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This observation is structural, not formal; it is developed operationally in | 4
(where AS quantifies movement along this dimension) and formally in the

dimensional analysis of AP10.
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The formal version of this process is @il Al increasing under decohering dynamics
(8 e, 148, 4 T1). But the intuition precedes 434l The universe, once it has begun

to differentiate, does not spontaneously undifferentiate.
4555 el gyl G ae ) — LSaalinn sa 3 Gl s (5o aguall, a5 Yl e ccSlad),

During accumulation, the available space for new records is vast. Branching is cheap.
Alternatives proliferate. The sball 4Ll 3 5 (< =3 148,51l D7) is large relative to the

occupied state.

Agency, in the ~Sxill 4, )i sense of ¢ 43,5)), is near its maximum. There is room to

move.
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Accumulation cannot continue without limit. Every record consumes capacity. Every
actualization forecloses alternatives. The sball 4,4 31 53 shrinks. The 148 5l)( 82523 zlasy

=3 D9) advances inward.

Saturation is the state in which the capacity for new Llsull il 33 ¢ “&ll approaches

zero. The system has committed nearly all of its available degrees of freedom.
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In the language of 14,3l they are deep within the «24iu¥) (i« sa: states from which exit
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A companion document, Artist Proof 83: The Loop Hypothesis, develops this
speculation into a formal conjecture with explicit .=~ conditions. What follows here

is the intuition that preceded that conjecture.
OSan & 8 (e 2 e Ve it Axnd) JS Yl lagana () el il aie,

Second, the structure that has been built is real — it consists of sSc ¥ records that
055 ol ¢Sa Y undone.

The question is whether there exists any admissible transformation that restores

capacity without violating the 4w Sl of existing records.

i 48,4l addresses this in a& A6 as an optional module. The formal conditions are: no
reversal of realized <&i¥ls, no bypass of the +&u¥ mechanism, and restoration of the

effective record-algebra dimensionality.
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Terms such as “witness” or “observe,” if used elsewhere in this narrative, mean J5
<Sladl only — not consciousness, inner experience, or subjective awareness. 2 sl

4l invokes none of those concepts.

S ¢l il ol 1L B84 ey iy Al — ad AL ), 3L il Alaluail iy i) dgan i Lia

AL g
5 s s, B ] al

B @Y @Y1 A il oda il

18



PO.8 — A 4w on Energy and Actualization

daall Qs 2le ol cusl g )l JLaSOU 3da giae 20U G jll,
G Janll (APO3: 43lall dua j3) (s S5 ebias a1 e Ll ) ads

ad %8 Lo (o Babs il g KAl Gaall (Y 5 daall Al LoVl Lo sad) el S LY didial L

The simplest such relationship would be: E = mc? x AS, where AS € [0, 1] is the s
il defined in 143 5,

de AS = @ die, 34N &) Gl A8l Al jae b e i ablun Y aUaill g Al Ay aa 5V AS = 1 (38a34 HUail)
Lo o il 4l Qe JalS 5 (g,

The original intuition was that reality is not given but earned, one ~sS= ¥ record at a

time. This intuition survives even though this particular formulation does not.
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No definition, theorem, proposition, or o=l in Papers A through D requires anything

from %l 2 9eall, @ 43,41l is self-supporting.

i 43,41 defines (38aill s as an operational measure of dslawll 4l ld L <), Tt
proves that AS increases under decohering dynamics, establishes 523U ghus

from bounded capacity, and specifies oaaall Ji& experimental tests.
It e xisy nothing outside standard ~X) KuilSw gnd slall LGN 4 jlas,

« 43 4Y characterizes &) — the transition from multiplicity to definiteness —
as a costly, rate-limited exclusion process. It derives structural requirements

and a =2all J1& gravitational rate bound.
It 148,50 e adiey and LAl eod V.

z 4,4 develops 4lclill as a asaill 44 135 quantity: the fraction of the sball 4Ll 3) g
reachable from where you currently stand under Js84l) asaill, It formalizes

dil ), fatigue, ¢/ &), and exit as consequences of 4w gsedUi,
It e = Papers A and B and a0 e 5 Y,

2 48 4Y extends 'Y 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 underneath it of <l ¥l o Se ¥, It Je Wixy Papers

A, B, and C and LAl 25 Y,

Each paper is (==l Jd Jiius JS54, You can kill any one of them. Each contains explicit

conditions under which it fails.
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A record is the 3l il of an s8¢ ¥ symmetry-breaking event applied to the

vacuum.

— where g, is the undifferentiated potential of PO.1 and Crack is the symmetry-
breaking fracture of P8.2. This notation is evocative, not formal; | 4,5l defines all

quantities operationally.

® 48,50 4, Non-Falsifiable - Structural Narrative - Complete
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| 43,50

Giaill A An Operational Measure of Record-Structured Irreversibility

Reference Document - Canonical

143, is reproduced in full on the following pages. It is the foundation of sl 2 sasll,
It e A2y nothing outside standard A< Syilie and sLall 4,04l 4, )las All subsequent

papers inherit from it.

sl A (AS) An Operational Measure of Record-Structured Irreversibility
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saaill s (AS): An Operational Measure of Record-Structured Irreversibility

Y aall, ade Cojaill 8 daat ccillal nanll LA (i€t i g sdl), Jans 138, Aleal o3 155 ol
AR o

434l o2 puilds a tool to measure how far that process has gone — and proves that,

under the right conditions, it can only go in one direction.
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@il dla (AS) is an operational measure of <Slawdl i wsSe Y in quantum systems.

AS is defined relative to physically realisable ¢l < &lls induced by system-
environment interactions and quantifies the degree to which mutually exclusive
classical alternatives have become durably encoded. Irreversibility here is not about

entropy.
Cilad Laga 83 gall oy GliSay ¥ (21 3al) — (a5l AN 3l

The paper establishes criteria under which AS is well defined, operationally invariant,
and ==l 38 and the proof shows that AS is monotonic under decohering, record-

forming dynamics within a precisely delimited scope.

The paper further introduces a domain-neutral no-return theorem showing that
bounded maintenance capacity generically induces ~sS= ¥ loss of reachability,

independent of ~Sl \SilSus or gravity.

Together these results provide a (== L& interpretation-agnostic framework that
isolates wladl Kis o s&c ¥ as a measurable 4l 3 il independent of collapse,

gravity, or consciousness. You need no interpretation of ~ KuilSw to use this tool.
S0 (o o) gans s (a1 Y 5 AN Aum 3 Y ¢ et AN YL bl ) Ladd Ui

ixall isolates the definitional and theorem layers required for any subsequent theory

of <&l or definiteness.
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AO.2 — What This 2 4_slloes and Does Not Do

It does: Define AS as a physically meaningful measure of cSlaull i usse ¥,
Prove AS increases under decohering dynamics (4= T1). Establish g

335 s from bounded capacity (% = T2).
Require Slsidl <\dll — and die if that requirement fails (<) U FQ).

It does not: Propose a collapse mechanism. Derive the (s 33, Appeal to

gravity or cosmology. Solve the measurement problem. Explain consciousness.

auds AQ-A3 are s, Lol ciiSes A4-A5 add pasall 8 Jiies S5 postulates. If A4-AS5 fail,
AO-A3 are untouched.
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Yet 8l SailSus 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 43,4l »3a,

Quantum theory describes closed systems by unitary evolution in < _ls elad,
Experiments, however, report records: mutually exclusive, persistent, classical facts.

Between these descriptions lies a structural gap.
A yrall lipaal) g laliny sl el aladinly 5 sl 038 S (g lamall bl A3 Jslay,
diladl aes e 1iale alail) muay e Y dia s dalal) Ciay e ol L) ¢l 38 YD) 205 Y asalaall 238,

Decoherence explains the suppression of interference, but by itself it does not
quantify how much ~sSe ¥ structure has formed, nor does it specify when alternative

histories cease to be operationally recoverable.

s 9158 (s el 2 yme o T 51 a8 a5 (Ll 38 Aalial B pall o () L i A a2 i)
Asgial) =S,

That quantity is @il dls (AS).

Note. This argument is intentionally minimal. It does not ask why the universe

permits records, only when they become s Y.
aals o) 8 Aalie g S (e Baeia il Wi (i g Sl & sl Ja g Al ol A sallle iy Y,

il Gael ay yhas oY 1S e Tjal sk laan 48, 1 855 ¢ SaudISH Ol ) S0 Jag) 530 e JEY) e
3adaall,
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@il Ala is not a redefinition of Ll sl (a8 entropy, or thermodynamic b L. 4 S U

distinctions are structural.
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Decoherence is a dynamical process that suppresses interference between
alternatives. AS is an operational quantity that measures the extent of record-

structured commitment resulting from such Ll gl )&,

The two Ll _all (jlas: 3 3aia can occur without significant growth of AS, and AS can

increase even when total entropy change is negligible.

oLl Alladall 45 Al b LagidDELY s sale a5,
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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 realizable <l .

A system may have high entropy and low AS, or low entropy and high AS. The L)

ol 8 U8 comparison below makes this independence explicit.
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) 4y 5 )l (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 maximized or

minimized J&ww J<% of the other, as the worked comparison below demonstrates.
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The history-based representation AS,, (~2& A2.4) is restricted to single-time record
histories under complete kil (a8, This is a deliberate narrowing relative to the full

consistent-histories framework.

¢4ia 3V Badele iyl e sanay ransy JulSI LYY AS) e YL AS) Y ¢ Y1 Gy paill BISE punS ansy
il fy ) sl Jas,
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@ W distinctions are structural, but their force is best seen in a concrete system
where AS and 48 45 )lall redundancy move Jiiue J<a,

& L two cases 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 &3l (il 0 = {0)(8], [1)(1]} is

prepared in the pure pointer state |0).

The environment consists of N = 1000 fragments, each of which Jiuw JS records

that the system is in sector |Q).

The 4l 445 ,)A redundancy is RS = 1000: the classical information “the system is in
|®)" is broadcast across a thousand environmental fragments, and any small fraction

of the environment suffices to determine the system state.

<l aa 5, the sector weights are po = 1, p; = 0. The o5 s s H({pi}) = © and therefore

AS = 0. No branching exists.

The environment has recorded a single, definite outcome with extreme redundancy,

but there is no alaull 4l cld 4 eI to measure.

Case 2: Zero redundancy, maximal AS. A four-level system S with sl (ulul O
= {Il1,, I1,, I3, I1,} is prepared in an equal superposition and then fully

dephased by /&Y to a single environmental fragment E.

The sector weights are p; = 1/4 for all i. 481l 445 )1l redundancy is RS = 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}) / log 4 = log 4 / log 4 = 1. Maximal idsull 1) 53 ¢ 5l

exists across four mutually exclusive alternatives.
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Y Dl Gl

AS and redundancy are therefore not merely different in definition; they are
operationally independent quantities that can be maximized or minimized J&iwe JS

of each other.

AS vs. Ol s 0% Lag i, A similar divergence arises with respect to ¢sé b il
Olasi S(p).

g phige glad el TT; A8 e di = 100« dhalide Ala 8 e Uadll 13a 8 JalSlb 5 ) peasa pUail) Al aa
gl Jala i guadl,

The glasi 098 b il is S(p) = log 188, which is large. But AS = H({1}) / log 1= 0, since

all weight resides in one sector.

oSl e a two-sector system with rank-1 projectors and equal weights py = 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.

Al Al e Gl
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The Operator Horizon introduced in ~& A3 instead defines 4w <=3\ as a boundary of
operational accessibility: a geometric limit in state space beyond which recovery is

impossible given bounded control capacity.

bl o sgdall 138, 4 gaial) lileall a3 J g g AN ey edpdaail) ol Jlaia¥) e Gl o Uia dpus S D)
83 _yaall 5 LDl 5 4l Al e o sl
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A1.3 — Gaill i

The paper does not propose a mechanism of collapse, derive the (s 38 or assume

any cosmological or gravitational hypothesis.

It isolates the minimal definitional and theorem-level structure required to make ¥

Slandl K uSe a well-defined, operationally testable concept.

Any subsequent theory of outcome &Yl or definiteness s o s built on this

foundation—or fail against it.
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Yl ), s ) ae caad) s 13, Jady 13l Jancally Oy s Tanmae Tl s Cay a3 JS, @l 0Y) 0 L e

A2.1 — D1: Physically Realizable Coarse-Graining O Let H'; be the system slxé

< and #, its environment.

A physically realised (&l w8l O is a finite set of mutually orthogonal projectors O =

{I1;} satisfying all of the following conditions:

0 is not observer-chosen. It is selected by the physics of oY), You do not choose

what gets measured. The interaction chooses.

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 get to pick the basis. The

ol®Y) picks it for you.

ol ALY J sa Alaa D,

Lle, the physically realizable oéall il 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

oY,

=3 D5 (Operational Invariance) then tests robustness across any co-admissible

candidates that survive this iyl

The identification of the L%l »as for a given Hamiltonian is a research problem, not
a closed algorithm; D5 converts this openness into a u=~all Jié condition rather than

leaving it as an ambiguity.
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A2.2 — D2; skl 413 daja AOQ

Given a 4l 4d sias p on H, define the Lkl 1)) 4 A relative to O as AO removes

quantum interference between <Slaull ¢\is while preserving classical probabilities.
i) alina JA Ua — 13gd A0, auls mada i, AQ J ol Y,

It enforces projection onto the <Saull ;s isolating entropy attributable to sSe Y
branching rather than lack of knowledge. This step prevents conflating classical

uncertainty with physical actualization.
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Statement of the i

Let p be the reduced 43tsll 4 a0 of a system after tracing over inaccessible degrees
of freedom. Let O = {I1;} be a physically realizable ¢l v &l selected by system-

environment interaction (=5 D1).

Define the _shll 4l 3) ik )\ relative to this <Slawdl ya: AO(p) = X; IT; p [1;. The Giadll Al

(AS) is defined as where S_eff is the effective record entropy defined below.

Effective Entropy When <Jaull glis [1; have rank greater than one, the
dephased entropy decomposes as where p; = Tr(Il; p) and o; is the normalised

intra-sector state. AS tracks inter-sector branching only.
J P e gl JS Jah hany e AS — b Alalall Aladl) Ly g yuY), Tase AS S 4%es

with intra-sector entropy discarded by construction. For rank-1 sectors, S(AO(p)) =

H({p:}) and no distinction arises. A formal derivation is provided in G~k A.

Rank-1 Simplification For rank-1 sectors (pure pointer states), the definition
simplifies to: where H is the (sl LA and N = |0] is the number of glké
QM\s,
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Let O = {I1;} be the physically realizable <:Jsull s, with total record-algebra

dimension dO = X; rank(IT;).

Define: S_max(0) = log dO, S_min(0) = O, where the minimum corresponds to

support on a single <Slaull ¢kg,

Crucial clarification. S_min(0) = 0 is attained whenever the system’s
accessible state is pure and confined to a single <Saull ¢ even when II; has

rank greater than one.

Internal degeneracy or unmonitored degrees of freedom within a sector do not
contribute to actualization. AS therefore vanishes upon complete <&l into a single

Sl ¢Wd independent of that sector’s internal rank.
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£l Tr(p?) Wulaia (S alai g eJgadl Cams TSudIS Jaliae 43 Jad (Sulaia () o alair (455 jaate cpilla Laliy
Jad o Auia 313y ) s sSe Y IS0 aday) 3 i g

gl Sy Jdd U, oAl b 8 1S Sy o oS Laa SIS,
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.-'% ws‘
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~dadi e aukaill 4O« o eliail 3 addl 2806 Y. S_min s S_max Lol 3 4l Al (K Loy ol

J pihadl gl ol adoaill aie 138 AS 48l e e Ay e Sl o ALl
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AS Al il atid Kay Al Jlaall e ol A Lol 3l alail) 30 e gl i aal g Ol e cuny

?LA‘}:\:\AS

Ll ysxidlee, 1388 a1 8 R8AS =1 — Ll il Alee, o sbasilly (Dlaine Gaga sl IS ¢ sl &
AS = 0 — Ju 3k caslgas,

AS )5l (e oS das, pedass dn g sl Gl )5l e B oS iy,

Y Lo BV, d8aY Ll ads A oda, (il ol ol caigd o oy Ja ol caios Lo dlag s (1S oS0 iy ¥

< AS.,
EINE SRR YGRS P B RERTEUR )

pula ISy 65 IS 138, V) 2 g g Al (e oS G it AS ) ghall A1) 3l Al (e st AO(p)e 0 Y
Al il Adall p 3 il

A system may have AS = 1 before L il (a8 has physically occurred, because the

sector weights of the dephased state already distribute maximally.

AS measures branching structure, not ki 3l (jla8 progress; the latter is tracked by the
32523 =l (D13).

Clarification. AS measures inter-sector branching structure in the <Jsull s It does
not by itself measure operational 4 sSe3Ul, which is separately determined by loss of

recoverability (—u =3 D13, a8 A4.1).

A system may have AS = 1 before L sill ()i is physically complete, because the

sector weights of the dephased state already distribute maximally.

AS tracks branching potential; the 2523 #lhw tracks 4w sSe 2,

AS diia i da 0 s — Akl ) OIS pliad — Ay Al sliadll OS] (go3e laieS Cah,
A<l il & (AP10) (st aal 5 ¢ ey aal g cdilSa AU ualdl) 22l sa,
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el LY 3 (AP10) 23xiall, dyie ) 3aa) 55 4plSa EOG caila ) dseall 45 jall da )0S 333 e (o)

sl 8 Gy S pladll ealal 143 8 G,
i) ) aadl) s e S Jaas S,

ASQ)@\J&LY\Q«Q;@\\.SAd)laujr.e&ﬂ\eﬁ'jduw@(p‘s=®h\}t&§‘§§)‘5‘4§y\tjﬂ\ﬁ;
(AS =1).

This interpretation wslhas e by the definitions of A®-A3, which are Lld cas, Tt is
offered as structural orientation for readers approaching AP®1 within the broader

corpus.
ol 40 o<1 Amd) o Ja1 Lyl €0 — S3al) 3 ga o) Gasal) oyl 48) — 2hwiall ile (el al) aall

£l ail) e (iSE S 221 ga 3a,
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AS is defined relative to a o<all cw ysill, Absolute, basis-free AS is meaningless.
Physical legitimacy is enforced by =% D5 (Operational Invariance): if AS varies

beyond x il =<Luill across physically realizable 0, 4xsll fails.

a2l sl Lyl 1aa,
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pgdi s JUal) 138 &, Aiis lay el Jead 618 V) AS iy jaill 36l 58 (a8 (51 04 5y Law Juadl,

Consider two qubits, S; and S,, each coupled to an independent environment
fragment, with sl sl O = {1g0, o1, 10, 111} Where ITy; = lij)(ijl and i, j € {O, 1}.

The <Jaull s has d, = 4 sectors.

Ay A [P(0)) = (I00) + [01) + [18) + [11))/2 & |Ep). skl &3} 2 & yisall Aall Ay(ps)
= diag(V4, V4, V4, Va). delhdl o) 35¥): pyj = V4 < (ijj).

Effective entropy: S_eff = H({¥4, ¥4, V4, V4}) = log 4. Normalization: S_max = log 4. <Al
AS = log 4 / log 4 = 1. Maximal branching across four <Slaull ¢ s,

Ol sl Y1 S, ey aday) 5 288 ais S, ulaia JI 3 Y,

Aalid) sl pg = Y5(IO)(O] @ [+)(+]) + (D & [+)(+]) AL 22 2)/4)1+ | )0= (| Y+ <
@=L sl 5kl pog = Pog = P10 = P11 = Y.

AS = 1 Taass,

The sector weights are identical despite partial & 3l ()38, This illustrates the key
point: AS tracks the branching structure of the dephased state, not the physical

progress of dal jill jlag,

The distinction between these two situations is captured not by AS but by the b

5253 (D13): in the first case the system has crossed it; in the second it has not.

