viab(R). exactly Ke(Q) — the set of states for
which there exists an admissible control strategy that

maintains coherence-recoverability indefinitely.

- Capture basin Cap(R): the set of states from which, under any
admissible control strategy, the system eventually becomes

operationally irreversible.
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- No-return surface Xy: the boundary 0Ke(0O), separating

recoverable from irreversibly decohered states.

The scalar horizon x;, = u_max/a of T2 is the one-dimensional

special case of this general geometric construction.

Proposition P4.1: Tracing Induces Loss of Recoverability.

If system-environment interaction produces correlations such
that distinct record sectors become correlated with orthogonal
(or trace-distance-separated) environment states, then for

sufficiently small &,
ps(t) € Ke(0).

Once which-record information is encoded in inaccessible
degrees of freedom, no admissible operation on S alone can

restore coherence between record sectors.

You have felt this. Once the words leave your mouth, you
cannot un-say them. The environment has recorded them — in
the other person’s memory, in the vibrations of the air, in the
electromagnetic radiation that left the room at the speed of
light. No operation on your mouth alone can undo what the

environment now holds.

Proof sketch. Orthogonality of environment states implies

non-injectivity of the reduced dynamics on ;. Multiple

121



globally distinct states map to the same ps, and no CPTP map

on S can reconstruct the lost phase information.

Definition D13: Operational No-Return Surface (Quantum).

The operational no-return surface relative to O is the boundary
0Ke(0).

Crossing this boundary transfers the system from a region

where coherence is recoverable to a region where it is not.

Irreversibility is identified with loss of reachability. Not with
energy dissipation. Not with entropy increase. Not with
violation of microscopic reversibility. With the fact that you

cannot get back.

Interpretation.

Operational irreversibility in quantum mechanics arises not
from non-unitarity, but from restricted access. Tracing over
inaccessible degrees of freedom removes states from the
recoverable set Kg, producing a no-return surface in state
space exactly analogous to the operator horizons of Section
A3.

Irreversibility is a geometric property of admissible control. It
is not a statement about time reversal at the microscopic

level.
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A4.2 — Objective Actualization Channels and Selection

Dynamics

Impossibility of Deterministic Selection by Linear CPTP

Dynamics.

Proposition. No deterministic, linear CPTP map acting on the
system state can transform a diagonal mixture over record

sectors into a single realised sector in individual runs.

Linear CPTP evolution preserves convex mixtures: £(Z; pi pi) =
% pi £(pi). Any linear CPTP map that acts identically on each
component preserves the mixture structure and cannot yield

single-outcome definiteness in individual realisations.

Any mechanism that resolves a decohered mixture — any

mechanism that produces the definiteness you experience —
into a single realised branch must involve either a stochastic
unravelling or an explicitly nonlinear effective evolution at the

level of single trajectories.

Read that again. Standard quantum mechanics — linear,
deterministic, trace-preserving — cannot produce definiteness
in individual runs. Something else is required. The proof is not
complicated. Linear maps preserve mixtures. If you feed a
mixture in, you get a mixture out. Something nonlinear or
stochastic must intervene for one outcome to become THE

outcome.
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Definition D14: Decoherence vs. Selection.

Decoherence suppresses interference between record-
distinguishable alternatives and yields a stable diagonal

mixture in the record algebra 0.

Selection is the further transition from a diagonal mixture to a

single realised branch.

Decoherence is sufficient for irreversibility. Selection is

required for definiteness.
You live in a definite world. Something selects.

Decoherence and selection are distinct processes. You
experience them as distinct. The formalism confirms your

experience.

Operational Meaning of "Realised Branch."

A branch i is realised iff, for all subsequent times and for any
sequence of admissible operations confined to H, the
accessible state behaves as if it had been prepared in the

conditional state
pi = (I ps IT;) / pi

at the onset of selection — in the sense that for all admissible
POVMs M on S,

ITr(M ps(t)) = Tr(M py)l < €
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for operational tolerance .

Decoherence separates the branches. Selection picks one.
You have felt both — the moment when the options became
clear (decoherence) and the moment when one became actual

(selection). The physics mirrors the experience.
Postulate P: Objective Actualization Channel.

The paper posits an objective actualisation channel acting on
the reduced state after decoherence has established

operational irreversibility.

The ensemble evolution of the reduced state is written

schematically as
dps/dt = L_unitary(ps) + DO(ps) + AO(ps),

where DO is the standard pointer-dephasing channel and AO

is a selection channel responsible for definiteness.

The master equation governs ensemble dynamics. Single-run
definiteness requires a stochastic or nonlinear unravelling of
AO.

Structural Requirements on the Selection Channel.

(SO) Activation Condition. AO = O until the decoherence
condition (D13) holds within tolerance &. Selection activates

only after branches are operationally distinct.
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(S1) Record-algebra locality. AO(ps) = AO(AO(ps)). Selection

never creates interference.

(S2) Sector fixed points. AO(II; ps I1;) = O for all i. Once a

branch is realised, dynamics cease.

(S3) Contractivity (single-run resolution). Under the
stochastic unravelling, the Shannon entropy H({p}) is a
supermartingale: it decreases along individual trajectories

almost surely.

(S4) Born boundary condition. For an ensemble of identical
preparations at the onset of selection, the distribution of

realised branches converges to {pi}.

S4 is a boundary condition, not a derivation.

Notice what S4 does and does not say. It does not explain why
the Born rule holds. It says: whatever selection is, it must
produce Born statistics at the ensemble level. The constraint

is structural. The explanation is someone else’s problem.

Five structural requirements. Not a mechanism — an interface.
Whatever selection IS, it must satisfy these five constraints.
The constraints are testable. The mechanism is nature’s

business.
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Observational consequence. Any selection channel
satisfying SO-S4 produces, at the single-trajectory level,
dynamics that are not reproducible by any linear CPTP map
acting on H. This is the empirical signature of selection:

post-decoherence statistics that violate linearity.

Concretely, monitoring a single system through the selection
process should reveal either diffusive wandering or discrete
jumps in sector weights — neither of which is consistent with
a Lindblad master equation applied after dephasing is

complete. This prediction is the target of test R5 (A5.2).

Toy Model: Stochastic Selection on a Qubit.

Abstract requirements are convincing only when you can see
them work in a concrete case. Here is the simplest possible
example — a single qubit. Watch how all five requirements are

satisfied simultaneously.

The structural requirements S®-S4 constrain the selection
channel but do not uniquely determine it. To demonstrate that
the requirements are jointly satisfiable and to anchor the
postulate in a concrete mathematical object, exhibit a minimal

toy model: diffusive selection on a single qubit.

Setup. Let the system be a qubit with pointer basis O = {|O)(0)],
[1)(1]}. After decoherence is complete, the reduced state is ps

= diag(p, 1-p), with p € [, 1]. The selection channel acts on
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the single free parameter p via the It6 stochastic differential

equation

dp =y - p(1-p) - dW(t),

where W(t) is a standard Wiener process and y > 0 is the

selection rate parameter.

The diffusion coefficient o(p) = Jy - p(1 — p) vanishes at the
boundaries p = ® and p = 1, making both endpoints absorbing

states.

Verification of SO-S4.

(SO) Activation condition. y is set to zero until the
decoherence threshold (D13) is satisfied. Prior to activation, p

evolves only under standard quantum dynamics.

(S1) Record-algebra locality. The SDE acts entirely on the
diagonal sector weight p. No off-diagonal (coherence) terms
are generated. The map is record-algebra local by

construction.

(S2) Sector fixed points. At p = O and p = 1, the diffusion
coefficient vanishes identically: 6(®) = o(1) = 0. Both sector-
pure states are absorbing. Once a branch is realised,

dynamics cease.
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(S3) Contractivity (full It6 calculation). Define H(p) = —p log p
— (1-p) log(1-p). The selection SDE is dp = Yy - p(1-p) dW.
Apply Itd’s formula: dH = H'(p) dp + 2 H”(p) (dp)>.

Compute: H'(p) = —log p + log(1-p) = log[(1-p)/p]. H"(p) = =1/p
= 1/(1-p) = =1/[p(1-p)].

The quadratic variation is (dp)? = y p?(1-p)? dt. Substituting:

dH = log[(1-p)/p] - VY - p(1=p) AW + V2 - [-1/(p(1-p))] - ¥
p?(1-p)? dt.

The drift term simplifies: ¥4 - [-1/(p(1-p))] - Y p*(1-p)* = —(y/2)

p(1-p). Therefore

dH = —(y/2) p(1-p) dt + yy - p(1-p) - log[(1-p)/p] dW.

The drift term —(y/2) p(1-p) is strictly negative for all p € (O, 1),
with equality only at the absorbing boundaries. The dW term is
a martingale (zero expectation). Therefore E[dH] = —(y/2)

p(1-p) dt = O, establishing that H is a supermartingale.

Shannon entropy decreases along individual trajectories

almost surely, with rate proportional to vy.

The mathematics just proved that the branching resolves. Not
on average. Not in expectation. Along every single trajectory.

The coin lands.
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(S4) Born boundary condition. The process dp = y - p(1-p)
dW is a martingale, since the drift term is zero: E[p(t)] = p(®)

for all t.

Because p converges almost surely to {0, 1}, the probability of
absorption at p = 1is exactly p(®), and absorption at p =0

occurs with probability 1 — p(®).

The ensemble statistics of realised branches reproduce the
Born weights without any additional assumption. No extra
postulate. No interpretation. The martingale property of the
process — the same mathematics that governs fair games in

probability theory — forces the Born rule.

The universe plays fair.

Connection to the gravitational limiter. Postulate G (A4.3)

constrains the selection rate: y < AE_G/h.

In the toy model, the mean time to absorption scales as T ~
1/y, so the gravitational bound imposes t = A/AE_G. For
gravitationally indistinguishable records (AE_G = 0), y = ® and

no selection occurs.

What the toy model does not determine.

The diffusive form of the SDE is a choice, not a derivation. A

jump (Poisson) unravelling would also satisfy S®-S4, as would
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other diffusion coefficients of the form o(p) = f(p) with f(®) =
f(1) = 0.

The toy model demonstrates joint satisfiability of the
structural requirements and provides a concrete anchor for
falsification predictions — for example, the distinction
between diffusive and jump statistics in R5. It does not claim

to be the unique or correct selection dynamics.

The postulate specifies an interface. The toy model is one

implementation.

You do not need to know which implementation nature uses.
You need to know that any implementation satisfying SO-S4

reproduces what you observe.

This underdetermination is a feature of the postulate’s
generality, but it has experimental consequences. Diffusive
unravelings predict continuous, Brownian-like wandering of
sector weights before absorption, yielding a characteristic 1/f
noise spectrum in single-trajectory monitoring. Jump
unravelings predict sudden, discrete transitions between

sector weights, yielding telegraph noise.

These are operationally distinguishable in systems where
single trajectories can be monitored — continuously measured
superconducting qubits, fluorescence-monitored trapped ions.

Test R5 is designed, among other things, to make this
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distinction. Until such data exist, the postulate correctly

remains agnostic about which unravelling nature selects.

Explicit Distinction from Spontaneous Collapse Models.

Postulate P shares surface features with spontaneous collapse
models such as GRW (Ghirardi, Rimini, Weber) and CSL
(Continuous Spontaneous Localisation), but it differs from
them in structure, scope, and commitment. The distinctions

are precise.

Basis of collapse. GRW and CSL collapse the wavefunction in
the position basis by construction. The localisation operators
are spatial: they multiply the wavefunction by a Gaussian

centred at a random point in physical space.

The selection postulate instead acts on whatever record

algebra O is selected by the system-environment coupling.

In systems where the pointer basis is not position —
superconducting qubits, photon polarisation, spin ensembles
— GRW/CSL and Postulate P make different predictions. That

is the content of falsifier F1 and test R1.

Order of operations. In GRW/CSL, collapse is a universal,
always-on process that competes with unitary evolution at all

times.
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The selection postulate requires an activation condition (SO):
selection is negligible until decoherence has rendered record
sectors operationally distinct. This ordering is falsifiable via
test RS.

If collapse signatures appear before decoherence is
complete, the selection postulate fails. If they appear only

after, GRW/CSL’s always-on character is unnecessarily strong.

Rate structure. GRW introduces a universal collapse rate A
(one collapse per particle per ~18'® seconds) and a
localisation width a ~ 1077 m as free parameters. CSL replaces
the discrete hits with continuous diffusion but retains the

same two parameters.

The selection postulate introduces no universal rate. Instead,
the rate is bounded from above by the gravitational self-
energy distinguishability of the record sectors (Postulate G).
The selection rate is system-dependent and vanishes for
gravitationally indistinguishable records — a prediction

GRW/CSL do not make.

Ontological commitment. GRW/CSL modify the Schrodinger
equation at the fundamental level. They add a stochastic,

nonlinear term to the dynamical law governing all matter.

The selection postulate does not modify quantum mechanics.
It posits an additional channel that acts on the reduced state

after decoherence, without specifying whether this channel is

133



fundamental, emergent, or an effective description of deeper

physics.

The limitation is deliberate, not an oversight: the postulate

specifies an interface, not an ontology.
Summary of experimental discriminants.
Three tests distinguish the selection postulate from GRW/CSL.:

- (R1) whether selection targets the pointer basis or always

position;

- (R2) whether selection occurs between gravitationally

indistinguishable records;

- (R5) whether selection requires prior decoherence or

operates independently of it.

Agreement on all three would be surprising and informative.
Disagreement on any one is decisive.

Relation to Actualization State.

Selection reduces AS. Decoherence increases AS by creating
record-structured branching (A3.1). Selection decreases AS by

collapsing that branching into a single realised history.

There is no contradiction. AS measures branching richness,

not outcome definiteness.
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Decoherence opens the fan. Selection closes it. AS tracks the
fan.
Falsifiability.

F1 (Pointer failure). Selection does not respect the record

algebra 0.

F2 (Born violation). Ensemble statistics of realised branches

deviate from {p;}.

F3 (Context dependence). Selection depends on observer

intervention rather than objective dynamics.

Failure of the postulate does not invalidate AS, T1-T2, or A4.1.

A4.3 — Physical Constraints on Selection Rates (Gravity

as Limiter)
Definition D15: Gravitational Self-Energy
Distinguishability.

Let two decohered record sectors i and j correspond to mass-
energy densities pi(x) and pj(x). Define the gravitational self-

energy difference

AE_G[i, 1 = (G/2) ] [pi(x) = pix)] [pily) = pi(¥)1 / Ix =yl d® dPy.
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AE_G = 0: the two records are gravitationally
indistinguishable. Larger AE_G: stronger gravitational
distinguishability.

Definition D16: Inter-Sector Selection Rate.

Let t;; be the characteristic time for an individual realisation
to become operationally indistinguishable from the
conditional state within tolerance . Define the inter-sector

selection rate

}\ij = 1/Tij.

Postulate G: Gravity-Limited Selection Rate.

The objective selection rate between two record sectors is

bounded above by their gravitational distinguishability:
)\i]' = AE_G[i, j] / h.

The bound is a limiting inequality, not an equality. Selection
may be slower. Selection cannot be faster without invoking a
coupling stronger than gravity.

Physical motivation.

This bound is not derived from first principles. It is a

postulate. But it is not arbitrary.

136



Two record sectors with distinct mass-energy distributions
source distinct gravitational fields. If these sectors are in
superposition, the gravitational field itself is in a superposition

of distinguishable configurations.

The gravitational self-energy difference AE_G quantifies the
degree to which the two field configurations are
distinguishable. It is the interaction energy of the difference

mass distribution with itself.

The energy-time relation AE - At = A then implies that the
minimum time required for any physical process to resolve

this distinguishability is At ~ h/AE_G.

The bound A;; = AE_G/h therefore says: selection cannot
resolve two record sectors faster than the gravitational field

configurations sourced by those sectors can be distinguished.

The bound is not a derivation of gravitational collapse. It is a
consistency constraint. Whatever mechanism performs
selection, it cannot outrun gravitational distinguishability
unless it couples to the system more strongly than gravity

does.

The bound is testable (R3). Its failure would indicate either
that selection couples to a non-gravitational degree of
freedom, or that the energy-time reasoning does not apply to

the selection process.

Think about what this means for everyday objects.
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A cat in a box has enormous gravitational self-energy
difference between alive and dead configurations — different
mass distributions, different gravitational fields. The bound
says selection happens almost instantly. You never see a cat
in superposition because gravity resolves it before you could

notice.

An electron spin has essentially zero gravitational self-energy
difference between up and down — same mass, same
distribution. The bound says selection is negligible. Electrons

remain in superposition indefinitely.

One inequality. Both the classical and the quantum world

explained.

Distinction from Didési-Penrose.

The Didsi-Penrose proposal argues that gravity causes
collapse due to spacetime ambiguity in superposed mass
configurations. The present framework makes a weaker claim:

gravity limits the rate of selection.

The mechanism of selection is not specified. Gravity provides

only a ceiling on how fast it can proceed.

This is the difference between gravity collapses the
wavefunction and whatever performs selection cannot do so

faster than gravitational distinguishability allows.
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Special Cases.

Gravitationally indistinguishable records. AE_G = 0 = A; = 0.
Gravity forbids objective selection between them. A
superposition of such records can persist indefinitely unless

another interaction provides a limiter.

Macroscopic spatial superpositions. For spatially separated
mass distributions, AE_G grows with mass and separation,
yielding t;; = A/ AE_G. Macroscopic records resolve quickly but
not instantaneously.

Falsifiability.

G1. Selection occurs faster than AE_G/h for gravitationally

distinguishable records.
G2. Selection occurs between records with AE_G = 0.

G3. Selection rates scale universally with non-gravitational

parameters across macroscopic records.

Failure here invalidates only the gravitational-limiter

hypothesis, not the selection postulate or prior results.
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Experimental Regimes and Falsification Paths

A5.1 — Orientation: Exclusions Before Fits

Up to A4.3, the argument specifies what must be true if the
theory is correct. A5 specifies how it can fail, and how that

failure would be observed.

The principles are simple. Qualitative exclusions before
quantitative fits. Absence tests before rate tests. Pointer-basis
dependence before gravitational scaling. Operational

signatures before interpretation.

If any regime below fails, the corresponding theoretical
component is dead — cleanly and locally.

A5.2 — Test Map (RO-R5)

RO — Operational Invariance of AS (Global Kill Switch).

Prepare a system with two physically realisable coarse-
grainings 04 and 0,. Compute AS(p; 0,) and AS(p; O5).

Prediction: |AS(p; 041) — AS(p; O.)| < &_exp.

Falsifier FO: Persistent disagreement beyond tolerance —

entire structure fails.
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Priority ordering.

The tests are listed in order of logical dependency but should

be executed in order of discriminatory power.

RO is the global kill switch and must be tested first. If RO fails,

the entire framework is dead and no further test is meaningful.

If RO passes, R2 (gravitational null case) is the most
discriminating test of Postulate G, because it probes the
sharpest prediction — zero selection rate for gravitationally
indistinguishable records. R5 (order of operations) tests the
selection postulate directly. R3 (rate bound) provides

quantitative constraint. R1 and R4 test secondary predictions.

In short: RO first; if RO passes, R2 and R5 next; then R3; then
R1 and R4.

R1 — Pointer Basis vs. Position Basis.

Setup. Systems where the environment-selected pointer
algebra 0 is not position. Concrete examples:
superconducting qubits (e.g., flux-tunable transmons), cavity
QED (e.g., circuit QED, Schuster et al. 2007), collective spin

ensembles.
Prediction. Selection targets O, not position.

Falsifier F1. If definiteness consistently appears in position
despite O # position, the selection postulate fails.
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R2 — Gravitational Null Case (AE_G = 0).

Setup. Decohered records that differ only by internal degrees
of freedom with identical mass distributions. Candidates:
nuclear spin states, photon polarisation states, hyperfine

states with identical spatial profiles.

Prediction. AE_G = ® = };; = 0. No selection dynamics beyond

standard decoherence.

Falsifier G2. Observation of objective selection between

gravitationally indistinguishable records.

This does not forbid decoherence between such states via
other interactions (e.g., EM). It forbids only objective selection

on gravitational timescales.

R3 — Upper-Bound Rate Test (Speed Limit).

Setup. Mesoscopic/macroscopic superpositions with
controlled mass distributions (levitated nanospheres,
optomechanical resonators). Compute: AE_G = t_min =
h/AE_G.

Prediction. t;; = T_min.

Falsifier G1. Selection on timescales shorter than A/AE_G —

rates exceeding AE_G/h.
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Concrete estimates. For a spherical nanoparticle of radius R =
100 nm composed of a high-density material (tungsten, p = 19
g/cm?), with two record sectors separated by Ax ~ R, the

gravitational self-energy scales as AE_G « p*R°.

This yields T_min ~ 1-10 seconds, within reach of current
cryogenic optical/magnetic levitation platforms and proposed

microgravity free-fall experiments.

For comparison, silica nanoparticles (p = 2 g/cm?) at the same
radius give T_min ~ 182-102 seconds, pushing toward the
boundary of current coherence times. High-density materials
are therefore strongly preferred for near-term tests.

R4 — Born Boundary Condition.

Repeated preparations of identical decohered mixtures {pi}.

Prediction. The final ensemble of realised branches converges
to {pi}. Intermediate-time biases allowed; only the asymptotic

ensemble is constrained.

Falsifier F2. Systematic deviation from Born weights.

R5 — Order-of-Operations Test.

Continuously tune environmental coupling to control degree of

decoherence.
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Prediction. Selection is negligible until decoherence has

rendered pointer sectors operationally distinct (D13).

Falsifier F3. Detection of selection signatures prior to

operational irreversibility.

This test kills models where collapse is invoked to cause

decoherence.

A5.3 — Operational Signature of Selection

Selection corresponds to nonlinear or stochastic dynamics at
the single-trajectory level after decoherence is complete,
producing effects not reproducible by any linear CPTP map

acting on Hs.

Detectable signatures include single-trajectory anomalies
(jump or diffusion statistics inconsistent with any linear
Lindbladian after dephasing), irreversible loss of interference-
revival capacity even under idealised system-only control, and
telegraph-like stabilisation (once a branch is realised,
subsequent measurements behave as if prepared in the

conditional state within operational tolerance).

A5.4 — What Counts as Confirmation vs. Survival

Passing a test does not confirm the argument. It only allows it

to survive. Confirmation would require joint success across
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multiple regimes — and even then, what is established is

structure, not interpretation.
Failure, by contrast, is immediate and final.
A5.5 — Timeline to Falsification

The estimates below reflect the state of experimental

capability as of 2025. They are orientation, not prediction.

RO (Operational Invariance). Near-term (0-2 years). Circuit
QED platforms already produce systems with multiple co-
admissible pointer bases. Verification of AS invariance across
such bases requires only measurement and classical post-

processing of existing data.

R1 (Pointer Basis vs. Position). Near-term (0-3 years).
Superconducting qubit and cavity QED experiments routinely
prepare states where the pointer basis is energy or charge,
not position. Checking whether definiteness tracks the pointer
basis requires monitoring which observable resolves first

under controlled decoherence.

R5 (Order of Operations). Near-term to medium-term (1-5
years). Requires continuously tunable environmental coupling
with single-trajectory readout. Superconducting qubits with
adjustable coupling to engineered reservoirs are the most

promising platform. The key observable is whether selection-
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like signatures (telegraph stabilisation, non-Lindbladian

statistics) appear only after decoherence is complete.

R4 (Born Boundary Condition). Medium-term (2-5 years).
Requires large ensembles of identically prepared, fully
decohered systems with high-fidelity single-shot readout.
Trapped-ion and superconducting qubit arrays are

approaching the required scale and fidelity.

R2 (Gravitational Null Case). Medium-term to long-term (3-
10 years). Requires decohered records that differ only by
gravitationally indistinguishable internal degrees of freedom
— for example, nuclear spin states with identical spatial
profiles. The challenge is isolating such systems from all non-
gravitational decoherence sources long enough to confirm the

absence of selection.

R3 (Upper-Bound Rate Test). Long-term (5-15 years).
Requires maintaining spatial superpositions of high-density
nanoparticles (~100 nm, tungsten or osmium) for seconds in a
decoherence-free environment, then measuring whether
selection occurs faster than #/AE_G. Cryogenic levitation and
proposed space-based platforms (e.g.,, MAQRO mission
concept) are plausible but not yet operational at the required

scale.

Ordering logic. Tests are listed in order of experimental

accessibility, not theoretical importance. R® and R1 can be
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performed with existing hardware. R5 and R4 require modest
extensions. R2 and R3 require dedicated experimental

programs.

A negative result on RO terminates the entire framework

before any other test is needed.

A5.6 — Stop Condition

Definitions are operational. You can measure every one of
them. Theorems are scoped. Each tells you exactly where it
applies and where it does not. Postulates are isolated. Kill one
and the rest survive. Bounds are testable. You can check them
with existing equipment. Falsifiers are explicit. You know

exactly what would kill each claim.

Nothing further can be settled by argument. The mathematics
has spoken. The experiments are specified. The kill switches

are published.
What remains is nature’s answer.

The argument has told you everything it can tell you. It has
defined the measuring tool. It has proven the monotonicity. It
has established the no-return surface. It has characterised
selection. It has given the gravitational rate bound. It has

named the operational signatures.
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Every claim is stated. Every kill switch is published. Every

experiment is specified.

What remains is nature’s answer. The argument cannot give
you that. Only measurement can. Only contact with reality can
determine whether the definitions are operationally invariant,
whether the gravitational bound holds, whether selection

respects the pointer basis, whether the Born statistics emerge.

The argument waits. It has placed itself at the mercy of

experiment.

That is the only place an honest argument belongs.

Optional Module: The Turn

Status. Optional module. Not load-bearing. Included for
conceptual completeness; failure leaves the entire laboratory
program intact.

A6.1 — Capacity Saturation

Let K be the viability kernel of maintainable structure (A3.3).

Capacity saturation obtains when the accessible state space
for creating new durable record sectors has measure zero

under admissible controls.
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Operationally: further decoherence may occur, but no new

independent records can be written.

Capacity saturation corresponds to thermodynamic heat death
in the limit where all free-energy gradients are exhausted. It is
not identical to heat death in general. Saturation may occur
locally or structurally before global thermal equilibrium.

A6.2 — Restoration Without Reversal

Any admissible Turn must satisfy:

(1) No reversal. Previously realised selections are not undone.

(2) No selection bypass. A4.2 remains valid locally.

(3) Capacity restoration. The effective record algebra

regains room for new, independent branches.

This is an interface specification, not a dynamical law.

A6.3 — Conformal Rescaling

At extreme dilution, dynamics become insensitive to absolute

scale.

A conformal identification can map a capacity-saturated
configuration to an initial configuration with renewed

branching capacity without reversing causal order.
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Existence proof, not assertion of actuality.

The phrase records are compressed, not erased means:
distinguishable record sectors at late times map to a lower-
resolution effective record algebra under the conformal
identification, preserving orthogonality relations and causal

precedence while reducing accessible distinguishability.

A6.4 — Relation to Heat Death

Black holes are capacity sinks, not reset buttons. They localise

saturation and demonstrate no-return boundaries (A3.3).
Any global Turn, if it exists, must respect the same non-
reversal constraint.

A6.5 — Why This Module Is Optional

The core program answers how irreversibility arises, how

definiteness arises, and how fast definiteness may arise.

Module T addresses only whether global capacity can ever be

restored.

Failure of Module T leaves the entire laboratory program

intact.
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Appendices

Appendix A — Equivalence of AS

Representations

A.1 Purpose.

This appendix establishes the precise conditions under which
the primary AS(p; O) coincides with the history-based
representation AS,(D). No equivalence is assumed in the main

text.

A.2 Objects and Restrictions.

The histories {a} are taken to correspond one-to-one with the
record sectors {I1;} at a single time slice. No multi-time or
branching-tree histories are included. Under this restriction: N

=do.

This restriction is explicit and intentional.

A.3-A.4 Decoherence Condition and Block Entropy.

Assume complete decoherence: D(a, B) = © for a = (3. Under
this condition, the dephased state has block form AO(p) = Z;

Pi 0;.

The von Neumann entropy decomposes exactly as
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S(AO(p)) = H({pi}) + X; pi S(o3).

No assumption of maximal mixing within sectors is made.

A.5-A.6 Equivalence Statement.

Under the restriction of A.2 and the decoherence condition of
A.3-A.4, AS,(D) = H({w(a)}) / log |D] with w(a) = p; for the
corresponding sector. AS uses S_eff(p; 0) = H({pi}) with
normalisation AS(p; O) = H({pi}) / log dO.

Where the histories are exactly the record sectors and
decoherence is complete, the two normalisations coincide

(since N = d0O), and AS,(D) = AS(p; O) by construction.

A.7 Non-Equivalence Regimes.

The equivalence fails when decoherence is incomplete, when
histories span multiple time slices, or when one attempts to

include intra-sector entropy as actualisation.

In these regimes, AS(p; O) remains well-defined. AS,(D)

ceases to be a faithful representation.

AS(p; O) is preferred in all ambiguous cases because it
requires only the reduced state and record algebra, not a full

history space.
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Appendix B — Viability Theory Background
Dynamics: dx/dt = f(x, u), u € U.

Viability kernel: Viab(K) = {xo € K| 3 u(t): x(t) € K vt = O}.
Capture basin: Cap(Ke) = {Xq | V u(t), 3 t: x(t) ¢ K}.
No-return surface: Z_NR = 0 Viab(K).

The partition holds up to boundary sets of measure zero. For

further background, see Aubin (1991), Viability Theory.

Appendix C — Gravitational Self-Energy

C.1 Definition.

For two record sectors i, j with mass densities pi(x), Wi(x):

AE_GI, j1 = (G/2) [J [ui(x) = px)] [Kity) = B / Ix =yl o .

C.2 Weighted Multi-Sector Form.
For a multi-sector decomposition with weights p::

AE_G”total = Zi<j pi pj AE_GIi, j].
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C.3 Special Cases.
Identical mass distributions. AE_G = 0.

Rigid sphere (radius R, displacement Ax < R). AE_G ~ Gm?/R

- (AX/R)? (order estimate).
C.4 Positivity.

By construction, AE_G = 0.

Appendix D — Experimental Feasibility

Estimates

D.1 High-Density Nanoparticle Regime.

Consider a spherical nanoparticle of radius R =100 nm
composed of a high-density material (tungsten or osmium, p =

19-22 g/cm?®). For comparison, silica has p = 2 g/cm?.

With two record sectors separated by Ax ~ R, and using AE_G
~ Gm?/Ax with m « pR?, the self-energy scales as AE_G
p?R®.

Tenfold density increase yields ~100x increase in AE_G.
Resulting timescale: T_min ~ A/AE_G yields T_min ~ 1-10 s for

R ~ 180 nm high-density particles.
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D.2 Experimental Platforms.

Timescales in the second-to-tens-of-seconds range are within

reach of:

- Cryogenic optical or magnetic levitation of heavy
nanoparticles (e.g., Deli¢ et al., 2020; Tebbenjohanns et al,,
2021).

- Hybrid optomechanical traps with active feedback cooling

(e.g., Aspelmeyer group, Vienna).

- Space-based or microgravity proposals (long-coherence
free-fall platforms, e.g.,, MAQRO mission concept).

D.3 Interpretation.

The purpose of this estimate is to demonstrate that the

relevant regime is experimentally accessible.

Observation of selection faster than the bound falsifies the
gravity-limiter hypothesis. Absence of selection constrains
gravity’s relevance without undermining the core AS

framework.
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Appendix E — Glossary of Terms and Notation

Actualization State (AS). An operational scalar € [0, 1]
measuring the degree of inter-sector branching in the record
algebra. AS = O: all weight in one record sector. AS = 1:
maximal branching across all record sectors. Defined in D3
(A2.3).

Admissible operation. A CPTP map acting on the accessible
system, optionally with fresh ancilla, but with no access to the

original environment. The set of admissible operations defines
what an agent can do, and thereby what counts as

operationally irreversible.

Capture basin, Cap(R). The set of states from which exit
from the recoverable set R is inevitable under all admissible
controls. Defined in D8 (A3.3).

Coherence-recoverable state. A system state from which
coherence between record sectors can be restored by

admissible operations within tolerance €. Defined in D11 (A4.1).

Coarse-graining, physically realisable (0O). A finite set of
mutually orthogonal projectors selected by the physics of
system-environment coupling, not by observer choice. Defined
in D1 (A2.1).
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Dephasing map, AO. The map AO(p) = Z; I1; p II; that
removes quantum interference between record sectors while

preserving classical probabilities. Defined in D2 (A2.2).

Effective entropy, S_eff. The Shannon entropy H({p}) of the
sector weights, with intra-sector entropy discarded. The

entropy entering the AS definition. Defined in A2.3.

Falsifier (FO, F1, F2, F3, G1, G2, G3). An experimentally
observable condition whose occurrence would invalidate a
specific component of the argument. FO is global (kills AS
itself); F1-F3 target the selection postulate; G1-G3 target the

gravitational limiter. Listed in A5.2.

Gravitational self-energy distinguishability, AE_G. The
Newtonian self-energy of the difference mass distribution
between two record sectors. Defined in D15 (A4.3). Appendix

C provides explicit forms.

No-return surface, X;. The boundary of the viability kernel.
States beyond this surface cannot return to the recoverable
set under any admissible control. Defined in D9 (A3.3) and
D13 (A4.7).

Operator horizon, x;. The scalar specialisation of the no-
return surface: x;, = u_max/a, the maximum sustainable
structure given maximum maintenance effort. Defined in T2

(A3.2).
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Operational invariance. The requirement that AS values
computed from different physically realisable coarse-grainings
of the same system agree within experimental tolerance.
Defined in D5 (A2.5). Violation triggers the global kill switch
FO.

Operational irreversibility. A state is operationally
irreversible with respect to a recoverable set R iff it lies
outside the viability kernel of R. Irreversibility is defined by
loss of reachability under admissible control, not by entropy
increase or violation of time-reversal symmetry. Defined in

D10 (A3.3).

Record algebra. The algebra generated by the physically
realisable coarse-graining O = {Il;}. States in this algebra are
diagonal in the record basis. The record algebra defines what

the environment can physically distinguish.

Selection. The transition from a diagonal mixture over record
sectors (post-decoherence) to a single realised branch
(definiteness). Distinguished from decoherence in D14 (A4.2).
The mechanism is specified by Postulate P; the rate is

bounded by Postulate G.

Viability kernel, Viab(R). The set of states from which the
system can be kept inside the recoverable set R indefinitely

using admissible control. Defined in D7 (A3.3).
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¢ (operational tolerance). A fixed positive parameter
representing experimental resolution. All operational
definitions (effective orthogonality, inaccessibility,

recoverability) are quantified relative to €. Defined in A2.4.

Appendix F — Worked Example: AS Calculation
for a Dephasing Qubit

This appendix provides a complete, explicit AS calculation for
the simplest nontrivial case, intended as a pedagogical
anchor.

F.1 Setup.

System: a single qubit S with Hilbert space # = C?, coupled

to an environment E.
Pointer basis (selected by coupling): O = {|O)}8], |1){1]}.

Record algebra dimension: dO = 2.

F.2 Initial State.

[W(®)) = (I8) + [1))/V2 & |Eo).
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The system is in a coherent superposition. The reduced state
is ps(0) = [+){(+].

After dephasing: AO(ps(®)) = diag('2, 2). Sector weights: pg =
p1 =Y.
F.3 Before Decoherence.

Off-diagonal elements are present in ps(®). However, for the

purpose of computing AS, you apply AO first.
S_eff = H({pi}) = H(Y2, 2) = log 2. Normalisation: S_max = log 2.
Therefore AS=1log2/log2=1.

Even before decoherence is complete, the sector weights
already distribute maximally. AS measures the branching
structure of the dephased state, not whether decoherence has

physically occurred.

F.4 After Decoherence.

Environment records which-path: [{) — (|®)|Eo) + |1)|E1))/y2

Reduced state: ps = diag('2, ¥2). Off-diagonals have been
physically suppressed.
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AS = 1. Same numerical value, but now the system has crossed
the no-return surface: coherence is not recoverable.
Operational irreversibility has been established.

F.5 After Selection.

Selection resolves the mixture into sector |®) (say). Now po = 1,
pP1 = ®. H= ®.

AS = 0.

One story remains. The system has transitioned from maximal
branching to definiteness.

F.6 Summary.

AS tracks branching richness, not definiteness. It rises during
decoherence (branching phase) and falls during selection

(definiteness phase).

The worked example illustrates that AS = © and AS = 1 are
both physically meaningful endpoints of different processes —

not a hierarchy of more actualised vs. less actualised.

Paper A — Canonical Reference. Locked - Execution-

Complete.
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Paper B — Selection as Irreversible

Exclusion

Rates, Costs, and Constraints on Definiteness

Depends on Paper A

Paper A measured the branching. It proved the branching can
only grow under the right conditions. It established the point

of no return.

But it left one question unanswered — the question that

haunts every interpretation of quantum mechanics.

If definiteness occurs in individual runs — and it does, every

experiment ever conducted says so — what must selection be?
Not what might it be. What must it be.

What structural requirements does any selection mechanism
have to satisfy? What must it cost? How fast can it act? And is

there a universal bound on that speed?

No collapse mechanism is proposed here. No interpretation is
invoked. No result of Paper A is rederived. All hypotheses
introduced are independently falsifiable. Failure of any does

not invalidate Paper A.
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BO.1 — Dependency Statement

This paper is a strict continuation of Paper A. Everything in

Paper A is assumed established and is not rederived.

In particular, the following are taken as given:

- The operational definition and validity of Actualization State
(AS).

- Operational irreversibility as loss of reachability under

admissible control.

- The existence of no-return surfaces induced by bounded

capacity.

- The separation between branching (AS increase) and

definiteness.

For reference: the record-sector algebra R is the algebra
generated by the projectors {I1;} of a physically realisable
coarse-graining O (Paper A, Definition D1). It represents the

set of operationally accessible record observables.

All norms and maps in this paper that reference R act on this

algebra.

BO®.2 — Purpose

Paper A establishes irreversibility without definiteness. After

decoherence and loss of recoverability, multiple mutually
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exclusive record sectors can persist simultaneously in the

reduced description.
This paper addresses what is left:

If definiteness occurs, what must selection be, given the

constraints already established?
A second question follows necessarily:

What physical resources must be expended to enforce

such selection?

The argument does not claim that selection must exist. It
characterises the structure and constraints of selection if it
exists at all.

BO.3 — Hard Non-Claims

This paper does not:

- Redefine Actualization State.

- Propose a collapse mechanism.

- Derive or assume the Born rule.

- Invoke observers, consciousness, or epistemic update.

- Introduce agency, decision-making, or control.

- Claim gravity causes selection.
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Failure of this paper does not invalidate Paper A.

The Definiteness Problem (Reframed)
B1.1 — What Remains After Paper A
After Paper A, the following are established:

(1) Interference is suppressed between record-distinguishable

alternatives (Paper A, T1).

(2) Recoverability is lost once record information is encoded

in inaccessible degrees of freedom (Paper A, D13).

(3) Actualization State increases during the branching phase,

quantifying record-structured multiplicity (Paper A, T1).

None of these imply that, in an individual experimental trial,

only one record persists.
A diagonal reduced state of the form
p =X pi I; p IT;,

where {II;} are the record-sector projectors of D1 and {p;} are
the diagonal coefficients inherited from decoherence (no
probabilistic interpretation assumed here), is fully consistent

with all results of Paper A.

You experience definiteness anyway. Every single time. The

reduced description says branches persist. Your experience
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says only one obtained. The gap between these two is what
this paper takes seriously.
B1.2 — Why Decoherence Is Not Definiteness

Decoherence explains why interference terms become
inaccessible. It does not explain why alternatives are

excluded.

Operationally:

- Decoherence answers: why alternatives cannot interfere.

- Definiteness asks: why alternatives are no longer reachable.

These are distinct constraints. Paper A resolves the first and
intentionally stops there. Paper B picks up where Paper A

stopped.

B1.3 — Individual Realisations (Operational Definition)

An individual realisation (or individual run) is defined as a
single experimental trial producing a definite, time-ordered
record stream in the environment, which subsequently

constrains all future accessible system behaviour.

This definition is purely operational. It refers only to record
structure. No mention of consciousness. No mention of

measurement. No mention of observers.
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A run is a record stream. Records constrain what comes next.
That is all.

B1.4 — Selection as Irreversible Exclusion

If definiteness exists, it must correspond to a physical
exclusion process acting after irreversibility is established.
The reason is direct: all subsequent experimental outcomes in
the record stream depend causally on which sector obtains
(B1.3).

Definition (Selection).

Selection is the transition of the system state into a restricted
reachable region of state space — under admissible control —

in which only one record sector remains reachable.

Equivalently: selection is the irreversible removal of alternative
record sectors from operational accessibility in an individual

realisation.

Once selection has occurred, no admissible system-local

operation can restore reachability of excluded sectors.

The branches do not vanish from the universe. They vanish
from your access. That is the entire physical content of

selection.

167



B1.5 — Consequence for Actualization State
Selection has a precise consequence for AS.

Decoherence increases AS by creating record-structured

branching (Paper A, T1).

Selection reduces the accessible AS of an individual

realisation by restricting reachability to a single record sector.

This does not imply erasure of environmental records. It
reflects the collapse of future operational accessibility, not the

destruction of past structure.

The fan opens (decoherence). One blade is picked (selection).
The other blades are still in the room — you just cannot reach

them anymore.

B1.6 — Selection Cost (Foreshadowing)

Exclusion is not free.

Any process that removes reachability of alternatives must
expend physical resources to enforce that restriction. Call this
the cost of selection: the minimal physical resource

expenditure required to enforce irreversible exclusion.

The cost need not be thermal energy. It may appear as time,

interaction strength, or consumption of distinguishability
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capacity. Its precise form depends on the limiting interaction.

Sections B2 and B4 quantify it.

The Nonlinearity Requirement and Selection Cost

B2.1 — Linearity Constraint

Deterministic linear completely positive trace-preserving
(CPTP) dynamics acting on the reduced system state preserve
convex structure. Linear ensemble evolution cannot, by itself,

enforce single-sector definiteness in individual realisations.
Formally, for any deterministic linear CPTP map &:
E(Zi pi pi) = Zi pi E(pi)-

Linearity preserves convex mixtures. No such map can select a

single component from a diagonal mixture in individual runs.

This is a structural consequence of linearity and does not

depend on interpretation.

You feed a mixture in. You get a mixture out. The mixture

cannot resolve itself by linear means alone.

B2.2 — Ensemble Linearity vs. Trajectory Resolution

The implication is precise.
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Ensemble-level evolution may remain linear and CPTP.
Selection, if it occurs, must act at the trajectory level —
resolving individual realisations via stochastic or effectively

nonlinear dynamics.

There is no contradiction with quantum linearity at the

ensemble level.

Average over many runs and you see linear evolution. Watch a
single run and you see resolution. Both descriptions hold

simultaneously, at different levels of the same physics.

B2.3 — Quantifying Selection Deviation

Selection is a trajectory-level phenomenon. Its signature is
not a deviation of the ensemble state. Ensemble consistency
is required (B3.5), and the ensemble state is preserved by

construction.

The signature of selection is that individual trajectories
resolve to outcomes that no deterministic CPTP map could

produce from the same initial state.

Let E.,s denote the ensemble-level CPTP evolution acting on

the reduced state.

Let @ denote a stochastic selection process that, for an initial

state p, produces a random trajectory with realisation-
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dependent final state p~w(p) indexed by trajectory w.

Ensemble consistency (B3.5) requires E[p”w] = Eens(p).

The quantity that distinguishes selection from deterministic
CPTP evolution is not the ensemble mean. It is the trajectory

spread.
Define the selection deviation:
S_sel(p) = E[ IpAw - E[prw]I*_R ],

where I-I_R is an operational norm restricted to the record-

sector algebra R.

This is the expected squared deviation of individual trajectory
outcomes from the ensemble mean, measured in the record

algebra.

For any deterministic CPTP map, all trajectories produce the
same output, so 6_sel = 0. For selection, trajectories resolve to

different record sectors, so §_sel > 0.
All subsequent results hold for any choice of norm satisfying:

(i) contractivity under admissible system-local CPTP maps,

and

(i) sensitivity to distinguishability between record sectors.
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Compatibility with ensemble consistency.

6_sel measures the spread of trajectory outcomes, not the
deviation of their mean. Ensemble consistency (B3.5)
constrains the first moment: E[p*w] = Eens(p). The selection

deviation constrains the second moment.

These are independent. A process can have zero mean
deviation and nonzero trajectory spread. Selection is precisely

such a process.

Verification (qubit toy model).

For the selection SDE dp = {y - p(1-p) dW (Paper A, Section
A4.2), trajectories resolve to p = O or p = 1 with probabilities

1-po and pg respectively.

The ensemble mean is preserved: E[pAw] = diag(pe, 1-po). The
trajectory variance is 6_sel = py(1-po) > O for any nontrivial
initial mixture, confirming that selection produces nonzero

6_sel while satisfying ensemble consistency.

Selection requires &_sel > 0. If 6_sel = O for all accessible
states, every trajectory produces the same output as the
ensemble map, and no resolution to individual sectors has

occurred.
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B2.4 — Definition: Selection Cost

The cost of selection is defined as the minimal physical
resource expenditure required to produce nonzero trajectory
variance (6_sel > 0) sufficient to resolve individual realisations

into single record sectors.

The cost may be expressed as:

- A timescale (rate of exclusion).

- A coupling strength to enforcing interactions.

- A resource budget required to maintain exclusion.

Section B4 identifies universal constraints on this cost.

B2.5 — Falsifier B2: Pre-Irreversibility Selection

If exclusion signatures appear before the system has crossed
the no-return surface (Paper A, D13), the entire selection

model is dead.

Selection must wait for irreversibility. If it does not wait, the

model is wrong.

Selection cannot precede irreversibility.
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Structural Requirements on Selection Dynamics

Any admissible selection dynamics must satisfy a minimal set
of structural requirements. These are implied jointly by Paper
A and Sections B1-B2.

The requirements are necessary, not sufficient. Failure of any
requirement falsifies the selection hypothesis without

affecting the irreversibility results of Paper A.

B3.1 — Post-Irreversibility Activation

Selection may act only after operational irreversibility is

established.

Let Ke(0) denote the s-recoverable set defined in Paper A
(Definition D12). For all states p € Ke(0), admissible dynamics

must satisfy
é_sel(p) = O.

No selection deviation is permitted while recovery remains
reachable under admissible control. Selection dynamics may
become active only once p & Ke(0O).

B3.2 — Record-Algebra Locality

Selection must act only on degrees of freedom that

distinguish record sectors, and only during active selection.
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Let AO denote the dephasing map onto the record algebra O.

During active selection (i.e., after p & Ke(0)):

@(p) = P(AO(p))-

This condition is consistent with B3.1: by the time selection
activates, off-diagonal terms in the record basis are already

operationally inaccessible.

Selection may not generate or reintroduce interference. It may
not act on unmonitored intra-sector degrees of freedom.

B3.3 — Absorbing Record Sectors

Selection is an absorbing process. Once a record sector II; is
realised, sector membership must remain fixed under

subsequent selection dynamics. Formally:

O(I1; p I; 7 pi) € II; B(H) 11,

up to operational tolerance set by experimental resolution.
This condition enforces irreversible confinement to the
realised sector while allowing arbitrary intra-sector evolution.
B3.4 — Contractivity of Multiplicity

Selection resolves multiplicity. It must not amplify it.
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Let {pi(t)} denote the diagonal coefficients of the reduced
state in the record-sector basis, treated here as record

weights. The Shannon entropy

H({pi}) = — Z; pi log p;

is used strictly as a multiplicity measure, not as a

thermodynamic or epistemic entropy.

Any admissible selection dynamics must be such that, along
individual trajectories generated by those dynamics, H({pi(t)})

is a supermartingale:

E[H({pi(t+dt)}) | F:] = H({pi(1)}),

with strict decrease during active selection. The expectation is
taken with respect to the trajectory measure induced by the

selection dynamics.

This is a requirement on the class of admissible dynamics, not
a property derived from a specific generator. Any candidate
selection process whose trajectories amplify multiplicity is

excluded.

No assumption about the Born rule is made here. H is used

purely as a multiplicity measure.

Contractivity of H along trajectories is a consequence of the

trajectory-level character established in B2.2. The stochastic
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process ® must resolve the mixture, and resolution requires H

to decrease along individual realisations.

B3.5 — Ensemble Consistency

While individual trajectories resolve to single sectors, the
ensemble description must remain consistent with linear
evolution. Averaging over all trajectory realisations must

reproduce the ensemble map:

E[p*w] = gens(p)'

This requirement constrains the first moment of the trajectory
distribution. It does not constrain the second moment.
Trajectory spread (6_sel > 9, B2.3) is fully compatible with

ensemble consistency.