Finally, suppose & sl ;lé has completed but one sector has been depopulated by

dissipation, yielding weights poo = V2, Po1 = ¥4, P10 = ¥4, P11 = O.

o S_eff = H(Ve, ¥4, ¥4, 0) =Y log 2 + Yo log 4 =Yslog 2 + log 2 =3/, log 2« s AS = (3/,
log 2) / log 4 = 3/, = 8.75. & 5l Ji& ),

This is consistent with 4x=xé T1b: non-unital dynamics can decrease AS.
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A2.4 — D4: Jia AS &)W e Al (ASy)

Let {a} denote a set of coarse-grained histories defined by O, with L il )

functional D(a, ).

Define the history-based representation of il s as where p, = D(a, ), H{p.}) is

the ¢sli Loy il and N is the number of admissible histories.

AS, = O: a single trivial history (no branching). ASy, = 1: maximal &dawll 4501 53 g 5l
Under complete L il (lxé in the (0-algebra, the dephased entropy reduces to H({pi}).

In this regime, AS;, coincides with the primary AS definition up to normalization.

Formal conditions for equivalence are established in G~k A.

LIS (A Cpalalall ol 80 3 g g gyl i, Aaling Le JS g sV g peils oy gl dnall 585 i 1)
Al fy ) 5l
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LS 485k Ja g pil ol jlaial S glie e« sy s shy e die dge il Clallacadl (Jasll 128 3,

Effective orthogonality. Two states p and ¢ are effectively orthogonal iff Ylp -
0|1 = 1 - &, for fixed Axddll zalilll £ > Q. Equivalently, they are operationally

distinguishable to within € of perfect discrimination.

A A o adaiad ol 13) Jadh g 1) Ll Jgeasll ALE 18 Luald, Jguasll Ll LAY o2 CPTP
Ugida A oo Sk A Jidal) ANAl) juas Ul Al o Jaxi g,

Jalaall £ Jane Jilas (o cpanm ol a5 By il 280 Jiay
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Let 0, = {I1;""} and O, = {I;'*} be two physically realizable ¢l  lls of the same
experimental system, each admissible under — =% D1 for the same preparation and

control protocol.

Let p be the reduced state inferred from L a3 accessible data for that protocol, and

let 5_exp > O denote the L a3 justified tolerance.
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iy 28 D5 (LAl cldll callaia)

AS is operationally invariant iff for all admissible pairs (04, O,) and all Ly yas

accessible p,

If two oall cw y8ills are both physically realized by the same system-environment

o &Y and apparatus constraints, they must not yield incompatible AS values beyond
) malual,
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If there exists any L a3 realizable system and any co-admissible pair (04, O,) such
that repeated trials yield |AS(p; O1) — AS(p; O,)| > &_exp persistently, then AS is not a

well-defined operational quantity and aaall is (= s,

ot el a5 Vs,
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Read FO again. It is the most important sentence in 43l »3a, If two legitimate ways
of measuring the same system give different AS values beyond x>l =ludll, the

ENTIRE programme is dead.

Not just 485!l o2a, Everything built on it. Every subsequent proof. Every ethical

conclusion. All of it.
la e <ol ool elalis — d8alall daall gas 13Sa,

D5 does not require invariance under arbitrary refinements, coarse mathematical
partitions, or observer-chosen bases. D5 requires robustness only across physically

realized <Saull yas within the same experimental context.

Jé later dynamical postulates does not affect D5; conversely, J&@ D5 invalidates the

entire AS program.
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(308 Csats LRI L e ) pall s e

The system-environment interaction selects the charge-parity basis as the sl ya:
0. = {lg){(gl, le){el}, where |g) and |e) are the ground and excited states of the

transmon.

This is a physically realizable (5l —w 8l in the sense of D1: it is selected by the
dispersive Hamiltonian H_int = x ata o_z, which entangles photon number with qubit

state.

Now consider a second &l «w &l grising from the same physical setup.

E]
o

03% Gl 2 Tlad J3s 8l (3 e oS s oy e ) 55 Sl Al LY iy gl () 581 13,

< «a 5, for the dispersive interaction, the conditional phase shift ¢ = xt on the cavity
field produces pointer states that remain the energy eigenstates |g), |e) regardless of

drive parameters.

Any co-admissible ¢l w8l @, arising from the same dispersive o) %Y must

therefore coincide with 0, up to a relabeling of sectors.

Operational invariance test. Prepare the qubit in state |{) = a|g) + Ble) and allow ()

Ly 5 via photon-number-dependent dephasing. The reduced state is ps = |al?|g){(g| +
1BI*le)(el.

AS(p; O41) = H(lal?, |B|?) / log 2. Because O, coincides with O, for this /3!, AS(p; O,)
= AS(p; 0,) exactly.

D5 a= 5isa §_exp = O.

The example is deliberately simple: in circuit QED, the dispersive /&Y uniquely
determines the sl sslul, s0 co-admissible cxiall < &lls are trivially equivalent. That

is the point.
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Operational invariance is most easily verified in systems where the ¢ &Y

Hamiltonian strongly constrains the sl s,

The interesting tests of D5 arise in systems with richer ¢\_®Y! structures — and those
are the systems that will either confirm or kill 4>~ where multiple pointer candidates
compete and small differences in AS across co-admissible bases can be measured

against &_exp.
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OS5 (1) ASaalind 5 e ) 4nd Candy shaty HUail 41 il Alall CPTP {£320 ds g L.

Let O = {[1;} be a physically realizable <:3sull ya (& =3 D1), and let AO(p) denote the
associated skl 4l ) ik &,

4 . T1 (Statement) Here is the central result of | 43, Everything before it

was preparation. Everything after it is consequence.

Y el ol sall o g o LeiSay W Alaall, gty o) W) g 8l S Y By 5y S0 o g DG a5 Ayl
Lo i€ o a€ay ¥ Jadl, Luae Cany of Sy,

dagnia daa i) dead 3 Ja ol & cSladl Gl ) dag il oY di — OaSall s o3l 0N G,

@3l s is monotonic nondecreasing along the evolution p(t) provided the following

minimal 48K L s 13 hold:

(1) Decoherence relative to the cSaul) s, Interference between <l glkis is
not regenerated: (d/dt) CO(p(t)) = 0, where CO is any coherence monotone that

vanishes on AO(p).
olasl 8 4kl e pealial) Ll @ A4 Lailin,

(2) Closure of the <Sawl) i, AQ o & = &, o AO for all t = . This ensures that

populations in the cdaull ¢lis evolve autonomously once decohered.

(3) Unital (mixing) dynamics on the <Slaull Js, The sector weights pi(t) = Tr(II;
p(t)) evolve under a z 523« 54 map: p(t) = M(t) p(0), where M preserves the

uniform distribution.
o pdat Y e Jlaial) an cilbSaalial), Jadh &U::E Y, Jale Lalall ddasi daly,

Lol A1) Bkl codlad) JRAS ciliSalin b o Aty @aail) Alla o g ()3(=)1( bl cad plnay),
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Scope of the theorem. <& ;= T1 is a conditional statement. Its domain of

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

Caand 38— Aan) ) 3% Ly Watall gl Ay pan gl e gl dpaand) @y Ly — Jlad) 138 7 A Sl
o=dlis AS,

e | Cahaall il Aiay el AL il Laaliall o ) e 43) ¢Aaa jaall (dliy Y 1aa,

Note on novelty and scope. Conditions (1)-(3) are sufficient but not necessary.
The monotonicity of 0sild Lus il under zs2+ 34 mixing is a standard result

(Schur convexity), and 43! 22 does not claim otherwise.

What is new is not the mathematical inequality but its physical application: the
identification of conditions under which z s 3« &) sée mixing is the correct effective
description of L _ill ()i in a physically realized <sull ya, the isolation of inter-
sector branching entropy (via the skl 4 ) il s AQ) from thermodynamic entropy,
and the explicit rate bound (T1a) and converse (T1b) that turn the monotonicity into a

diagnostic tool for identifying record-forming dynamics.

You are seeing a known sl 313 applied to a new physical question — and the

answer it gives is decisive.

s:lws T1.1 (Doubly stochastic mixing). Under conditions (2) and (3), the sector
weights p(t) evolve under a z s« i s<e matrix M(t) for all t = ©. The proof is

short, and it is the engine that drives everything.

Proof. By condition (2), A_O o £E_t = E_t o A_0O, so the evolution commutes with
dephasing. &l the diagonal elements evolve autonomously: there exists a linear map
M(t) such that p(t) = M(t) p(@®).

OY Al sde oAl £t O Bdla 3 i plit) = 1 0
25) 3 bodll( A N E_H(I/d) = I/d. Guki A_OQ 430U ddai sa il a5l ekl S e M(1).
A stochastic matrix that preserves the uniform distribution is z 52 Slsie. O
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The lemma is short. Its consequence is not. Once you know the mixing is z 53« &) sie,

Shannon’s inequality does the rest.
) AS L lmall il 1L delas L Aila S cclal 3l dlule (e o

With 32=lue T1.1 established, the monotonicity of o5 Ly 3l under z 52« 2 e mixing
is a standard result (Schur-convexity of —H). The theorem follows. The proof is

standard mathematics applied to a new physical context.

Al i) Jans il da g ) dasally 5 ¥l B85 ciliSaalinn (b Giljie W1 O daal il Gad sl

-

Aaasaa,

-
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When interference between record-distinguishable alternatives is suppressed, the
sl s §s dynamically closed, and record-sector probabilities mix without coherent
backflow, the informational richness of committed classical branching cannot

decrease.
aleD il Akl JS, elila Ul gha aguall 138 Jalo Calie, 38 agas oy a1 2l 33l 128,

sy o V) g ol oS Y el 313 ) da g pall sy 13lal 8 A yuall, Laila S Jas UK
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4y T1 establishes monotonicity but does not quantify the rate at which AS
approaches its equilibrium value, nor does it characterize conditions under which AS

must decrease.
& W two results sharpen T1in both directions.

4545 T1a (Rate of convergence). Under conditions (1)-(3), let the induced
classical dynamics on the sector weights be governed by a continuous-time

T34 Al sde rate matrix W, so that dp/dt = Wp.

Let A, < O denote the second-largest eigenvalue of W (the spectral gap). Then the
deviation of AS from its equilibrium value AS_eq = 1 satisfies where C Je iy the

initial condition.

G5l 55 Y LIV p(8)¢ il AUYI e i3l Ip(t) — 1ok = YN - exp(Az 1) (CRLEY) 352
A oSall (o oS jle Judld 4y jlall),

The 0 L8 H(p) is Lipschitz in the L; norm on the probability simplex: |H(p) —

H(a)| = Ip = ql: - log N (continuity bound for entropy; Cover and Thomas 2006).

AN [AS(t) = 1] = |[H(p(t)) = log N| / log N = Ip(t) = th =< N - exp(A, t), where the

constant C = {N absorbs the dimension dependence.

ol A s Apeald (gl Y alal) LSaalinnl Al 8 gadlly () 4 st B g 58 ) ol Jana
AS.

3 i) 73 saill el (s alitio Jald Janas U8 we il 555l A, = —dwe ) L e 55 AS
~ 15z, T ~ 1/(dw).

This connects AS growth directly to the physical Ll il ;)1 rate of the <Slawd) .

&) gyl el L) Cliu WIS AS 5 o )lE) Jane, 4 5 4058 Lilall 3 gandll, 138l GliSay & ju,
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4,48 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 z 2« - sde, with stationary distribution 1t
# uniform—then there exist initial distributions p(0) for which AS is strictly

decreasing.

vapadllaay Je if p(®) majorizes m, the oL Wy ) H(p(t)) may increase, but if it

majorizes p(0®), then H(p(t)) can decrease toward H(m) < log d.

Physically, =8 T1b corresponds to dissipative dynamics that preferentially funnel
population into a subset of :Slaull g¢is (e.g., amplitude damping, spontaneous decay

into a ground-state sector).
@dis) 3( sl ol e ilaalinall 038 AS Jaud,
s llaie Jy 48 A 2 o) 3( Ll G 5 uSall 12,

o=l Laxie ASc a1y Ladie, ela yial (I3 ey 8 — Jil g 58 ) Jlain¥) 4% 5 Le o o3 AS e (iS5 Al
Qj‘ O .

:\_IA.\.@_AMGAUAQ Lﬁ‘ & pan oy,

Summary. T1, T1a, and T1b together establish that AS monotonicity is the
exact fingerprint of z 2« i sde record-forming dynamics. T1 gives the

direction, T1a gives the rate, and T1b gives the converse.

B YAl Canad e n il Aala Y,
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SSAX() 2 0 ghadll ye Sl Gl Iad e dal 3Y) — alaill Bladl) Al da 50 Jie Loae T i,

Assume deterministic dynamics: where a is an intrinsic decay/< ,~¥ rate toward
equilibrium, u is a control/maintenance input, and u_max = 0 is a hard upper bound

on control capacity.
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43 20 T2 (Operator Horizon)

Y ddad 4pal — 3 jlian JS (g 5 pie IS caua S — Basan 0 )l sa allas S, aiea 8 A jaall 02gy D jad il

o3& Apadl yind (sl sy ankaing
The theorem names that point. Define the Jxiall sl
If at some time t, the system satisfies x(ty) > Xy, then for all J il Saills y(t),

G e () 2 jmane X() aSailly Alaiine Baleiu), 4y Y 4SS aad il oy Y] agal, Culed Loga bl

cd;}
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GlSeliall e dx/dt = —a X + U < —a X + u_max.

13 x > u_max/a« O8 —a x + u_max < 8¢ o3l dx/dt < 0. 2ie X = Xp¢ s alY) 2Sai dx/dt =

O Lusiy Ll a1 o ks 4 ) il ¢ xp el e, O
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2y T2 (Sl i)

Beyond x;,, the system decays toward the horizon regardless of strategy: 4 sSe3U)

arises from insufficiency of Jsidll »&x3ll not from prohibition of reverse dynamics.
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13l A SlaedY) dx/dt = —g(x) + U &= g(0) = O« g(x) O briads Cifnd @Y B jia

g(xp) = u_max.

Y 525030 de il Aaill it 38915 ¢ aall e 31355 Al Ailin A — adY JDlaacal it Jaay o

o e

Dot

13l Gl a8 ial) dad) a(t) 5l u_max(t) s xp(t) = u_max(t)/a(t) e Isie G iy
Gl

i oSy L ol a8l Lgiibua e 10 a3 ol ) Adaiil) e GBS Aaa caoald sl 138 (o et il
aiadd o T a8 Jaall aey ol ) A,

W)S‘Ac:\).)\ég._\ln]\Aaﬂé&\&laﬁﬂ\é;)ﬁ.ﬁgg\qu;gb&mﬂ_
LSl agall o uad o 2 jaang cdad lliag Jadlly el jas 48y Lo 2K 55 culaaly ),

§ b4l poin aall dic aliiis cde (5 siue ol 2 38V, 2sana ede Jaras U ofia T ola il SauDIS 4
wall pe kil (kg glall,
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The scalar horizon is the simple case. Real systems have many dimensions. The
generalisation uses sball 4Ll 4, )k (Aubin, 1991) — the mathematics of survival under

constraint.

iy 23 D6: State Space and Admissible Dynamics. Let X S R" be the state space.

Let Jsdall asaills satisfy u(t) € U, where U is compact.
LSl dx/dt = f(x, U)c U € U go f 8 llae Jidad x, oS0 R € X )AeYI( salaiesdl AL de panall,

iy 23 D7: Viability Kernel. Viab(R) = { xo ER| 3 u(:) E U s.t. x(t; Xo, U) ER VL= 0O
}.

States from which the system can be kept inside R indefinitely using Jssall aSa3l),
iy 23 D8: Capture Basin. Cap(R) = {xo € X |V u(:) €U, 3 t = O: x(t; xo, U) € R }.
States from which exit from R is inevitable under all Jssdll Saillg,

iy 23 D9: No-Return Surface. X, = 0 Viab(R). This is the geometric

generalization of the scalar horizon x;,.
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eall AL & el T 5200 (o i (4 Sl el 21500 i ol 3 U),

Then: (1) Viab(R) consists of states from which at least one J il »Sa3l gvoids loss
indefinitely; Cap(R) consists of states from which all J sl &x3lls lead to loss in finite

time.

- e Ty oadal 08 Y Cua Aihaie ) J gea 51 ALE salatY) Cua Adhaia (g pUail JSi Viab(R)
Cap(R) lesy X 3l Ja 3

dala (eS8 38 0 gaadl YN,

<y 23 D1@: Operational Irreversibility (Quantified). A state X, is operationally ¥
=55 with respect to R iff x, € Viab(R). The reverse transition to R does not

exist under Js:dal) aSaills,

Operational e iz 40s Se 3l reachability under constraints, not on microscopic time-
reversal symmetry. The distinction matters. A shattered vase is not 5= ¥ because

physics forbids reassembly.

It is ~sSc ¥ 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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A3.2 il Aas slaivy n = 1¢ f(x, u) = —ax + u¢ R = [0, X,]. o Viab(R) = [0, Xu]¢ Z1 = {Xn}.
The scalar horizon is exactly the one-dimensional 325e 301 gz,

You now have the complete no-return geometry. The scalar horizon (T2) is the simple

case. The sball L4l 31 5 (D7) is the general case.

The 5353 =l (D9) is the boundary between where you can still recover and where

you cannot.

Jnilly @iy a3 4 a0 La and il Sl gl o3 elley — dllee lidle cdlava — 43 Caaaial Ui S,
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Al sl 35S pall s LML sLall AN Javia) ¢ Sl sdial) 80 ae 3y ¢ 530 Y o setall, Wllaiad Tas zuay
iy aSH) Saail) L
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~ds AQ-A3 are complete. They stand alone. What follows adds (=sall Jild Jeiue S
postulates — each one an invitation to destroy a specific claim. If any postulate in

this section falls, everything above it survives.
u.u\..f}]\ Y cc..p.n‘,ﬂ\ el

ads A®-A3 establish definitions and theorems that are Lil: <ai«: they depend only on
operational definitions, standard ~8) KsilSu, and sball 248N 4 )12 Nothing in AG-A3

requires the content of A4 or A5.

The section introduces postulates that extend 4>xll to address «&i¥) and gravitational

rate constraints.

These postulates are (==l Jd Jiie JS4s each has explicit conditions under which it
fails (F1-F3, G1-G3), and Js4 any postulate here Jha ¥ the definitions, theorems, or
4w S M results of AQ-A3.

D) s JS b dal e alas dadall ) i judd) (e JUEBY),
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The viability geometry of ~3& A3 now meets 8l KiilSus, The abstract becomes concrete.

You will recognise the structure.
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dalial) clSualizally alasyl

You have access to the system but not the environment. That restriction is the source
of 4 S 3UI,

Let the total & xla ¢Lxd factor as H = Hs Q H., with joint state evolving unitarily

under Hse.
ot — Slxd Lgadod iy ) — Aalial) Uil s (1) = Tre[U(1) pee(®) Ut(H)].

Ll 3 55 A el Ciileall CPTP g sl s allaill e ladis Stad oliSay Ll illeal) — HUill gl
Al N,

< 23 D11: Coherence-Recoverable States. A system state p, is coherence-
recoverable relative to O iff there exists an admissible CPTP map A such that

IA(ps) = p_cohl: = &, for some state p_coh satisfying AO(p_coh) = p_coh, and for
fixed (Aadll maldl £ > O.

< 23 D12: Recoverable Set and Viability Kernel. Ke(0) := { ps | ps is coherence-
recoverable relative to O }. Ke(0) is the sball 414 3) i of coherence under asaill
Jgsdall,

States outside Ke(Q) are operationally o~ sS= ¥ with respect to O.

Mapping to sball ALl 4yl (o 235 D6-DQ). The abstract viability framework of ~-& A3.3

instantiates in the quantum setting as follows.
¥l sl X e GBS b dtaal de sanall e Y e Lia o) g ghas 333 all,

Lil A de sene Al giial) sSadl) jualic CPTP (A lleadl JS Jiad )paan Saasil ae G sl olaill ddadl)
Slo s Jalall (S S saa s,

Recoverable set R: the set of states from which coherence between <3l ¢lkis can

be restored (<=3 D11).
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Viability kernel Viab(R): exactly Ke(Q) — the set of states for which there exists an

Jsisall a3l strategy that maintains coherence-recoverability indefinitely.