Selection is characterised by the combination of preserved

ensemble mean and nonzero trajectory variance.

B3.6 — Boundary Condition on Outcomes (BC1)

This paper does not derive outcome statistics. Admissible
selection dynamics must produce a well-defined distribution

over realised record sectors.

The analysis restricts to the class of selection dynamics that
are Born-consistent: under the trajectory measure induced by

the dynamics, the marginal distribution over realised sectors

177



converges to the diagonal weights {pi} inherited from

decoherence.

This is a defining constraint of the model class studied here,
not a derived result. The existence and properties of Born-
inconsistent selection dynamics are a separate question

outside the present scope.

Born-consistency is experimentally testable. Repeated
preparations of identically decohered systems must yield
realised-sector frequencies converging to {p}. Persistent
deviation falsifies the Born-consistent class, not selection

itself.

B3.7 — Summary of Structural Requirements

Selection dynamics, if they exist, must be:

Post-irreversibility — inactive while recovery remains

reachable.

Record-local — acting only on the record algebra during

active selection.

Absorbing — once a sector is realised, sector membership

remains fixed.

Contractive — monotonically reducing multiplicity along

trajectories.
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Ensemble-consistent — preserving linear ensemble

evolution.

Any candidate process violating these conditions is not a
physically admissible form of selection under the argument

established by Paper A.

Five requirements. Not a mechanism. An interface.

Worked Example: Structural Requirements Applied to

Qubit Selection

Paper A (Section A4.2) defines a toy model of stochastic
selection on a qubit with pointer basis O = {|®)(08], [1){1]} and

selection dynamics

dp =y - p(1-p) dW.

The five structural requirements all hold for this toy model.

Verification, in order.

B3.1 — Post-irreversibility activation. The selection rate y is
set to zero while the system remains within the recoverable
set Ke(0). The SDE activates only after decoherence has
rendered pointer sectors operationally distinct. Prior to

activation, 6_sel = O identically.
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B3.2 — Record-algebra locality. The SDE acts entirely on the
diagonal sector weight p. No off-diagonal coherence terms are
generated or accessed. The process is record-algebra local by
construction: ®(p) = ®(AO(p)).

B3.3 — Absorbing sectors. At p = O and p = 1, the diffusion
coefficient o(p) = VY - p(1-p) vanishes identically. Both sector-
pure states are absorbing fixed points. Once realised, sector

membership is permanent.

B3.4 — Contractivity. By the full It6 calculation (Paper A,
A4.2, requirement S3):

dH = —(y/2) p(1-p) dt + yy - p(1-p) - log[(1-p)/p] dW.

The drift term —(y/2) p(1-p) is strictly negative for p € (0, 1). H
is a supermartingale with strict decrease during active

selection, as required.

B3.5 — Ensemble consistency. The SDE dp = 4y - p(1-p) dW
is a martingale: E[p(t)] = p(®) for all t. Averaging over
trajectories reproduces the ensemble state p.,s = diag(p(0),

1-p(@)) at all times. The ensemble map is linear and CPTP.

The structural requirements B3.1-B3.5 are jointly satisfiable.
The toy model is not the unique solution. It is a proof of

existence.
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Any candidate selection dynamics must pass all five

requirements to be admissible.

Universal Rate Constraints on Selection
Selection, if it exists, cannot occur arbitrarily fast.

This section establishes necessary upper bounds on the rate
at which admissible selection dynamics may act, without
introducing new physics and without exceeding the scope of

Paper A.

B4.1 — Selection Rate as an Operational Quantity

For two record sectors i and j, define the inter-sector
selection time t;; as the minimal duration required, in an
individual realisation, for the system’s accessible behaviour to

become operationally indistinguishable from confinement to

sector i rather than j, within experimental tolerance.
The corresponding selection rate is
)\ii = 1ITij-

This rate is operationally measurable. It characterises how
rapidly exclusion is enforced between competing record

sectors.
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B4.2 — Requirements on a Universal Rate Limiter

Any candidate universal rate limiter on selection must satisfy

three constraints.

Universality. The bound must apply across all macroscopic

records, independent of composition or charge.

Context Independence. The bound must not depend on
observer intervention, measurement choice, or apparatus-

specific tuning.

Discriminatory Relevance. The bound must couple directly

to the physical features that distinguish record sectors.

These three constraints do not uniquely determine a limiter,

but they strongly restrict admissible candidates.

B4.3 — Gravity as a Candidate Universal Limiter

(Hypothesis)

Among known interactions, gravity satisfies all three

requirements above.

It is universal. It is unscreenable. It is directly sensitive to
mass-energy configuration, which is exactly what

distinguishes macroscopic records.

The hypothesis: gravity provides a universal upper bound on

selection rates.

182



This is an empirical claim about known interactions. It is not a
proof of uniqueness. It does not assert that gravity causes

selection.

B4.4 — Gravitational Distinguishability of Record Sectors

The gravitational self-energy distinguishability AE_G between
record sectors i and j is defined in Paper A (Definition D15,
Appendix C). It measures the Newtonian self-energy of the
difference mass distribution between two record sectors and

is zero when the sectors are gravitationally indistinguishable.

The definition, explicit integral form, and positivity proof are

given in Paper A and are not repeated here.

B4.5 — Rate Inequality

The gravity-limited selection bound (Paper A, Postulate G)

states
)\ii = AE_G[i, j] / h.

Paper A introduces this bound as a physical constraint. Here it
is elevated to a candidate universal rate limiter by
demonstrating that gravity satisfies the universality, context-
independence, and discriminatory relevance requirements of

B4.2 — requirements that were not articulated in Paper A.
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The experimental consequences of this elevation are

developed in B5.

The bound is limiting, not exact. Selection may be slower.
Selection cannot be faster without invoking a coupling

stronger than gravity to mass-energy distinguishability.

B4.6 — Null Case (Conditional)

Under the gravity-limited hypothesis, if two record sectors are
gravitationally indistinguishable — AE_G[j, j] = ® — then the

gravity-constrained contribution to the selection rate vanishes:

If no alternative limiter satisfying the requirements of B4.2
applies, such superpositions persist indefinitely. If a non-
gravitational mechanism consistent with B4.2 exists, it would
supply an independent rate bound not covered by the present

hypothesis.

This is a testable conditional prediction of the gravity-limited

framework.

B4.7 — Consistency with Prior Results

The gravity-limited bound is consistent with all earlier

sections.
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It applies only after operational irreversibility (B3.1). It
constrains rates, not outcome statistics (B3.6). It preserves
ensemble linearity (B3.5). It does not explain decoherence or

branching (Paper A).

Gravity here functions solely as a rate limiter, not a causal
mechanism.

B4.8 — Falsifiers (Rate-Level)

The gravity-limited hypothesis is falsified if any of the

following are observed.
F_G1. Selection occurs with A;; > AE_G/h.

F_G2. Selection occurs between records with AE_G = 0 in the

absence of any alternative limiter satisfying B4.2.

F_G3. Selection rates scale universally with non-gravitational

parameters across macroscopic records.

Failure here invalidates the limiter hypothesis only. It does not
invalidate selection as defined in this paper, nor irreversibility

as defined in Paper A.

B4.9 — Closing

If selection occurs, it is constrained by physical limits on how

rapidly alternatives can be distinguished.
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Definiteness cannot emerge arbitrarily fast. It can emerge no
faster than a universal interaction can discriminate between

competing records.

Experimental Regimes and Discriminating Tests

This section translates the structural and rate constraints of

B1-B4 into experimentally discriminable regimes.

The aim is not parameter fitting. The aim is to specify what
observations would count as confirmation, survival, or

falsification of selection as defined in this paper.

B5.1 — Principle of Test Construction
Experiments testing selection must satisfy three criteria.

Post-Irreversibility Regime. Decoherence and loss of
recoverability must already be established (Paper A). Tests
conducted while the system remains within Ke(Q) are

irrelevant to selection.

Trajectory Sensitivity. The experiment must probe single-run
behaviour or trajectory-level signatures, not ensemble

averages alone.

Rate Sensitivity. The experiment must be capable of
resolving timescales comparable to the predicted selection

rate A; .
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Only experiments satisfying all three can meaningfully

constrain selection dynamics.

Test Map Summary.

The five tests below are ordered by what they target, not by
experimental accessibility. Each test is independently

meaningful.

BT1 — Order-of-Operations (B5.5).

Target: selection itself. Falsifies: selection as defined in B1.4.
Method: continuously tune decoherence and check whether
selection signatures appear before the system exits Ke(O).
Platform: superconducting qubits with tunable coupling to

measurement cavity.

BT2 — Active Selection Signature (B5.2).

Target: existence of selection. Falsifies: selection is present in
the tested regime. Method: compare single-trajectory
statistics against all linear Lindblad models fitted to the same
decoherence data. Observable: telegraph noise or diffusive
wandering inconsistent with any CPTP unravelling. Platform:
continuously monitored superconducting qubits or trapped

ions with fluorescence readout.
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BT3 — Null-Rate Regime (B5.3).

Target: gravity-limited hypothesis. Falsifies: F_G2. Method:
prepare decohered superpositions with AE_G = ® and monitor
for selection. Observable: persistent multiplicity (no single-
sector stabilisation) versus rapid selection. Platform: nitrogen-
vacancy centres in diamond, nuclear spin states with identical

mass distributions.

BT4 — Rate-Bound Regime (B5.4).

Target: gravity-limited hypothesis. Falsifies: F_G1. Method:
create spatial superpositions of mesoscopic masses, measure
selection timescale, compare against T_min = A/AE_G.
Observable: selection faster or slower than bound. Platform:
levitated nanoparticles (tungsten, R = 180 nm, T_min ~ 1-10 s)

in cryogenic vacuum.

BT5 — Born Boundary Condition (B3.6).

Target: Born-consistency of selection. Falsifies: the Born-
consistent model class. Method: large ensembles of identically
prepared, fully decohered systems with single-shot readout.
Observable: realised-sector frequencies deviating from {pi}
beyond statistical tolerance. Platform: trapped-ion arrays or

superconducting qubit arrays.
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B5.2 — Signature of Active Selection
Selection is operationally distinct from decoherence.

An active selection signature is any trajectory-level

behaviour, occurring after operational irreversibility, that:

(i) cannot be reproduced by any system-local linear CPTP
evolution consistent with the independently characterised

decoherence dynamics of the system, and

(ii) enforces persistent confinement to a single record sector

under all admissible system-local controls.
Examples of admissible signatures include:

- Irreversible loss of interference revival capacity despite full

system-only control.

- Stochastic stabilisation of record-sector behaviour
inconsistent with linear Lindblad dynamics fitted to the same

decoherence data.

- Telegraph-like trajectory behaviour resolving into a single
sector with no subsequent switching within accessible

timescales.

Absence of such signatures implies absence of selection in

the tested regime.
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B5.3 — Null-Rate Regime (Gravitational Degeneracy)

Consider record sectors that are operationally decohered but

gravitationally indistinguishable: AE_G = O.

Under the gravity-limited hypothesis, the gravity-constrained
contribution to the selection rate vanishes. The argument

therefore predicts one of two outcomes:

Persistent multiplicity. No selection signatures appear

within experimentally accessible timescales.

Non-gravitational selection. Selection occurs at a slower
rate governed by an alternative limiter satisfying the

requirements of B4.2.

Concrete example: a nitrogen-vacancy (NV) centre in

diamond.

Prepare the NV centre in a superposition of spin states |mg =
+1) and |mg = —1). These states have identical mass
distributions (AE_G = ) but are operationally distinguishable

via microwave spectroscopy.

After environmental decoherence has suppressed spin

coherence, the reduced state is
p = Vo [+ 1)(+1]| + V2|-1)(-1|.

Under the gravity-limited hypothesis, no gravitational
contribution to selection exists.
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If single-trajectory monitoring reveals rapid stabilisation to
one spin state inconsistent with any Lindblad model of the
decoherence dynamics, the gravity-limited hypothesis is

falsified.

Observation of rapid selection in this regime falsifies the
gravity-limited hypothesis. Persistent multiplicity is consistent

with it.

B5.4 — Rate-Bound Regime (Macroscopic

Distinguishability)

For record sectors with significant gravitational

distinguishability AE_G >» A/T — where T is the duration over
which the experiment maintains sensitivity to trajectory-level
behaviour — the gravity-limited hypothesis predicts an upper

bound:
Tjj = hIAE_G.

Experiments in this regime can test whether observed
selection times respect the bound (hypothesis survives),
approach the bound (gravity-limited selection likely active), or

violate the bound (hypothesis falsified).
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Candidate systems and estimates.

A tungsten nanoparticle (R = 180 nm, p = 19 g/cm?®) in spatial
superposition with separation Ax ~ R yields AE_G ~ Gm?/R,

giving T_min = A/AE_G ~ 1-10 seconds.

This is within reach of cryogenic levitation experiments

maintaining coherence for seconds (cf. Paper A, Appendix D).

For silica (p = 2 g/cm?®), T_min ~ 18%-10° seconds, at the
boundary of current coherence times. High-density materials

are strongly preferred for near-term tests.

Observation of selection with T < T_min falsifies the gravity-
limited hypothesis (F_G1). Absence of selection within
accessible timescales is consistent with the hypothesis but

does not confirm it.

B5.5 — Order-of-Operations Test
Selection must not precede irreversibility.

Experiments that continuously tune environmental coupling
can test whether selection signatures appear only after the

system exits the recoverable set Ke(O).

Specifically: if trajectory-level confinement to a single record
sector is observed while the system remains within Ke(O) as
defined in Paper A (Definition D12), then selection as defined
in B1.4 is falsified.
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This test targets selection itself, not merely the gravity-limited
hypothesis.

B5.6 — Outcome Classification

Experimental outcomes partition cleanly:

- No selection observed. Selection absent in the tested

regime.

- Selection observed, rate indeterminate. Selection
present; gravity-limited hypothesis neither confirmed nor

falsified.

- Selection observed within bound. Selection present and

consistent with the gravity-limited hypothesis.

- Selection observed faster than bound. Gravity-limited

hypothesis falsified.

- Selection observed in null-rate regime without
alternative limiter. Gravity-limited hypothesis falsified or

incomplete.

No outcome retroactively rescues the hypothesis.
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B5.7 — Scope Closure

This paper establishes what selection must be if it exists, what

it must cost, how fast it may occur, and how it can be falsified.

It does not determine whether selection actually occurs in

nature.

That question is empirical.

Conclusions and Program Status

This paper has treated selection as a physical exclusion
process constrained by irreversibility, control limits, and rate
bounds, without invoking interpretation, agency, or collapse

mechanisms.

The results can be summarised as follows.

B6.1 — What Has Been Established

If selection exists, it must satisfy all of the following.

1. Post-Irreversibility Constraint. Selection cannot act
before operational irreversibility is established. Any exclusion

prior to exit from Ke(0O) falsifies selection as defined here.
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2. Trajectory-Level Character. Selection must act at the level
of individual realisations while preserving linear ensemble

evolution.

3. Record-Algebra Locality. Selection may act only on
degrees of freedom that distinguish record sectors and may

not reintroduce interference.

4. Absorbing Dynamics. Once a record sector is realised,
sector membership is fixed under subsequent selection

dynamics.

5. Contractivity of Multiplicity. Selection must
monotonically reduce record-sector multiplicity along

individual trajectories.

6. Cost and Rate Constraints. Selection requires physical

resources and cannot occur arbitrarily fast.

7. Universal Rate Limiter (Hypothesis). Gravity provides a
candidate universal upper bound on selection rates,
expressible through gravitational distinguishability AE_G, and

is falsifiable by explicit rate tests.

Each condition is necessary. None is assumed to be sufficient.
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B6.2 — What Has Not Been Assumed

This paper has not:

- Assumed that selection must occur.

- Derived outcome statistics or the Born rule.

- Specified a concrete dynamical generator.

- Invoked observers, consciousness, or epistemic update.
- Claimed gravity causes selection.

- Extended irreversibility beyond what is established in Paper
A.

Failure of any hypothesis in this paper leaves the foundations
of Paper A intact.
B6.3 — Status of the Gravity-Limited Hypothesis

The gravity-limited hypothesis introduced in B4 is empirically
motivated, dimensionally consistent, and experimentally

falsifiable.

It stands or falls entirely on observation. Its failure would
constrain the space of admissible selection mechanisms, not

rescue them.
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B6.4 — Programmatic Closure

Together with Paper A, this work completes the physics-level

characterisation of selection.
Paper A establishes irreversibility without definiteness.

Paper B establishes definiteness as costly, rate-limited

exclusion, if it exists.

No further progress on selection can be made by
argument alone. The remaining uncertainty is empirical.
B6.5 — Forward Dependency

If selection is absent or constrained, the remaining question

is not about definiteness. It is about structure.

How does behaviour unfold within a single realised record

sector under irreversible constraint?

That question concerns control under irreversibility, not the
emergence of definiteness. It is addressed in Paper C, where
agency is treated as constrained dynamics downstream of the

physics established here.
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Paper C — Agency as Constrained

Control

Depends on Papers A and B

You are an agent. You make choices. You maintain yourself
against decay. You navigate a space of possibilities that
narrows with every irreversible step. You have a budget that

depletes. You face drift that never stops.

And somewhere ahead of you, invisible but real, is a boundary

beyond which no choice you make can save you.

Everything you just read is geometry. Not philosophy. Not

metaphor. Geometry — measurable, computable, falsifiable.

This paper strips the philosophy out of agency and replaces it
with a number. The number measures the fraction of

survivable states you can still reach from where you stand.

That number is more honest than any definition philosophy
has ever produced, because it does not care about your
intentions. It cares about your position in the state space and

the size of your control set.

The rest is arithmetic.
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Abstract.

This paper develops a control-theoretic account of agency
under irreversible physics. Your agency, measured as a

number.

Building on Papers A and B, agency is defined as a geometric
property: the fraction of survivable states reachable from
where you currently stand, using whatever control you have,

within the record sector you actually occupy.
No new physical assumptions are introduced.

The results: if you stop maintaining, agency decays. At the no-
return boundary, agency hits zero. High-variance or misaligned
strategies waste the budget faster than steady ones. None of

this is surprising. All of it is now proven.

Control fatigue, noise, coupling, and exit are defined as
consequences of constrained reachability rather than
psychological or normative phenomena. The paper establishes
necessary conditions for persistence of controlled behaviour
under irreversibility and provides falsifiers for the control

framework.

What remains unresolved is empirical — and that is exactly as
it should be. The geometry is proven. Which real systems

instantiate it is nature’s answer.
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Scope

C0.1 — Dependency Statement

This paper depends explicitly and exclusively on the physical

results established in Paper A and Paper B.
It assumes as given:

- Irreversibility as loss of reachability under admissible control
(Paper A).

- The existence of no-return surfaces induced by bounded

capacity (Paper A).

- Selection, if it exists, as a costly, rate-limited exclusion

process acting after irreversibility (Paper B).

Paper C requires only that selection produces confinement to
a single record sector. It does not depend on the mechanism,

rate, or statistics of selection.
No physical construct is redefined or rederived here.

Cross-reference note. The viability kernel Viab(R) used
throughout this paper (Paper A, Definition D7) corresponds, in
the quantum setting, to the recoverable set Ke(Q) (Paper A,
Definition D12). Paper C operates entirely within a single

realised record sector, so the relevant constraint set R is the

200



set of states accessible to the system after selection, not the

full quantum state space.
C0.2 — Purpose

Paper C addresses a question that is not physical in origin,

but structural in consequence:

Given irreversible physics and costly definiteness, how
can controlled behaviour persist within a single realised

record sector?

Agency is treated not as intention, belief, or choice, but as a
control property — a number you can compute of a system
evolving under irreversible constraints.

C0.3 — Hard Non-Claims

This paper does not:

- Introduce new physical laws.

- Modify or reinterpret quantum mechanics.

- Explain why selection occurs.

- Invoke psychology, motivation, ethics, or meaning.

- Provide prescriptions or normative guidance.

Failure of Paper C does not invalidate Papers A or B.
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Agency as a Geometric Control Quantity

C1.1 — Definition of Agency

Within a single realised record sector, define agency as the
fraction of the viability kernel reachable from the current state

under admissible control.

Let x(t) denote the system state confined to a realised record
sector. Let Viab(R) be the viability kernel defined in Paper A
relative to admissible controls, and let Reach(x) be the set of

states reachable from x under those controls. Define
M(x) = p(Reach(x) n Viab(R)) / p(Viab(R)),

where y is the natural volume measure induced by the state-

space metric and Viab(R) has finite positive measure.

The normalisation ensures M € [0, 1]. M’ = 1 when the entire
viability kernel is reachable. M’ = ® at the no-return surface

where no viable future remains.
That is agency — measured.

Monotonicity and regularity assumptions. The measure y is
monotone with respect to set inclusion: if S; € S, then u(S;) =
U(S-). The analysis assumes Reach(x) varies continuously with
x in the Hausdorff metric on compact subsets of the state

space, ensuring M is continuous. These are standard

202



regularity conditions in viability theory (Aubin, 1991) and are
not additional physical assumptions.
C1.2 — Control Authority

Let admissible controls u(t) € U be bounded by physical and
energetic constraints. Control authority is determined by three

quantities:

Bandwidth. The maximal rate at which control can counteract

irreversible drift.

Reachability. The remaining volume of Viab(R) accessible

from x(t).

Slack. The time-to-boundary from x(t) under zero control.

(Defined formally in C8.1.)

Limit condition. By definition of 2_NR = 0 Viab(R) and
continuity of y(Reach(-) n Viab(R)) as a function of state

(guaranteed by the Hausdorff regularity assumption above):
lim_{x — X_NR} M(x) = O.

At the boundary, only a single future trajectory remains.
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Drift as a Consequence of Irreversibility

C2.1 — Irreversible Drift

For open systems with nonzero irreversible drift, ordered
states decay toward loss of structure in the absence of

sustained control.

This follows directly from bounded control capacity and the
operator-horizon result of Paper A (Theorem T2). It is not an

independent axiom.

You have felt this. The garden untended. The body unrested.
The relationship neglected. Drift is what reality does to
structure when you stop maintaining it.

C2.2 — Baseline Dynamics

Absent control (u = ), the system evolves as

dx/dt = f(x),

where f(x) is the irreversible drift field pointing toward an

attractor of structural loss (equilibrium, failure, or saturation).

The scalar decay model of Paper A (dx/dt = —ax + u) is a

special case of this general form.
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Proposition C2.1 (Agency decay under drift).

This is the mathematical expression of what you already know:

everything falls apart without maintenance.

Let x(t) evolve under dx/dt = f(x) + u with u(t) € U, and suppose
the drift field f points inward toward an attractor x & Viab(R). If
If(x)| = alx — xI for some a > O (linear lower bound on drift),
and if y(Reach(x) N Viab(R)) is Lipschitz in x with constant L,

then along any trajectory with u(t)] = u_max:
dM/dt = L(u_max - alx = xll) /7 y(Viab(R)).

When the system is far from the attractor (Ix — xI > u_max/a),
the right-hand side is strictly negative: agency decreases

regardless of control.

This reproduces the operator horizon result of Paper A
(Theorem T2) in the agency framework and quantifies the rate

of agency loss beyond the horizon.
Proof sketch.

dM/dt = (d/dt)[u(Reach(x) N Viab(R))] / u(Viab(R)). By Lipschitz
continuity, |Ap| = LJAX|. The state velocity is |dx/dt| = [f(x) + u|

< [f(x)] + [u].

The drift pushes toward x (reducing Reach), while control
pushes away (expanding it). Net rate: dM7dt < L(|u| — |f(x)]) /
u(Viab(R)) = L(u_max — alx — xl) / y(Viab(R)). m

205



Necessary Conditions for Agency Preservation

C3.1 — Continuous Control Cost

For open systems with f(x) # ® away from fixed points,
maintaining distance from X_NR requires continuous

expenditure of control effort.

Except at exact fixed points of f, no finite intervention

permanently arrests drift. Such fixed points, if they exist, may
themselves lie outside Viab(R) or require sustained control to
reach. Their existence does not generally provide a cost-free

maintenance strategy.

There is no rest. There is only steadier maintenance.

C3.2 — Variance-Conditioned Control Effectiveness
Proposition C3.2 (conditional).

For admissible control systems in which instantaneous control
cost c(u) is convex in |ul|, low-variance control trajectories
preserve M (x) more effectively than high-variance or

impulsive strategies with the same mean control effort.

Proof sketch. For convex c, Jensen'’s inequality gives E[c(u)] =
c(E[u]). Variable control with fixed mean effort therefore incurs
greater cumulative cost than constant control at the mean
level, depleting the control budget B(t) (defined in C5.1) more

rapidly and thereby reducing reachable viability volume. m
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Steady wins. Bursts cost more. The mathematics says exactly
what every athlete, every operator, every long-distance runner

already knows.

Corollary C3.1a (Maintenance condition).

For the scalar system dx/dt = —ax + uwitha > 0 and u € [0,
u_max], the agency M(x) is maintained (dM/dt = ) if and only

if u = ax — control exactly balances drift.

This requires x = u_max/a = x;, (the operator horizon). For x >
Xp, NO admissible control can maintain M, and dM/dt < ®

strictly.

The maintenance condition is the agency-framework
restatement of Paper A’'s Theorem T2: the horizon is the
boundary between maintainable and inevitably decaying

agency.
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No-Return Geometry Within a Realised Sector

C4.1 — Horizon Geometry

The operator horizon from Paper A (Theorem T2, Definition

D9) applies strictly within a realised record sector.

Crossing this boundary removes states from Viab(R).

C4.2 — Ruin as Absorbing State
Ruin is defined as
x & Viab(R).

Once this occurs, recovery is impossible under admissible
control. Ruin is a geometric property of state space, not a

subjective condition.

The word ruin is precise here. It does not mean failure. It
does not mean despair. It means: the set of admissible
trajectories that return you to viability is empty. You cannot

get back from where you stand.

Worked Example: No-Return Geometry in a 2D Linear

System

Consider a two-dimensional system with state x = (x4, x2) € R?,

drift f(x) = (—a1x4, —axXy) with a3, a; > 0, and control u = (uq, U,)
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€ [0, u;max] x [0, u,”max]. The constraint setisR = {x:x; =
0, x, = 0}

The viability kernel is the rectangle

Viab(R) = [0, X15] % [0, X2,], Where xi» = ui*max / a; is the per-

axis operator horizon.

The no-return surface £_NR is the boundary of this rectangle.
Any state with x; > X1, or Xz > Xzy, is in the capture basin and

will be driven to the boundary regardless of control.

Agency computation.

For a state x = (x4, X3) inside Viab(R), the reachable set within

Viab(R) is

Reach(x) N Viab(R) = [®, min(x; + u;~max/as, X11)] x [0, min(x,

+ Uy"max/a,, X,1)] (for steady-state reachability).

The normalised agency is M(x) = y(Reach(x) N Viab(R)) /
p(Viab(R)).

At the origin, M = (u;” max/a;)(u,"max/a,) / (Xin * Xzn) = 1. The

full viability kernel is reachable.

At the corner (X114, X21), Reach shrinks to the single point and
M — 0.

The example illustrates three features. The no-return surface

is axis-separable in the linear case. Agency varies
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continuously from 1to ® across the viability kernel. Position
within Viab(R) determines how much future flexibility remains,

independent of the system’s history.
You can compute this for any system that admits the

geometry. That is the entire claim.

Control Budgets and Fatigue

C5.1 — Control Budget
Define the control budget
B(t) = By - fo" c(u(s)) ds,

where c(u) is the instantaneous control cost and B, > 0 is the

initial budget. Admissible control requires B(t) = O.

The budget is what you have. The cost is what you spend.
When the budget reaches zero, control ceases. There is no

controlled behaviour on an empty tank.

C5.2 — Control Fatigue

Control fatigue occurs as B(t) — 0. High-frequency or high-
magnitude control accelerates depletion of B(t), reducing
M(x).
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By Proposition C3.2, impulsive strategies with convex cost
deplete the budget strictly faster than steady control at the

same mean effort.

Theorem C5.1 (Survival time bound).

Let x(t) evolve under dx/dt = f(x) + u with u(t) € U and control
cost c(u) = c_min > O for allu = ©. Let B(t) = By — [o" c(u(s)) ds

be the control budget.

Define the survival time T as the first time at which either B(T)
= 0 or x(T) & Viab(R). Then

T =By / c_min.

Proof. Since c(u) = c_min for any nonzero control, the budget
depletes at rate dB/dt = —c(u) = —c_min whenever the system
is actively controlled. If the system requires continuous
control to remain in Viab(R) (i.e., f(x) points outward at x for all
x on the trajectory), then control must be nonzero for the
entire survival period, giving B(T) = By — J," c(u) ds < B, —

c_min - T. Setting B(T) = O yields T = By/c_min. m
The bound is tight for constant minimal-cost control.

It establishes that finite budgets imply finite survival. No
system with bounded resources can maintain agency

indefinitely against persistent drift.
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The bound does not depend on the drift rate a, only on the
control cost floor. Faster drift depletes the budget faster
(higher u needed), but the absolute bound is set by the

budget-to-cost ratio.

Worked example (scalar system).

For dx/dt = —ax + u with a = 1, u_max = 2, c(u) = u (linear cost),
By = 10, and initial state x, = 1.5 (inside Viab(R) = 8, 2]):

- Maintaining x = 1.5 requires u = ax = 1.5, costing ¢ = 1.5 per

unit time.
- Survival time: T = By/c = 10/1.5 = 6.67 time units.

- After budget depletion, u = ® and x decays exponentially
toward 0. The system crosses into ruin when it can no longer

reach any target within Viab(R).
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Noise and Silence
C6.1 — Noise

Noise is exogenous or stochastic input to the system
dynamics that is not under admissible control and that
consumes control bandwidth without increasing Reach(x) N
Viab(R).

Formally, noise is any perturbation &(t) added to the drift field,
f(x) — f(x) + &(t), where ¢ is not an element of the admissible

control set U.

Proposition C6.1 (Noise-induced agency decay).

Let the system evolve under dx/dt = f(x) + u + &(t) where € is a
zero-mean stochastic forcing with E[£] = © and E[[§|*] = o?. If
the system must expend additional control Au to compensate

for €, then the effective budget depletion rate increases:

dB/dt = —c(u + Au) = —c(u) - ao?, for some a > © depending

on the convexity of c.
Consequently, noise reduces survival time:
T_noisy = B, / (c_min + ac?) < T_quiet.

Noise taxes the control budget without expanding reachable
viability volume. Every distraction, every interruption, every

forced response to something that wasn’t going to threaten
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you anyway — pure tax. Pure depletion with no expansion of

what you can reach.

C6.2 — Silence

Withholding response (u(t) = 9) is an admissible control

action.

When the drift field f(x) is slow or favourable (directed away
from Z_NR), silence preserves control budget at no agency

cost.

This is not inaction in the colloquial sense. It is the optimal
control policy when the marginal agency cost of intervention

exceeds the agency cost of drift.
Formally, silence is preferred when
c(u) 7 |dM/8u] > [dM/dt|_{u=6},

i.e., when the budget cost per unit of agency preservation

exceeds the drift-induced agency loss rate.

In noise-dominated regimes, silence may also prevent noise-
amplifying feedback loops in which control effort introduces

additional disturbance.

The mathematics confirms what discipline already knew.

Sometimes the best move is no move.
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Coupling and Rescue

C7.1 — Coupled Systems and Agency Transfer

When systems are coupled, their drift fields combine and

control capacities load jointly.
Agency transfer occurs when, under coupled dynamics,
dM_A/dt > © while dM_B/dt < O,

indicating expansion of reachable viability for system A at the

expense of system B.

The total agency of the coupled system is not conserved.
This is not an assumption. It follows from the geometry of
Viab(R) under coupling.

C7.2 — Rescue Instability (Sufficient Condition)

Rescue is coupling a stabilised system A to a divergent

system B to offset B’s drift using A’s control capacity.

Let |-| denote the norm induced by the coupled dynamics on
the joint state space. A sufficient condition for joint loss of

viability is

If_A] + |[f_B| > Ju_A|_max + |u_B|_max.
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Under this condition, the total drift magnitude exceeds the
total available control, and the coupled system approaches

2_NR faster than either system in isolation.

This is sufficient, not necessary. Directional alignment of drift
and control fields may permit stability even when this scalar

inequality holds.

Non-conservation: two examples.

(1) Cooperative coupling. Two scalar systems with drift a =1,
u_max = 1 each, coupled so that each contributes control to
the other. If the coupling allows total control capacity to be

shared: effective u_max per system = 2, x,, doubles for both.

M_A + M_B increases. Coupling creates agency.

(2) Parasitic coupling. System A (a = 1, u_max = 2) is coupled
to system B (a = 3, u_max = 0). B diverts A’s control capacity:
effective u_max for A drops to 1, while B still cannot sustain
itself (3 > 1). Both systems lose agency: M_A + M'_B

decreases. Coupling destroys agency.

These examples demonstrate that agency transfer is not zero-
sum. The coupling topology and the relative drift-to-control
ratios determine whether joint agency expands, contracts, or

redistributes. No conservation law governs total agency.
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Slack and Robustness

C8.1 — Slack

Slack is the minimum time to reach X_NR under zero control:
s(x)=inf{t=0:¢(x) EX_NR},

where ¢, is the uncontrolled flow generated by f(x).

Slack measures time-to-boundary, not Euclidean distance, and
is the operationally relevant quantity for assessing control
margin. Greater slack increases the time window available for

corrective control and absorbs perturbations.

Proposition C8.1 (Scalar Slack-Agency Correspondence).

For the scalar system dx/dt = —ax + u with u € [0, u_max], the
slack s(x) = x/a (time to reach x = ® under zero control) and

the horizon x, = u_max/a satisfy:
M(x) is monotonically increasing in s(x) for x € [0, xy].
Greater slack implies greater agency.

You have felt this — the difference between having three
months of savings and having three days. The same drift, the
same income, the same expenses. The slack is the entire

difference between agency and emergency.
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At s = O (boundary), M = 0. At s = x,/a (maximal slack at
origin), M = 1. Slack is the operationally measurable proxy for
agency in systems where direct computation of Reach(x) N

Viab(R) is intractable.

In higher dimensions or systems with non-convex constraints,
slack is necessary but not sufficient for agency. A state may
have large time-to-boundary under zero control yet be
surrounded by regions from which no viable trajectory exists —

geometric cul-de-sacs.

C8.2 — Redundancy

A system has redundancy r = 1 with respect to a target state
X € Viab(R) if there exist at least r distinct admissible control
trajectories reaching x from the current state while remaining

within Viab(R).

Redundancy reduces sensitivity of viable trajectories to
perturbations in f(x) and u(t). Higher redundancy increases
robustness at the cost of efficiency, since maintaining
multiple viable pathways consumes control capacity that could

otherwise extend reachability.
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Exit as a Control Outcome

C9.1 — Withdrawal

When M (x(t)) decreases monotonically under all admissible
controls in a coupled system, decoupling preserves more

reachable viability volume than continued coupling.

This holds when the coupled drift exceeds the joint control
capacity (C7.2), so that decoupling removes the excess drift

load.

Exit is therefore a control outcome implied by reachability
geometry, not a prescription.

C9.2 — Agency-Dissipative Environments

An environment is agency-dissipative if, for all admissible

controls,
dM/dt < 0.

Persistence in such an environment strictly reduces reachable
viability volume. This is a geometric characterisation, not a

recommendation.
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Proposition C9.1 (Decoupling condition).

Let systems A and B be coupled with joint dynamics.
Decoupling is agency-preserving for A if and only if the

coupled drift acting on A exceeds A’s isolated drift:
[f_coupled,A(x)] > If_A(x)].

Decoupling is preferred when the coupling increases the

effective drift on A beyond what A experiences in isolation.

You know this. The relationship that costs more energy to
maintain than it provides is a relationship that increases your
drift. The mathematics says: leave. Not because leaving is
morally right. Because the geometry of your viability kernel

contracts while you stay.

This is a necessary and sufficient condition for decoupling to
instantaneously increase dM _A/dt. It does not account for

future recoupling opportunities or transient effects.
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Falsifiability and Closure

C10.1 — Falsifiers
Paper C is falsified if any of the following are observed.

F_C1. M(x) increases without corresponding control

expenditure (violates C5.1).

F_C2. Irreversible loss of reachability is reversed without
external intervention violating the admissibility constraints of

Paper A.

F_C3. Stable control persists beyond X_NR under admissible

control (violates C4.2).

F_C4 (Free lunch). A system maintains M(x) > ® indefinitely
with By finite and no external resource input, in the presence

of persistent nonzero drift. Violates Theorem C5.1.

F_C5 (Resurrection). A system recovers M (x) > O after
reaching M = O (ruin) without external intervention that

violates the admissibility constraints of Paper A. Violates C4.2.

C10.2 — Closure

Paper C introduces no new physics. It applies the irreversible
and selective constraints of Papers A and B to controlled

dynamics within a realised record sector.
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Identification of concrete systems instantiating these
constraints — biological, engineered, or otherwise — is treated
separately. No extension of this argument is possible without
new physical assumptions.

Experimental Instantiation

The definitions and propositions of Paper C are abstract
control-theoretic structures. They become empirically

meaningful when instantiated in concrete systems.

Two candidate systems are outlined below — one biological,
one engineered — to demonstrate that the argument makes
operationally testable predictions.

System 1: Bacterial chemotaxis

A bacterium navigating a nutrient gradient instantiates the

scalar control model.

- State. Nutrient concentration at cell location.

- Drift. Diffusion-driven nutrient depletion (a > ).

- Control. Flagellar motor switching (u € {run, tumble}).
- Budget. Metabolic energy store (ATP).

- Viability kernel. Nutrient concentrations supporting growth.
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- No-return surface. Starvation threshold below which

metabolic shutdown is irreversible.

Testable prediction. Survival time scales with initial
metabolic reserve divided by maintenance metabolic rate
(Theorem C5.1).

Noise. Brownian rotational diffusion acts as stochastic forcing
¢, taxing the control budget (Proposition C6.1). Observable:
mean survival time decreases with increasing environmental

noise, controlling for nutrient availability.

Falsifier (C10.1, F_C1). If a non-motile mutant (u_max = 0)
maintains its position in the gradient without external
intervention, agency as defined here is falsified — reach grew

without control expenditure.

Falsifier (C10.1, F_C4). If a motile cell with finite ATP reserve
persists indefinitely in a persistent nutrient gradient flow, the

survival time bound (Theorem C5.1) is falsified.

The experiments are within the capability of standard
microfluidics laboratories. Every construct in Paper C — drift,
control, horizon, budget, fatigue, noise, slack, ruin — maps to a

measurable variable in this system.
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System 2: Autonomous robotic navigation

A battery-powered robot avoiding obstacles instantiates the

2D control model.

- State. (Position, battery level) € R? x R,.

- Drift. Gravitational or terrain slope.

- Control. Motor torque (u € U, bounded by motor capacity).
- Budget. Battery charge (By).

- Viability kernel. States from which the robot can reach a

charging station before battery depletion.

- No-return surface. States where remaining battery is

insufficient to reach any charger under optimal control.

Testable prediction. The robot’s reachable viable set shrinks

monotonically as battery depletes (Proposition C2.1).

Slack. Time-to-boundary under zero motor input = coasting

distance / terrain slope.

Observable. Optimal control policies should exploit silence

(zero motor) on favourable slopes, consistent with C6.2.

These instantiations are not metaphors. Each maps the
abstract quantities (M, B, s, Z_NR) to physically measurable

variables with quantitative predictions. Failure of the
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predictions in either system falsifies the corresponding

propositions of Paper C.

Structural Closure

The trilogy establishes a layered, one-way dependency chain.

Paper A — irreversibility as loss of reachability under bounded
control. Defines Actualization State, proves monotonicity
under decohering dynamics, and establishes no-return

surfaces. Independent of Papers B and C.

Paper B — selection as costly, rate-limited, irreversible
exclusion of alternative record sectors, if it exists. Derives
structural requirements and a falsifiable gravitational rate

bound. Depends on Paper A. Independent of Paper C.

Paper C — agency as normalised reachable viability volume
under constrained control within a single realised record
sector. Establishes propositions on agency decay under drift
(C2.1), survival time bounds (C5.1), noise-induced depletion
(C6.1), non-conservation under coupling (C7), and slack-
agency correspondence (C8.1). Provides worked examples and
experimental instantiations in biological and engineered
systems. Depends on Paper A. Uses the outcome of Paper B

but not its mechanism.
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Failure of Paper C does not invalidate Paper B. Failure of
Paper B does not invalidate Paper A. Each layer is

independently falsifiable.

What remains is empirical. Which systems realise these

structures, and how closely.
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Paper D — Coupled Viability

Structural Conditions for Multi-Agent Persistence Under

Irreversible Dynamics
Depends on Papers A, B, and C
You have lived inside this paper your entire life.

Every family. Every workplace. Every alliance, every rivalry,
every marriage, every team. Every institution that has held

together and every one that has fallen apart.

What looked like sociology, or politics, or psychology — was
geometry. The geometry of viability kernels overlapping in a
shared environment, with drift that never stops and control

budgets that deplete.

Paper C measured agency as a number. Paper D extends that
number to systems of agents. The configurations that persist
are not the ones that are wisest, or fairest, or most intentional.

They are the ones whose geometry permits persistence.

Hierarchy. Cooperation. Deterrence. Cascade failure. Every
structural feature you have ever encountered in human
systems has a geometric definition in this paper. Not as a

metaphor — as the actual claim.
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No new physics is introduced. The trilogy already supplied
everything needed. Paper D is the four-paper spine

completing itself.

Dependency, Scope, and Non-Overlap

DO.1 — Dependency Statement

This paper depends explicitly and exclusively on the results of
Papers A, B, and C.

It assumes as given:

- Actualization State as an operational measure of record-

structured irreversibility (Paper A).

- Selection as costly, rate-limited exclusion to definiteness, if

it exists (Paper B).

- Agency as normalised reachable viability volume under
constrained control within a single realised record sector

(Paper C).

No construct from Papers A, B, or C is redefined or rederived

here.

Failure of Paper D does not invalidate any prior paper.
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DO.2 — Purpose
Paper D addresses a single question:

Given multiple agents, each described by Paper C’s
formalism, operating within shared constraint
environments under irreversible physics, what are the
structural conditions for persistent joint dynamics, and

what forms of emergent order are admissible?

This is a question about the geometry of coupled viability

kernels under drift.

It is not a question about society, cooperation, or morality.

DO0.3 — Positioning Relative to Existing Literature

Multi-agent viability theory exists. Aubin, Bayen, Saint-Pierre,
and colleagues have developed the mathematics of viability
kernels for coupled systems, differential games, and multi-

agent control.

The contribution of this paper is not in proving new viability
theorems. It is in applying viability theory to the specific
structure of irreversibility (Paper A), selection (Paper B), and
agency (Paper C). The results are constraints derived from
physical irreversibility and record structure, not abstract

control theory.
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Paper D is not evolutionary game theory. It does not invoke

fitness, replication, or selection pressure.

Paper D is not multi-agent reinforcement learning. It does not

invoke reward signals, policy gradients, or learning.

Paper D is not mechanism design. It does not invoke
incentive compatibility, revelation principles, or social welfare

functions.

Paper D is viability geometry applied to physically irreversible,
record-structured, agency-bearing coupled systems.

D0.4 — Hard Non-Claims

This paper does not:

- Introduce new physical laws.

- Modify or reinterpret quantum mechanics.

- Invoke psychology, motivation, ethics, value, meaning, or

consciousness.

- Assume rationality, optimisation, or fitness maximisation.
- Model communication, signalling, or strategic negotiation.
- Derive evolutionary fitness.

- Propose normative guidance or prescriptions.
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- Claim emergent structures are designed, intended, or

purposeful.

- Claim that social structures emerge from viability constraints

alone.

Failure of Paper D does not invalidate Papers A, B, or C.

DO.5 — Loaded Terms: Geometric Definitions

Several terms in this paper carry normative or sociological
connotations in ordinary language. Each receives a strict
geometric definition at first appearance. No connotation

beyond the definition is implied.

Cooperation. A geometric condition where mutual record
externalities expand joint viability. No intention, reciprocity, or

payoff implied.

Hierarchy. Asymmetric coupling where higher-capacity
agents’ record externalities dominate the constraint
landscape of lower-capacity agents. A consequence of scale

asymmetry.

Deterrence. A coupling configuration where the cost of
unilateral decoupling exceeds the cost of continued coupling

for both agents. A viability geometry.
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Impedance. The ratio of control authority to drift rate: Z =
u_max / a. Two agents are impedance-matched when their

operator horizons are comparable.

Resonance. Frequency and phase compatibility between
coupled control strategies. Constructive resonance expands

joint viability; destructive resonance contracts it.

Read these definitions. The words do not mean what they

normally mean. They mean exactly what is written here.

Shared Constraint Environments

D1.1 — Shared Viability Domain

When multiple agents operate within a common physical

environment, their individual viability kernels may overlap.

The joint state space is the product of individual state spaces.
The joint dynamics are defined by the individual drift fields,
the individual control sets, and the coupling terms that

transmit the effect of one agent’s actions onto another’s drift.

The joint viability kernel is the set of joint states from which
there exists a joint admissible control strategy that maintains
all agents within their individual viability constraints for all

future time.
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The shared viability domain is the projection of the joint
viability kernel onto the shared constraint dimensions. It is the
region of the common environment in which joint persistence

is geometrically possible.

Structural assumption. Agents share constraint dimensions.
They operate in a common physical environment whose state
is affected by the actions of all agents. This is the defining

condition for being in a shared constraint environment.

If agents’ state spaces are fully orthogonal — no shared

dimensions — they are uncoupled and Paper D does not apply.

This assumption is not a theorem. It is a scope condition. The

paper analyses systems that satisfy it.

D1.2 — Constraint Coupling

Paper C (C7) treats coupling as direct energy and control
transfer between two systems. Paper D introduces a second

coupling mode: constraint coupling.

When Agent A’s actions modify the shared environment in a
way that alters Agent B’s drift field, control set, or viability
kernel, the agents are constraint-coupled. No direct energy
exchange is required. The coupling operates through the

shared constraint landscape.

233



Example. Robot A occupies the charging station. Robot B's
admissible trajectories contract — it cannot charge. No energy
flowed from A to B. But B’s reachable set changed, because

A’s action modified the shared environment.

This is the everyday form of coupling. The seat someone
takes. The lane someone occupies. The opportunity someone
holds. None of it transfers energy. All of it modifies your

viability kernel.

Scope. Pairwise coupling as the base analysis. Network
effects modelled as cascades through pairwise links. Testable

with three-agent systems (the minimal non-trivial network).

D1.3 — Record Externalities (Geometric Exclusion

Principle)

Definition (Record-Writing Action).

An irreversible action by Agent A whose recorded
environmental change lies in the shared constraint
coordinates (e), and which modifies B's admissible dynamics

f_B(-; e) or admissible control set R_B(e).

The shared constraint coordinates are the dimensions of the
environment state space that appear in B’s dynamics or

constraints.
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Geometric Exclusion Principle.

For coupled agents with K_A N K_B # @, if Agent A performs a
record-writing action that changes the shared constraint
coordinates on which B’s viability depends, then K_B changes,

and p(K_B) changes generically (Corollary D1.3).

Non-degeneracy assumption.

The map e — K_B(e) is non-degenerate: the viability kernel
boundary 0K_B depends smoothly on e, and the constraint
surface intersects the kernel boundary transversally. This
excludes pathological cases where the environmental change
lies entirely within the kernel interior, producing no boundary

change.

Proof.

(1) A’s record-writing action irreversibly modifies the shared
constraint coordinates e — e’ (by definition of record-writing

action and Paper B’s irreversibility).

(2) B’s viability kernel is a function of the shared constraint
coordinates: K_B = K_B(e). Since B’s admissible dynamics or
control set depend on e (by definition), and the kernel
boundary depends smoothly on e (by the non-degeneracy
assumption), changing e changes the set of states from which

B can persist.
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(3) Under the non-degeneracy assumption, K_B(e’) # K_B(e).
The transversality condition ensures the boundary moves

under perturbation of e.

The change may be positive (expansion) or negative
(contraction), depending on the direction of e — €’ relative to

B’s constraint surface.

(4) Sign classification. If e’ tightens B’s constraints (reduces
B’s control set or increases B’s drift), K_LB contracts — negative
externality. If e’ loosens B’s constraints, K_B expands —

positive externality.

(5) u(K_B) changes generically: by the transversality theorem,
the set of e’ for which K_B(e’) # K_B(e) but u(K_B(e’)) =

U(K_B(e)) — volume-preserving deformations — has measure
zero in the space of admissible environmental changes. This

is the content of Corollary D1.3.

Corollary D1.3 (Genericity of Non-Neutrality).

In smooth families of coupling maps, the set of record-writing
actions that produce exactly zero change in y(K_B) has
measure zero. Neutral externality requires parameter-level
fine-tuning. This holds under the same non-degeneracy

assumption stated above.