Capture basin Cap(R): the set of states from which, under any Jséall »£a3ll strategy, the
system eventually becomes operationally ~sS= ¥. No-return surface X;: the boundary

0Ke(0), separating recoverable from irreversibly decohered states.

The scalar horizon x;, = u_max/a of 4 ,» T2 is the one-dimensional special case of

this general geometric construction.
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4u2b P4.1: Tracing Induces Loss of

Recoverability

If system-environment interaction produces correlations such that distinct gUaé
Slaulls become correlated with orthogonal (or trace-distance-separated)

environment states, then for sufficiently small g, ps(t) € Ke(O).

Once which-record information is encoded in inaccessible degrees of freedom, no

admissible operation on S alone can restore coherence between <Slaul g lis,
Ll g8 elad) i€y ¥ cetlad LIS alas () 3 jaay, 13gn < yacds 28,

A jall jale Al punkaling 5 <l g lady) 8 ol gl < ) yia) 8 ¢ AV jaddll s K13 8 — Lela dagl)

uy\w\wa\ﬂ\Wah}M&wy,

ol ik Orthogonality of environment states implies non-injectivity of the

reduced dynamics on H.

o ) (el Baxeie Lialle 3 jaaie Vs poc A jla Y5 CPTP o S sagitall ) shall il slaa ¢l ke LiSay,

<& 23 D13: Operational No-Return Surface (Quantum). The operational 323 zaw
relative to O is the boundary oKe(0).

a0 g S DU, IS 55 Y s Al ) Bl Q6 Jag) 511 G A (g Uil iy 2 ganll 038 ) s
Aalall pasty ¥, J gea ol ALY (laaay,

4 peaall A Sl @iy ¥ B2 sl ki Y ol dday
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Operational 4 sSe 3 in &) K< arises not from non-unitarity, but from restricted

access.

Tracing over inaccessible degrees of freedom removes states from the recoverable
set Kg, producing a 325220l =l in state space exactly analogous to the Jxidll Gils of aud
A3.

Irreversibility is a geometric property of Jsidll »&a3l not a statement about time

reversal at the microscopic level.
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CilSaaling Ao gy (oaliald) 2N Dai) CPTP 4ahall

4,48, No deterministic, linear CPTP map acting on the system state can
transform a diagonal mixture over cSaull gldds into a single realized sector in

individual runs.
bl skl CPTP Ldad) gl jall Lainy £(%; pi pi) = Z; pi E(p1). 2oa ¢l CPTP JSiy Jaai 4ilad
Aol (golal apan ) Loy W5 e bl Ay Jadnt 380 S o il

Aal pa Llady Va1 ol of Wil giic 1<K

Read that again. Standard Al \S:ilSw — linear, deterministic, trace-preserving —
cannot produce definiteness in individual runs. Something else <. The proof is

not complicated. Linear maps preserve mixtures.
Aagiil) o Baal 5 Aag maall JAxh of camg lsdie Sl JaY e o8 e e duand dag e calial 13,

i 23 D14: Decoherence vs. Selection. Decoherence suppresses interference
between record-distinguishable alternatives and yields a stable diagonal

mixture in the <) jia 0.

Selection is the further transition from a diagonal mixture to a single realized branch.
Decoherence is sufficient for 4w S, Selection « stk for definiteness. You live in a

definite world. Something selects.

Gl ja oS 8 AIUKED, 5 jaieS La paids il 3 e lilee oda,
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Lalise P: de gum gl 5oal) 508

Decoherence separates the branches. Selection picks one. You have felt both — the
moment when the options became clear (& 3 ():&) and the moment when you chose

(+&Y)). The physics mirrors the experience.
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dulua P: Objective Actualization Channel

The paper posits an objective actualization channel acting on the reduced state after

Lyl il las has established operational 4w sSe 34,

The ensemble evolution of the reduced state is written schematically as where DO is
the standard pointer-dephasing channel and A0 is a &Yl channel responsible for

definiteness. The master equation governs ensemble dynamics.

ATy o Lol gdie K& Qllaty o i) Juedal) mass AQ).
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(SO) Activation Condition. AO = O until the &l )1 condition (D13) holds
within tolerance . Selection activates only after branches are operationally

distinct.
(S1) <l ja dldaa, AO(ps) = AO(AO(ps)). 141 Sl (314, Y L),
(S2) dpelail) ALl LI, AO(IN; ps IT;) = © JS! 4, cbSualipal) (i g3 cp 8 (38a3 3 e,

(S3) Contractivity (single-run resolution). Under the stochastic unraveling, the
Osild Wil H({p:}) is a supermartingale: it decreases along individual

trajectories almost surely.

(S4) Born ¢ b4, For an ensemble of identical preparations at the onset of
£, the distribution of realized branches converges to {p:}. S4 is a ¢ b4,

not a derivation.

Notice what this does and does not say. It does not explain why the s 32 holds. It
says: whatever «&3¥ is, it must produce Born statistics at the ensemble level. The

constraint is structural.
)3] «ono SS B " ~.~“.

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

nature’s business.

Observational consequence. Any ¢iiY¥) 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 =5 signature of <&V post-ki yill (laé statistics that violate linearity.
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Concretely, monitoring a single system through the «&&¥) 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.

LY G sl 13 R5 (A5.2).
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Cuss Ao il pdall plEIYI: fuas gl gal

€ 2L, dal s e — (San JUie Ja 138, A gale Alla 8 Jans W) 5 Lonic L daiie 53 yaal) colillaiall
aal s o) (8 Asadd) cilllaiall paen A5,

The structural requirements SO-S4 constrain the &Y 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, we exhibit a minimal toy model:

diffusive &) on a single qubit.

Setup. Let the system be a qubit with &3l (i @ = {(JO)(O], [1)(1]}. After (i
Ly 3l is complete, the reduced state is p, = diag(p, 1-p), with p € [0, 1].

The &Yl channel acts on the single free parameter p via the It6 stochastic
differential equation where W(t) is a standard Wiener process and y > 0 is the sl&iy)

rate parameter.

) Jedas 6{p) = Ay - P(T = p) 253adl 2o 2N = @ 5 = e il Al ks 1S e Lo

o

Oiala,
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(» @alll SO-S4.

(S®) Activation condition: y is set to zero until the Ll _ill ;j)aé threshold (D13) is

satisfied. Prior to activation, p evolves only under standard quantum dynamics.

(S1) bl elhdll ¢ 55l e JalSIly Jond i) piial) dbalidl) Alalaall; c¥landl in Alaa p, 250a A5 Y
KRS N
(S2) aie: dueUadl) A3l Ll p = @ 5 p = 1¢ Lalas LD sy Jddee: o(0) = o(1) = O. cuillall LK

lizale Lellad oy,

(S3) Contractivity (full It calculation): Define H(p) = —p log p — (1-p) log(1-p). The
&) SDE is dp = Y - p(1-p) dW. Apply Itd’s formula: dH = H'(p) dp + 2 H*(p) (dp)>

<l H(p) = -log p + log(1-p) = log[(1-p)/p]. H"(p) = =1/p - 1/(1-p) = =1/[p(1-p)].

= A Gl (dp)? =y p2(1-p)? dt. w=: =il dH = log[(1-p)/p] - Yy - P(1-p) AW + ¥ -
[-1/(p(1-p))] - ¥ P*(1-p)” dit.

The <~ term simplifies: ¥z - [-1/(p(1-p))] - Y p*(1-p)? = —=(y/2) p(1-p). L dH =
=(y/2) p(1-p) dt + y - p(1-p) - log[(1-p)/p] dW.

The «l_>¥) term —(y/2) p(1-p) is strictly negative for all p € (®, 1), with equality only at
the absorbing boundaries p = ® and p = 1. The dW term is a martingale (zero

expectation).
AN E[dH] = —(y/2) p(1-p) dt < O, establishing that H is a supermartingale.

Ol Ly i) decreases along individual trajectories almost surely, with rate
proportional to y. The mathematics just proved that the branching resolves. Not on

average. Not in expectation. Along every single trajectory.
dualall s, iins dleall p(1-p) 2ie @ seall p = V5 dlalal) 3 gaall 2ie ED s,

(S4) Born 3~ b % The process dp = 4y - p(1-p) dW is a martingale, since the <l V)
term is zero: E[p(t)] = p(O) for all t.
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O L p aie paliaia¥) Jlais) gl (M, O ) Ly 40 i p = 1 hasally (5 sb p(0) ¢ die pabaia¥ls p
= 0 1 Jwial Cusy — p(@).

e Y, Adlal Aaduaa Y, ilia) ial 31 (s s o 3 ) et ARadl g il g gannal) ibibian),

The martingale property of the process — the same mathematics that governs fair

games in probability theory — forces the ¢, 3228 The universe plays fair.

Connection to the gravitational limiter. dalws G (A4.3) constrains the s&iY) rate:

Yy = AE_G/h.

< 7ot pabaia¥) (o) b gie ¢ raaall Zigall AT ~ 1/ye pasi JE e T > B/AE_G.

For gravitationally indistinguishable records (AE_G = 0), y = © and no <&l occurs.
G Y LA 400 sdiall Ll Asbaall ) JSAN, had) 3 saill oaany Y Lo,

sl ilan) sl () LS5 S@-S e JSl (5,A0 Ll Clalas Jaiin LS o(p) = f(p) = f(O) = F(1)
= 0.

The toy model demonstrates joint satisfiability of the structural requirements and
provides a concrete anchor for u=x2 predictions (e.g., the distinction between
diffusive and jump statistics in R5), but it does not claim to be the unique or correct

<@y dynamics.

aals Gkl jradl 23 salll tgal 5 20a3 daliudl),

b b gl o 48 jaal Zlins, Aagdall dedind akai gl 4 jead U3 Y SO-S4 4dasdli Lo z L) amy,
A yad el Al 81 el e sand dans 138 3087 axe,

Lalie colanly L 4 368 eSS, (alaia¥) J8 clelail) o 55Y (55 o J3ady Lt 4l clssa)
Amiia,

A8 5l S il A0S iy 1) i 52 pial) ) jlaaal) A1 e ¢Sy um Al b Ll uaacill ALIG o3

Jlaialy),
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JLES) R5 ade 8 a8 Aadiall (ULl 038 3a 55 Jin Sl 138 61 aY s AT sl e cadiad
daylall bJU'A:\Lﬂ:\SﬁLﬁi uL.'L.i sl
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The <&l postulate (Zulu P) shares surface features with spontaneous collapse
models such as GRW (Ghirardi, Rimini, Weber) and CSL (Continuous Spontaneous

Localization) but differs from them in structure, scope, and commitment.
Ay A ¢ el
Db bl GRW 5 CSL 4ilSa am gl Dlabae, oLl i sl (bl 3 da sl A lagy,

The &Y postulate instead acts on whatever <l s O is selected by the system-

environment o)) _#Y),

In systems where the i3l sl is not position (superconducting qubits, photon
polarization, spin ensembles), GRW/CSL and ‘sl P make different predictions. That

is the content of u=ala F1 and test R1.
& Slaad) Cusi 5 GRW/CSLe lis¥) IS 8 (5 g sl shaill e (bl ¢ Juandil) dils i oS dlas gV,

The &Yl postulate requires an activation condition (S0): <&V is negligible until (s
Ly il has rendered <Slaull ¢ ks operationally distinct. This ordering is g=sall Js via
test R5.

If collapse signatures appear before &l 3l xé is complete, the &Y postulate fails; if

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

Ul 2t GRW (5558 el i oy A g e 5) A 1976~ S o U 15 (@ ~ 1677
5a Colalaas,

CSL replaces the discrete hits with continuous diffusion but retains the same two

parameters. The &Y postulate introduces no universal rate.

Instead, the rate is bounded from above by the 4:l&ll 4g)dll 48Uall distinguishability of
the sl ¢ is (Adus G).
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This means the <&V rate is system-dependent and vanishes for gravitationally

indistinguishable records, a prediction that 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 «&&¥ postulate does not modify 811 SuilSu,
Gseal) Ay A8dal)

L ol kil VY cdgal g a0a dalisalls seus ¥ caiaia a8l

Aoy 2l ¢ Sl adle,

Three tests distinguish the &Y postulate from GRW/CSL: (R1) whether &Y targets
the i3l uslul or always position; (R2) whether &Y occurs between gravitationally

indistinguishable records; and (R5) whether &Y requires prior kil il (a8 or operates
Jitue JS4 of it.

amla aal g o o Cadlal) o a5 lalia ) s BN e sy,
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Relation to (sl Al

Selection reduces AS. Decoherence increases AS by creating daull il 5 ¢ 5@l (A3.1).
Selection decreases AS by collapsing that branching into a single realized history.
There is no contradiction: AS measures branching richness, not outcome

definiteness.

Lelay (L&Y, Aa g pall iy Jagl il a8, AS Aa g jall iy,
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F1 (Pointer failure): Selection does not respect the <l i 0.
F2 (& dijali Aiaal) g g il ¢ sanal) cibsibaal)s ¢ s gl {pid

F3 (Context dependence): Selection s iy observer intervention rather than

objective dynamics.

Jié the postulate Jhu Y AS, T1-T2, or A4.1.
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<y 23 D15: Gravitational Self-Energy Distinguishability. Let two decohered glké
cSaudls i and j correspond to mass-energy densities p;(x) and pj(x). Define the
4NE 40d 43 difference

AE_G = ©: W& Suall (lid ye (Sadl AE_G & uall 5 8 406 i,

<is 23 D16: Inter-Sector Selection Rate. Let t;; be the characteristic time for an
individual realization to become operationally indistinguishable from the
conditional state within tolerance &. Define the inter-sector s&i¥l rate A;; =
1/t;;.
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ddlus G: Gravity-Limited Selection Rate

The objective &Y rate between two <l ¢is is bounded above by their

gravitational distinguishability:

The bound is a limiting inequality, not an equality. Selection ¢ sS 2 slower. Selection

058 of oSar Y faster without invoking a o) &Y stronger than gravity.
Lt Gud A3), Aaba 43) ¢ A4l (sabaa (oo Uidia (pud and) 138, by 5l adlal),

Two llaull ¢llés 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 4.l 451 48kl 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 = h then implies that the minimum time required

for any 4L 3 4l to resolve this distinguishability is At ~ h/AE_G.

The bound A;; = AE_G/h therefore says: &Y cannot resolve two <Slaul) ¢Ukis faster
than the gravitational field configurations sourced by those sectors can be

distinguished.
Gl A8 a3, D Hlgsn Glais) el asl),

Whatever mechanism performs <&V, it cannot outrun gravitational distinguishability

unless it couples to the system more strongly than gravity does.

The bound is testable (R3) and its failure would indicate either that <&¥! couples to a
non-gravitational degree of freedom or that the energy-time reasoning does not

apply to the <&&Y) process.

103



Think about what this means for everyday objects. A cat in a box has enormous 43l
4l 40 difference between “alive” and “dead” configurations — different mass

distributions, different gravitational fields.

The bound says <&l happens almost instantly. You never see a cat in superposition

because gravity resolves it before you could notice.

An electron spin has essentially zero AWl 4313 4l difference between “up” and
“down” — same mass, same distribution. The bound says &Y is negligible.

Electrons remain in superposition indefinitely. One inequality.

O s S5 SIS uallall S,
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JS =i g (5 Jasall)

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 <&y,

The mechanism of <& 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 LY cannot do so faster than gravitational distinguishability allows.”
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Gravitationally indistinguishable records. AE_G = O = A;; = 0. Gravity forbids
objective siiY) between them. A superposition of such records can persist
indefinitely unless another interaction provides a limiter.

Ll U guadal) ALSH clay 5 6, Aild) A8l S il AE_G (ot Laa (Juaill g ALY aa gl T =
P/AE_G. LT ol 081 e sy Jad Lilal) o),
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oaaal) 4l4d

G1: (0 § ol Gy $EN) AE_G/h LIS 3 jpaial) c¥laadl,
G2: g0 <l ¢ Gaay s W) AE_G = O,
G3: Ll ol e LME 8 cOlelaa g L gS 7m0 UGN Y are,

Failure here invalidates only the gravitational-limiter hypothesis, not the ¢l&i¥!

postulate or prior results.
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A5 — andll &) laa g dow ail) dalaty)
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A5.1 — dagdall J8 el dua gl

Up to A4.3, iaall specifies what o5 of s true if the theory is correct. A5 specifies
how it can fail, and how that failure would be observed. Principles: Qualitative

exclusions before quantitative fits.
i) 38 Llia ) e g, N 20l U8 el (el sl ), Jamall ol jlga) J8 Clall <l s,

Llaa 5 Adldany — e Jiaal) o kil 538l olial aldas (gf Jaid 13),
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A5.2 — & LadY) 4 )i (RO-R5)
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RO — Operational Invariance of AS (Global
iy ~Lida)

Prepare a system with two physically realizable ¢33l i ssills 0, and 0,. Compute
AS(p; 041) and AS(p; O,). Prediction: |AS(p; O1) — AS(p; O03)| = &_exp. u=>12 FO:

Persistent disagreement beyond tolerance — entire framework fails.
A mal 3 g8l Cavns L Cany S0 Ailaiall dumil) Cany A ya il LAY, A ol V) s

RO (Ll wlil) is the global <) s and o5 of « 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 il G,
because it probes the sharpest prediction — zero <&V rate for gravitationally

indistinguishable records.

R5 (order of operations) tests the <& postulate directly. R3 (rate bound) provides

quantitative constraint. R1 and R4 test secondary predictions.

Jbaials R® zai 13} €951 RO« R2 5 R5 4 (ol R34 ¢ R1 5 R4,
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R1 — giagall (bl Jilia pdigall (bl

Setup: Systems where the environment-selected il s O 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. u=~l> F1: If definiteness consistently

appears in position despite O # position, the <Yl postulate fails.
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R2 — LI 4, il Aal) (AE_G = 0)

Gl il ) gad pall, Adiate ABS Cilay ) 55 ae Aalalls 4y il oy Jah (A dagl il 53 sk CSlau Slac )

Prediction: AE_G = © = 2;; = 0. No &Y dynamics beyond standard g=sla, Ll 5l ol

G2: Observation of objective <51l between gravitationally indistinguishable records.

This does not forbid &/ 3l a8 between such states via other interactions (e.g., EM); it

forbids only objective <&i¥l on gravitational timescales.
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R3 — )4 ) aa( Jarall ot aal) jLadl

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

h/AE_G. Prediction: t;; = T_min. u=als G1: Selection faster than h/AE_G.

Concrete estimates: For a spherical nanoparticle of radius R = 180 nm composed of
a high-density material (tungsten, p = 19 g/cm?), with two <l ¢ Uaés separated by
AX ~ R, the 4 4511 48l scales as AE_G « p*R°.

b 13 T_min ~ 1-10 Lol e s Al 2 5aall cwblinal/ (s pad) ad )l Ciliaia Jslie S o) 58
da jitall g yall Adall A sl

Ll Skl Clapuas Al (p = 2 Ban/g) (aad Hhill Caiai Gudly T_min ~ 102-10° 3l sall, 4305
JaY) a8l ol HLaadl 5 g6 Alladae 480K Alle,
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R4 — il (s b

Repeated preparations of identical decohered mixtures {p;}. Prediction: The final
ensemble of realized branches converges to {pi}. Intermediate-time biases allowed;
only asymptotic ensemble constrained. o=l F2: Systematic deviation from Born

weights.
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R5 — cldead) cui 5 LAl

Continuously tune environmental ¢)_®Y¥! to control degree of ki _ill o\, Prediction:
Selection is negligible until & il o)a& has rendered pointer sectors operationally

distinct (D13). u=al2 F3: Detection of <& signatures prior to operational 4 <31,

This kills models where collapse is invoked to cause L yill (s,

116



A5.3 — s Ladil) o gl

Selection corresponds to nonlinear or stochastic dynamics at the single-trajectory
level after 1l il ()a& is complete, producing effects not reproducible by any linear

CPTP map acting on H.

Detectable signatures include: single-trajectory anomalies (jump or diffusion
statistics inconsistent with any linear Lindbladian after dephasing), 5= ¥ loss of
interference-revival capacity even under idealized system-only control, and
telegraph-like stabilization (once a branch is realized, subsequent measurements

behave as if prepared in the conditional state within sl xaloall),

17



A5.4 — sliy Jilha fast 3a) L

Passing a test does not confirm 4asll, It only allows it to survive. Confirmation would
require joint success across multiple regimes. Even then, what is established is

structure, not interpretation.