In plain language. Almost every action you take in a shared

environment changes your neighbour’s viability. Neutral
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actions are the exception, not the rule, and they are
exceptional in the strict mathematical sense. The default

condition of coupled life is non-neutrality.

Falsifier D1 (No Free Survival).

If Agent A exerts a negative record externality on Agent B
(measured as decrease in u(K_B)), and Agent B increases its

agency M'_B (Paper C measure) without:
(a) severing coupling,
(b) increasing its control budget u_{B,max}, or

(c) receiving compensating positive externalities from a third

agent,
the argument is falsified.

Scope boundary. The measure-zero neutrality result
(Corollary D1.3) depends on smoothness of the coupling map
and regularity (C?) of the viability kernel boundary. If the
coupling map is non-smooth or the kernel boundary contains
cusps, corners, or discontinuities, the transversality argument

may fail and non-neutral actions could have positive measure.

This is an explicit scope limitation: Paper D’s genericity claims
apply to smooth families of coupling maps with regular kernel

boundaries.
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A further exception arises in systems with continuous
symmetries — rotational invariance, for instance — where
record-writing actions correspond to symmetry operations that
preserve the viable volume by construction. Outside of such

symmetry-protected subspaces, non-neutrality is generic.

Composition of Agency

D2.1 — Joint Agency and Non-Additivity

Paper C established that agency is non-conservative under

coupling (C7.1). Paper D extends this to N agents.
Definition (Joint Agency).

Joint agency M _joint is defined as the viability volume of the
joint state space under joint admissible controls, normalised
by the total joint viability kernel. The measure M is inherited
from Paper C's definition, applied to the product state space
X_1x X 2 x...x X_N.

Proposition D2.1.
Joint agency is non-additive: M_joint = £ M_i in general.

The non-additivity term depends on (a) alignment of individual

drift fields, and (b) compatibility of individual control sets.
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Joint agency is superadditive (M _joint > ¥ M _i) when drift
fields are anti-aligned (agents face complementary threats)

and control sets are compatible.

Joint agency is subadditive (M _joint < X M_i) when drift
fields are co-aligned (agents face the same threat

simultaneously) or control sets conflict.

Proof sketch (by construction).

Superadditive witness. Two scalar systems, each with drift a =
1 and u_max = 1. Uncoupled, each has M _i = viability volume
of its individual kernel. Coupled cooperatively (Paper C, C7.1,
cooperative example), shared control capacity yields effective
u_max = 2 per system. The joint viability kernel expands:

M _joint > M_1+ M_2. This is the cooperative coupling case

from Paper C.

Subadditive witness. System A (a = 1, u_max = 2) coupled
parasitically to system B (a = 3, u_max = 0). B diverts A’s
control capacity. Effective u_max for A drops to 1. The joint
viability kernel contracts: M_joint < M'_1 + M _2. This is the

parasitic coupling case from Paper C.

Since both strict inequality directions are realisable, M _joint =
¥ M_iin general. The sign depends on drift alignment and

control compatibility. =
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Whether coupling creates agency or destroys it is not a
question about intentions. It is a question about geometry —
drift alignment and control compatibility. The geometry

decides.

D2.2 — Impedance Matching

Definition.

Impedance Z_i = u_{i,max} / a_i, where u_{i,max} is maximum
control authority and a_i is drift rate. This mirrors the operator

horizon (Paper A, Theorem T2).

Drift timescale.

T_i = 1/a_i. The characteristic time for Agent i's drift to carry it

a significant distance toward its no-return surface.

When Z_i # Z_j, three distinct failure modes arise.

Failure mode A (primary): Deadline mismatch.

The low-Z agent has short slack — small 1, little time-to-ruin.

Help must arrive before the no-return surface is crossed.

If the high-Z agent’s response delay exceeds the low-Z
agent’s remaining slack, the help arrives after no-return.
Control effort applied after no-return produces zero viability

gain.
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This is the primary failure mode because no-return geometry
makes time windows hard and asymmetric. Once missed, the

effect is permanently zero.

The help that comes too late is not partial help. It is no help.
Every parent of a teenager, every doctor in an ER, every aid
worker in a famine has met this geometry. The window closes.
Effort applied after the window does not partially save what

was lost.

Failure mode B: Absorption bottleneck.

Even if help arrives in time, the low-Z agent may not be able
to convert it into viability. If the limiting constraint is u_max,
then energy that does not increase u_max does not change Z.
Resources delivered to a system whose bottleneck is not

resources produce zero reachability gain.

Failure mode C (secondary): Budget drain on the high-Z

agent.

To rescue a short-slack agent, the high-Z agent must
accelerate its response. The high-Z agent’s budget drains

faster.

This is secondary because the drain is usually caused by
failure mode A: the high-Z agent spends, but the effect arrives

too late or cannot be converted.
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Proposition D2.2 (qualitative).

Coupling efficiency between agents i and j degrades as
impedance ratio |Z_i/Z_j| deviates from unity. Waste increases
with mismatch. The primary waste mechanism is control effort

applied outside the low-Z agent’s viable intervention window.

Conjecture D2.2 (quantitative).

For a minimal interface model with transfer delay T,
conversion factor k, and slack s, coupling efficiency n is
bounded by the fraction of control effort deliverable within the

slack window. A candidate functional form is
n=s1/0+|Z24/Z_ - 1)).

This requires derivation in the specific interface model and is

not claimed as a universal result.

D2.3 — Resonance and Phase
System class.

Linear periodically forced agents with scalar state x_i,
symmetric pairwise coupling x, identical drift a, and sinusoidal

control u_i(t) = U sin(w_i t + ¢_i).

Stability condition: a > k (drift exceeds coupling strength; if
> a the sum mode is unstable and both agents diverge

regardless of phase).
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Theorem D2.3 (Toy Model).

In the above system class, the measure of the joint viability
set — the set of joint initial conditions from which both agents
persist indefinitely — is maximised when w_1= w_2 and @_1 -

@_2 = 0 (in-phase resonance).

The joint viability set contracts monotonically as |@_1 - ¢@_2|

increases from O to .

Proof.

Dynamics: dx_i/dt = —a-x_i + u_i(t) + k-x_j (i # j), with viability

constraint x_i(t) = O.

For identical frequencies w_1 = w_2 = w, define Ap = @_1 -
@_2. Define sum mode S = x_1 + x_2 and difference mode D =

x_1 - x_2. These decouple.
By trigonometric identities:

sin(wt + @_1) + sin(wt + @_2) = 2-cos(A@/2)-sin(wt +
(@ 1+¢_2)/2),

sin(wt + @_1) — sin(wt + @©_2) = 2-cos(wt +
(@ 1+@_2)/2)-sin(A@/2).

The effective control amplitude on the sum mode is
2U-cos(A@/2). The effective control amplitude on the
difference mode is 2U-|sin(A@/2)|.
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The viability constraint x_i = © translates to S = |D| — both
components are non-negative if and only if their sum exceeds

the absolute value of their difference.
Joint viability therefore requires:

(a) S remains large, which requires maximum control

amplitude on the sum mode;

(b) ID] remains small, which requires minimum forcing on the

difference mode.

Condition (a) is optimised when cos(A@/2) =1, i.e., Ap = 0.
Condition (b) is optimised when sin(A@/2) = 0, i.e., Ap = O.
Both conditions are simultaneously optimised at A@ = 0 (in-

phase resonance).

Monotonic contraction. As |Ag| increases from © to m,
cos(A@/2) decreases monotonically from 1to ® (sum-mode
control weakens) and |sin(A@/2)| increases monotonically
from O to 1 (difference-mode forcing strengthens). Both
effects reduce the set of initial conditions from which both

agents persist.

At A =1 cos(1/2) = O (zero sum-mode control) and
|sin(r/2)] = 1 (maximum difference-mode forcing). This is the

worst case. m

Anti-phase coupling does worse than no coupling. The

trigonometry confirms what every coordinated team and every
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dysfunctional pair already knows. When you push as your

partner pulls, the joint kernel collapses.

Conjecture D2.3 (General).

For broader classes of periodically controlled coupled agents,
joint viability is generically maximised under frequency

commensurability and phase alignment.

The empirical signature: perturbing a persistent coupled
system’s phase relationship should contract the joint viability

margin (measured as minimum slack over one control cycle).

Falsifier for Conjecture D2.3.

If a persistent coupled system is shown to have maximum
joint viability at anti-resonant phase (@_1 - @_2 = 1) under

standard coupling, the conjecture is falsified.

Stable Configurations Under Drift

D3.1 — Compositional Equilibrium

A compositional equilibrium (CE) is a joint state-control
configuration in which all agents maintain positive agency
(M_i > O for all i) indefinitely, given their joint drift field and

joint control constraints.

245



CE does not invoke rationality. CE does not invoke payoff

maximisation.

CE is a geometric fixed-point condition: the joint system

remains within the interior of the joint viability kernel.

Mathematical obstacle. The two-agent sinusoidal proof

above succeeds because the viability constraint is linear in
the sum/difference decomposition and the control is purely
periodic. The general case resists proof for three identified

reasons.

(i) Nonlinear coupling terms — multiplicative or saturating
interactions — break the sum/difference decoupling that

enables the trigonometric argument.

(i) Non-convexity of the joint viability kernel under general
control policies means the viability volume does not

decompose into independent modal contributions.

(iii) For non-periodic control strategies, the phase relationship
is not a well-defined scalar parameter, and the optimisation

landscape may have local maxima at non-zero phase offset.

Any proof of the general conjecture must either restrict the
coupling class — to affine or monotone coupling, for example
— or establish a variational principle on the joint viability

volume that is monotone in phase alignment.
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Until such a proof exists, the conjecture is supported by the

two-agent result and by the specified falsifier.

CE = NE: The Operator-Required Charger

This is the load-bearing example of the entire paper. It
demonstrates, with arithmetic only, that compositional
equilibrium and Nash equilibrium are not the same
configuration — that a unilateral local improvement can be a

strict path to extinction.

System. Two robots, each with battery b_i(t) € [0, 180]. Ruin
at b_i = 10.

Drift. Battery drains at 12 units/hour (always on).

Coupling condition. To charge, the other robot must crank
(operate the charger). Charging rate: +30 units/hour. Cranking
cost: additional —4 units/hour (total —16/hour for the cranking

robot). If no one cranks, no one charges.

Compositional Equilibrium: Alternation.

Hour 0-1: R1 charges, R2 cranks. R1: 100 — 100 (capped). R2:
100 — 84.

Hour 1-2: R2 charges, R1 cranks. R2: 84 — 100 (capped). R1:
100 — 84.
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Cycle repeats. Both oscillate between 84 and 108. Both
remain far above the ruin threshold (10). Persistence is
indefinite. This is CE.

Nash-type defection: Refuse to crank.

At any cranking turn, defection costs only —12/hour instead of

—16/hour. Net gain: +4 units/hour. Strict local improvement.

If R1 defects every cranking turn but accepts cranking from
R2:

Hour 0-1: R1 charges, R2 cranks. R1: 1009, R2: 84.
Hour 1-2: R1 refuses. Nobody charges. R1: 88, R2: 72.
Hour 2-3: R1 charges, R2 cranks. R1: 100, R2: 56.
Hour 3-4: R1 refuses. R1: 88, R2: 44.

Hour 4-5: R1 charges, R2 cranks. R1: 100, R2: 28.
Hour 5-6: R1 refuses. R1: 88, R2: 16.

Hour 6-6.375: R2 crosses ruin threshold while cranking. R2
dead.

Hour 6.375-13.5: R1 cannot charge (no cranker). Drifts to ruin
at 12/hr. R1 dead.
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Result. CE (alternation) produces indefinite survival. The Nash
move (refuse to crank) is a strict local improvement (+4/hour).
The Nash move Kills the partner at t = 6.375 hours. Without a

partner, the defector cannot charge and dies at t = 13.5 hours.

Conclusion. CE is not Nash-stable under immediate-payoff
incentives. The Nash-type unilateral improvement exits the

joint viability kernel.

Viability = utility. A rational agent can calculate its way

into extinction by ignoring the operator horizon.

This is the paper’s most important sentence. It is also the
most important sentence about coupled human systems that

has ever been derived from physics.

Every short-term optimisation that ignores the joint viability
kernel ends here. Every relationship, every team, every
institution that treats local improvement as the test of
rationality is operating under a model that is provably wrong
on contact with irreversible physics. The Nash move can be

the dying move. The geometry is what it is.
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D3.2a — Necessary Conditions for Persistence (under

alignment)

Assumption (Monotonic Alignment).

All agents face drift toward the same boundary of the viability
kernel. No agent’s drift partially compensates another’s drift

without control expenditure.

Assumption (Regularity).

The viability kernel boundary is smooth (C?). No agent’s state
is exactly on a cusp or non-differentiable point of the kernel

boundary.

Proposition D3.2a (Necessary Conditions).

Under the monotonic-alignment and regularity assumptions, a
multi-agent configuration that persists indefinitely must

satisfy:

(N1) Aggregate control capacity exceeds aggregate drift (joint

operator horizon condition).

(N2) Impedance compatibility: agents’ drift timescales are
close enough that help can arrive within the low-Z agent’s

slack window.
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(N3) No agent’s record externalities push another past its no-
return surface faster than that agent can compensate
(measured as: drift increase from externality = compensating

control authority).

(N4) Joint control budget is sufficient to maintain all agents
above ruin (total energy expenditure < total available budget

over any finite horizon).

Failure of any condition implies at least one agent reaches its

no-return surface in finite time, under the stated assumptions.

Proof of necessity (sketch).

N1 violated (aggregate drift exceeds aggregate control). Under
monotonic alignment, all drift vectors point toward the same
boundary. The joint system’s state moves toward X_NR at net
rate X a_i — X u_{i,max} > O. Since the viability kernel has finite
diameter, the boundary is reached in finite time bounded by

diam(K) / (£ a_i — X u_{i,max}). At least one agent exits.

N2 violated (impedance incompatibility). Under monotonic
alignment, the low-Z agent’s drift carries it toward Z_NR with
slack s_low = d(x_low, 2_NR) / a_low. If the high-Z agent’s
minimum response delay T_response > s_low, the intervention
arrives after no-return. By Paper A’s absorbing-state result, the
low-Z agent cannot recover. Its survival time T is bounded by

s_low.
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N3 violated (externality exceeds compensation). Agent i's
record-writing action increases j's effective drift by Aa_j. If
Aa_j > u_{jmax} — a_j (the remaining control margin), then j's
net drift becomes positive toward X_NR. By the same finite-
diameter argument as N1, j reaches the boundary in finite

time.

N4 violated (budget exhaustion). Each agent’s control
expenditure rate is at least a_i (the maintenance cost from
Paper C, Corollary C3.1a). If £ a_i > total budget rate, the
aggregate budget depletes to zero in finite time. Once budget
is exhausted, all agents are subject to uncontrolled drift and

reach X_NR in finite time.

Scope of necessity.

Under non-aligned drift — where agents’ drift fields partially
cancel — configurations may persist while violating N2,
because natural cancellation reduces the effective impedance
mismatch. The necessity claim is strictly conditional on the

alignment assumption.
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D3.2b — Sufficient Conditions for Persistence (without

alignment)

Proposition D3.2b (Sufficient Conditions).

The following are sufficient conditions for a multi-agent
configuration to persist under irreversible drift, with no

alignment assumption required:

(S1) Each agent independently satisfies its single-agent
viability condition (Paper C): u_{i,max} > a_i and budget >

maintenance cost.

(S2) All pairwise record externalities are non-negative (no

agent’s actions contract any other agent’s kernel).
(S3) Coupling is impedance-compatible (D2.2).
(S4) Joint control budget exceeds joint maintenance cost.

Under these conditions, all agents persist. No agent’s kernel
contracts due to coupling, and each has sufficient resources

to maintain itself.
Proof sketch.

By S1, each agent satisfies Paper C's single-agent viability
condition independently: u_{i,max} > a_i and budget exceeds

maintenance cost.
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By S2, no agent’s record externalities contract any other
agent’s kernel, so coupling does not degrade any individual

viability condition.

By S3, coupling is impedance-compatible, so control transfers

between agents arrive within viable intervention windows.

By S4, the joint budget sustains the joint maintenance cost

indefinitely.

Each agent therefore remains within its individual viability
kernel for all time, and the joint state remains within the joint

viability kernel. m
Note. D3.2a and D3.2b are categorically different claims.

D3.2a tells you what persistent configurations must look like
(under alignment). D3.2b tells you what configurations will

definitely persist. Neither subsumes the other.

A configuration can satisfy D3.2b without violating D3.2a. But
violating D3.2a does not imply violating D3.2b, because D3.2a

requires alignment assumptions that D3.2b does not.

D3.3 — Instability and Cascade Failure

When Agent i exits its viability kernel (M _i = ®), and the
coupling was such that i's control actions were partially
compensating j's drift, then j's effective drift increases by the
lost coupling contribution.
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Proposition D3.3.

Failure of Agent i propagates to Agent j if the removal of i's
control contribution increases j's effective drift beyond j's
remaining control margin (u_{j,max}). If the new effective drift
exceeds u_{j,max]}, j is pushed beyond its operator horizon and

cascades toward its own no-return surface.

Containment. Cascade stops at Agent j if j has sufficient
slack (s_j from C8.1) to absorb the shock before the increased

drift pushes it past X_NR.

Falsifiable test. Three-agent system: A coupled to B coupled

to C. Terminate A. Measure survival times T_B and T_C.

The cascade condition predicts: if removal of A’s contribution
increases B’s drift past u_{B,max}, T_B is finite. If B’s failure
increases C’s drift past u_{C,max}, T_C is finite. Propagation
stops when the drift increase at an agent is less than that

agent’s remaining control margin.

You have watched this cascade. The supplier that fails. The
institution that depended on it. The systems further down the
chain that depended on the institution. Slack is what stops the

wave. Without slack, the wave keeps going.
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Emergent Order Without Design

D4.1 — Null Model and Order Metric

Before claiming emergent order, the paper establishes what

the absence of order looks like.

Null model.

A population of agents with random (uncorrelated) control
policies under the same drift field, coupling topology, initial
condition distribution, and environment noise. Only survivors

are analysed.

The null model must match every confound except control

policy coordination.

Order metric (Slack Correlation).

For surviving agents, measure individual slack s_i(t) = time-to-
ruin if controls are frozen at time t. Compute pairwise cross-

correlation
p_ij = corr(s_i(t), s_j(t))
over time.

Random survivors: p = O (independent fluctuations).
Coordinating agents: p significantly positive (slack levels move

together).
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Statistical test.

Compute p_obs = mean pairwise correlation among survivors
in the observed system. Build null distribution {p_null} from N
simulation runs with random control policies and survivorship

filtering. Compute empirical p-value:
p = (1 + #{null runs with p"= p_obs}) / (1 + N).
Declare order if p < 0.05.

Structural precondition. Overlap ratio O(t) = p(NK_i) / u(UK_i)
measures geometric capacity for coordination. Slack

correlation measures actual coordination. Paper D uses both.

Falsifier D4 (Order Indistinguishable from Noise).

If observed persistent configurations cannot be statistically
distinguished from the null (p = 8.05 for empirical slack

correlation), D4 is falsified. Observable: empirical p-value.

D4.2 — Structural Filtering of Configurations

Under irreversible drift, configurations that violate the
necessary conditions of D3.2a — under the stated alignment

and regularity assumptions — are eliminated.

Survivors are biased toward configurations satisfying these
conditions. Not because they were selected for. Because

everything else exited the viability kernel.
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Proposition D4.2.

Under irreversible drift and the monotonic-alignment and
regularity assumptions of D3.2a, the long-run support of
persistent multi-agent configurations is contained in the set
of configurations satisfying the necessary conditions N1-N4.

No optimisation, fitness function, or teleology is required.

The structure is what is left. That is the entire mechanism.
There is no designer. There is no goal. There is only the

geometry of what persists when irreversibility runs.

Conjecture D4.2.

Under additional assumptions (ergodicity, stationary drift,
specified policy update process), the distribution of persistent
configurations converges to the set of compositional

equilibria.

This conjecture requires explicit specification of the

stochastic process and is not claimed as a theorem.

D4.3 — Hierarchy as Constraint Geometry

When agents have asymmetric capacity (different Z values),
stable configurations generically exhibit hierarchical structure.
Higher-capacity agents’ record externalities dominate the

constraint landscape of lower-capacity agents.
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Regularity assumption. The coupling map is smooth and the
constraint surface is non-degenerate (as in D1.3). Agent

impedances are distinct: Z_i # Z_j.

Proposition D4.3.

In a coupled system with asymmetric agent impedances
under the above regularity assumption, persistent
configurations exhibit hierarchical coupling: the high-Z
agent’s record externalities alter y(K_j) for the low-Z agent

more than the reverse.

Proof sketch.

The high-Z agent has a larger viability kernel. Higher u_max/a
ratio means more reachable viable states, by Paper A’s

operator horizon.

Under the regularity assumption (smooth coupling, non-
degenerate constraint surface), the kernel expansion projects
non-trivially onto the shared constraint coordinates. The
additional reachable states include states that differ in the

shared dimensions, not only in private dimensions.

A larger footprint in the shared constraint coordinates means
that the high-Z agent’s record-writing actions generically — on

a set of full measure in the space of coupling parameters —
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modify more of the shared constraint space than the low-Z

agent’s actions.

By the Geometric Exclusion Principle (D1.3), this produces

larger changes in the partner’s kernel.

The hierarchy is geometric, not intentional. m

Hierarchy is geometry. Not intention. Not malice. Not will.

Geometry.

The agent with the larger viability kernel projects more onto
the shared constraint coordinates. Its actions reshape the
joint environment more than the lower-Z agent’s actions can.
This is the structural origin of hierarchy as a feature of

coupled systems.

It does not require any agent to want to dominate. It does not
require any agent to mean to dominate. It happens because

the impedances are asymmetric and the geometry follows.

Falsifier D4.3 (Hierarchy Inversion).

If, in a system with Z_i >» Z_j (impedance ratio > 10:1)
satisfying the regularity assumption, the low-Z agent’s record
externalities dominate the constraint landscape of the high-Z
agent — Ap(K_i) from j's actions > Ap(K_j) from i's actions,
measured over equivalent action magnitudes — D4.3 is

falsified.
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Observable: Au(K_i) and Au(K_j) per unit record-writing action.

D4.4 — Cooperation and Deterrence as Structural

Outcomes

Proposition D4.4a (Cooperation).

Cooperative equilibria exist when mutual record externalities
expand each agent’s viability kernel more than coupling cost
contracts it. The operator-required charger (D3.1) is an

instance.

Observable: M _joint > X M _i.

Falsifier D4.4a (Cooperation Nonexistence).

If, in every tested coupled system where mutual record
externalities are positive (each agent’s actions expand the
other’s kernel), M_joint <= £ M_i (joint agency never exceeds

the sum of individual agencies), D4.4a is falsified.
Observable: M_joint and £ M_i computed from the joint and
individual viability kernels.

Proposition D4.4b (Deterrence).

Deterrence equilibria exist when unilateral decoupling cost

exceeds continued coupling cost for both agents.
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Observable: for each agent, M _i(coupled) > M _i(decoupled).

Neither agent can improve its viability by exiting the coupling.

This is a geometric fixed-point, not a threat.

Deterrence in this paper does not require any agent to
threaten anything. It does not require strategy or will. It
requires that each agent’s viability kernel is larger inside the
coupling than outside it. Once this geometric condition holds,
neither agent benefits from leaving — and the configuration

persists.

What ordinary language calls deterrence — between rivals,
between nations, between competitors — has this geometry
whenever it persists. The threats are surface. The coupling-vs-

decoupling viability calculation is the substrate.

Falsifier D4.4b (Deterrence Exit).

If an agent in a coupled system with M _i(coupled) >

M _i(decoupled) for all i can unilaterally decouple and increase
its agency (M _i(after decoupling) > M _i(coupled)), the
characterisation of the configuration as a deterrence

equilibrium is falsified.
Observable: M_i before and after decoupling.

Both are geometric. Neither is normative.
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Experimental Instantiations and Falsifiers

D5.1 — Worked Examples

System 1: Microbial ecology (chemostat).

- Shared viability domain. Nutrient-population configuration

space.

- Record externalities. Waste products altering pH/nutrient

availability (irreversible environmental modification).

- Impedance matching. Metabolic rate compatibility between

species.

- Slack. Time-to-washout at current dilution rate and

population density.

- Cascade failure. Trophic coupling propagation.

Each construct maps to a measurable variable with a
quantitative prediction.

System 2: Operator-required charger (two robots).

- Shared viability domain. Joint (position, battery) space with

shared charging infrastructure.
- Record externalities. Station occupation.

- Coupling condition. Charging requires partner’s cranking.
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- Impedance matching. Battery capacity and discharge rate

compatibility.

- Slack. Time-to-ruin at current battery level and discharge

rate.
- CE # NE demonstration. D3.1.

Each construct maps to a measurable variable with a

quantitative prediction.

D5.2 — Falsifiers

Global Falsifier FO (Kill Switch).

If a multi-agent system persists indefinitely (survival time T =
oo for all agents) while violating all necessary conditions N1-
N4 of D3.2a, under a configuration satisfying the monotonic-

alignment and regularity assumptions, Paper D is falsified.

Observable: survival time T for each agent; verification of N1-
N4 violation; verification that alignment and regularity

assumptions hold.

Falsifier D1 (No Free Survival). Defined in D1.3. Observable:

M(K_B) and M _B before and after A’s record-writing action.

Falsifier D2.1 (Additivity Under Coupling). If joint agency
equals the sum of individual agencies (M _joint = £ M _i) in a

coupled system with non-zero coupling terms (non-orthogonal
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shared constraint coordinates), D2.1 is falsified. Observable:

M _joint and £ M _i in coupled vs uncoupled configurations.

Falsifier D2.2 (Impedance-Independent Efficiency). If
coupling efficiency (measured as viability transfer per unit
control effort) does not degrade as impedance ratio |Z_i/Z_j|
deviates from unity, D2.2 is falsified. Observable: viability
transfer rate at impedance ratios 1:1, 2:1, 5:1, and 10:1 under

matched conditions.

Falsifier D2.3 (Anti-Resonant Optimality). Defined in D2.3.
Observable: joint viability margin at phase offsets §, /4, /2,
3m/4, 1.

Falsifier D3.3 (Cascade Non-Propagation). Defined in D3.3.
Observable: survival times T_B and T_C after termination of A

in a 3-agent chain.

Falsifier D4 (Order Indistinguishable from Noise). Defined
in D4.1. Observable: empirical p-value for slack correlation. If

p = 0.85 for all candidate systems, D4 is falsified.

Falsifier D4.2 (Persistent Violators). If a multi-agent
configuration persists indefinitely while violating one or more
of N1-N4, under a system satisfying the monotonic-alignment

and regularity assumptions, D4.2 is falsified.

This differs from F®, which requires violation of all four
conditions. D4.2 claims the long-run support is contained in

the satisfying set; a single persistent violator of any condition
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falsifies it. Observable: persistence time T and verification of

individual N1-N4 conditions for each surviving configuration.

Falsifier D4.3 (Hierarchy Inversion). Defined in D4.3.
Observable: Au(K_i) and Ap(K_j) per unit record-writing action

in impedance-asymmetric systems.

Falsifier D4.4a (Cooperation Nonexistence). Defined in
D4.4. Observable: M _joint and X M _i in systems with mutually

positive externalities.

Falsifier D4.4b (Deterrence Exit). Defined in D4.4.

Observable: M _i before and after unilateral decoupling.

Every proposition has at least one testable falsifier with a
specified observable. Falsifiers are independent of A, B, C.
Failure of any proposition leaves all prior papers intact.
D5.3 — Scope Closure

Paper D establishes:

- What multi-agent composition must look like under the

trilogy’'s constraints.
- What persistent configurations require.
- What destroys them.

- How to test these claims.
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It does not determine whether specific configurations are

realised in nature. That question remains empirical.

Structural Closure

Paper A. Irreversibility as loss of reachability. Independent of
B, C, D.

Paper B. Selection as costly exclusion, if it exists. Depends on

A. Independent of C, D.

Paper C. Agency as constrained control. Depends on A; uses

outcome of B. Independent of D.

Paper D. Coupled viability under multi-agent constraint.
Depends on A, B, C. Extends coupling (C7), introduces shared
constraint environments, derives structural filtering, hierarchy,

cooperation, and deterrence as geometric consequences.

The one-way dependency is preserved. Failure of D does not

invalidate C, B, or A.
Each layer adds structure. None adds physics.

Together, the four papers constitute the spine. The narrative
of PO is the intuition that motivated them; the spine itself

stands without it.

What you have just read is the geometry underneath every
coupled human system you have ever lived inside. The terms
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changed — kernel for room, drift for decay, slack for time, ruin
for the moment after which nothing helps — but the structure

is the same. It was always geometry.

Appendix E — Exploratory: Reclamation and

Renewal (Non-Load-Bearing)

Paper A’s optional module (A6) addresses capacity saturation
and restoration for single systems. This appendix extends that
to coupled systems: joint saturation, partial reclamation, the

multi-agent loop.

It inherits the speculative status of A6. Explicitly non-load-
bearing. No proposition in the main body depends on it.

Included for structural completeness and intellectual honesty.

All stated proofs in this document follow from the definitions
and assumptions declared locally. All propositions have
specified observables and testable falsifiers. All conjectures

are fenced.
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Kill Switch Registry — APO1

Twenty-four Kill switches are engaged in this paper. Each is
operationally testable. Each has a specified recovery position
— if the kill switch fires, the work retreats to a named earlier
position rather than collapsing entirely. Numbering follows the
master registry: KS-V.1 through KS-V.24. Legacy labels (FO, F1-
F3, G1-G3, B2, FC1-FC5, FDO-FD4.4b) are annotated at first
mention and remain attached to the formal blocks in the body

of the Papers.

KS-V.1is the global kill switch. If it fires, the entire structure
fails — AS is not well-defined and every subsequent result
rests on a quantity that has no meaning. KS-V.2 through KS-
V.7 target the selection postulates and the gravitational rate
limiter. KS-V.8 targets the selection-irreversibility ordering.
KS-V.9 through KS-V.13 target the agency apparatus of Paper
C. KS-V.14 through KS-V.24 target the coupled-viability

apparatus of Paper D.

KS-V.1 — Operational invariance of AS (FO)

Claim. AS values computed from any two co-admissible
coarse-grainings of the same system agree within
experimental tolerance. The Actualization State is a property
of the system and its physical coupling, not an artefact of the
analyst’s choice of basis. This is the global kill switch (legacy

label FO, formalised at D5 in Paper A).
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Test. Prepare a calibration state. Compute AS in two distinct
physically realisable coarse-grainings 0, and O, that both
satisfy D1 for the same physical coupling. The values must
agree within the experimental noise floor 6_exp. Failure:
persistent disagreement beyond 6_exp between two co-

admissible coarse-grainings of the same physical system.
Status. LIVE — EMPIRICAL. GLOBAL.

Recovery. If KS-V.1 fires, AS is not a well-defined operational
quantity and the entire structure fails. There is no graceful
retreat — every theorem in Papers A through D is stated in
terms of AS or quantities that inherit from AS’s well-
definedness. The work would have to be rebuilt on a different
operational measure of record-structured irreversibility, or the
project’s central claim — that irreversibility can be measured

operationally — would be retracted.

KS-V.2 — Pointer-basis targeting (F1)

Claim. The objective-actualisation channel respects the
record algebra 0. Selection lands on the pointer states
selected by the system-environment coupling, not on bases

orthogonal to the pointer basis. Legacy label F1.

Test. In systems where the pointer basis is not position —
superconducting qubits, photon polarisation, spin ensembles

— measure where definiteness consistently appears. Failure:
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definiteness consistently appears in position despite O #
position (or, more generally, in a basis not selected by the

coupling).
Status. LIVE — EMPIRICAL.

Recovery. If KS-V.2 fires, the objective-actualisation-channel
postulate (P in A4.2) fails. The work retreats to decoherence-
without-objective-selection: the ensemble dynamics of Paper
A’s irreversibility results survive, but the trajectory-level
selection account in Paper B has to be reformulated. Paper
C’s agency apparatus depends only on the existence of a

single realised record sector and survives the retreat.

KS-V.3 — Born violation (F2)

Claim. Ensemble statistics of realised branches deviate from
the Born distribution {p_i} predicted by the pre-selection
density matrix. The objective-actualisation channel preserves

Born statistics at the ensemble level. Legacy label F2.

Test. Run repeated selections on prepared states. Compare
the empirical distribution of realised branches against the
Born-predicted distribution. Failure: systematic deviation from
the Born distribution beyond statistical noise across many

trials.

Status. LIVE — EMPIRICAL.
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Recovery. If KS-V.3 fires, the boundary condition BC1 (B3.6)
and the ensemble-consistency requirement (B3.5) fail. The
work retreats to a position where selection produces
individual realisations whose statistics do not match the Born
prediction. AS as a quantity survives; Paper A's irreversibility
theorems survive; only the postulate that the objective channel

respects the Born rule fails.

KS-V.4 — Context dependence (F3)

Claim. Selection depends on observer intervention rather than
objective dynamics. Whether and when selection occurs is a
function of whether an external system has been brought into
interaction with the target system, beyond what decoherence-

with-environment-coupling already supplies. Legacy label F3.

Test. Run identical decoherence dynamics with and without
explicit observation. Measure whether the timing or basis of
selection differs in ways not predicted by the standard
decoherence-environment-coupling account. Failure:
detection of selection signatures whose timing or basis
depends on observer intervention beyond what the

environmental coupling predicts.
Status. LIVE — EMPIRICAL.

Recovery. If KS-V .4 fires, the objective-dynamics requirement

on the selection channel fails. The work retreats to a position
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closer to the Copenhagen interpretation, where selection is
observer-relative. Paper A’s record-algebra-based
irreversibility results survive at the ensemble level; Paper B's
individual-realisation account would require observer-relative

formulation.

KS-V.5 — Selection rate exceeds gravitational

bound (G1)

Claim. Selection rates obey the bound A;; < AE_G[i,jl/h for
gravitationally distinguishable record sectors. The gravity-
limited hypothesis (postulate G in A4.3, formalised in B4) sets
the rate ceiling. Legacy labels G1/ F_G1.

Test. Create spatial superpositions of mesoscopic masses
with computable AE_G. Measure selection timescales.
Compare against the predicted bound t_min = A/AE_G.
Platform: levitated nanoparticles (tungsten, R = 180 nm, T_min
on the order of seconds) in cryogenic vacuum. Failure:
observation of selection with T < T_min for systems with well-

defined AE_G.
Status. LIVE — EMPIRICAL.

Recovery. If KS-V.5 fires, the gravity-limited rate hypothesis
fails. The work retreats to the weaker position that selection is
rate-limited by some universal limiter not yet identified.

Papers A and C survive intact. Paper B’s structural
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requirements (B3) survive; only the gravitational-specific

identification of the limiter in B4 fails.

KS-V.6 — Selection in gravitationally degenerate

regime (G2)

Claim. Selection does not occur between records with AE_G =
0. In gravitationally degenerate configurations, multiplicity
persists indefinitely (or at least at timescales much longer
than the gravity-limited prediction would allow). Legacy labels
G2/ F_G2.

Test. Prepare decohered superpositions with AE_G = ® — for
example, nitrogen-vacancy centres in diamond, or nuclear spin
states with identical mass distributions. Monitor for single-
sector stabilisation versus persistent multiplicity. Failure: rapid
selection in the absence of any alternative limiter satisfying

B4.2.
Status. LIVE — EMPIRICAL.

Recovery. If KS-V.6 fires, the gravitational identification of
the rate limiter fails — selection is happening when AE_G = 0,
so something else is driving it. The work retreats to the search
for the actual limiter. Papers A, C, D survive; B retreats to
structural requirements on selection without identifying gravity

as the specific limiter.
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KS-V.7 — Non-gravitational rate scaling (G3)

Claim. Selection rates do not scale universally with non-
gravitational parameters across macroscopic records. If
selection rates depend systematically on, for example,
electromagnetic coupling strength or thermodynamic state
across regimes where the gravity-limited bound is not
saturated, the universal-limiter requirement fails. Legacy
labels G3 / F_G3.

Test. Compare selection rates across systems with similar
AE_G but different non-gravitational characteristics (charge
distribution, temperature, internal coupling). Failure:
systematic scaling of selection rates with non-gravitational
parameters at rates where the gravitational bound is not yet

saturated.
Status. LIVE — EMPIRICAL.

Recovery. If KS-V.7 fires, gravity is not the universal limiter.
The work retreats to a multi-mechanism account or to a
different universal limiter not yet identified. Same retreat as
KS-V.5 and KS-V.6 — Papers A, C, D survive; B’s gravitational-

specific claim fails.

KS-V.8 — Pre-irreversibility selection (B2)

Claim. Selection cannot precede operational irreversibility.
The selection deviation 8_sel(p) is zero on the pre-
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irreversibility manifold of states. Definiteness emerges only
after the record algebra has become operationally definite.
Legacy label B2 (B2.5).

Test. Look for selection signatures (single-trajectory variance,
individual-realisation distinguishability) in states that have not
yet undergone operational decoherence to the record algebra.
Failure: detection of selection signatures prior to operational
irreversibility — 6_sel(p) # ® on states where the dephasing

map A_O has not yet acted.
Status. LIVE — EMPIRICAL.

Recovery. If KS-V.8 fires, the post-irreversibility activation
requirement (B3.1) fails. The work retreats to a position where
selection and irreversibility may be coincident rather than
sequentially ordered. The cost-of-selection result (B2.4)
survives at the ensemble level; the structural ordering between

Papers A and B reverses or merges.

KS-V.9 — Agency increase without control (FC1)

Claim. Agency cannot increase without control expenditure. If
reach grows without active control input — for example, a non-
motile mutant maintaining position in a gradient — agency as

defined in C1 has been violated. Legacy label FC1.

Test. Observe a system where reach(x) grows or remains

stationary in a drifting environment without active control. The
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canonical case is a non-motile mutant (u_max = Q)
maintaining position in a nutrient gradient. Failure: reach grew

or held without control expenditure.
Status. LIVE — EMPIRICAL.

Recovery. If KS-V.9 fires, the definition of agency as reach-
within-viability-under-admissible-control fails. The work
retreats to a position where agency includes passive
structural-position effects (e.g. anchoring) alongside active
control. Papers A and B are unaffected. Paper D’s coupling
apparatus would require reformulation for the agency-transfer

subsections.

KS-V.10 — Irreversible loss reversed (FC2)

Claim. Once a system has passed a no-return surface, it
cannot return — even with unlimited control input.
Irreversibility is operational: no admissible control trajectory
exists from the post-Z_NR region back to the viability kernel.
Legacy label FC2.

Test. Identify a system trajectory that crosses a no-return
surface (as defined in D9) and then demonstrates return to
the viability kernel through control. Failure: observation of
passive or controlled return from beyond a verified no-return

surface.

Status. LIVE — EMPIRICAL.
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Recovery. If KS-V.10 fires, the no-return surface concept fails
operationally — what looked irreversible was reversible under
sufficient control. The work retreats to a position where no-
return surfaces are defined only relative to specific control
budgets. Paper C's operator-horizon theorem (T2) survives at
bounded-control regimes; the absolute-irreversibility claim

weakens.

KS-V.11 — Stable control past no-return surface
(FC3)

Claim. Control authority approaches zero as the state
approaches a no-return surface (C1.2). Stable controlled
behaviour cannot be sustained on X_NR or beyond. Legacy
label FC3.

Test. Demonstrate a system maintaining stable controlled
behaviour in a region the formalism identifies as past a no-
return surface. The system holds its position or completes
controlled trajectories from the post-X_NR region. Failure:
stable controlled behaviour from beyond the predicted no-

return surface.
Status. LIVE — EMPIRICAL.

Recovery. If KS-V.11 fires, the control-authority result (lim

M(x) = ® as x — X_NR) fails. The work retreats to a position
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where some no-return surfaces are operational only against

specific drift regimes, not universal.

KS-V.12 — Free lunch (FC4)

Claim. Control expenditure carries non-zero cost (C5). A
system with finite control budget B, cannot exceed the
survival time bound T < By/c_min derived in theorem C5.1.
Legacy label FC4.

Test. Observe a motile cell with finite ATP reserve persisting
indefinitely in a persistent nutrient gradient flow. Or any
system that exceeds the predicted survival-time bound while
verifiably operating with finite control budget. Failure:

persistence beyond T_max with verified finite B,.
Status. LIVE — EMPIRICAL.

Recovery. If KS-V.12 fires, the control budget formulation
fails. The work retreats to a position where some control
regimes are cost-free in the relevant operational sense
(perhaps under specific energy-harvesting boundary
conditions). Theorem C5.1 retreats to a conditional statement

scoped to non-harvesting regimes.
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KS-V.13 — Resurrection (FC5)

Claim. Once an agent is in the ruin set (x ¢ Viab(R), absorbing
per C4.2), no admissible control trajectory returns the agent to

the viability kernel. Legacy label FC5.

Test. Observe an agent in the ruin set returning to the viability
kernel through control. The ruin set is operationally absorbing;

failure means it isn't.
Status. LIVE — EMPIRICAL.

Recovery. If KS-V.13 fires, the absorbing-ruin-set definition
fails. The work retreats to a position where ruin is reversible
under specific control regimes. Most of Paper C’s results
survive at the bounded-control level; the irreversibility-of-ruin

claim weakens.

KS-V.14 — Multi-agent persistence violation (FDO)

Claim. Multi-agent persistence requires satisfaction of
structural conditions N1-N4 (D3.2a). A multi-agent
configuration cannot persist indefinitely while violating any of
these conditions, under the regularity and monotonic-
alignment assumptions. Legacy label FDO® (global D-paper
falsifier from D5.2).

Test. Identify a multi-agent configuration that persists for a

duration much longer than the drift timescale while clearly
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violating at least one of the N1-N4 conditions. The
configuration must satisfy the monotonic-alignment and
regularity assumptions. Failure: long-run persistence with

verified N-condition violation.
Status. LIVE — EMPIRICAL.

Recovery. If KS-V.14 fires, the necessary-conditions theorem
(proposition D3.2a) fails. The work retreats to a position where
some N-condition violations are tolerable under the alignment
assumption. Sufficient conditions (D3.2b, without alignment)

may still hold for narrower scopes.

KS-V.15 — No free survival (FD1)

Claim. Record-writing actions by one agent in a shared
viability domain change the viability measure available to
other agents. The Geometric Exclusion Principle (D1.3) holds:
there is no record-writing action that leaves all other agents’

viability strictly unchanged. Legacy label FD1.

Test. Identify a record-writing action by agent A that leaves
both pu(K_B) and M_B unchanged for all other agents B
operating in the same shared viability domain. The action
must be non-trivial (it must have actually written records).

Failure: existence of a non-trivial free-survival action.

Status. LIVE — EMPIRICAL.
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Recovery. If KS-V.15 fires, the Geometric Exclusion Principle
fails. The work retreats to a position where some record-
writing actions are externality-free. The structural-filtering
(D4.2) and hierarchy (D4.3) results would need to be
reformulated; cooperation and deterrence (D4.4) survive if
recast in terms of strict-Pareto rather than generic

externalities.

KS-V.16 — Additivity under coupling (FD2.1)

Claim. Joint agency is non-additive under coupling. In a
coupled system with non-zero coupling terms (non-orthogonal
shared constraint coordinates), M _joint # ¥ M _i. Legacy label
FD2.1.

Test. Measure M _joint and X M _i in coupled versus
uncoupled configurations. If they coincide across coupled
systems with non-orthogonal shared coordinates, additivity
holds and the claim fails. Failure: M _joint = £ M _i across non-

trivial coupling regimes.
Status. LIVE — EMPIRICAL.

Recovery. If KS-V.16 fires, the non-additivity result fails and
the analysis of impedance, anti-resonance, and cascade
effects loses its structural ground. The work retreats to a
position where coupling effects are treated additively at first
order with corrections fitted empirically. Paper D's emergent-
order results (D4) would require reformulation.
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KS-V.17 — Impedance-independent efficiency
(FD2.2)

Claim. Coupling efficiency — viability transfer per unit control
effort — degrades as the impedance ratio |Z_i/Z_j| deviates
from unity. Impedance mismatch is a real cost. Legacy label
FD2.2.

Test. Measure viability transfer rate at impedance ratios 1:1,
2:1, 5:1, and 10:1 under matched conditions. Failure: efficiency
does not degrade with impedance mismatch — transfer rate is

independent of ratio.
Status. LIVE — EMPIRICAL.

Recovery. If KS-V.17 fires, the impedance-matching
subsection fails. Paper D retreats to a position where coupling
efficiency is governed by mechanisms other than impedance.
The deadline-mismatch and absorption-bottleneck failure
modes named in D2.2 would require alternative structural

accounts.

KS-V.18 — Anti-resonant optimality (FD2.3)

Claim. Joint viability margin is maximised away from phase-
aligned (resonant) coupling and approaches a minimum at
phase offsets that align constraint excursions. Anti-resonance
— the offset that distributes constraint excursions —

outperforms resonance. Legacy label FD2.3.
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Test. Measure joint viability margin at phase offsets 9, /4,
/2, 3n/4, it in coupled oscillatory systems with shared
constraint. Theorem D2.3 (toy model) predicts the optimum is
off-resonance. Failure: maximum joint viability at phase offset

O (perfectly resonant).
Status. LIVE — EMPIRICAL.

Recovery. If KS-V.18 fires, the anti-resonance optimality claim
fails. The work retreats to a position where resonant coupling
is optimal — which would invert the design intuition for stable
multi-agent systems. Most of Paper D’s framework survives;

the specific phase result fails.

KS-V.19 — Cascade non-propagation (FD3.3)

Claim. In a chain A — B — C with appropriate coupling and
shared constraint, termination of A leads to degradation of B
and C on predictable timescales. Cascade failures are real and

geometrically constrained. Legacy label FD3.3.

Test. Measure survival times T_B and T_C after termination of
A in a 3-agent chain. Compare against predictions from D3.3.
Failure: B and C do not degrade after A’s termination — the

chain does not cascade.

Status. LIVE — EMPIRICAL.
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Recovery. If KS-V.19 fires, the cascade-failure account in D3.3
fails. The work retreats to a position where multi-agent chains
are more resilient than the structural account predicts — each
link is somehow buffered. The structural-filtering claim (D4.2)

may need to be scoped to non-chained configurations.

KS-V.20 — Order indistinguishable from noise
(FD4)

Claim. Persistent multi-agent configurations satisfy structural
conditions (N1-N4 or similar) at rates significantly above what
null-model noise produces. Emergent order is structurally

filtered, not random. Legacy label FD4.

Test. Compute empirical p-value for slack correlation across
observed multi-agent configurations against a null model.
Failure: p = 0.85 for all candidate systems — observed
configurations are statistically indistinguishable from null-

model noise.
Status. LIVE — EMPIRICAL.

Recovery. If KS-V.20 fires, the structural-filtering claim fails
— what looked like emergent order is indistinguishable from
random distribution of configurations. The work retreats to a
position where Paper D’s results describe the space of
possible configurations but do not predict observed-frequency

biases.
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KS-V.21 — Persistent violators (FD4.2)

Claim. A multi-agent configuration cannot persist indefinitely
while violating one or more of N1-N4 conditions, under the
monotonic-alignment and regularity assumptions. Legacy
label FD4.2.

Test. Identify a multi-agent configuration that persists at
timescales much longer than the drift timescale while a single
N-condition is verifiably violated. Failure: long-run persistence
with verified single-condition violation under the alignment

assumption.
Status. LIVE — EMPIRICAL.

Recovery. If KS-V.21 fires, the necessary-conditions theorem
(D3.2a) is weaker than stated — some N-condition violations
are individually tolerable. The work retreats to a stricter
statement: persistence requires joint satisfaction of the
conditions in some specific logical structure (e.g. at least

three of the four) rather than all four.

KS-V.22 — Hierarchy inversion (FD4.3)

Claim. In impedance-asymmetric systems, the lower-
impedance agent gains more reach per unit record-writing
action than the higher-impedance agent. Hierarchies emerge
as a consequence of impedance asymmetry, not from
imported authority. Legacy label FD4.3.
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Test. Measure Au(K_i) and Au(K_j) per unit record-writing
action in impedance-asymmetric systems. Failure: high-
impedance agents gain more reach than low-impedance
agents per unit action — hierarchy inverts from the geometric

prediction.
Status. LIVE — EMPIRICAL.

Recovery. If KS-V.22 fires, the hierarchy-as-impedance-
geometry claim fails. The work retreats to a position where
hierarchies may have geometric origins but the impedance-
asymmetry mechanism is not the principal driver. Paper D’s
structural-filtering and cooperation results survive; the specific

hierarchy mechanism would need reformulation.