GJL@J}L;J)B cu.uSaJ\Glr_ ¢l
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A5.5 — aaall a3l J gl

<t L estimates reflect the state of experimental capability as of 2025 and are

intended as orientation, not prediction.

RO wliaic). & 2-Q( Ja¥) ) il LA QED 833xie e Gunly aladl Juilly i & il )

A8 yida A g,

R1 (Pointer Basis vs. Position): Near-term (0-3 years). Superconducting qubit and
cavity QED experiments routinely prepare states where the sl sslul is energy or

charge, not position.

Checking whether definiteness tracks the i3l il requires monitoring which

observable resolves first under controlled Ll il s,

R5 (Order of Operations): Near-term to medium-term (1-5 years). Requires
continuously tunable environmental o) Y with single-trajectory readout.
Superconducting qubits with adjustable ¢'_J%#Y) to engineered reservoirs are the most

promising platform.

The key observable is whether <&i¥l-like signatures (telegraph stabilization, non-

Lindbladian statistics) appear only after kil il (i is complete.
R4 Gidaie (S 5 ylane dakail (e 35S aaalae callaly), < sins 5-2( da¥ dass sia): 52l ) 5 da i,

R2 s alias Jal 5l 33 gibe ¥las allaty), <l i 10-3( Ja¥) way ) daw gia); A 3 Haal) AU
LIS peill AL e ddals 4 a oy,

The challenge is isolating such systems from all non-gravitational - il ()& sources

long enough to confirm the absence of L&Y,

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 kil 3l (laé-free environment, then measuring whether &Y occurs faster
than h/AE_G.
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A yihal) filiadll laial 3l gl (Kiny o seie Jie MAQRO) osstladll paally sny dlde i i€) & i,
bl LW Y ¢ pail) J s gl A g oy A e LAY, i A (3haia,

e Ale daw RO AT s Y dalal) d8 aleshy jUaY) o
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A5.6 — i il ki

4 )»%s gre operational. You can measure every one of them. 4 ws are scoped. Each
tells you exactly where it applies and where it does not. sl.«s are isolated. Kill one

and the rest survive.

Bounds are testable. You can check them with existing equipment. =alis 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 <la) ~lies are published. What remains is nature’s

answer. 4aall has told you everything it can tell you.

It has defined the measuring tool. It has proven the monotonicity. It has established
the 3253 =k, It has characterised &Y, It has formalised 4:de W), It has derived the

consequences of o &Y,
Every claim is stated. Every &) Ui js published. Every experiment is specified.
What remains is nature’s answer. <a=ll 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 &Y respects the sl

sl whether the Born statistics emerge.

Halin Aas 4 ek 53 a1 IS 5 138, B il e in g G g 26, L daal,
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A6 — cibaaially 4 L3 Basg

Larlis SUIS (5 el el yall e 5 Lol ¢ sgial) JLiSO Aikial, Jlaadl Alls e, 4y jLis) 30s ¢ Aa)),
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A6.1 — daud) i

Let K be the sLall 4,14 3 55 of maintainable structure (A3.3). Capacity saturation
obtains when the accessible state space for creating new durable 3l glkis has
measure zero under Jsiall Saills,

Operationally: further Ll il (128 may occur, but no new independent records can be

written.

BMBJAJ\%M\Q_}\A)JJ@A;Q&;M\@&A@J}AJ#\ Lﬁ)‘)h'“ &_UAX\ Ay dad) éu:l.
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A6.2 — LSS ()% Balaiu)

Any admissible Turn must satisfy: (1) No reversal: previously realized <\&¥ls are not
undone. (2) No &Yl bypass: A4.2 remains valid locally. (3) Capacity restoration: the

effective <Saull s regains room for new, independent branches.

Labinn U il ol dgal 5 dbia) ga o3a,
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A6.3 — (Glhadl) Luldll sas)

Aaniie ALSE (paaad LeiSa Aaiis Adithas, (3lhaal) (aliall dibin e racad ilaSaalinal) ¢ aY) il vie
md) i Al e (5o Ba0ate g 85 Aay Alanl ALKES ) Aad),

“Records are compressed, not erased” means: distinguishable w3l s at late
times map to a lower-resolution effective <3audl ,a under the conformal
identification, preserving orthogonality relations and causal precedence while

reducing accessible distinguishability.
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A6.4 — ) Al Cigally A8al)

852 M) 2 gan el 5 il aum g, dpreii Bale) )51 Y s Cajlian elo sl Gl (A3.3),

126



A6.5 — 4 Lidl Baagll sda I3l

Larlis SUIS (5 el el yall e 5 Lol ¢ sgial) JLiSO Aikial, Jlaadl Alls e, 4y jLis) 30s ¢ Aa)),

J&8 Module T leaves the entire laboratory program intact.
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daldl E — Jaaill g clalhiaall (i gald

@il Al (AS). An operational scalar € [0, 1] measuring the degree of inter-sector

branching in the <Slaull i, AS = 0: all weight in one <Slad) g Uad,
AS = 1: maximal branching across all <3aull ¢is, Defined in D3 (A2.3).

a3, A giie dglee CPTP &) (Y Jieasl) 053 081 3 aa Sl e L LR Uil plaill e Jaad
FAAY]

-

The set of admissible operations defines what an agent can do, and thereby what

counts as operationally S Y,

Capture basin, Cap(R). The set of states from which exit from the recoverable set R is
inevitable under all Jsédll &xills, Defined in D8 (A3.3).

Coherence-recoverable state. A system state from which coherence between gsé
«Maulls can be restored by admissible operations within tolerance ¢. Defined in D11
(A4.1).

Coarse-graining, physically realizable (0O). A finite set of mutually orthogonal
projectors selected by the physics of system-environment &' _®Y), not by observer

choice. Defined in D1 (A2.1).

Dephasing map, AO. The map AO(p) = %; II; p II; that removes quantum interference

between <Nl gaés while preserving classical probabilities. Defined in D2 (A2.2).

Effective entropy, S_eff. The 0 Ly 3 H({pi}) of the sector weights, with intra-sector

entropy discarded. This is the entropy entering the AS definition. Defined in A2.3.

o=y (FO, F1, F2, F3, G1, G2, G3). An L »»3 observable condition whose occurrence

would invalidate a specific component of 4xall,

FO is global (kills AS itself); F1-F3 target the L&Y postulate; G1-G3 target the

gravitational limiter. Listed in A5.2.
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Gravitational self-energy distinguishability, AE_G. The Newtonian self-energy of the
difference mass distribution between two <:Slal gds, Defined in D15 (A4.3). 3=k C

provides explicit forms.

No-return surface, Z;. The boundary of the skall 4L &l ¢, States beyond this surface
cannot return to the recoverable set under any J a4l »Sa3l, Defined in D9 (A3.3) and
D13 (A4.1).

Operator horizon, x;,. The scalar specialization of the 323 xhu: x;, = u_max/a, the
maximum sustainable structure given maximum maintenance effort. Defined in T2

(A3.2).

Operational invariance. The requirement that AS values computed from different
physically realizable ol cu ills of the same system agree within (sl melull,
Defined in D5 (A2.5). Violation triggers the global &) Ui FQ.

Operational 4w Se 3, A state is operationally sS= ¥ with respect to a recoverable

set R iff it lies outside the sLall 4Ll 3) &5 of R.

Irreversibility is defined by loss of reachability under J il »&a3l not by entropy

increase or violation of time-reversal symmetry. Defined in D10 (A3.3).

Record algebra. The algebra generated by the physically realizable ¢l w8l O =
{I1;}. States in this algebra are diagonal in the record basis. The <Saull ,a defines

what the environment can physically distinguish.

Selection. The transition from a diagonal mixture over <3l gis (post-Lul il i) to

a single realized branch (definiteness). Distinguished from & 3l a8 in D14 (A4.2).
The mechanism is specified by il P; the rate is bounded by il G,

Viability kernel, Viab(R). The set of states from which the system can be kept inside
the recoverable set R indefinitely using Jsidll oS3, Defined in D7 (A3.3).

£ (Ll =aluall), A fixed positive parameter representing experimental resolution. All
operational definitions (effective orthogonality, inaccessibility, recoverability) are

quantified relative to €. Defined in A2.4.
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@l A — Equivalence of AS Representations
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A1 = Al

ety Lgtin ) 4881 Ja g il Gy 3alall 138 AS(p; ) gl Lo sl Jiail) ae I Y AS, (D).
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A.2 25l g i)

The histories {a} are taken to correspond one-to-one with the <3l glais {[1;} at a
single time slice. No multi-time or branching-tree histories are included. Under this

restriction: N = dO.
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A.3-A.4 ALl Ly i) g Jay) Al ()28 o

Assume complete Ll il olasé: D(a, B) = © for a # B. Under this condition, the dephased

state has block form AO(p) = Z; pi 0;.

The olusi 0 s 5l decomposes exactly as S(AO(p)) = H({p:}) + Z; pi S(o;). No

assumption of maximal mixing within sectors is made.
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A.5-A.6 B ol

AS 35 S_eff(p; 0) = H({pi}) ekl &« AS(p; 0) = H({pi}) / log dO.
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A7 #<i) axe Aok

The equivalence fails when: L il ()aé is incomplete, histories span multiple time
slices, or one attempts to include intra-sector entropy as “actualization.” 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 <Jaudl i not a full history space.
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@l B — Viability Theory Background

GlbSaalnall: dx/dt = f(x, u)e u € U. skall 4Ll 31 53 Viab(K) = {xo € K | 3 u(t): x(t) € K Vt = 0}.
iyl (st Cap(Ke) = {Xo | V u(t), 3 t: x(t) & K}.

3252l mhaus T_NR = 9 Viab(K). sbil g sall jiia (ulill (10 43s Cle gens o aay andiill Aubin
(1991).
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Galddl B — slall 4,018 4, Jas 4.8l

C.1 iy x5 For two <) gldds 4, j with mass densities pi(x), p;i(x):
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C.2 9sal) cileUadl) dasiall (&)
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C.3 4l ¥

Alate AS Gilay 58 AE_G = 0. 4la 3 S (Lhill caai Re 4al3) AX K R): AE_G ~ Gm?*/R -

(AX/R)? (5 i),

C.4 sUih 4a¥)c AE_G = O.
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el D — Ayl (g gaal) & i
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D.1 AUl Ll 4y il cilageal) aUaS

ok Caaiy Ly STl Lasa il R = 100 psa sl ol (rivii( AU Alle 33l 0 L& e Jiagilic p = 19-

22 Lol bl & Jiall). o/ p = 2 Pans/g

With two wSlaull ¢lis separated by Ax ~ R, and using AE_G ~ Gm?/Ax with m o pR?,

the self-energy scales as AE_G o p®R®.

o 53Lx 108~ s &l ga e ALK 335 AE_G. bl el el T_min ~ H/AE_G aa
T_min ~ 1-10 CGlaral &R ~ 100 48U dlle a3
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D.2 4 aill claial

Slaguall 35ual) pusshalinall gl (5 pumll wd Jl Jliia & s e W35 Ggls 6 e )1 Guplial)
Aadall daal N 50 3 il ae Limel) LSS 4y puadl siliadl 5 ALE 4, GG,
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D.3 il

The purpose of this estimate is to demonstrate that the relevant regime is L a3
accessible. Observation of <Yl faster than the bound falsifies the gravity-limiter

hypothesis.

Absence of <&l constrains gravity’s relevance without undermining the core AS

framework.
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Galall F — Glua; Jada JUa AS skl Jy3a @y g

Il ja S Llia i gr alal) 138 AS Auarded sl oS 13 g Agdli e Al o,
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F.1 2y

System: a single qubit S with < xla ¢L=d 7 = C?, coupled to an environment E. Pointer
basis (selected by ol&Y): O = {|0)(O], [1)(1]}. Record algebra dimension: dO = 2.
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F.2 dlany) Al

[W(O)) = (1) + [TIN2 @ [Eo). &35l Al dlubite 81 5 3 A5 ,(©) = [+) (] 2k W3 sus
AO(Ps(G)) = diag(‘/Z, ). doeUadl) Q\)'}SI\; Do = P1 = Y.
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F.3 Ll Al oasé J8

BAP}AL)LSS\).\CFL\:J\.

Ay ey, S_eff = H({pi}) = H(4, ¥2) = log 2. Normalization: S_max = log 2. <\l AS = log 2
/ log 2 = 1. Even before ki 3l )2 is complete, the sector weights already distribute

maximally.

AS measures the branching structure of the dephased state, not whether i il ()6

has physically occurred.
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F.4 Ly ) ()add aay

Sosesh Jaus i () — (IO)|Eo) + [1)]E1))/N2 &= (EolEq) = O. Ayl Aali: p, = dliag(%s, Y2).

Ll Conad 2 lail) e jealiall,

AS = 1. Same numerical value, but now the system has crossed the 5253 zlaws

coherence is not recoverable. Operational 4= <=3 has been established.
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F.5 sy} aay

oY), Jal( YO gladll N g jall Jag ol py = e py = . H = 0. AS = 0. plaill, a5 52a) 5 dusd
sl ) B g 5 (e JE),
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F.6 ucildl

AS tracks branching richness, not definiteness. It rises during & 3l ¢laé (branching

phase) and falls during &Yl (definiteness phase).

Qi @zﬁ‘w sadl JUIAS = @ sAS =1 QAG_')AIY (dalia g anLxLad’ ‘fh):ﬁ Sixa Q\AL”LQULEAL&)S
«liias Jile Juliay aas jiSly,

Jaie gl Jaas 5 silal @)A\_Hﬁ”l\
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958 ¥ daiulS gl

14, 8l 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 SN Sil<as,

If definiteness occurs in individual runs — and it does, every experiment ever

conducted says so — what must &Yl be?

Not what might it be. What must it be. What structural requirements does any siy)

mechanism have to satisfy? What must it cost? How fast can it act?

e ol JI Jle 58 3n 2a s i

No collapse mechanism is proposed. No interpretation is invoked. No result of 4l
is rederived. All hypotheses are J, (aaall Q8 Jiiue S any 148,50 Jlay Y,

BO.1 — dxidll Ol

This work is a strict continuation of | 4,5l and assumes as established: the
operational definition and validity of il Ala (AS), operational 4w sSe i as loss of
reachability under Js&all oS3l the existence of 3253 =zhws induced by bounded

capacity, and 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 realizable ¢<all cu &l @ (< 148, D1), representing the set of

operationally accessible record observables.
All norms and maps in 4,4l »2a that reference R act on this algebra.

No construct from |44l is redefined or rederived here.
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BO.2 — (=l

i 43, 4ll establishes 4w <> without definiteness: after L il (i and loss of
recoverability, multiple mutually exclusive <3aud) glais can persist simultaneously in

the reduced description.

43, »2a addresses the remaining physical question:
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If definiteness occurs, what must s&N be,

given the constraints already established?

89wl aiy U J) e
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What physical resources s o) > expended to

enforce such s&ii?

This work does not argue that <% must exist. It characterizes the structure and

constraints of &Yl if it exists at all.
BO.3 — Q\A‘ﬁ LA‘BEJA Gileleal

The paper does not: e redefine @il s, o propose a collapse mechanism, e derive or
assume the (s 38 o invoke observers, consciousness, or epistemic update, e

introduce 4\l decision-making, or control,

e claim gravity causes sluY),

P48, Jhd Y 43 4l o2 Ji8 B1 — The Definiteness Problem (Reframed)
B1.1 — What Remains After 143,

After the results of 148, ll, the following are established:

(1) Interference is suppressed between record-distinguishable alternatives
(i 3‘3‘)33‘1 T1).

(2) Recoverability is lost once record information is encoded in inaccessible
degrees of freedom (| 434!, D13).

(3) @adl U increases during the branching phase, quantifying record-
structured multiplicity () 48,3, T1).

s a8 2l O el 8 4 jas (B 4l o3l 138 (e e 3 Y S

A diagonal reduced state of the form where {II;} are the record-sector projectors
defined in 4,5l (w23 D1) and {pi} are the corresponding diagonal coefficients of the
reduced state inherited from the = il ()2 process (no probabilistic interpretation is

assumed here), is fully consistent with all results of |4\,
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B1.2 — 2l s (ud oyl yill (ladé 13l

ool aeind 13al Ly Y, Aalie e Jalall 2san pruad 13l ey oyl i) ol

dalaill Joladl aabaied W 13 Cang Jag) i) ()lass,

Jpa sl AL Jlad) aa a1 130 Sl apaail,

These 5w constraints. | 45,51l resolves the first and intentionally stops there.
B1.3 — Individual Realizations (Operational — )

aily G5l 2l Jandill i( (g2 il 3daill

Alaill el L) ol gl O Tan w3y i) T 3 T e cSlaial) (e o Tl oo 30m) 5 4y a3,
-l Ay ) T iy s g Lokt g yall 1,

B1.4 — sSe ¥ dlaiiulS ()

If definiteness exists, it must correspond to a physical exclusion process acting after
4 &3 s established, because all subsequent experimental outcomes in the record

stream depend causally on which sector obtains (B1.3).
A e Ua e sl

The transition of the system state into a restricted reachable region of state
space (under Jsid a$adll) in which only one <Saul) gUsé remains reachable.
Equivalently, s&iY) is the ~s5 ¥ removal of alternative <Slaul) gliés from

operational accessibility in an individual realization.

Once <& has occurred, no admissible system-local operation can restore

reachability of excluded sectors.

B1.5 — Consequence for @il dla

Jdads A U AS:
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Decoherence increases AS by creating sl dall g3 ¢ 5all (143,50 T1).

Selection reduces the accessible AS of an individual realization by restricting

reachability to a single <Slaull ¢ g,

dpalall Al 5aaxi Y e Ll ) gem ol Aliinall TN Hlgl) (uSay 4, Al O¥ladl e i Y 12,
B1.6 — )ueai( oY) Al

Lilae (ad Alagiaa),

Any process that removes reachability of alternatives must expend physical resources
to enforce that restriction. This is generically as the cost of <l&V); the minimal

physical resource expenditure required to enforce sS= ¥ exclusion.

This cost need not be thermal energy; it may appear as time, interaction strength, or
consumption of distinguishability capacity. Its precise form e sy the limiting

interaction and is quantified below.
B2 — el 4dSs 5 dydaadl (il
B2.1 — auadll a8

Deterministic linear completely positive trace-preserving (CPTP) dynamics acting on
the reduced system state preserve convex structure. Uk, linear ensemble evolution

cannot, by itself, enforce single-sector definiteness in individual realizations.
i jla oY LIS CPTP dwis 4k &

dadiisda, A0 8 ODLedd *“gg)ﬁ@}wh\jdj&)@s\g_&m‘ wehé&JBY,LM\GjUA\L@' 5 agdadll
Aabaall 4, 50y

o Aghadll A o) 3l
shbd LRy B e sanall (55l e skl CPTP.

Uled 2dady o 4000 pfie laalin yie 20 ,al) i) Yia ¢ Gladl (s sia o Janm o0 cangy ciaa 13) cplamy),
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B2.3 — clany) cal jaiy ‘;1\53\ ﬁﬁﬂ\

Selection is a trajectory-level phenomenon. Its signature is not a deviation of the
ensemble state — ensemble consistency — stk (B3.5) and the ensemble state L siss

by construction.

The signature of <&Vl is that individual trajectories resolve to outcomes that no

deterministic CPTP map could produce from the same initial state.
A Eeps osbi CPTP Al il Allall e Jany ¢ senall (5 giuse e,

Let @ denote a stochastic <&l process that, for an initial state p, produces a random
trajectory with realization-dependent final state p"(p) indexed by trajectory w.

Ensemble consistency (B3.5) requires E[p"] = Eens(p).

The quantity that distinguishes sl from deterministic CPTP evolution is not the
ensemble mean but the trajectory spread. Define the <&l deviation: where |12 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 <3l i, For any deterministic CPTP map, all

trajectories produce the same output, so 8¢ = O.
For <&V, trajectories resolve to different <Slaudl gllis, s0 §ge; > 0.