KS-V.23 — Cooperation nonexistence (FD4.4a)

Claim. In systems with mutually positive externalities, joint
agency exceeds the sum of individual agencies — cooperation

is structurally favoured. Legacy label FD4.4a.

Test. Measure M _joint and £ M _i in systems with verified
mutually positive externalities. Failure: M _joint = X M _i —
cooperation produces no joint-agency benefit in systems

where the structural account says it should.
Status. LIVE — EMPIRICAL.

Recovery. If KS-V.23 fires, the cooperation-as-geometric-

outcome claim fails. The work retreats to a position where
287



cooperation in observed systems is sustained by mechanisms
other than joint-agency benefit (e.g. reciprocal altruism,
evolved norms). Paper D’s deterrence and hierarchy results

survive; the cooperation-specific result fails.
KS-V.24 — Deterrence exit (FD4.4b)

Claim. Unilateral decoupling from a stable deterrence
configuration reduces the decoupling agent’s individual
agency. Deterrence is a geometric fixed-point, not a threat:

leaving it costs the leaver. Legacy label FD4.4b.

Test. Measure M _i before and after unilateral decoupling
from a verified stable deterrence configuration. Failure: the
decoupling agent’s M_i increases or remains unchanged after

exit.
Status. LIVE — EMPIRICAL.

Recovery. If KS-V.24 fires, the deterrence-as-geometric-
fixed-point claim fails. The work retreats to a position where
deterrence configurations are sustained by mechanisms other
than joint-agency-loss-on-exit. Paper D’s other results survive;

the deterrence-specific result fails.
Why these twenty-four

The kill switches engage every load-bearing claim in Papers A
through D. KS-V.1 is global — if AS is not operationally well-
defined, every theorem downstream rests on a quantity
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without meaning. KS-V.2 through KS-V.4 engage the postulate
that selection respects the record algebra and the Born
distribution. KS-V.5 through KS-V.7 engage the gravitational
rate-limiter postulate. KS-V.8 engages the structural ordering
between irreversibility and selection. KS-V.9 through KS-V.13
engage the agency apparatus. KS-V.14 through KS-V.24

engage the coupled-viability apparatus.

Each kill switch has a specified recovery position. If a kill
switch fires, the work does not collapse — it retreats to a
named earlier position with the specific theorems that fall
explicitly identified. KS-V.1 is the exception: there is no
graceful retreat from a framework-level failure of AS’s

operational well-definedness.

Smaller claims throughout the paper — specific numerical
estimates in the experimental-feasibility appendices, the
worked qubit example in Paper A’s F appendix, the specific
platform candidates in Paper B’s B5, the chemostat and
operator-required-charger worked examples in Papers C and
D — could each be tested independently. The work does not
list them as formal kill switches because they are illustrative
rather than load-bearing. If a specific worked example fails on
its specific parameters, the paper still stands. If KS-V.1

through KS-V.24 hold, the load-bearing structure holds.

289



Chapter 3 — The Proof

What EH Says

Every result you have read in this body of work hangs on one

thread.

The Embedding Hypothesis (EH) states: the algebraic pre-
state structure defined by {S, B, R, C} embeds into physical

reality.

Every Artist’s Proof — APO5 through AP19, and AP24 — is

conditional on EH.

The derivations are valid: if EH holds, then spacetime,
quantum mechanics, general relativity, the Standard Model

gauge structure, and all other results follow from the axioms.

But if EH does not hold, the derivations remain mathematical
theorems about an algebraic structure that may or may not

describe our world.
This paper proves that EH holds.

The conditional is removed. The results become

unconditional.
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A common misreading separates EH into two claims: an
algebraic claim (the axioms hold in reality) and a geometric

claim (the algebra embeds into a smooth manifold).

This separation imports assumptions from outside the

argument.

Within the axioms, these are the same claim read from two

sides. The argument is given in 5.

What EH Failing Would Mean

If EH fails, reality has some other structure that merely

produces identical results to {S, B, R, C} for every observable.
Ask yourself: what is this other structure?

Reality did have another structure. Before the break, there was
the 1:1. Perfect symmetry. The empty set before the symmetry
break. No records. No observations. No distinction. No

direction. No time.

But the 1:1 is not an alternative to the axioms. The 1:1 is what

the axioms describe the breaking of.

The axiom is 1:1 + 1xe @ AS — the symmetric substrate, the
persistent break, at the actualising now. The pre-state (1:1) and
its break (g), held at AS. The axioms {S, B, R, C} are the
conditions of the breaking. S is the two-sector structure of the

pre-state. B is the break itself. R is the record of the break. C
291



is the constraint that locates the record — somewhere, not

everywhere.

The pre-state is the subject of the axioms, not a competitor to

them.
There is no third option.

Either reality is the unbroken 1:1 — no records, no
observations, empirically empty — or reality contains records,
which requires {S, B, R, C}, which is EH.

You are about to see that this binary is not asserted. It is

proven.

And the proof begins with the simplest premise you will ever

encounter.

The Undeniable Premise

At least one record exists
This cannot be denied.

To deny it is to perform an act of denial — which is itself an
observation, a distinction, a record. The denial of records uses

a record to deny records.

It is self-defeating.
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Stronger than Descartes. Cogito ergo sum establishes the
existence of a thinking subject. The premise here establishes
less and therefore more: not that a subject exists, but that at
least one record exists. No claim about who or what observes.
Only that observation has occurred. Something was

distinguished from something else. At least once.
Premise: at least one record exists.

You cannot escape this. You cannot even formulate its
negation without confirming it. Every objection is itself a

record. Every act of questioning is itself a distinction.
The premise is not assumed. It is undeniable.

Any set of conditions that cannot accommodate it is not a
description of reality. Any set of conditions that can

accommodate it must contain the conditions for records.

What a record requires
A record is: a distinction that has been made and persists.
For a distinction to be made:

S — Two sectors. There must be something to distinguish
from something else. A record of what? Of nothing differing
from nothing? That is not a record. The minimum structure for
distinction is two sectors: £ and P, related by involution o.

Without two sectors, there is nothing to observe.
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B — A break. The two sectors must be distinguishable. If o
maps every element perfectly, the sectors are identical and
the distinction is illusory. Something must break the
symmetry. An element € with no o-image. Without a break,

there is symmetry, and symmetry contains no information.

R — A record. The break must leave a trace. An event that
happens and un-happens has not occurred. The break must be
written to a monoid — appended, irreversible, accumulating.
Without a record, the break is a fluctuation, not an

observation.

C — Constraint. The record must be somewhere, not
everywhere. A record that is everywhere instantly has no
location, no structure, no information content. It distinguishes
nothing from nothing. The record must therefore propagate
finitely: one bound ¢ — bounded propagation is what the
constraint produces. Without Constraint, the record has no

form.

These are not assumptions about physics. They are the

logical preconditions for observation to be possible.
Read that list again.
Two sectors. A break. A record. Somewhere, not everywhere.

Each one is something you already knew must be true. Each
one is something without which “observation” is a

meaningless word.
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The axioms did not invent these conditions. The axioms

named them.

Why the axioms ARE the concepts

Now here is the step that closes the gap. Pay attention,

because the entire proof turns on it.

A potential objection: section 3.2 argues at the conceptual
level (distinction, persistence, boundedness), but the axioms
{S, B, R, C} are specific mathematical structures. Perhaps they

are one possible formalisation among many.
The objection fails.

The mathematical structures are not a formalisation of the
concepts. They are what the concepts ARE when stated

without ambiguity.
The gap between concept and axiom is zero.
Each axiom is forced.

S is forced by distinction. Distinction is binary: X from not-X.
That gives two sectors, not three, not five — because the
minimum of distinction is “this versus that.” The map between
them must reverse order — if it preserved order, the sectors
would be indistinguishable and you would have no distinction.
It must be an involution (0 = identity) — because applying the
flip twice returns you to where you started, which is what “two
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readings of the same state” means. Extensive quantities must
match — because any asymmetry between sectors would itself
be a record, contradicting the pre-state. Every structural

feature of S is forced by the concept of distinction.

B is forced by minimality. The break is minimal structurally,
not by parsimony: a second unpaired element would itself be a
distinction already drawn, a record already written,
contradicting the pre-state status the break departs from. One
element, because more than one is already history. No o-
image — otherwise the symmetry is intact and nothing has
been broken. The minimum viable break. There is no freedom

of choice.

R is forced by persistence. Persistence means: what has
happened cannot unhappen. No inverses. Accumulation
means: sequential composition. Sequential composition is
associative — doing A then B then C is doing A then (B then
C), grouping does not change the sequence. The empty record
(identity) exists as the state before any record. That is a
monoid with no non-identity inverses. Not a group, not a
semigroup — a monoid. The structure IS what irreversible

accumulation means.

C is forced by locality. A record must be somewhere, not
everywhere; the record must therefore propagate finitely — an
infinite rate is the everywhere-at-once collapse already

excluded. The bound must be invariant, and R forces it: a
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single ordering of records across all sites cannot survive site-
dependent rates — two records written at the same now would
arrive at a third site in an order depending on the paths taken,
splitting the ordering R requires. One finite invariant rate. No

freedom.

There is no alternative formalisation because there is no
freedom at any step. Each axiom is the concept it names,
written precisely. The conceptual preconditions for
records and the formal axioms {S, B, R, C} are the same

thing.
Let the weight of that land.

The gap between “what observation requires” and “what the

axioms say” is not small. It is not approximate. It is zero.

The axioms are not a model of reality. They are the conditions

of reality stated without ambiguity.

There is nothing to choose. There is nothing to fit. Every step

is forced.

If you find freedom at any step, the proof weakens. But look at

the steps. There is no freedom.
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Summary of the forcing argument:

Distinction — S: Binary (X from not-X) — two sectors. Order-
reversing — involution. Matching quantities — no pre-state

asymmetry. No freedom.

Minimal break — B: One element — a second unpaired
element is a distinction already drawn, a record already

written. No o-image (else symmetry intact). No freedom.

Persistence — R: Irreversible accumulation — sequential
composition — associative — monoid with identity, no non-

identity inverses. No freedom.

Locality — C: A record is somewhere, not everywhere —
hence finite propagation. Invariant rate, forced by R (site-
dependent rates would split the single ordering of records). No

freedom.

Each row is tested by KS-P.3. Here is the weapon: find an
alternative formalisation of any concept. Show that distinction
does not require exactly two sectors with involution, or that
persistence does not require exactly a monoid. If any step
admits an alternative, the forcing argument weakens and the

proof’s scope narrows accordingly.
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Completeness and Minimality

Two results hold about {S, B, R, C}: completeness and
minimality. This paper states both, carries their proof
sketches, and fences their full formalisation at KS-P.1 and KS-
P.2.

You have seen them referenced throughout the work. Here is

where they become load-bearing.

Completeness (carried in this paper; fenced by KS-
P.1)

No fifth axiom is needed. Every physical structure derived in

the work follows from {S, B, R, C} alone (conditional on EH).

A candidate fifth axiom is either derivable from {S, B, R, C}
(redundant), in contradiction with them (inconsistent), or
independent of them — and the completeness result shows, by
exhaustive case analysis of possible additional structures, that
no independent candidate is required for any structure the
work derives. The set is complete in the operative sense:

nothing the work derives needs a fifth input.

Completeness is fenced at KS-P.1 (LIVE — HARD); the fifth-
degree-of-freedom question is closed at its home, KS-16
(AP10).
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Minimality (carried in this paper; fenced by KS-P.2)

No axiom is removable. Each axiom is not derivable from the

others.

Remove S: no sectors, no distinction, no record possible. The

structure collapses.

Remove B: perfect symmetry, no break, no information. The

structure is frozen.

Remove R: breaks occur but leave no trace. No accumulation,

no facts, no physics.

Remove C: records are everywhere instantly. No locality, no

structure, no form.

Four axioms. None redundant. None removable. Together,

complete.

The two results and their proof obligations

The proof rests on exactly two results about the axiom

set. Nothing else.

(i) Completeness. No additional axiom beyond {S, B, R, C} is
required to generate the work’s derived physical structure. The
case analysis in section 4.1 — any candidate fifth axiom is

derivable (redundant), contradictory (inconsistent), or not
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required by anything the work derives — is the proof sketch
this paper carries. Its full formalisation is the open obligation

KS-P.1 names.

(1i) Minimality / Independence. Each axiom is necessary.
The four removal arguments in section 4.2 — remove any one
axiom and records become impossible in a distinct, named
way — are the proof sketches this paper carries. Their full
formalisation as four independent removal models, one per

axiom, is the open obligation KS-P.2 names.

These two results are the only completeness/minimality inputs
used in the proof of EH. If either contains a gap, the proof
falls (KS-P.1, KS-P.2).

What completeness and minimality mean for EH

Completeness means: {S, B, R, C} are sufficient for all physical

structure.

Minimality means: {S, B, R, C} are necessary — remove any one

and records become impossible.

Together: {S, B, R, C} are the complete, minimal conditions for

records to exist.

There is no smaller set that works. There is no different set

that works without containing {S, B, R, C} as a subset.
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Any structure capable of producing records must satisfy all

four axioms.

You now hold both halves. The undeniable premise: records
exist. The proven result: records require exactly {S, B, R, C}.

The conclusion writes itself.

But before the proof, one more piece. The apparent gap

between algebra and geometry must dissolve.

The Actualization State and the Manifold

The apparent gap
An objection may be raised.

The proof in section 6 establishes that reality satisfies {S, B, R,
C} at the algebraic level. But the derivations in the work —
Lorentzian signature, Einstein’s field equations, the
Schrodinger equation, gauge structure — require a smooth

manifold. Continuous geometry.

Does proving the axioms hold in reality automatically give you

the manifold?
Yes.

The question dissolves when understood from the axioms
rather than from external assumptions about how discrete

structures might converge to continuous ones.
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The Actualization State is the manifold

The Actualization State (AS) is the now — the surface from

which records are written (AP®1).
It is not built from records. It is prior to them.

AS is named at the level of the axiom: 1:1 + 1xe @ AS. The

substrate is held at AS. The break is processed at AS.
AS is the prior, not an emergent quantity.

Every measurement is FROM the AS, never OF the AS. The
now is where collapse happens, where the break advances,

where € writes the next record.

The AS is not constructed from below by piling up discrete
records until they approximate a smooth surface. That picture
— discrete algebra converging to continuum in a large-N limit

— imports assumptions from outside the axioms.

From the axioms: the AS is the foundation. The axioms

operate on it. Records are written from it.

The manifold is not emergent. The manifold IS the

Actualization State.

The smoothness of the AS is not assumed. It is structural, and
it is fenced. Collapse proceeds without gap because the flow
at AS is balanced at every instant (APO3; the a-flow, +1/137 /

—-1/137, net zero). No gaps. No stuttering. No pixels. The now
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does not skip, stall, or discretise. It advances continuously

because the flow is continuous.
The balance of the flow at AS IS the smoothness of the

manifold.

The smoothness of the AS is a fenced structural claim (KS-
P.5): any reproducible discreteness signature in the regimes

where the work’s derivations require smooth structure fires it.

The eye cannot see its own retina

The now cannot be measured AS the now (AP16 section 5,

immeasurability of €).

Measurement is actualisation. It is the break happening. You
can only measure as consequence of actualised reality — from

the now, never of the now.

No measurement can ever detect discreteness in the AS,

because no measurement can access the AS as an object.
The observer IS the measurement surface.

The eye cannot see its own retina. The measurer cannot

measure the act of measuring.

The manifold is as smooth as anything can be, because the

only access to it is through it.
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Not a limitation. The point.

The smoothness of the manifold is guaranteed by the
structure of observation itself. Any measurement that could
detect a “gap” in the now would have to be made from outside
the now — but there is no outside. There is no Archimedean
point. The AS is the only platform from which measurement

OCcurs.

What this section rules out is measurement of the AS as an
object — access to the platform itself. Downstream signatures
of non-smoothness in actualised records remain measurable,
and KS-P.5 names them. The in-principle limit is on platform

access, not on the smoothness claim.

Algebraic and geometric are the same claim

The axioms give the structure: two sectors, one break,

irreversible records, finite propagation.

The AS gives the geometry: the smooth surface on which

these operations execute.

These are not two separate claims requiring two separate

proofs. They are the same reality described in two readings.

The algebraic reading says: {S, B, R, C} hold in reality.
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The geometric reading says: the algebra embeds into a

smooth manifold.

But the manifold IS the AS, and the AS is given by the axioms
operating in reality. Proving the axioms hold in reality proves
the manifold exists, because the manifold is not separate from
the axioms — it is the surface on which the axioms act, and

that surface is the now, and the now is actual.

EH is one claim, not two. The algebraic and geometric
readings are the same thing seen from two sides. This

paper proves both by proving either.

Once you see this, the apparent gap between algebra and

geometry is not bridged.

It was never there.

QRA collapses the same way

The Quantum-Record Alignment hypothesis (QRA) identifies
quantum states with pre-state records. It was carried as a
bridge hypothesis throughout the work — a declared cost,

separate from EH.
The same argument that closed EH closes QRA.

EH split into algebraic and geometric readings. That split was
false — the AS is the manifold, algebra and geometry are co-
constitutive.
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QRA splits into quantum states on one side and pre-state
records on the other. That split is equally false, for the same

reason.
APQ9 derives quantum mechanics from the axioms.

Superposition is the pre-state where ® and 1 are
indistinguishable. Measurement is the break — the now
writing a record. Entanglement is particles remaining in the
unbroken 1:1 state. The Born rule follows from the symmetry of
the pre-state (derivation carried at APQ9; conditionally closed
at KS-Q.1, conditional on the Hilbert-space bridge KS-Q.7).
The Schrodinger equation follows from record monotonicity

under Constraint.
These are not analogies. They are identities.

Quantum states ARE pre-state records, because quantum

mechanics IS the pre-state breaking.

QRA does not add an assumption to the argument. It restates
the identity from the quantum side. To deny QRA while
accepting APQ9 is to say: “Quantum mechanics is derived
from the axioms, but quantum states are not what the axioms

describe.” That is a contradiction.

The logic is the same as in section 5.4. The manifold IS the
AS — not a target space. Quantum states ARE pre-state

records — not a parallel description.

307



The split between “quantum” and “pre-state” is an imported
picture from outside the axioms, where quantum mechanics is
one theory and the record algebra is another. Within the
axioms, there is one structure. Quantum mechanics is how it
looks from the measurement side. The record algebra is how it

looks from the axiom side. Same thing, two readings.

QRA is not a hypothesis. It is a consequence of APO9
and the identity established in 5.2-5.4. KS-P.4 is closed.

The Proof

Everything has been said.

The premise is undeniable. The conditions are forced. The
completeness and minimality are stated and fenced. The

algebra and geometry are one claim.
All that remains is to write it down.

Theorem (EH). The algebraic pre-state structure defined by

{S, B, R, C} embeds into physical reality.
Proof.

Step 1. At least one record exists (3.1). Undeniable. Denial is

self-defeating.

Step 2. {S, B, R, C} are the complete, minimal conditions for a

record to exist (4). Complete: no additional condition is
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needed (section 4.1; fenced at KS-P.1). Minimal: no condition

is removable (section 4.2; fenced at KS-P.2).

Step 3. Reality contains at least one record (Step 1). Records
require {S, B, R, C} (Step 2). Therefore {S, B, R, C} are satisfied

in reality.

Step 4. {S, B, R, C} are satisfied in reality (Step 3). The
Actualization State — the now, the surface from which all
records are written — is the smooth manifold (5). The axioms
give the algebra. The AS gives the geometry. These are one
reality, not two claims. Therefore the algebraic structure
defined by {S, B, R, C} embeds into physical reality as a

smooth manifold.

Step 5. Therefore EH holds. m

Five steps. One premise. Two results from section 4. One

identity from 5. Done.

You have just watched the central conditional of the work

become a theorem.

Not by adding assumptions. By removing the possibility of

alternatives.

The proof did not construct something new. It showed that the
alternative — records exist without the conditions for records

— is a contradiction.
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There was never anywhere else for the proof to land.

Self-Proving, Not Circular

Why this is not circular
A circular proof would be: assume EH, derive EH.
That is not what happens here.

The proof assumes nothing about the axioms embedding into
reality. It starts from a single undeniable premise: at least one
record exists. It then uses the completeness and minimality of
{S, B, R, C} (section 4) to establish that records require the

axioms.

The conclusion follows: reality satisfies the axioms.
The logical structure is:

Records exist. (Premise — undeniable.)

Records require {S, B, R, C}. (Section 3 forcing argument;

section 4 completeness and minimality.)
Therefore reality satisfies {S, B, R, C}. (Modus ponens.)
Therefore EH. (Definition.)

No step assumes the conclusion. No step uses EH.
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The proof is deductive.

Why it is self-proving

The proof is self-proving in a precise sense: the act of

questioning EH confirms EH.

To ask “Does EH hold?” is to perform an act of inquiry. An

observation. A record.

The question is itself an actualisation event — the now

measuring, the break happening, a record being written.
But to write a record requires {S, B, R, C} (3.2).

Therefore the act of questioning EH is an instance of EH

holding.
Not circular. Reflexive.

The proof does not assume itself. The proof is performed by

anyone who attempts to deny it.
Sit with that.

You cannot ask whether the axioms hold without
demonstrating that the axioms hold. The question is the
answer. Not because the logic is rigged, but because there is
no platform outside actualised reality from which to ask the

question.
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The measurement constraint

The act of questioning is action now. To question is to
measure. But the now cannot be measured AS the now (AP16

section 5, immeasurability of €).

Measurement is actualisation. It is the break happening. You

can only measure as consequence of actualised reality.

The question “Does EH hold?” is itself a consequence of EH
holding. Not because the logic is rigged, but because there is
no platform outside actualised reality from which to ask the

question.

There is no Archimedean point. There is no view from

nowhere.

Every question is asked from within the structure that the

question is about.

Not a limitation of the proof. Its deepest content: reality and

its conditions are the same thing.
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The Two Cases

There are exactly two cases. There is no third.

Case 1: No records exist

The 1:1is unbroken. Perfect symmetry. No break, no

observation, no distinction.

EH cannot be asked. There is no one and nothing to pose the
question. EH is neither true nor false. The question does not

arise.

This case is empirically empty: it makes no predictions,
answers no questions, and is consistent with no observation,

because there are no observations.

The pre-state. The empty set before the symmetry break. It is
what the axioms describe the breaking of. It is not an

alternative to EH. It is EH’s subject.

And you are not in this case.

You are reading. You are observing. You have already broken
the symmetry.

Case 2: At least one record exists

{S, B, R, C} are satisfied (completeness and minimality, section

4). The algebraic structure embeds into reality. EH holds.
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Actualised reality. The break has happened. Records exist. The

question can be asked, and the answer is yes.

Why there is no Case 3

A hypothetical Case 3 would be: records exist, but {S, B, R, C}
are not satisfied. Reality contains observations but does not

satisfy the conditions for observations.
A contradiction.

If records exist, the conditions for records are met. The
conditions for records are {S, B, R, C} (3.2, 4). Case 3 is

logically excluded.

One might object: perhaps some other set of conditions {X, Y,

Z} also permits records.

Minimality forecloses this. {S, B, R, C} are minimal: every axiom
is necessary. Any set of conditions permitting records must
contain {S, B, R, C} as a subset. Additional conditions may

exist, but they would be redundant (completeness).
The axioms are the floor. Nothing less works.

Here is the weapon: produce conditions {X, Y, Z} that permit
records without containing {S, B, R, C} as a subset. Show that
observation is possible without distinction, or without

persistence, or without boundedness.
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The argument hands you the weapon.

Consequences

The conditional is removed

Every result in the work was conditional on EH. The conditional

is now removed.
Read this list slowly.

You have seen every one of these results built from the
axioms. Every one carried the same caveat: “Conditional on

EH.” That caveat is gone.

APOS5 (Lorentzian spacetime, special and general relativity,

cosmological constant): unconditional.

APQ®6 (The Leakage Constant: ¢ as absorption limit):

unconditional.

APO7 (complex Hilbert space, Born-rule measure):

unconditional.

APQ8 (Einstein field equations from record algebra; Hawking

temperature recovered at section 6): unconditional.

APQ9 (quantum mechanics, Born rule, Schrodinger equation):

unconditional.
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AP10 (N = 3 spatial dimensions, Lovelock uniqueness):

unconditional.

AP11 (spin, fermions, bosons, spin-statistics, Pauli exclusion):

unconditional.

AP12 (the uncertainty principle, A as the minimum record):

unconditional.

AP13 (decoherence, classical limit, arrow of time):

unconditional.

AP14 (finite quantum gravity): unconditional.