All subsequent results hold for any choice of norm satisfying: (i) contractivity under

admissible system-local CPTP maps, and (ii) sensitivity to distinguishability between
¥l g Uadg,

Compatibility with ensemble consistency. 8., measures the spread of
trajectory outcomes, not the deviation of their mean. Ensemble consistency
(B3.5) constrains the first moment: E[p"] = E..4(p). The si&iN) deviation

constrains the second moment.
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236,

Verification (qubit toy model). For the &Yl SDE dp = /Y - p(1-p) dW (I 4&_,
a4 A4.2), trajectories resolve to p = O or p = 1 with probabilities 1-p, and p,

respectively.

The ensemble mean L sss: E[p"] = diag(po, 1-po). The trajectory variance is 8¢ =
Po(1-po) > O for any nontrivial initial mixture, confirming that <&%) produces nonzero

8se1 While satisfying ensemble consistency.

L_\nn.u syl 8561 > 0. \JJ 6561 =0 (»J} ‘&}AMS\ ‘Un)\; Gla e (pudd cﬁ.u Dla JS dalid eyl (KN
Q8 clelad ) Ja dhasy,

B2.4 — —w =% Selection Cost

The cost of <& is defined as the minimal physical resource expenditure required to
produce nonzero trajectory variance (8¢ > O) sufficient to resolve individual

realizations into single sl ¢s,

This cost ¢sS 3 expressed as: a time scale (rate of exclusion), a o) ,®Y) strength to

enforcing interactions,

Aagial) dlpal 4 slhaa 35 50 43l e,

AT o3a e A oS 1o 5 20 Aaa D) HLudl),

B2.5 — U=ala B2: Pre-Irreversibility Selection

If exclusion signatures appear before the system has crossed the 3253 =l (D13),
the entire <Y model is dead. Selection must wait for 4w S 2, If it does not wait,

the model is wrong.

Selection cannot precede 4 e, B3 — Structural Requirements on Selection

Dynamics
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Any admissible <& dynamics must satisfy a minimal set of structural requirements
implied jointly by | 4, ' and ~ds B1-B2. These requirements are necessary, not

sufficient.

J&8 any requirement falsifies the &Y\ hypothesis without affecting the 4w Se Ui

results of 43,

B3.1 — s s M axy il

Selection may act only after operational 4 sS=3Ul is established.

Let Ke(OQ) denote the e-recoverable set defined in 1485l (<a y23 D12).

For all states p € Ke(0), admissible dynamics must satisfy: That is, no <& deviation
z s~ While recovery remains reachable under Jsisll »Sxill, Selection dynamics 3

JsSscome active only once p € Ke(O).
B3.2 — <llandl jua ddas

Selection must act only on degrees of freedom that distinguish <3laull glais, and only

during active £&iy),

Let AO denote the skl 4l 3} ik ,\a onto the wiaudl s O, During active <&V (i.e., after
p & Ke(0)):

This condition is consistent with B3.1: by the time <& activates, off-diagonal terms

in the record basis are already operationally inaccessible.
gladll Ja0a 48 e e 4y ;a e o e damy of Vg edalaill aey o g o Ssmn Y Slamy),
B3.3 — ilaldl cdlaudl cileUad

Selection is an absorbing process. Once a <l g\ad [T; is realized, sector

membership must remain fixed under subsequent &Yl dynamics. Formally:

up to il =aluill set by experimental resolution. This condition enforces (o sSe ¥

confinement to the realized sector while allowing arbitrary intra-sector evolution.
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B3.4 — 2aaill sl
Ay Y Caagy oaatll gy olamsy),

Let {pi(t)} denote the diagonal coefficients of the reduced state in the record-sector

basis, treated here as record weights. osLa L g i)
A yra sl ASalinn ga i L g S Y canmill (ulieS o jla S8 aadid,

Any admissible &Y dynamics osS: of a2 such that, along individual trajectories

generated by those dynamics, H({pi(t)}) is a supermartingale:

with strict decrease during active <Y, The expectation is taken with respect to the

trajectory measure induced by the ¢yl dynamics.

This is a requirement on the class of admissible dynamics, not a property derived
from a specific generator: any candidate <\ process whose trajectories amplify

multiplicity is excluded.

No assumption about the s 32cE js made here; H is used purely as a multiplicity

measure.
dpalil G BaY H (g palagall Jlsall (5 e e wldall A o <) b e B2.2.
B3.5 — & senall Glus

L giall, haall kil ae liie o genall Cia g i o cann 83 jie cale Ui ) Jad 400 53l @l bl Loy
: ) & e NG 2 ¢ jaa ) 2 J
g sanall Al ) dmy O g Jlosall s e

ol sl 23580 IV sal) iy el 138, ¢ samall (5 siase e Ay jlenal) ol il o (38 53 Al

It does not constrain the second moment: trajectory spread (8¢ > O, ~~& B2.3) is fully
compatible with ensemble consistency. Selection is characterized by the

combination of preserved ensemble mean and nonzero trajectory variance.

B3.6 — miill e s3a ki (BCY)
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The paper does not derive outcome statistics. <l xa 5, admissible &Y dynamics

must produce a well-defined distribution over realized <Slaul glis,

The analysis restricts to the class of <4&u¥ dynamics that are Born-consistent: under
the trajectory measure induced by the dynamics, the marginal distribution over

realized sectors converges to the diagonal weights {p;} inherited from L sl ;s

This is a defining constraint of the model class studied here, not a derived result. The
existence and properties of Born-inconsistent <&¥ dynamics are a separate

question outside the present scope.

Born-consistency is Lu_ai testable: repeated preparations of identically decohered
systems must yield realized-sector frequencies converging to {pi}. Persistent

deviation falsifies the Born-consistent class, not iVl jtself.

B3.7 — sl clllaiall adle

Selection dynamics, if they exist, oS of o

Post-4x <3 — jnactive while recovery remains reachable.
Record-local — acting only on the <3aull s during active s&i),
Ll A5 el b 4 gl (plhad gias e — Lals,

@ jbsal) Jsh o A asl) gl — Lagila,

g ganall il ) ghiil) Biat — £ ganall ga dluia,

Any candidate process violating these conditions is not a physically admissible form
of <&¥) under 4aall established by | 48,5l
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Jais JUs; Structural Requirements Applied to
Qubit Selection

1438, (aud A4.2) defines a toy model of stochastic &Y on a qubit with sdsell (bl @ =
{IOX®], [1)(1]} and «&5Y) dynamics dp = y - p(1-p) dW.

Jdadll 4 gl llliall aes Al readl 23 saill 18 o jeday 33 B3,

B3.1 (Post-4: sse3Ul activation): The s&iV) rate vy is set to zero while the system
remains within the recoverable set Ke(0). The SDE activates only after ()i

ki Y has rendered pointer sectors operationally distinct.
ol S 8y = O L,

B3.2 (s kil eUail) ¢ sl Ao Jallly Jand Ay saal) Aplaliil) Astaall)s c¥lanadl pia Agtas( p. A58 Y
slidly cSlaall it dglaa dglanl), 4y k8 8 oyl 5 agaa,

B3.3 &) Lol clelaili( p = @ 5 p = 1¢ LN Jalas g(p) = Y « p(1-p) Ll Lk,
Lale Asyll Jalis Lelad 008l pillal) WIS,

B3.4 (Contractivity): By the full Itd calculation (a&, | 43,3) A4.2, requirement
$3): dH = —(y/2) p(1-p) dt + Jy - p(1-p) - log[(1-p)/p] dW.

The <l_>W) term —(y/2) p(1-p) is strictly negative for p € (0, 1). H is a supermartingale

with strict decrease during active <&\, as required.

B3.5 dilaall): £ ganall Gl dp = Y - p(1-p) AW Juii e E[p(t)] = p(0) J<! t. b gial)
£ sanall Ula ZU) amy <l jlual) e,

5 abi ¢ geadll A A CPTP.

A sal) ciltlaiall G 35 138 B3.1-B3.5 (e _n 43t 5l Jall Gl jaall 3 saill, dacine slaa ;30 A3

A0,
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Any candidate <& dynamics must pass all five requirements to be admissible. B4 —

Universal Rate Constraints on Selection
Abont Ao Caasy o S Y can§ 1) celamy),

This section establishes necessary upper bounds on the rate at which admissible
&Yl dynamics may act, without introducing new physics and without exceeding the

scope of 143 ),

BT — Al LSS (Y Jane

For two <Jaud) gds i and j, define the inter-sector <& time tij as the minimal
duration required, in an individual realization, for the system’s accessible behavior to
become operationally indistinguishable from confinement to sector i rather than j,
within usdll aludll,

The corresponding <s&Y) rate is:

This rate is operationally measurable: it characterizes how rapidly exclusion is

enforced between competing <) g ads,

B4.2 — Jaxall 558 s3adl) il

Any candidate universal rate limiter on <&&¥) must satisfy the following constraints:
Al 5 a2 o Stonn Al el gan (15 (il o iy aall, &g,

330 Lol huds gl uldll LA o G ) JAN o adiny YT caag aad), Gglad) DL,

Discriminatory Relevance. The bound must couple directly to the physical

features that distinguish <Slaul) glais,
ol el anod yall By 28 LS cadaAll ts g JSE 22T Y 0 gaall o34,
B4.3 — )i ji( sS 32ail wli a8 il

AL 5 y8le Ao s conall ALE e i o AN il auen G Apdal iy aall 0Ll
ALY -5,
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The hypothesis: that gravity provides a universal upper bound on <&\ rates. This is
an 2.2 claim about known interactions, not a proof of uniqueness, and it does not

assert that gravity causes ¢V,
B4.4 — <lad) clelad fpn juall A1) 4L

The 4l 43513 48U distinguishability AE_G between <Slaull ¢lkés i and j is defined in
48,50 (<3 D15, 3=k C).

It measures the Newtonian self-energy of the difference mass distribution between

two sl ¢llés and is zero when the sectors are gravitationally indistinguishable.

The definition, explicit integral form, and positivity proof are given in |4, and are

not repeated here.

B4.5 — Jaxdl dasl jia

The gravity-limited &5Y) bound (el | 4,50l G) states:
P48, ) introduces this bound as a physical constraint.

Here we elevate it 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 143,
& o5k LY 13 Ay il il BB,

The bound is limiting, not exact. Selection ¢ s 38 slower; it may not be faster without

invoking a oY) stronger than gravity to mass-energy distinguishability.
B4.6 — )ida ni( 4 iall Al

Under the gravity-limited hypothesis, if two <Slawdl g\is are gravitationally
indistinguishable: AEC i = Q

then the gravity-constrained contribution to the <&V rate vanishes:

e Sl daoy 33ad Gl o) 131 BA.2¢ e ¥ Lo ) e LS 1 0 (8,
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SED aad) Uy sl S Ll i T K 13,

B4.7 — il il e il

AL ALY maen ae (3usia 52 sanal) A s

it applies only after operational 4w S (B3.1),

il cilglas) ¥ (¥andl 3 (B3.6)c

g saxall ol Lday (B3.5)c

and it does not explain Ll il ylé or branching (148, 1).

Ao NS Y (Janall 22k Jad Jaah Uia Apdlal),

B4.8 — _aslis (Rate-Level)

The gravity-limited hypothesis is o=~ if any of the following are observed:
FG1: ao Sasy ¢ Adj > AEG/h.

FG2: to cllam G Giday o) AEG = O 2l Jid 23ah Glé 4 B4.2.
FG3: dbadl cllandl je 406 8 clalaa aa Ligs 7 a0 s V) C¥ara,

Failure here invalidates the limiter hypothesis only; it &Y Jhg ¥ as defined in o2

4, nor 4w eI as defined in 143,
B4.9 — &3y

If <Wi¥) occurs, it is constrained by physical limits on how rapidly alternatives can be
distinguished. Definiteness cannot emerge arbitrarily fast; it can emerge no faster

than a universal interaction can discriminate between competing records.
B5 — 5_eall <l JLaal) g Ay el dalasy)

This section translates the structural and rate constraints of aués B1-B4 into Lu a3

discriminable regimes.

167



The aim is not parameter fitting, but to specify what observations would count as

confirmation, survival, or o=>2 of <&l as defined in 43, o,
B5.1 — < ,Liay) el fase
Experiments testing <& must satisfy three criteria:

Post-Irreversibility Regime. Decoherence and loss of recoverability must
already be established (| 4,3!). Tests conducted while the system remains

within Kg(0) are irrelevant to &),

£ sanall Cillac gia ¥ ¢ jleall (5 gina ciladgi g 3 jdall Jaadal) & glu L85 o caag 4 ), jlesal) sl

Laa g,

Rate Sensitivity. The experiment (< ¢ > capable of resolving timescales

comparable to the predicted s&iY) rate Aij~".

Only experiments satisfying all three can meaningfully constrain &Y dynamics.
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S\ WVE Q4 &J& uadla

& W tests are ordered by what they target, not by experimental accessibility. Each
test is Jeiwe JS5 meaningful.

BT1 — Order-of-Operations (B5.5). Target: s itself. Falsifies: s@i¥ as
defined in B1.4. Method: continuously tune &3 )18 and check whether &)

signatures appear before the system exits Ke(0O).
Platform: superconducting qubits with tunable ¢'_%#Y) to measurement cavity.

BT2 — Active Selection Signature (B5.2). Target: existence of s&il¥), Falsifies:
¢l is present in the tested regime. Method: compare single-trajectory

statistics against all linear Lindblad models fitted to the same ki 318 data.

G o aa Buiiall e RGN J3al 5 Gl bl st 3 sa yall CPTP. Qi sl 4838 Gl 5:S; daidll

A gana Slggl gl ) ety 481 e,

BT3 — Null-Rate Regime (B5.3). Target: gravity-limited hypothesis. Falsifies:
FG2. Method: prepare decohered superpositions with AE_G = ® and monitor for
«@iNl, Observable: persistent multiplicity (no single-sector stabilization)

vs. rapid s&iN),
Aiaie ANS ey ) 5 (5595 CAl OV oY) 85 e Lill-Cm g 53l S) e ducaiall,

BT4 — Rate-Bound Regime (B5.4). Target: gravity-limited hypothesis. Falsifies:
FG1. Method: create spatial superpositions of mesoscopic masses, measure
sWiY) timescale, compare against tT_min = h/AE_G. Observable: i) faster or

slower than bound.
Adee 1l Claguan; bl (ki R = 100 ke T_min ~ 1-10 &) 35 18 b

BT5 — Born Boundary Condition (B3.6). Target: Born-consistency of i,
Falsifies: the Born-consistent model class. Method: large ensembles of

identically prepared, fully decohered systems with single-shot readout.

169



e 48 i) Lahaa)) cileadl) a3 5% 3 s yall { ) b sal <l ghuas; diaiall, e mabidll ) glaty ey

-

Aus gna,
B5.2 — Jelall clany) &85

Selection is operationally distinct from L 3l (jla8, An active &Y signature is any

trajectory-level behavior, occurring after operational 4w S >UI, that:

OsSs of oS Y reproduced by any system-local linear CPTP evolution consistent with

the J&iuw JS4 characterized L 3l (jlaé dynamics of the system, and

enforces persistent confinement to a single <Saull gWd under all admissible system-

local controls.
Jaids A gl Cilad ) e AL;
5= ¥ loss of interference revival capacity despite full system-only control,

stochastic stabilization of record-sector behavior inconsistent with linear Lindblad

dynamics fitted to the same L sill ;a8 data,

Aalial) dio 3l Gupdiall panm 32 a2 anl5 U ) iRl 4 e ol
Absence of such signatures implies absence of 1Y in the tested regime.
B5.3 — ) Al IV g il Jamall plka

Consider «laull ¢lds that are operationally decohered but gravitationally
indistinguishable: AEG = 0.

Under the gravity-limited hypothesis, the gravity-constrained contribution to the V)

rate vanishes. 4xall therefore predicts one of two outcomes:

Persistent multiplicity: no s&i¥) signatures appear within L2 accessible

timescales; or

Non-gravitational s\ s&iY) occurs at a slower rate governed by an

alternative limiter satisfying the requirements of B4.2.
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82l g i S et e sale Jla (NV) ol S¥ls oS 53 8 lmaa il (& Mg = +1) 5 [mg = =1).

These states have identical mass distributions (AE_G = 0) but are operationally
distinguishable via microwave spectroscopy. After environmental ki 3l () has

suppressed spin coherence, the reduced state is p = Y2|+1)(+1] + V2|-1){(-1|.

Under the gravity-limited hypothesis, no gravitational contribution to <Lu¥l exists. If
single-trajectory monitoring reveals rapid stabilization to one spin state inconsistent
with any Lindblad model of the L 53l ()& dynamics, the gravity-limited hypothesis is

U sada,
Observation of rapid «&i¥! in this regime falsifies the gravity-limited hypothesis.
B5.4 — ) seill aglall LN Jonall 2a ol

For w3l ¢ kis with significant gravitational distinguishability AEG > h/T, where T
is the duration over which the experiment maintains sensitivity to trajectory-level

behavior, the gravity-limited hypothesis predicts an upper bound:

Experiments in this regime can test whether observed <&y times: respect the bound

(hypothesis survives),
approach the bound (gravity-limited <&¥! likely active), or
violate the bound (hypothesis u= s~4).

Fiwsi (g sl apan, Dl 085 5 Ak ye dabail (R = 100 aie p = 19 3an/f) duas JlSe oSI 55 8 AX ~ R
b AE_G ~ Gm?/R¢ | T_min = W/ AE_G ~ 1-10 5.

This is within reach of cryogenic levitation experiments maintaining coherence for
seconds (cf. Gals 143, D).

Sbdl (p = 2 an/g)e T_min ~ 102-10° 5 58 Alaie AUKH lle o) all, Ldlall o i diajf 2a e Al
JaY) a ) e jlaasy,

Observation of <luY¥) with T < T_min falsifies the gravity-limited hypothesis (FG1).
Absence of <) within accessible timescales is consistent with the hypothesis but
does not confirm it.
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B5.5 — Clleall g i sl
Selection must not precede 4w Se U,

Experiments that continuously tune environmental o'_#Y) can test whether ¢!

signatures appear only after the system exits the recoverable set Ke(0).

luaa3 if trajectory-level confinement to a single sl ¢Ud is observed while the
system remains within Ke(0) as defined in | 48,5)l (< =i D12), then &Yl as defined in

B1.4 is sasae,

This test targets <Y itself, not merely the gravity-limited hypothesis.
B5.6 — &l Cayias

ol LS anii gy ol il

No &) observed: s&iY) absent in the tested regime.

Selection observed, rate indeterminate: s&iY) present; gravity-limited

hypothesis neither confirmed nor c2 s,

Selection observed within bound: s&i¥) present and consistent with the

gravity-limited hypothesis.
Selection observed faster than bound: gravity-limited hypothesis o2,

Selection observed in null-rate regime without alternative limiter: gravity-

limited hypothesis u235a% or incomplete.
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220 Al dpd Al BT Al Y,

B5.7 — @il 33Me)

43,4l o2a establishes: what s of sy <Y §f it exists, what it must cost, how fast it

may occur,
and how it can be =,

It does not determine whether «&&Y) actually occurs in nature. That question is x>

B6 — Conclusions and Program Status

43,4l o2 has treated <&iY) as a physical exclusion process constrained by 4w 5Se 3,
control limits, and rate bounds, without invoking interpretation, 4lcldll or collapse

mechanisms. The results can be summarized as follows.
B6.1 — 4l &5
If <Y exists, it must satisfy all of the following:

1. Post-Irreversibility Constraint. Selection cannot act before operational
4 e js established. Any exclusion prior to exit from Ke(0) falsifies &) as

defined here.

2, bal) ekl Bia aa A il cliBadl 5 glaa o Jery O i s ), L) 5 g o ailhal)
£ saxall,

3. Record-Algebra Locality. Selection may act only on degrees of freedom that

distinguish <Saull glkés and may not reintroduce interference.