AP15 (U(1), electromagnetism): unconditional.

AP16 (SU(2) x U(1), electroweak, Higgs): unconditional.

AP17 (dark matter as tension field, flat rotation curves):

unconditional.

AP18 (the MOND acceleration scale a, from the axioms):

unconditional.
AP19 (SU(3), strong force, confinement): unconditional.

AP24 (The Residual: all constants as projections of €):

unconditional.

The full Standard Model gauge structure SU(3) x SU(2) x U(1),

Lorentzian spacetime, quantum mechanics, general relativity,
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and all associated results now follow from 1:1 + 1xe @ AS

without assumption.

Problem 7 is closed

Problem 7 (EH as theorem) was listed as the upstream
dependency for the entire body of work. It is now closed. KS-7
(EH) moves from LIVE to CLOSED.

QGRA

The bridge hypothesis QRA (Quantum-Record Alignment) was
carried as a separate conditional throughout the work. QRA

identifies quantum states with pre-state records.

This paper closes QRA by the same argument that closes EH
(5.5): quantum mechanics is derived from the axioms (AP89),
therefore quantum states ARE pre-state records by identity,

not by hypothesis.

The split between “quantum” and “pre-state” is a false split
imported from outside the axioms. KS-P.4 moves from LIVE to
CLOSED.

No bridge hypotheses remain.
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Kill Switch Registry — AP20

Six kill switches are engaged in this paper. Two close with the
proof; four remain live — three HARD, one EMPIRICAL. Each is
operationally testable. Each has a specified recovery position
— if a kill switch fires, the work retreats to a named earlier
position rather than collapsing entirely. Numbering follows the
master registry: KS-7 (the work’s original Embedding
Hypothesis Kill switch, now closed) and KS-P.1 through KS-P.5

(the Proof series).

The closures (KS-7 EH and KS-P.4 QRA) are the central results
of this paper. The live kill switches (KS-P.1, KS-P.2, KS-P.3, KS-
P.5) name the structural points at which the proof can still be
attacked: the completeness and minimality results carried in
section 4, the forcing argument’s zero gap between concept

and axiom, and the smoothness of the Actualization State.

KS-7 — The Embedding Hypothesis

Claim. The algebraic pre-state structure defined by {S, B, R, C}
embeds into physical reality. The conditional that every Artist’s
Proof from AP®5 through AP19, and AP24, has been read

under until now.

Test. Closed by this paper. The proof in section 6 establishes
EH from the undeniable premise (at least one record exists)

and the completeness and minimality of {S, B, R, C} (section

318



4). If the proof is shown to have a gap at any step — premise,
forcing argument, completeness result, minimality result, or
algebra-geometry identity — KS-7 reopens. The specific attack
points are KS-P.1, KS-P.2, KS-P.3, and KS-P.5.

Status. CLOSED.

Recovery. If KS-7 reopens, every result from AP®5 through
AP19 and AP24 returns to its prior conditional status. The
work retreats to the position it occupied before this paper:
results are valid as theorems about an algebraic structure that

may or may not describe our world.

KS-P.1 — Completeness of the axiom set

Claim. The proof of EH depends on the completeness result:
the four axioms {S, B, R, C} are complete — no fifth axiom is
needed to formalise the conceptual preconditions for records.
The result is stated and proof-sketched in section 4; its full
formalisation is the obligation this switch fences. The fifth-
degree-of-freedom question is separately closed at its home,

KS-16 (AP10), in the sufficiency sense.

Test. Find the fifth axiom. Demonstrate that some conceptual
precondition for records is not captured by {S, B, R, C} and
requires an additional axiom that is not derivable from the
four. Failure: a gap in the completeness result carried in

section 4 is discovered.
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Status. LIVE — HARD.

Recovery. If KS-P.1 fires, Step 2 of the proof in section 6 fails.
The forcing argument in section 3.3 still narrows the space,
but the claim that records require exactly the four axioms
(rather than four-plus-fifth) collapses. The work retreats to a
weaker conditional: results hold if the additional axiom is
added. EH itself does not reopen as a hypothesis — it reopens

as a stronger conditional.

KS-P.2 — Minimality of the axiom set

Claim. The proof of EH depends on the minimality result: each
of {S, B, R, C} is independent of the others — none is derivable
from the remaining three. The result is stated and proof-
sketched in section 4; its full formalisation as four
independent removal models is the obligation this switch
fences. If one axiom is derivable, the conditions for records
are fewer than four and the specific structure of {S, B, R, C}

may not embed uniquely.

Test. Derive one axiom from the other three. Demonstrate
that S, B, R, or C follows from the remaining three by a
structural argument that does not import additional content.
Each of the four removal arguments must be individually

airtight; weakness in any one is sufficient for KS-P.2 to fire.

Status. LIVE — HARD.
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Recovery. If KS-P.2 fires, Step 2 of the proof in section 6
weakens. The forcing argument may still establish the
necessity of the remaining axioms, but the structural
specificity claim fails. The work retreats to a position where
records require a smaller set of axioms — EH may still hold for

that smaller set, but the work’s structural unity claim narrows.

KS-P.3 — Record definition

Claim. The proof depends on the definition of "record" in
section 3.2 and the claim that {S, B, R, C} are its preconditions.
The definition is minimal — distinction plus persistence plus
boundedness. The claim that this requires exactly {S, B, R, C}
rests on the forcing argument in section 3.3: each axiom is
the unique formalisation of its concept, with zero freedom of

choice at any step.

Test. Find the alternative formalisation. Identify a step in the
forcing argument that admits an alternative — for example,
demonstrate that distinction does not require exactly two
sectors with involution, or that persistence does not require
exactly a monoid, or that boundedness does not require
exactly finite causal propagation. Failure: a non-trivial
alternative formalisation that captures records without

requiring all four axioms.

Status. LIVE — HARD.
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Recovery. If KS-P.3 fires, the zero-gap claim between
concept and axiom fails. The work retreats to a weaker
position: records may require some structural conditions, but
the specific identification of those conditions with {S, B, R, C}
is not unique. The Standard Model derivations and the gauge
structure results retain their validity as theorems about {S, B,
R, C}, but the claim that any record-supporting reality must
satisfy these specific axioms loses force. This is the most
philosophically exposed of the four live kill switches, though

the forcing argument substantially narrows the exposure.

KS-P.4 — Quantum-Record Alignment

Claim. The Quantum-Record Alignment hypothesis (QRA)
identifies quantum states with pre-state records. Carried as a
separate bridge hypothesis throughout the work until this
paper. QRA is closed by the same argument that closes EH
(section 5.5): APO9 derives quantum mechanics from the
axioms, therefore quantum states ARE pre-state records by
identity, not by hypothesis. The split between "quantum" and

"pre-state" is a false split imported from outside the axioms.

Test. Demonstrate that APO9’s derivation of quantum
mechanics from {S, B, R, C} fails — that the Hilbert space
structure, the Born rule, or the Schrodinger evolution cannot
be derived from the axioms. Failure: APQ9 fails, and quantum

states are not identical to pre-state records by derivation.
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Status. CLOSED.

Recovery. If KS-P.4 reopens (via failure of AP89), QRA
returns to the status of a bridge hypothesis. Quantum
mechanics retains its empirical validity but the structural
identification of quantum states with pre-state records
weakens. The work retreats to the position that quantum
states are computationally equivalent to pre-state records

under appropriate mappings, without the identity claim.

KS-P.5 — Smoothness of the Actualization State

Claim. The AS is the smooth manifold; the algebraic
embedding inherits smooth geometry (sections 5.2-5.4), load-

bearing for Step 4 of the proof.

Test. Energy-dependent photon dispersion from cosmological
sources (gamma-ray-burst timing), Lorentz-invariance
violation at Planck-suppressed orders, or any reproducible
spacetime-discreteness signature in the regimes where the

work’s derivations require smooth structure.
Status. LIVE — EMPIRICAL.

Recovery. If KS-P.5 fires, Step 4’'s geometric half retreats to
the algebraic embedding alone; the manifold-dependent
derivations (AP®8 onward) re-enter conditional status pending

a discrete-to-smooth bridge.
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Closed by this paper: KS-7 (Embedding Hypothesis), KS-P.4
(Quantum-Record Alignment). Live: KS-P.1 (completeness of
the axiom set, HARD), KS-P.2 (minimality of the axiom set,

HARD), KS-P.3 (record definition / forcing argument, HARD),
KS-P.5 (smoothness of the Actualization State, EMPIRICAL).

The four live kill switches concentrate the work’s remaining
structural exposure on four precisely specified attack points:
the completeness and minimality results carried in section 4,
the forcing argument in section 3.3, and the smoothness of
the Actualization State (section 5.2). A reader who wishes to
attack the work’s structural unity has exactly four places to
attack, and each is named, isolated, and operationally
specified. The work’s anti-crank discipline is at its strongest

here — the proof identifies its own weakest points.

Conclusion

The Embedding Hypothesis is a theorem.

At least one record exists. Records require {S, B, R, C}.

Therefore reality satisfies {S, B, R, C}. Therefore EH.

The proof is self-proving: the act of questioning it confirms it.

Not circular — reflexive.

The proof is performed by anyone who attempts to deny it.
There is no platform outside actualised reality from which to
challenge the conditions of actualisation.
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There are exactly two cases. No records: the 1:1 is unbroken,
the question cannot be asked, there is nothing and no one to
ask it. Records exist: {S, B, R, C} are satisfied, EH holds, the

conditional is removed.
There is no third case.

There is no reality that contains records but does not satisfy
the conditions for records. The axioms are not an assumption
about reality. They are a consequence of reality containing

observations.

The empty set broke.

The splinter popped.

The manifold crystallised.
Records accumulated.

And here you are, asking whether the structure derived from

the axioms is the structure of reality.
But the asking is itself the answer.
The record of the question is the proof of the conditions.

Every AP that carried the line “Conditional on EH” now stands

without it.

The axiom spoke.
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Reality is the transcription.
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Three Ways of Being Sure

Prophecy - Induction - Deduction

You make a claim about tomorrow. The question is what gives

you the right to make it.

There are three kinds of right. They are not equal.

Prophecy

A prophecy names tomorrow without naming why.

It carries no warrant in advance. You can check it only after
the event — by bolting a cause onto an effect that has already

happened.

Any outcome fits. You build the story backward, and the story

always closes.

A claim that can be confirmed only afterward, and reshaped to
fit whatever came, was never exposed to failure. It has nothing

to risk. That is why it predicts nothing.

Induction

The sun rose yesterday. It rose this morning. So it rises

tomorrow.
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This is induction, and it is useful. It is most of how you move

through a day.

But it carries no necessity. Its whole ground is the count of

past mornings.

Pile the mornings as high as you like. Not one of them tells

you why the next must follow.

And it never answers the real question: why is there a chain at

all?

Induction reads the pattern. It cannot say what writes it.

Deduction

Deduction begins where induction cannot reach — at the

structure that writes the pattern.
At least one record exists. That is one distinction (Axiom B).

Records accumulate, and they do not un-write (Axiom R).
Propagation is bounded (Axiom C), so the chain has a definite

causal shape (Axiom S).

The sun is a break in progress. Fusion. The axiom operating

now.

By R, that process cannot un-write itself between now and

tomorrow. So tomorrow it rises.
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Not because it rose before. Because the structure that raises
it is a standing, irreversible record — and stopping it would

take a specific structural event that is not due.

The past sunrises are no longer your ground. They are

evidence the structure is in place.

The regularity is no longer extrapolated. It is derived.

And the question induction could not touch — why the chain —

dissolves. You have just written the chain from first principles.

This is what Dissolutions calls reading the structural
constraint at a single site. The deductive rung is that reading,
named as warrant. Classical induction leaps a gap; the
deductive reading registers a structure. Same act, seen for

what it is.

What deduction hands you is a particular kind of necessity.

Not necessity from nowhere. Conditional.

Given the axioms, and given that the mechanism is running,
tomorrow follows — and follows with force. The necessity is

real. It is binding. But it lives downstream of its condition.

And that condition is the seam. Name it, and the consequence

is locked. The same naming is where it could fail.

Show a record un-written, show the mechanism halted, and

the necessity is void — cleanly, at the named place.
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That is the discipline in one line. The condition is the Kill

switch. An unconditioned claim has nowhere to be cut.

The Floor

Stand back from the three rungs and ask what holds them up.

A rung is a way of warranting a claim. But there can only be a

claim if there is something to claim about.

Under all three is one statement. It is not a claim about the

world. It is the condition of there being a world to claim about.
At least one record exists.

You cannot deny it. To say “no record exists” is to write a

record. The denial actualises the thing it denies.

There is no standpoint from which it is false — because taking

a standpoint is already an instance of it.

This is not a choice you adopt and hope holds. It is the one

statement that proves itself in the attempt to unsay it.
Test it against the certainty that feels hardest. You will die.

That feels like bedrock. It is not. Ask what death means, and
how you would test it. Name the kill switch: consciousness

continues, and no record returns from the far side to settle it.
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So “you will die” cannot be falsified the way it pretends to. Its
certainty is borrowed — induction, plus a story you cannot
check. In this scheme it is closer to a dressed-up prophecy

than to a truth.

“At least one record exists” borrows nothing. No induction. No
story. No future to confirm it. It is true now, in the saying, and

true in any attempt to unsay it.

That is the floor. Not a rung. The possibility of the rungs.

It is also where this chapter stood. The Embedding
Hypothesis was proved from this one premise. The same
statement that grounds the proof grounds the warrant: at least
one record exists — and everything you are entitled to say

stands on it.

Prophecy risks nothing and explains nothing.

Induction risks something and explains nothing.

Deduction risks something and explains why.

And all three rest on the one statement whose denial writes it.

A note for the curious: the 420 Code also gives induction a formal
dissolution — in Dissolutions, where the problem is closed by
collapsing the gap between past and future. This page took the warrant

angle; that book takes the time angle. Same floor, two routes down.
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Epilogue — Where the Premise
Stands

Three chapters. One method. One foundation.

Chapter 1 showed what the axiom IS. The governing axiom 1:1
+ 1xe @ AS is irrational. The equals sign is identity, not
equality. The substrate before the break and the substrate
after the break are the same substrate. The rules of rational
arithmetic, which are products of the break, cannot express
this. The statement is prior to the framework that would judge
it. The irrationality is not a defect. It is the structural signature

of the source.

Chapter 2 installed the formal apparatus. The four papers of
the spine — the narrative of Paper 0, the operational
definition of Paper A, the selection dynamics of Paper B, the
agency-as-control of Paper C, the coupled viability of Paper D
— carry the work’s mathematical foundation. The Actualization
State was given a precise operational definition. Records were
shown to be irreversible. The no-return geometry was
established. The four papers together hold the spine without

external support, and each is independently falsifiable.

Chapter 3 closed the central conditional. The Embedding
Hypothesis was the unproved hypothesis on which the entire
body of work has hung. The proof was five steps long. The
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premise was one sentence — at least one record exists. The
completeness and minimality of {S, B, R, C} were stated and
fenced in the chapter (KS-P.1, KS-P.2). The identity between
algebra and geometry — the Actualization State IS the
manifold — was established. The conclusion followed by
modus ponens. The Embedding Hypothesis is a theorem. The
Quantum-Record Alignment hypothesis closes by the same
argument: quantum states ARE pre-state records by identity,
not by hypothesis. Every Artist’s Proof from AP®5 onward

stands without “Conditional on EH".

Notebook I is the foundation. Everything else in the work runs

on what this notebook establishes.

Notebook II (Spacetime) develops the structure of space,
time, and gravity from the axiom. The Lorentzian signature is
derived; the cosmological constant is shown to be ¢; the

dimension count is fixed at N = 3.

Notebook III (Quantum Mechanics) develops quantum
mechanics as the record algebra read from the measurement
side. The complex Hilbert space is derived. The Born rule
follows from the symmetry of the pre-state (derivation carried
at APQ9; conditionally closed at KS-Q.1, conditional on the
Hilbert-space bridge KS-Q.7). The Schrodinger equation

follows from record monotonicity under Constraint.

Notebook IV (Forces and Constants) develops the Standard
Model gauge structure SU(3) x SU(2) x U(1) and the
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fundamental constants. The fine structure constant is
identified with €. The gravitational constant is derived. The

proton mass is computed.

Notebook V (Particles and Matter) develops the particle
content of the universe and the matter-antimatter asymmetry.

The structural integers 6 and 21 appear.

Notebook VI (Cosmology) develops the structure of the
universe at the largest scales. The cosmic web, the rotation
curves, the MOND scale, the stellar fusion, the cosmological

loop.

Notebook VII (The Operator Interface) develops the interior,
the operator, and the terminal ethic. The one-I argument is
given two independent paths. Choice is given a structural

definition. Morality lands with its full structural weight.

Notebook VIII (Consequences) develops the practical work
the structural account makes available. Al alignment,

structural justice, bioethics, economics, the body as operator.

None of those seven notebooks adds anything to the

foundation. They unpack what is already in the axiom.

A reader who has finished this notebook now holds the
foundation the entire body of work runs on. The axiom is
named. The conditions are forced. The Embedding Hypothesis
is a theorem. The Actualization State IS the manifold. Two

cases only; no third case.
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The axiom spoke. Reality is the transcription.

Nothing did not hold.

The reading is the proof.

The reading continues.
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Appendix — Key Structural

Vocabulary

The notebook uses a compact technical vocabulary,
introduced across the three chapters. Each term is installed at
the point where it first does structural work, and each is

available to be looked up here.

The entries below list every term the notebook uses
structurally, with a short definition and the chapter where the
term was installed. Terms introduced in The Axiom element

before Chapter 1 are marked as such.

The axiom and its preconditions

Axiom. 1:1 + 1xe @ AS. The pre-state of perfect symmetry and
its break, at the actualising now. The axiom carries two
distinct operations at AS. The break (+1x¢) is the persistent
distinction potential — held, irreducible, what protects S from
closing back into undifferentiated @. The a-flow (+1/137 —
1/137) runs around the break — actualisation as records get
written via the leakage, defragmentation as records release
back via the replenishment, balanced at every AS-instant, net
zero. A reader inhabits the writing direction of the flow.
Installed in The Axiom.
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Record. A distinction that has been made and persists. What
the axiom produces every time coupling executes. Installed in

The Axiom; developed across all three chapters.

S, B, R, C. The four structural preconditions for records. S —
two sectors, the minimum structural asymmetry. B — the
break, the asymmetry between sectors. R — a record,
irreversible, direction-preserving. C — Constraint: a record is
somewhere, not everywhere. Bounded propagation — records
reaching other sites at a finite rate rather than instantaneously
— is what Constraint produces. Installed in The Axiom; used

continuously throughout.

@. The empty set. The pre-state the axiom opens from. What
the axiom produces by breaking @ is what everything

structurally is. Installed in The Axiom.

The Actualization State

Actualization State (AS). The actualising now. Named in the
axiom: 1:1 + 1xe @ AS. The surface from which all records are
written. The prior in which the substrate is held and the break
is processed. Not an emergent quantity — the foundation on
which the axiom acts. Installed in The Axiom; formalised in
Chapter 2 (Paper A) as the operational measure of record-
structured irreversibility, normalised to [0, 1]. The AS-the-prior

and AS-the-quantity readings are related but distinct.
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AS-the-prior. Named in the axiom. The actualising structural
prior — the now at which the substrate is held and the break is
processed. Foundational. Does not have a numerical value.
Installed in The Axiom.

AS-the-quantity. Defined in Chapter 2, Paper A, Definition
D3. The operational measure of how far along AS-the-prior a
system has progressed, normalised to [0, 1]. The handle by
which experiment can engage with the prior. Installed in
Chapter 2.

Manifold. The smooth surface on which the axioms execute.
Chapter 3 establishes the identity: the manifold IS the
Actualization State. Not built from records. Prior to them. The
smoothness of the manifold is structural, guaranteed by the
balance of the flow at AS, fenced at KS-P.5. Installed in
Chapter 3.

Records, irreversibility, and structure

Two sectors (L and P). The two-sided structure of the pre-
state. Related by involution 6. The minimum structure for
distinction. Installed in Chapter 3; used in Chapter 2 (Paper
A).

Involution (o). The structure-preserving map between the
two sectors. o = identity. Applied twice, returns to the starting

point. Installed in Chapter 3.
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Break (€). The minimum asymmetry. One element with no o-
image. What breaks the symmetry between the two sectors. In
our universe, ¢ is identified with the fine structure constant
a_em = 1/137.036. Installed in The Axiom; discussed in
Chapters 1 and 3.

Monoid. The algebraic structure of records: sequential
composition, associative, with identity, no non-identity
inverses. The structure that irreversible accumulation IS.

Installed in Chapter 3.

Irreversibility. The property R produces. Records cannot be
undone. The arrow of time IS this accumulation read from
inside. Installed in The Axiom; formalised in Chapter 2 (Paper
A).

Agency, viability, and coupling

Viability kernel. The set of states from which life-supporting
trajectories remain available, given current constraints.

Installed in Chapter 2 (Paper C).

Agency. The fraction of the viability kernel reachable from
where the agent currently stands under admissible control. A
geometric quantity, not a metaphysical one. Installed in
Chapter 2 (Paper C).
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Drift. The structural tendency of agency to decrease under
irreversibility, absent active maintenance. Installed in Chapter
2 (Paper C).

Slack. The structural distance between the agent’s current
state and the boundary of the viability kernel. The buffer that
distinguishes agency from emergency. Installed in Chapter 2
(Paper C).

Coupling. The structural relation between agents in shared
constraint environments. What Paper D develops. Installed in
Chapter 2 (Paper D).

The Embedding Hypothesis and GQRA

Embedding Hypothesis (EH). The claim that the algebraic
pre-state structure defined by {S, B, R, C} embeds into
physical reality. The work’s central conditional from APQ®5
through AP24. Proven a theorem in Chapter 3. KS-7: CLOSED.

Quantum-Record Alignment (QRA). The claim that quantum
states ARE pre-state records, by identity, not by hypothesis.
Closed in Chapter 3 by the same argument that proves EH:
quantum mechanics is derived from the axioms (APQ9),
therefore quantum states ARE what the axioms describe. KS-
P.4: CLOSED.

The forcing argument. The argument in Chapter 3 that the
conceptual preconditions for records and the formal axioms
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{S, B, R, C} are the same thing, with zero gap between concept
and axiom and no freedom of choice at any step. The most
philosophically exposed step of the EH proof. KS-P.3: LIVE —
HARD.

The two cases. Either reality is the unbroken 1:1 — empirically
empty, no records, no question — or reality contains records,
which requires {S, B, R, C}, which is EH. No third case.
Installed in Chapter 3.

Kill switches and falsifiability

Kill switch. A structural falsification condition attached to a
chapter’s claim. A statement of the form: if this specific
structural feature can be shown to fail, the claim fails. Each
chapter’s kill switches retain their AP-level labels (KS-40.1,
KS-P.3, KS-7, etc.). The Master Kill Switch Registry is
maintained at the420code.org. Installed throughout; adopted
as the falsifiability standard across The 420 Code.

KS-7. The Embedding Hypothesis. Previously LIVE. Closed by
Chapter 3.

KS-P.1, KS-P.2. The completeness and minimality of the
axiom set {S, B, R, C}. LIVE — HARD. The full formalisation
obligations on which the proof of EH depends; stated and

proof-sketched in Chapter 3.
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KS-P.3. The forcing argument and the definition of record.
LIVE — HARD. The most philosophically exposed step of the
EH proof.

KS-P.4. The Quantum-Record Alignment hypothesis. Closed

by the same argument that closes EH.

KS-P.5. The smoothness of the Actualization State. LIVE —
EMPIRICAL. The manifold identity, fenced empirically.

KS-40.1-40.6 (Chapter 1). See the Chapter 1 register.

KS-V.1-V.24 (Chapter 2). See the Chapter 2 register.

A note on usage

The vocabulary above is compact but load-bearing.

Every term has been introduced at the point where it first does
structural work, and the definition here is a short pointer
rather than a full treatment. A reader who wants the full
structural content of any term should return to the chapter
where it was installed, where the term is embedded in the

argument that gives it its meaning.

A note on spelling. The work-wide formal name is
Actualization State (American spelling), used as the proper
noun and at first introduction. Body-prose elsewhere in the
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notebook uses British spelling (actualisation, realisation,
behaviour) consistent with the rest of the work. The split is
deliberate: the formal name is fixed across The 420 Code; the

body conforms to British convention.
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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
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physicist can check. That work is not my training. The
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kill switch in the Master Kill Switch Registry is welcome to
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submit the falsification, and the 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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