4. Absorbing Dynamics. Once a <Saul) gUd js realized, sector membership is
fixed under subsequent & dynamics.

5. dga il @ jlual) Jsh o c¥land) cloUb sas 405 gy o qaay N, aail) dpaldl,

6. Ll 4o juuy Butay O Sy Vg Ay 3 3 ) g iy L), Janal) g ABISTY 4 g8,

-

173



7. Universal Rate Limiter (Hypothesis). Gravity provides a candidate universal
upper bound on i rates, expressible through gravitational

distinguishability AEG, and is u=>ll J1& by explicit rate tests.
LIS Gim yidh aal Y, (g5 o S,

B6.2 — =it ol e

48 )4l 228 has not: e assumed that &Y must occur,

e derived outcome statistics or the ¢ 3:c8 o specified a concrete dynamical
generator, ¢ invoked observers, consciousness, or epistemic update, e claimed gravity

causes &),

e or extended 4w sS= 3 beyond what is established in 143,

Jis any hypothesis in 48,5l »3a [eaves the foundations of | 43l intact.
B6.3 — U aall dux i Alls

The gravity-limited hypothesis introduced in ~ B4 is >3y motivated,
dimensionally consistent, and u=asall Ji Ly »a5, Tt stands or falls entirely on
observation. Its failure would constrain the space of admissible 1Y) mechanisms,

not rescue them.

B6.4 — (sl ey

Together with P48, this work completes the physics-level characterization of s&uy!:
1435 establishes 4w <3 without definiteness.

« 43 )5l establishes definiteness as costly, rate-limited exclusion, if it exists.
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No further progress on s&ii¥) can be made by

argument alone. The remaining uncertainty is

L4

Qﬁﬁﬁo
B6.5 — dulal dyaull

If &Y is absent or constrained, the remaining question is not about definiteness
but about structure: how does behavior unfold within a single realized <l ¢

under 35 Y constraint?

That question concerns control under 4. 5S=3dl, not the emergence of definiteness. It
is addressed in z 4, where 4lcldll is treated as constrained dynamics downstream

of the physics established here.

A8l A,
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G ol o i

Lead dan 5 ¥ 5 shd IS ae (Baay Vi) el b e, IOV i cluds o dailas, @l jla 3355, Jeld i,

You face < ,»¥) that never stops. And somewhere ahead of you, invisible but real, is

a boundary beyond which no choice you make can save you.

(anall AL (laall ALE (Gl A6 — duxia, T lae G, A6ul8 G, Auia gill a3l i Le S,
Tl e i

AL 5y iy Y ASY Adudall 4l gy ol e Gaal J8 ) 128,
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(S dalaly

Gaadll Als — 143, ) (AS): An Operational Measure of Record-Structured Irreversibility

— 43 )4ll — Selection as Irreversible Exclusion: Rates, Costs, and Constraints on

Definiteness Abstract

4 )4l »2a develops a Sadll 4,k gccount of &lell under o s5c ¥ physics. Your el

measured as a number.

Building on Papers A and B, 4l is defined as a geometric property: the fraction of
survivable states you can reach from where you currently stand, using whatever

control you have, within the <:Sa.) g8 you actually occupy.
Buaa Al i Ll bl 2385 Y,

The results: if you stop maintaining, il decays. At the no-return boundary, 4l
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, o _8Y), and exit are defined as
consequences of constrained reachability rather than psychological or normative

phenomena.

The paper establishes 4,5 = b 5 )3 for persistence of controlled behavior under
4w &) and provides u=alss for the control framework. What remains unresolved is

223 — and that is exactly as it should be.

Aagalall Ol sa oo Lghad Aadai) (o, Aih yud dunigl),
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CO — il

CO.1 — diill o

This work depends explicitly and exclusively on the physical results established in

143,50 and < 4,
4 &M as loss of reachability under )i 48, sli( J siall aSaill
the existence of 323 zhus induced by bounded capacity (I &),

<@yl if it exists, as a costly, rate-limited exclusion process acting after 43 sll( 4w S 30

<).

z 4,5l requires only that +&&Y! produces confinement to a single <aull ¢l it does

not depend on the mechanism, rate, or statistics of sy,
L b ol (gl BN 5f iy jas S Y,

Cross-reference note. The sLall 4L 315 Viab(R) used throughout 42, sl 43! o2
<y 25 | D7) corresponds, in the quantum setting, to the recoverable set Kg(0)
(i, 148,40 D12).

z 4,51l operates entirely within a single realized w3aull ¢ so the relevant constraint
set R is the set of states accessible to the system after &Y, not the full quantum

state space.
CO.2 — =l

z 4,4l addresses a question that is not physical in origin, but structural in

consequence:
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Given s Y physics and costly definiteness,
how can controlled behavior persist within a
single realized <Saull gUE?

Agency is treated not as intention, belief, or choice, but as a control property — a

number you can compute of a system evolving under ~sS¢ ¥ constraints.

The paper does not: e introduce new 4L 3 (il 8 o modify or reinterpret ~Sl) KuilSus, o

explain why <) occurs, ¢ invoke psychology, motivation, ethics, or meaning,

o ke i) f Cliay ayais,

Jhit ¥ # 48,4l J& Papers A or B.

C1 — Lalas Lpuia eSS Ale i)

C1.1 — «w =3 of Agency

Within a single realized <3l gl define 4leld as:

The fraction of the sLall .1l 31 55 reachable from the current state under Jsiall aSxill,
Let x(t) denote the system state confined to a realized <:Saull g lad,

Let Viab(R) be the sball 1Ll 51 55 defined in | 45,5l relative to Jsiall Saills, and let

Reach(x) be the set of states reachable from x under those controls.
Can Goe Py VAl pliad 4y jiay Ganindll oxgdall anall Gibie 58 Viab(R) 25ine can 5o (i gl

The normalization ensures M € [0, 1], with M = 1 when the entire sball LG 8 & jg

reachable and M = O at the 3253l =k where no viable future remains.
oabiall, AEII) g 450 il ) 03l e ganall o) giaY Al i) Sy © S, OB p(S4) = H(S2)-
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O o=t Jaill Reach(x) as 4l iy i X Alal yiall 4o ) cile sanall e <o) s gla 4 yia e

A ) yaind didia M.

These are standard regularity conditions in sball Ll 4, )13 (Aubin, 1991) and are not

additional physical assumptions.
C1.2 — oSail) il

Let J &l »&xills y(t) € U be bounded by physical and energetic constraints. Control

authority is determined by:

Bandwidth: the maximal rate at which control can counteract <l 2! wss ¥,
Oa el paall J g sll LAY Viab(R) ¢ glal) x(t):

Ga dal) ) el Glalgd) x(t) goiua asad cad (A LS Gijes C8.1).

iy, 3al) byd INR = @ Viab(R) 4.l iuly p(Reach() N Viab(R)) Aall djas;

L aaly e Jlse i (3all dic,

C2 — A sSe D daisS Gl )

C2.1 — usSe U sl )

For open systems with nonzero <l > o Se Y, 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

P48, 40l (38 ,ue T2): it is Not an independent axiom.
C2.2 — a1 cilSaalial)

Absent control (u = 8), the system evolves as where f(x) is the <!>V S ¥ field

pointing toward an attractor of structural loss (equilibrium, failure, or saturation).

The scalar decay model of | 43, ) (dx/dt = —ax + u) is a special case of this general

form.
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428 C2.1 (Agency decay under il ¥ — 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 <i!_a¥! field f points

inward toward an attractor x* & Viab(R).

If |f(x)] = alx — x*I for some a > O (linear lower bound on <l %), and if y(Reach(x) N

Viab(R)) is Lipschitz in x with constant L, then along any trajectory with u(t)] = u_max:

When the system is far from the attractor (Ix — x*I > u_max/a), the right-hand side is

strictly negative: 4= lill decreases regardless of control.

This reproduces the Jxill il result of 1434l (A8 w T2) in the 4l framework and

quantifies the rate of el |loss beyond the horizon.

Ol bhia, dM/dt = (d/dt)[u(Reach(x) N Viab(R))l/u(Viab(R)). By Lipschitz
continuity, |Ap| = L|AXx|. The state velocity is |dx/dt] = [f(x) + u] = [f(x)] + |ul.

The «l_>3) pushes toward x (reducing Reach), while control pushes away (expanding
it). Net rate: dM/dt < L(Ju] = [f(X)])/u(Viab(R)) = L(u_max - alx — xI)/p(Viab(R)). o C3 —

Necessary Conditions for Agency Preservation
C3.1 — el Sl 43K

For open systems with f(x) # ® away from fixed points, maintaining distance from
2NR requires continuous expenditure of control effort. Except at exact fixed points of

f, no finite intervention permanently arrests sl ¥,

TS a8 (a3 13 AN Ll o3 Vigb(R) Lases s ¥ losa sy ¢d s sl Lalions Laas callas

e il dpn) i,
C3.2 — il dda s piiall oSl Fllad

4,48 (conditional). For Jsiall aaill systems in which instantaneous control cost
c(u) is convex in |u], low-variance control trajectories preserve M(x) more
effectively than high-variance or impulsive strategies with the same mean

control effort.

182



ol Llas For convex ¢, Jensen'’s inequality gives Z[c(u)] = c(Z[u]).

Variable control with fixed mean effort therefore incurs greater cumulative cost than
constant control at the mean level, depleting the =il 44 5w B(t) (defined in C5.1)

more rapidly and thereby reducing reachable viability volume. o

454 €3.1a (Maintenance condition). For the scalar system dx/dt = —ax + u with
a > 0 and u € [0, u_max], the 4l M(x) is maintained (dM/dt = 0) if and only

if u = ax, i.e., control exactly balances <il_x,

This requires x < u_max/a = x;, (the J=ill &), For x > Xy, no Jsiall aSaill can maintain
M, and dM/dt < ® strictly.

The maintenance condition is the lcWi-framework restatement of 1 43, 5ll's ia yua T2:

the horizon is the boundary between maintainable and inevitably decaying 4leldll,
C4 — ik g i Jala 5252 D) duia
C4.1 — Y duia

The Jxiall il from 48,5l (4w T2, <y 13 D9) applies strictly within a realized g ks

«Saudl, Crossing this boundary removes states from Viab(R).
C4.2 — Lale A Ly
ok dix JLeY x ¢ Viab(R)

Once this occurs, recovery is impossible under J sl »Sa3l), Ruin is a geometric

property of state space, not a subjective condition.
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Jads Jlie: No-Return Geometry in a 2D Linear

System

Consider a two-dimensional system with state x = (x4, Xz) € R?, <l 2V f(x) = (-a1X4,

—ayXy) with a;, a; > 0, and control u = (uy, uz) € [0, u;™#*] x [0, u,™#*].
2l de saaa R = {X 1 X1 = Q¢ X, = O).

The sLall 4L 3 &8 is the rectangle Viab(R) = [0, X11] x [0, Xon] Where Xy, = ui™/a; is the
per-axis Jxiall G,

The 32523 =k ¥_NR is the boundary of this rectangle: any state with x; > x5, or x; >

Xon 1S in the 2wl = s and will be driven to the boundary regardless of control.

A, Lol clua x = (Xq, Xz) J312 Viab(R)« Jals Jgasll ALY de janal) Viab(R) 2
Reach(x) n Viab(R).

The normalized 4l is M(x) = y(Reach(x) N Viab(R))/u(Viab(R)). At the origin, M =

(U ™®/a)(U™*/a,)/ (X1n * Xzn) = 1 (full 3Lall LGN 3) 5 reachable).
40 M A (Xqp, Xon)¢ Reach s sl dads ) (il M — O,

This example illustrates three features: (i) the 5253 =hu is axis-separable in the
linear case; (ii) 4l varies continuously from 1to © across the sball LUl 31 65 (fii)
position within Viab(R) determines how much future flexibility remains, independent

of the system'’s history.
C5 — @Yl aSadll clil jua
C5.1 — Control Budget Define the aSaill & ju;

Experimental instantiation: E. coli chemotaxis in a microfluidic gradient chamber.
The 4=l framework maps directly to a concrete biological system. State space: cell

position and internal chemotactic signalling state within the gradient.
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)&gﬁc]>g3&a[@e'4\y(}4ﬂ\?cig&gu\jﬁs}&g;3 yaall dihie slall AL 3) g,

L3 bl Aalendl A8al), ldsall O piad Addata gad LIIAT) Bleaay JALA) (3daiy Lassyl; <l iVl (u €
Ue hgall & jaall o jas 33 5354),

) Jana Ao Calail) b W 4dls AilhaS dalis (oaall sy 53 aua sall; J22 381 — x, = u_max/a.

ada)all dstdall cablalis): 400 juall (ATP¢ axi 55l &S jall 5 6all) & A YY), Aalud) ea &a il ‘?_ﬂ\

U w4 gt Aali Y salall AL iall dibaia (e A0 A1 LY,
Aalondl i 513 33l Jama s Al g sall die Jpusill e ke,

u=aly (C10.1, condition 1): if a non-motile mutant (u_max = ®) maintains its position in
the gradient without external intervention, 4lc\dll as defined here is (=2 — reach

grew without control expenditure.

o=l (C10.1, condition 4): if a motile cell with finite ATP reserve persists indefinitely

in a persistent nutrient gradient flow, the &l () bound (4w C5.1) is U= s,

Every construct in <l_~3¥) — z 48,4, control, horizon, budget, fatigue, noise, slack, ruin

— maps to a measurable variable in this system.

Cua, Ay bl dadal) é\}d\ Gl e J glita ‘_g kel c(u) s 3.\.\‘}1\ ASanl) 48l<s By>0 AN A0 ),
llay J saiall oS3l B(1) 2 O

C5.2 — Saill Gla )
2 Giaay aSadl) 5 ) B(t) — O, il £ aaal) e gl 238 e asadl B(t)e Mie M(x).

By 4x=8 C3.2, impulsive strategies with convex cost deplete the budget strictly faster

than steady control at the same mean effort.

4ia y 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 all u = 0. Let B(t) = B, - f,' c(u(s)) ds
be the asaill 43) jza,
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Define the <&l () T as the first time at which either B(T) = ® or x(T*) ¢ Viab(R). Then:

Ol et Gl c(u) 2 c_min Jray Cijjiiad 480 3l (g oba € aSad Y dB/dt = —c(u) s
—c_min bl 4 Ladats aUail) ¢< Lals,

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 ¢ s~ ol w2 nonzero for the entire

survival period, giving B(T) = By — [o" c(u) ds < By — c_min - T*.
panB(T) =0 e Jasi T < By/c_min. o

The bound is tight for constant minimal-cost control. It establishes that finite
budgets imply finite survival: no system with bounded resources can maintain 4\l

indefinitely against persistent « >3,
The bound does not depend on the < > rate a, only on the control cost floor.

Faster < > depletes the budget faster (higher u needed), but the absolute bound

is set by the budget-to-cost ratio.

d). g Al Jiada Jla dx/dt = —ax + U & a = 1< u_max = 2¢ c(u) = u (4hi dili)c B,
= 10¢ Ll A g x = 1.5: Aibwa x = 1.5 kil y = ax = 1.5¢ 4l ¢ = 1.5 o) Baa g IS,

eladl e T* = Bp/c = 10/1.5 = 6.67 i) Qlas s,

Al jaal) il 2 U = @ 5 x < (5l ) Jma sl golaion ¥ Laie L) Jay ol @ sas L il
Jala Viab(R).

C6.1 — clapall

Noise is defined as exogenous or stochastic input to the system dynamics
that is not under Js84ll asaill and that consumes control bandwidth without
increasing Reach(x) n Viab(R).

Formally, noise is any perturbation (t) added to the <l_~V! field, f(x) — f(x) + &(t),
where £ is not an element of the Jsddll oSaill set U,
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4,28 C6.1 (Noise-induced 4l decay). Let the system evolve under dx/dt = f(x)
+ u + §(t) where £ is a zero-mean stochastic forcing with E[¥] = ® and E[E|*] =

o?.

If the system must expend additional control Au to compensate for &, then your
effective budget depletion rate increases: dB/dt = —c(u + Au) < —c(u) — ao? for some
a > O depending on the convexity of c. A4l s, noise reduces your <&l (3 T_noisy <

Bo/(c_min + ao?) < T_quiet.
Noise taxes your ~Saill 44 e without expanding reachable viability volume.

C6.2 — Cwall

Withholding response (u(t) = 0) is an Jsiall Sl getion. When the < 3! field f(x) is
slow or favorable (directed away from Z_NR), silence preserves aSaill 43 3 gt no e ldl)

cost.

This is not inaction in the colloquial sense; it is the optimal control policy when the

marginal &l cost of intervention exceeds the 4:lelWl cost of sl V),

Formally, silence is preferred when c(u)/|OM/0u| > |dM/dt|_{u=08}, i.e., when the
budget cost per unit of 4l preservation exceeds the < »¥l-induced 4l |oss

rate.
slia suall Aedial dmal ) Audas il Lyl w38 Cranall olim gually Liaggeal) adail) 4,
C7.1 — aleldl) Jaiy 45 yiwal) dadasty)

When systems are coupled, their <l ,»V! fields combine and control capacities load

jointly. Agency transfer occurs when, under coupled dynamics:

indicating expansion of reachable viability for system A at the expense of system B.

The total 4l of the coupled system is not conserved.
This is not an assumption; it follows from the geometry of Viab(R) under ¢ &Y!,

C7.2 — )ilS Lo (A& i gind e
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“Rescue” is ¢)_8Y) a stabilized system A to a divergent system B to offset B’s «sl_a3Y)
using A’s control capacity. Let || denote the norm induced by the coupled dynamics

on the joint state space.

slall A8 yidall ALl plaadl CalS L s |f,| + [ > u

almax + [U%|max

Under this condition, the total —!_~¥! magnitude exceeds the total available control,

and the coupled system approaches XNR faster than either system in isolation.

This is a sufficient, not necessary, condition; directional alignment of <!_~! and

control fields may permit stability even when this scalar inequality holds.

Non-conservation: two examples. (1) Cooperative ¢'_2Y¥), Two scalar systems
with <2 a = 1, u_max = 1 each, coupled so that each contributes control to

the other.

If the ¢)_%#Y) allows total control capacity to be shared: effective u_max per system =

2, x,, doubles for both. M'_A + M_B increases. Coupling creates 4dcldll,

(2) Parasitic ¢'s&Yl, 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 4lcléll: M_A + M _B decreases. Coupling
destroys dleldll,

These examples demonstrate that 4lcldll transfer is not zero-sum. The o_%Y! topology
and the relative < >¥-to-control ratios determine whether joint 4leldl expands,

contracts, or redistributes. No conservation law governs total 4deldll,
C8 — Aubially il
C8.1 — (gl

N Jsasll a3l Aa aad) Asly Gidad Gialgd) ENR Guns i aSad ciad g, 48 akatal) e 3001l) g8
Lo g2 540 F(x).

oSl hals apil Tl daudiall KU a5 cpa8Y) dbusall Y Al ) el Gty ke,
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4,28 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 = 0 under
zero control) and the horizon x, = u_max/a satisfy: M'(x) is monotonically

increasing in s(x) for x € [0, x,].

Greater slack implies greater 4:lcldll, You have felt this — the difference between

having three months of savings and having three days.

At s = © (boundary), M = 0. At s = x,/a (maximal slack at origin), M = 1. Slack is the
operationally measurable proxy for 4deldll in systems where direct computation of

Reach(x) N Viab(R) is intractable.

In higher dimensions or systems with non-convex constraints, slack is a necessary
but not sufficient condition for 4l 3 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 — &) il

A system has redundancy r = 1 with respect to a target state x € Viab(R) if there exist
at least r distinct J il &3l trajectories reaching x from the current state while

remaining within Viab(R).

3o Lal) A8l stiall s e Y1 A ) Sl bl lacad slall ALGEN ¢l jlecall dunlaa Jl 45 ) S,
CO — laidaii€ 75 All

C9.1 — e

When M (x(t)) decreases monotonically under all J sl »&a3lls in a coupled system,

dey)®Y) preserves more reachable viability volume than continued ) &Y,

This holds when the coupled —!_>! exceeds the joint control capacity (C7.2), so that
dey)®Y) removes the excess — >V load. Exit is therefore a control outcome implied

by reachability geometry, not a prescription.

C9.2 — addelall 3024l il
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An environment is e ldl-dissipative if, for all Jsiall Laills:
Laa s Y ouetit Cina s 138, Jgem sll LGN aas o jla IS JIay 230 028 & ) i),

duxb C9.1 (Ded) &Y condition). Let systems A and B be coupled with joint

dynamics.

Dey) y8Y is 4lell-preserving for A if and only if the coupled <!~ acting on A

exceeds A's isolated < _>V: [f_coupled,A(x)| > [f_A(X)].

That is, ded) s8Y! is preferred when the )_®Y! increases the effective <l >N 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 < %), The mathematics says: leave. Not because

leaving is morally right.

Because the geometry of your sball 4L 3| 8 contracts while you stay. This is a

necessary and sufficient condition for deg)_®Y! to instantaneously increase dM _A/dt.

It does not account for future reg)_®Y! opportunities or transient effects. C10 —

Falsifiability and Closure
C10.1 — Uasls
z 485 is assaif:

FC1: M(X) Jilia malad (3W8) Goa s (gl C5.1).

FC2: Irreversible loss of reachability is reversed without external intervention

violating the admissibility constraints of | 43,
FC3: Stable control persists beyond ENR under Jsi4l a$a3l (violates C4.2).

FC4 (Free lunch): A system maintains M (x) > © indefinitely with B, finite and no
external resource input, in the presence of persistent nonzero <l >\, This violates

4 . C5.1.
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FC5 (Resurrection): A system recovers M(x) > O after reaching M = O (ruin) without
external intervention that violates the admissibility constraints of 48,3\ This violates

C4.2.
C10.2 — 3y

z 4,4l introduces no new physics. It applies the S ¥ and selective constraints of

Papers A and B to controlled dynamics within a realized <Slaull ¢ Uad,

Baa Al 38 a3 (53 (See Aaal) sdgd g i Y, Juadia JS5s llad A palall Aadasl) ypaas,
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= (gadall

The definitions and propositions of z 4,4l are abstract ~S=ill 4, )k structures. They

become . x>ly meaningful when instantiated in concrete systems.

Two candidate systems are outlined below, one biological and one engineered, to

demonstrate that 4=l makes operationally testable predictions.
@) aSall hgad Ghad iyl o (B AL L S (@ S (el GliaV: 1 A,

Control: flagellar motor switching (u € {run, tumble}). Budget: metabolic energy store
(ATP). Viability kernel: nutrient concentrations supporting growth. No-return surface:

starvation threshold below which metabolic shutdown is - sSe ¥,

Testable prediction: <&l (3 scales with initial metabolic reserve divided by
maintenance metabolic rate (< « C5.1). Noise: Brownian rotational diffusion acts as

stochastic forcing &, taxing the ~Saill 43 jue (Auzd C6.1).

Observable: mean <&l () decreases with increasing environmental noise, controlling

for nutrient availability.
o) AL k) gigad (g (3 gal) (oaliy Ay Ually Jamy gy, Alkioaall 4 ga g Aadlall; 2 AUl

Al o je: St (U € U daall daas 3 535a), G Uad) cadis &) uall (By). ol il sall LIS 51 5
g el ol 08 (o e ) g 1 gl g sl

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 (=i C2.1).

These instantiations are not metaphors. Each maps the abstract quantities (M, B, s,
¥_NR) to physically measurable variables with quantitative predictions. Jé the

predictions in either system falsifies the corresponding propositions of z 43I,
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C11 — sl 3y
olai¥) dalal da jaie Ae Aladi s A5 L

Law e 1 48,4 as loss of reachability under bounded control. Defines (giaill s,
proves monotonicity under decohering dynamics, and establishes 52 rhus,

Independent of Papers B and C.

syl o 48,4Y as costly, rate-limited, ~s= ¥ exclusion of alternative glsé
clawldls, if it exists. Derives structural requirements and a gaaall Jié

gravitational rate bound. | £, = iy independent of ¢ 48,4,

ddeldll ~ 48,4l as normalized reachable viability volume under your constrained control

within a single realized <Slaull ¢ g,

Establishes propositions on 4deldl decay under < ¥ (C2.1), <&l (3 bounds (C5.1),
noise-induced depletion (C6.1), non-conservation under o'_&Y) (C7), and slack-4ledl)
correspondence (C8.1). Provides worked examples and experimental instantiations in

biological and engineered systems.

148, e adiay uses outcome of — 43,4l but not its mechanism.

P48 Jlad ¥ 48,5l (s, 48,5l Jhas ¥ # 48,50l L8, Each layer is pasall W Jiiee (S5,
I3 48 (saa g ¢l o2 (385 AaLai) (ol o e SRl

¢ 4, # 4,4l 4l — Canonical Reference Locked - Execution-Complete

243,41l Coupled Viability

Structural Conditions for Multi-Agent Persistence Under Irreversible Dynamics iz
e Papers A, B, and C

248 ) 4l extends o)EY! to multi-agent systems. It e =y Papers A, B, and C and ¢4 Y
Jhi ¥ add, N Qi Al Papers A, B, or C.

[2 4, content follows — see standalone document]
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Jﬁ)ﬂ\

G Se Y AlSialin ot cple lall damd 4y ) et 4y gaiy Ja gyl sLall 45 yisall 4400l

Dependent on: « 4 ) il dla — 143, 1l — Selection as Irreversible Exclusion z 48 )

— Agency as Constrained Control
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DO — Jalall ase g (GUaill g Al
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DO.1 — 4l ol

243 )5l depends explicitly and exclusively on the results of Papers A, B, and C.
@il dla as an operational measure of )i 48 ( Llsud) Al ¢4l L Ke DU,
Selection as costly, rate-limited exclusion to definiteness, if it exists (< 43 l).

Agency as normalized reachable viability volume under constrained control within a

single realized )z 48, slI( <o) U,

Jha ¥ 248 )l Jié any prior paper.
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DO.2 — Ja il

248 )4l addresses: Given multiple agents, each described by z 4, 5\'s formalism,
operating within shared constraint environments under . sSc ¥ 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 sLall 4L 3l sis under <l 23y,

GIAY) i o gl Sl acinall e Yl
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s

DO.3 — 5253 sall byl L) Apud puda gl

Multi-agent sball LG 4, 155 exists. Aubin, Bayen, Saint-Pierre, and colleagues have
developed the mathematics of skall 4.1l &) ¢is for coupled systems, differential games,

and multi-agent control.
The contribution of 243 !l is not in proving new viability theorems.

It is in applying skall 4Ll 4,k to the specific structure of ¢EY), 148 ) (4w sSe 30
(L 4,4l), and )z 48, 5)( Adelal),

The results are constraints derived from physical 4= Sl and record structure, not

abstract control theory.

2484l is not evolutionary game theory. It does not invoke fitness, replication, or ¢y

pressure.

248 )4l is not multi-agent reinforcement learning. It does not invoke reward signals,

policy gradients, or learning.

243, 4l is not mechanism design. It does not invoke incentive compatibility, revelation

principles, or social welfare functions.

2484l is viability geometry applied to physically - sSe ¥, record-structured, 4:lelll-

bearing coupled systems.
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DO.4 — 4ol pa duagd u Cilsle)

Y48 )l

a4k 5 ol 8 Ja),

SIS ilSin jpusdi 3l Jpam,

=V sl mall o Aa@ll o BAY) S adlal) f dill ale eleia,
AL ardaed ol ol ol ADlaed) oal i),

el i) G gl ol LY S daal il dada,

A sl 4B aland),

Cliaay 5l (5 obma LG ) ) ),

Aaala 83 geatia o Acdead 23U ) ol eleay),

Laas 5 slall AN 5 g e Law e laia ) ) oL eleay),

Jha ¥ 248 )l Jis Papers A, B, or C.
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DO.5 — Loaded Terms: Geometric «i: xis

Several terms in 243, 4l carry normative or sociological connotations in ordinary
language. Each receives a strict geometric definition at first appearance. No

connotation beyond the definition is implied.

«dA Y5 A0 Y, sleall 48 i) AN ol g Alalgiall Adaad) L A Jal gl Cam ustin o pd —yy ¢ gl
43 ’SG&Y},

“Hierarchy” — asymmetric ¢/_®Y) where higher-capacity agents’ record externalities
dominate the constraint landscape of lower-capacity agents. A consequence of scale

asymmetry.

“Deterrence” — a o) Y configuration where the cost of unilateral dey!_&Y! exceeds

the cost of continued oY for both agents. A viability geometry.

“Impedance” — the ratio of control authority to <) ¥ rate: Z = u_max / a. Two

agents are 4 s=dl-matched when their Jxidll séls are comparable.

sl 63Lal) A8 il AL ple g L) (i ), A5 i) aSatl iloms) il s shall g 23 1) (38055 —7 cy )
Loy al3gll,
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D1 — 4S_idiall 81 by
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D1.1 — sball & jidall ALEN e

When multiple agents operate within a common physical environment, their

individual sL=ll 4.l 3) sis may overlap.
L il VA Cileliad (o jum Juals s ¢l il YIS oliad,

The joint dynamics are defined by the individual < Y fields, the individual control
sets, and the o) _®Y) terms that transmit the effect of one agent’s actions onto

another’'s <l a3y,

The joint sLall 4Ll 3) 55 s the set of joint states from which there exists a joint ASaill
Jsisdl strategy that maintains all agents within their individual viability constraints for

all future time.

The shared viability domain is the projection of the joint sLall L4l 3l s onto the shared
constraint dimensions. It is the region of the common environment in which joint

persistence is geometrically possible.
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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 2 43! does not apply.

This assumption is not a theorem. It is a scope condition. 2 4 4l analyzes systems

that satisfy it.
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D1.2 — 8l ¢yl 58

z 4,4l (C7) treats ¢)8Y) as direct energy and control transfer between two systems.

248 ) 4l introduces a second ¢'_#Y) mode: constraint oY\, When Agent A’s actions
modify the shared environment in a way that alters Agent B’s <l > field, control set,

or sLall 2.1 31 53 the agents are constraint-coupled.

No direct energy exchange «sths, The o) %! operates through the shared constraint

landscape.

() T e B (5805 ), ) g V(i A i) o gl S jlase, il A G i 1 J

Scope: Pairwise o) y8Y) as base analysis. Network effects modeled as cascades

through pairwise links. Testable with 3-agent systems (minimal non-trivial network).
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D1.3 — )utigh dlaie) fasa( Asdaeal) Za LA Jal sl
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<y 23 (Record-Writing Action):

An ~Se ¥ 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 J sl &1l set R_B(e).

aed ol Sl b e ) Ll VA liad sl 4 AS i) 2l cililaa) B,
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(ridigd) i) fases

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 u(K_B) changes generically (% D1.3).
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Jaiy) ase i bl

The map e » K_B(e) is non-degenerate: the sball 4.1l & ¢ boundary 0K_B depends
smoothly on e, and the constraint surface intersects the kernel boundary

transversally.

Sal) (8 Tyt ) Yl ) Jala JelSll i) sl oy Cum duia sl YA iy 3a,
& ol = : & .
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O alls

(1) A’s record-writing action irreversibly modifies the shared constraint coordinates e

— e’ (by definition of record-writing action and « 43 ) 4lI's 4. S 3U)),
(2) B’s sLall 214 3) 55 s @ function of the shared constraint coordinates: K_B = K_B(e).

o aaiad A gl o clSaalin O Ly @ e A saiy daing 31530 3a g <)y yailly( @ (DladY) axe Ll i)

o e e )l et o d S Al QYA de gaae i
(3) Dai¥) axe (al il cnic K_B(€') # K_B(e). skl i &l oty 3all o Canay dua 2l b i @,

The change usS 38 positive (expansion) or negative (contraction), depending on the

direction of e — 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 <! a3V), K_B contracts (negative externality). If e’ loosens B’s

constraints, K_B expands (positive externality).

(5) H(K_B) dc sana cdaca yal) 4 yiar Losec jiat @' el Sl K_B(e') # K_B(e) <! u(K_B(e")) =
H(K_B(e)) sia sl W,

This is the content of 4a:i D1.3. O
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42 D1.3 (Genericity of Non-Neutrality):

In smooth families of ¢/J%Y) 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.
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w<2als 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 4lelll M'_B (z 485! measure) without: (a) severing
Y, (b) increasing its &Saill 44 5% u_{B,max}, or (c) receiving compensating positive

externalities from a third agent, 4aall is (= a2,

Scope boundary. The measure-zero neutrality result (A% D1.3) e iy smoothness of

the ¢)EY map and regularity (C?) of the sball 2Ll &) s boundary.

If the o)_8Y) 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: 2 4, 4''s genericity claims apply to smooth

families of ¢/_J%¥Y! maps with regular kernel boundaries.

G anall Jadat Ll cillae JAE5 ALl JledY) G B paivne <l lalis <l dadail & Liy 8Ll oLl
sl Blall,
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D2 — 4l qus s
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D2.1 — L&Yl axe 5 AS jidall Adeldl

z 484l established that 4dell is non-conservative under oY) (C7.1). 2 484l extends

this to N agents.
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<y 23 (Joint Agency):

Joint el M _joint is defined as the viability volume of the joint state space under
joint Jsidl &xdlls normalized by the total joint sball ALl &) 53,

The measure M is inherited from ¢ 43 5\'s <& ;23 D5, applied to the product state
space X_1x X_2 x ... x X_N.
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duab D2.1: Joint 4eldll is non-additive. M_joint =

Y M_iin general.

The non-additivity term e iy (a) alignment of individual <!~V fields, and (b)

compatibility of individual control sets.

Joint 4leWl is superadditive (M _joint > ¥ M_i) when <I_~3 fields are anti-aligned

(agents face complementary threats) and control sets are compatible.

Joint el is subadditive (M _joint < £ M _i) when <l =~ fields are co-aligned

(agents face the same threat simultaneously) or control sets conflict.
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O ) hlada (by construction):

Superadditive witness: Two scalar systems, each with < >~ a3 =1 and u_max = 1.

Uncoupled, each has M_i = viability volume of its individual kernel.

Coupled cooperatively (z 4,3, C7.1, cooperative example), shared control capacity

yields effective u_max = 2 per system.

The joint sball 4,1l 3 5% expands: M_joint > M_1 + M _2. This is the cooperative ¢l &Y

case from g 43\,

aldaill; Ciliae o % L3 A (@ = 1¢ u_max = 2) pUaidl Lliks ) 56 B (a = 3¢ u_max = 0). B J3a:

a3 A,

Effective u_max for A drops to 1. The joint sball 4Ll 31 &5 contracts: M_joint < M'_1 +
M_2. This is the parasitic o)J2Y case from z 48,4,

Since both strict inequality directions are realizable, M _joint # £ M _i in general. The

sign <l a3 e adiay glignment and control compatibility. o
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D2.2 — 43 laall A4haa
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Impedance Z_i = u_{i,max} / a_i, where u_{i,max} is maximum control authority and

a_i is <il,a3Y) rate. This mirrors the Jaiall il (s e 143,41 T2),
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) 2N ) oulalag

T_i = 1/a_i. The characteristic time for Agent i's <l_=3¥ to carry it a significant

distance toward its 3253 mlaw,

Letie Z_j 3 Z_jie 5 et (J8 Lail 400 Loy
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Al ae) gal) Bl axe)s Al T JE&N dad,

The low-Z agent has short slack (small T, little time-to-ruin). Help must arrive before
the 325 =l is crossed.

3¢, 3350 U any sacbal) o ¢ il 48 glaall (midia Jelill Giala g 48 sbaall e Jelall dlain) AL 13)
6 yaa Al S ey 83 5031 aay 3iladll KKl

IS siea Y (g s 0 ey Allaia e 5 Aalis dyie 31 380 g1 Jad 5250 D) Aaia (Y A5V Qi) Jaas 138

adla,
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uabaia¥l dala ) dies @ Jddl) haad,

58 2sanall 2l IS 13, AL ) Lol sat ks Y 38 46 glaall (imidie Jeldl) (gl i saelud) cilay ) is

u_maxs 23 Y Al Al y_max ss Y Z,

221



43 glaall gil.ﬁ Je ) 440 jaa o 3iu))s gﬂﬁ( d Jidl) Jaal,

8y A8 glall (QJLc Jelall &3 jua, adtilatiul & 4 glaall Jle Jelall e cang el juad Jeld My

g .

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 usS: ol (S ¥ converted.
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duab D2.2 (qualitative):

Coupling efficiency between agents i and j degrades as 43 s~ 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.
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4wis D2.2 (quantitative):

For a minimal interface model with transfer delay t, conversion factor k, and slack s,
ol®Y) efficiency 1 is bounded by the fraction of control effort deliverable within the

slack window.

e by S < /(1 + (2272 - 1)).

A sS A€ e X Y g danall dgal ol 3 pas 8 lBlans) Callayy 128,
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D2.3 — _shllg o
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iy 4

Linear periodically forced agents with scalar state x_i, symmetric pairwise ol_&Y! x,

identical <> a, and sinusoidal control u_i(t) = U sin(w_i t + ¢_i).

Stability condition: a > k (<> exceeds o\ _#Y! strength; if k = a the sum mode is

unstable and both agents diverge regardless of phase).
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4 ;. D2.3 (Toy Model):

S Letia et (il A8 il 21 o g 1) Ao sana( AS jiliall LU Ao yane (i codle] Aalid) A8 3
sie ahael) el 1= 0.2 51— @2 = © (Lshll 355 cx),

) e Al i slaall AS i) AL de sana 1 — @ 2| I O ¢TI
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O alls

GlSaaliall: dx_i/dt = —a-x_i + u_i(t) + kex_j (i # j)¢ Ll a8 e x_i(t) 2 O.
Lilall @l sl sin(wt + @_1) + sin(wt + @_2) = 2-cos(A@/2)-sin(wt + (@_1+@_2)/2).
2 & seadl laa e Aadl) oSatl Gasl.COS(AQ/2). 2 G hai o Wil oSl Ll [siN(A/2)].

A M X 2 Y pa st S 2 D] (Rhllaall Aadll lats Lage sana 13 15 13 a5 3Sal) SIS
Legh )

)it (ke 03] AS jidal) AU S ) 5 o sanall Jaai o aSad dns sl il Laa ol 50 iy D] i

\)M

vie ) i( bl cos(A@/2) = 1¢ 6l A = 0. xie Glal) o bl sin(A@/2) = O¢ sl Ap = 8.
die ol (b il cpl il IS A = 0.

A ) aer i ) RbEY JA@] A O (= Tt cos(A@/2) A (il |sin(A@/2)| b ol
Oale all IS L iy 3 A28y Ja g 8l de gane DUy o Y1 S,

ve A =T cos(T/2) = 0 ) & senall haail (5 i aSa( [siN(TT/2)] = 103), Gl Jaatl Ll aaid(
U Tl o
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Lwis D2.3 (General):

<laa il @\ﬁuuw;éswas,m\@m\ L0 per ol (i sall el (pe s oY1 ciall
JJH\E\N.M}_

The u>3 signature is: perturbing a persistent coupled system’s phase relationship
should contract the joint viability margin (measured as minimum slack over one

control cycle).
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uaals for 4w D2.3:

If a persistent coupled system is shown to have maximum joint viability at anti-

resonant phase (@_1 — @_2 = 1) under standard ¢/_&Y), the conjecture is uas,
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D3 — il i) ciad b e LSS
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D3.1 — (Sl ¢l

A compositional equilibrium (CE) is a joint state-control configuration in which all
agents maintain positive 4l (M _i > © for all i) indefinitely, given their joint sl a3Y)

field and joint control constraints.

S pSadll 5 3,All/g senall SlSE 8 ad UGN 08 Y mad) oMol el Galeldll gl ozl ) B

The general case resists proof for three identified reasons: (i) nonlinear o) %Y terms
(e.g., multiplicative or saturating interactions) break the sum/difference deJ) s8Y) that
enables the trigonometric argument; (ii) non-convexity of the joint sball 4L 3) 8 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 o) #Y! class (e.g., to affine
or monotone '_&Y)) or establish a variational principle on the joint viability volume

that is monotone in phase alignment.

Until such a proof exists, the conjecture is supported by the two-agent result and by

the specified u=a)a,
CE 4daall exiwy Y,
CE sl aplans o xivy ¥,

CE is a geometric fixed-point condition: the joint system remains within the interior
of the joint sball Zlall 31 ¢,
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z W
K
-

CE = NE: dada iy o3l caldd)

4 hy Legie JS (Qlisas ol b_i(t) € [0, 100]. 2= Jbe¥) b_i < 16.
YLaila( Aelu/aan 512 o ¢ L 4y el <l sV,

Bl 44l delu/san 5 30: +0aiil) Jana), paldll Jady( o oy LAY Gogng )l ol ol 8V Lo i
—4 aal oady Y el Hy ol 1), sl g gl dele/16— (Jeal( delu/ddlal,
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il S AN G0 6,

1-@ 4elu; R1 gadie R2 . R1: 180 — 180 (aal). R2: 108 — 84.
2-14elu; R2 i RT i R2: 84 — 100 (all). R1: 100 — 84.

13, 33 gane e Ayl yeiuV), 10( Db ddic (358 e LaadlS, 100 5 84 (o zea )l Laadls, ) S5 ) all
CE.
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Ol od e AU g e il jadl,

Opend Ael/Clan 5 4 4ciba e delu/16— oo Y deluy/12— Jaid ISy GV iy s ol 8
e)ha ‘"AM.

Gl 13) RT e B ylaY) i (S5 5) H 0 IS 4 R2:

1-@ el R1 0~die R2 v R1: 100« R2: 84.

2-14clu; RT oy a1 ¥, (2d  R1: 88¢ R2: 72.

3-2 iclu; R1 oadix R2 . R1: 100¢ R2: 56.

4-3 dclu; R1 =8 5. R1: 88¢ R2: 44,

5-4 4clu; R1 (~du R2 _»u R1: 100¢ R2: 28.

6-5 4clu: R1 (=8 . R1: 88¢ R2: 16.

6.375-6 dclu: R2 5,1aY1 o8 LV ddic iy R2 Ca,

13.5-6.375 delu; RT 4cbu/12 o JLed™ i), peaa Y( o) aolain ¥, RT Cus,

:\A:\:L\M: CE b :\5);). :\LLm/4(+ e)l..a &M u.u.u;ﬁ) BJ\J}“ ua&)( gk 2\5);_ dgdana p& il C:\.\:i) c_\}\_\ﬂ\(
de <yl it = 6.375 dela,

e CGisang oadll gdain Y GBdidl eyl 50t = 13,5 Al

Conclusion: CE is not Nash-stable under immediate-payoff incentives. The Nash-type
unilateral improvement exits the joint sball 4Ll 31 53, Viability = utility. A rational agent

can calculate its way into extinction by ignoring the Ja&all i,
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D3.2a — )8l caad( Ay ) jaiudd 4y )5 i Jag i
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Pl Bl sal s

All agents face <!~ toward the same boundary of the sball 4Ll 31 55 No agent’s

—al Y partially compensates another’s <l >3 without control expenditure.

237



The sball 4Ll 3 6 boundary is smooth (C?). No agent’s state is exactly on a cusp or

non-differentiable point of the kernel boundary.
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428 D3.2a (Necessary Conditions):

Gl ol g Al Y e ) i Cple Wl Baneie ALK (U g 4 )1 Bl cilial i)
(N1) Aggregate control capacity exceeds aggregate <l a3V (joint Jxiall il condition).

(N2) Impedance compatibility: agents’ <sl_a3Y) timescales are close enough that help

can arrive within the low-Z agent’s slack window.

(N3) No agent’s record externalities push another past its 323\ =l faster than that
agent can compensate (measured as: <l Y increase from externality <

compensating control authority).

(N4) Joint £&x3ll 43 5w is sufficient to maintain all agents above ruin (total energy

expenditure < total available budget over any finite horizon).

J& any condition implies at least one agent reaches its 523l =hu in finite time

(under the stated assumptions).
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).EELA( 5J3J4'4.“ IR e

N1 violated (aggregate <l »3¥! exceeds aggregate control): Under monotonic
alignment, all —!_>3¥! vectors point toward the same boundary. The joint system’s

state moves toward Z_NR at net rate X a_i — X u_{i,max} > O.

Since the sLall 218 31 ¢ 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 (48 sl incompatibility): Under monotonic alignment, the low-Z agent’s

il ) carries it toward X_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 | 4, I's absorbing-state result, the low-Z agent cannot

recover.
Its <&l () T is bounded by s_low.

N3 violated (externality exceeds compensation): Agent i’'s record-writing action
increases j's effective <l W by Aa_j. If Aa_j > u_{j,max} — a_j (the remaining control

margin), then j’'s net <~ becomes positive toward X_NR.
S aganal Hhadll daa udiy NT¢ j 253m0 () (B 3l ) daay,

N4 violated (budget exhaustion): Each agent’s control expenditure rate is at least a_i

(the maintenance cost from s, = 48, ) 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 < »»¥) and reach

Y_NR in finite time. o
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Bogall i

Under non-aligned <l Y (where agents’ «l_a3Y) fields partially cancel),
configurations may persist while violating N2 (because natural cancellation reduces

the effective 43 sxall mismatch). The necessity claim is strictly conditional on the

alignment assumption.
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D3.2b — )slilas (a4l paludd 488 T g 5
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iuzé D3.2b (Sufficient Conditions):

b W are 488 L i for a multi-agent configuration to persist under <) e ¥,

with no alignment assumption required:

(S1) Each agent Jiiuw S satisfies its single-agent viability condition (z 43, l)):

u_{i,max} > a_i and budget > maintenance cost.

(S2) ) AT Jeli sl 5 (i Jeld Jladl (Al e Lo 530 ddaid) s S0 ol gal) aes,
(S3) Coupling is 4& jll-compatible (D2.2).

(S4) Joint Sxdll 44 5w exceeds joint maintenance cost.

Under these conditions, all agents persist. No agent’s kernel contracts due to o) &Y,

and each has sufficient resources to maintain itself.
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Ol Jakadias

By S1, each agent satisfies z 43, 4l's single-agent viability condition Jiiwe JSiy

u_{i,max} > a_i and budget exceeds maintenance cost.

By S2, no agent’s record externalities contract any other agent’s kernel, so oY)
does not degrade any individual viability condition. By S3, /_%Y! is 43 saall-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 sbal .44 ¢ 5 for all time, and the joint state

remains within the joint sball L0 3 &5, o

:\L})\A' D3.23 E) D3.2b T:!JJA UIALA.A u\;Lﬂ:J\ D3.2a QAE( BJA.\MAM Q).\S.&ﬂ\ 53.\.\ ui (SRE S} LJ.\S é).\;,j
3lilaall), D3.2b aSllly et oSl gl & iy

Al LSy 41835 D3.2b el (52 D3.2a¢ el (K D3.2a el ks ¥ D3.2b¢ oY D3.2a ki
leallaty Y 3l3laa cilial y8) D3.2b.
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D3.3 — &m‘ J\,}@-NU J\Jﬁu‘g\ eéﬁ

When Agent i exits its skall 4Ll &) 63 (M _i = ©), and the ¢!J#Y) was such that i’s control
actions were partially compensating j's <l =Y, then j's effective <l >Vl increases by

the lost o'_#Y) contribution.
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dLuxé D3.3;

Ji Agent i propagates to Agent j if the removal of i’s control contribution increases

j’'s effective < ~3¥ beyond j's remaining control margin (u_{j,max}).

If the new effective <l =¥ exceeds u_{j,max}, j is pushed beyond its Jxiill @il and

cascades toward its own 3253 xhau,

Containment: Cascade stops at Agent j if j has sufficient slack (s_j from C8.1) to

absorb the shock before the increased — >l pushes it past X_NR.

Falsifiable test: 3-agent system: A coupled to B coupled to C. Terminate A. Measure
¢l 53 T_Band T_C.

The cascade condition predicts: if removal of A’s contribution increases B’s «sl V)
past u_{B,max}, T_B is finite. If B’s failure increases C’s «s!_»¥ past u_{C,max}, T_C is

finite.

Propagation stops when the < ,»¥! increase at an agent is less than that agent’s

remaining control margin.
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D4.1 — il (uliBay g dall 73 galll

Before claiming emergent order, 2 48,5l establishes what the absence of order looks

like.
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@JM‘ GSJA.U\:

A population of agents with random (uncorrelated) control policies under the same
<Y field, o) BY) topology, initial condition distribution, and environment noise.

Only survivors are analyzed.

A Clabin Gt lae @l i Jele 08 ey o o (5 jiall 23 gadll,
et e T : a
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Jalgd) ol ) alladl) (bl

@Al ialgll (il lelill s_j(t) = gl 8 aSaill palic cannd 13 eV ) el ¢,
>0 Jabiall Bl ¥ sl p_ij = corr(s_i(t), s_j(t)) cel) e,
Gl sdiall aalill p = @ (Adiiese lbdI),

O sisaiall O}lcw\: p )’\_,_A oAt halgll t_ab_ghu( dla Jy A
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() LAyl

cal pZobs = Gl ) alaill il G o 51 i ;Y Jas i,

gotall a5l Cnl {pInull} e N el ol yig 40 sdie aSad Gl 3lSlae SO,
Compute ux3 p-value: p = (1 + #{null runs with p'= p_obs}) / (1 + N).
1) allas a5 5 Olai p < 0.05.

Structural precondition: Overlap ratio O(t) = p(NK_i) / y(UK_i) measures geometric
capacity for coordination. Slack correlation measures actual coordination. 2 43!l uses
both.

251



waald D4 (Order Indistinguishable from Noise):

If observed persistent configurations ¢sS: of ¢Se: ¥ statistically distinguished from the

null (p = 0.85 for 225 slack correlation), D4 is o=~ Observable: 2 x5 p-value.
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D4.2 — <dlsdill (o guial) prad i)

Under <l »3Y) - 8e Y, configurations that violate the 45 = b4 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, but because everything else exited the sball LUl &) 53,
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Lz D4.2:

Under <l s Se ¥ 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 4,3, b4 N1-N4. No optimization, fitness

function, or teleology stk
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dwis D4.2:

Under additional assumptions (ergodicity, stationary <l_=3¥ specified policy update
process), the distribution of persistent configurations converges to the set of

compositional equilibria.

:LL%_):\AS 6533 Y} @\M‘ w iAfJ‘A ’\\.:\\'( L.\\L.'('( 2.:“\\\“ b..lﬁ.
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D4.3 — 258 dudigS a gl gzl

ABlaia ye Claw o sleldll elle Lavic (a8 Z Adbisa)e A Agi Lo gae jedad 5 el DS,
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The oY) map is smooth and the constraint surface is non-degenerate (as in D1.3).

Agent 48 sladls 5 aia; Z_j # Z_j.
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Luzé D4.3:

In a coupled system with asymmetric agent 43 sxdlls under the above regularity
assumption, persistent configurations exhibit hierarchical J/_&Y) the high-Z agent’s

record externalities alter p(K_j) for the low-Z agent more than the reverse.
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Ol Jakadias

The high-Z agent has a larger sLsll 4Ll 31 55 (higher u_max/a ratio means more

reachable viable states, by | 4, lI's Jaiall sdl),

Under the regularity assumption (smooth ¢_%3Y), non-degenerate constraint surface),
the kernel expansion projects non-trivially onto the shared constraint coordinates —
that is, 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 &) &Y
parameters) modify more of the shared constraint space than the low-Z agent’s

actions.
gl alagin¥) fases (D1.3)e hipill 8155 3 Sl s iy 12a,

L..gdmﬁy sgmm LFA)@J‘ G)Aﬂ\. O
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uaals D4.3 (Hierarchy Inversion):

If, in a system with Z_i > Z_j (4=l 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 > Au(K_j) from i’s actions, measured over equivalent

action magnitudes), D4.3 is u= 2,

2 ga el AP(KZ) 5 AP(KL]) (lisws J=d 3as 5 JSI,
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iuzé D4.4a (Cooperation):

Cooperative equilibria exist when mutual record externalities expand each agent’s
sball AL 3) & more than o) _#Y) cost contracts it. The operator-required charger (D3.1)

is an instance. Observable: M _joint > X M _i.
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uaal 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 4:leléll never

exceeds the sum of individual agencies), D4.4a is o= e,

Observable: M_joint and T M _i computed from the joint and individual slall 4L 31 g,
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duzb D4.4b (Deterrence):

Deterrence equilibria exist when unilateral de¢! #Y! cost exceeds continued o) _&Y)
cost for both agents. Observable: for each agent, M _i(coupled) > M _i(decoupled).

Neither agent can improve its viability by exiting the oY),

35 Y cdwaia A0 ddass s,
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uaals 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 4lell (M _i(after dey) s2Y) > M _i(coupled)), the

characterization of the configuration as a deterrence equilibrium is = s,

Observable: M'_i before and after degy &Y.
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D5 — Experimental Instantiations and yaalss
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D5.1 — Jais Jlieg

267



Yool J il g Saall il 1 LA,

Shared viability domain: nutrient-population configuration space. Record
externalities: waste products altering pH/nutrient availability (s sSe ¥ environmental
modification). Impedance matching: metabolic rate compatibility between species.

Slack: time-to-washout at current dilution rate and population density.

Cascade failure: trophic ¢!'_#Y) propagation. Each construct maps to a measurable

variable with a quantitative prediction.
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JOkise s Sadia qullaly oA Calddls 2 alall,

Judl: Ao Aom Hla ol s, 4 e (i it Ak aa) Ay s caun ga( & jidie el @l i) AN Jlae
dasall,

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.

269



D5.2 — uaalig
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Global uaal: FO (il zUida):

If a multi-agent system persists indefinitely (¢l (=) T = o for all agents) while
violating all 4,5 »= 15 »% N1-N4 of D3.2a, under a configuration satisfying the

monotonic-alignment and regularity assumptions, 2 45l is = sa2e,

Observable: <&l (5 T for each agent; verification of N1-N4 violation; verification that

alignment and regularity assumptions hold.
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w<2als D1 (No Free Survival):

@ G022 D1.3. 25ea el p(K_B) 5 M_B J=d 2235 J8 A Ll
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waald D2.1 (Additivity Under Coupling):

If joint 4:leldll equals the sum of individual agencies (M _joint = £ M_i) in a coupled
system with non-zero ¢/_#Y! terms (non-orthogonal shared constraint coordinates),

D2.1is pasa,

3 gea yall: M_joint 5 X M_i & yEall e Jilie & jiall wOlsill 4
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uaald D2.2 (Impedance-Independent Efficiency):

If o8 efficiency (measured as viability transfer per unit control effort) does not

degrade as 4 slxdll ratio |Z_i/Z_j| deviates from unity, D2.2 is ua s,

Observable: viability transfer rate at 4 =l ratios 1:1, 2:1, 5:1, and 10:1 under matched

conditions.
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waald D2.3 (Anti-Resonant Optimality):

s D2.3. 0 Lsh clab il vie A ikl LG e 2 e yalle TT/4¢ T/2¢ 3T1/4¢ T
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waala D3.3 (Cascade Non-Propagation):

Defined in D3.3. Observable: <&l (s T_B and T_C after termination of A in a 3-agent

chain.
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uaxls 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 sasa,

D4.2 4any o s (Y aals i dgiia 0 de ganall b (s sine 26Y) Jish acdll o el
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waald D4 (Order Indistinguishable from Noise):

Defined in D4.1. Observable: >3 p-value for slack correlation. If p = 0.05 for all

candidate systems, D4 is (= sas,
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uaals D4.3 (Hierarchy Inversion):

Defined in D4.3. Observable: Au(K_i) and Au(K_j) per unit record-writing action in

4 jleal-gsymmetric systems.
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uaal D4.4a (Cooperation Nonexistence):

&b G D44, 2 saall: M_joint 5 T M_i Aalie Al doam A ol g2 dadail 8,
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uaals D4.4b (Deterrence Exit):

Defined in D4.4. Observable: M _i before and after unilateral deg) sEY),

Every proposition has at least one testable u=sl2 with a specified observable. _=slys

are independent of A, B, C. J& any proposition leaves all prior papers intact.

281



D5.3 — Gtaill (9|

243l establishes: what multi-agent composition must look like under the trilogy’s
constraints, what persistent configurations require, what destroys them, and how to

test these claims.

It does not determine whether specific configurations are realized in nature. That

question remains x5,
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D6 — s.suill Y

i 4, ¢ll: Irreversibility as loss of reachability. Independent of B, C, D.

« 43 ) ¢!l Selection as costly exclusion, if it exists. /= =y A. Independent of C,

D.

z 43,4l Agency as constrained control. s iz A; uses outcome of B.

Independent of D.

2 43 4l Coupled viability under multi-agent constraint. = iz A, B, C. Extends
o) A2 (C7), introduces shared constraint environments, derives structural

filtering, hierarchy, cooperation, and deterrence as geometric consequences.
K.La}s;.a clAA‘}“ 3,33\;\ g\:tuﬂ\

13 apmy aal Y, Ry s A S,
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>l E — Exploratory: Reclamation and Renewal

(Non-Load-Bearing)

I 48 ,,I’'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 = 2 it. Included for structural completeness and ¢S4 3aall,
248 )5l A,

All stated proofs in this document follow from the definitions and assumptions
declared locally. All propositions have specified observables and testable u=als. All

conjectures are fenced. Papers O, A, B, C, D
Aulull: The 420 Code sball LN duain/ Lpulill ol 5l J2ial) Jas s o 38 — 01 oLl b
Artist: G STUDIO G <iliy) ~lide 2 ) Ulaw ) 53 Ledger

<& W ledger maps every u=asall Jié claim in AP®1 to the corpus-wide —sl&) ~Uia
numbering system. Each <) Ui has a unique identifier (KS-N), a status, and a

specified observable.

Statuses: CLOSED (proven within isall), on a3~ (testable by experiment), LIVE-
HARD (open theoretical problem).

All B4 ~Uises in APO1 are 23~ in principle: each has an operational observable
and becomes directly testable once a concrete instantiation (physical or engineered

system) is specified. i) Flia | 43 ) Jles

KS-V.1 (FO) — AS Ladall oLl Global <l ~liss, If co-admissible ¢iall «u yéills yield
incompatible AS values beyond tolerance, the entire framework fails. Status: -(~

=2, Test: RO.
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KS-V.2 (F1) — Pointer-basis targeting. If <& targets position rather than the

environment-selected Ll »a, the &Yl postulate fails. Status: a3~ Test: R1.

KS-V.3 (F2) — Born violation. If ensemble statistics of realised branches deviate
systematically from the diagonal weights {p_i}, the <Y postulate fails. Status: -(~

=, Test: R4.

KS-V.4 (F3) — Context dependence. If e iz <&V observer intervention rather than

objective dynamics, the &) postulate fails. Status: u s3>, Test: R5.

KS-V.5 (G1) — Selection rate exceeds gravitational bound. If <&l occurs faster than
h/AE_G for gravitationally distinguishable records, the gravity limiter fails. Status: -~

=, Test: R3.

KS-V.6 (G2) — Selection in gravitationally degenerate regime. If objective «luy!
occurs between records with AE_G = 0, the gravity limiter fails. Status: x>~ Test:
R2.

KS-V.7 (G3) — Non-gravitational rate scaling. If <&V rates scale universally with non-
gravitational parameters across macroscopic records, the gravity limiter fails. Status:

=i, Test: R3, <ildy) ~lide w43 dlles

KS-V.8 (B2) — Pre-«&u¥l 4w &), If exclusion signatures appear before operational
4w Se M s established (1485, D13), <&Y! as defined in < 43,5 is L s, Status: -G~

2ol Test: BT1, <ilay) ~lda 48 ) slles

KS-V.9 (FC1) — Agency increase without control. If reachable viability volume
increases without corresponding control expenditure, z 43,4l is = 2%, Status: -(~

wua, Test: C10.1.

KS-V.10 (FC2) — Irreversible loss reversed. If - sSc ¥ loss of reachability is reversed
without external intervention violating admissibility constraints, z 48,3l is U= s,

Status: sua3-(~. Test: C10.1.

KS-V.11 (FC3) — Stable control past 253Ul =hau, If stable control persists beyond the
3352 W =l under z 28, Jsidl &aill is (1 ae, Status: uoai-(~. Test: C10.1.
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KS-V.12 (FC4) — Free lunch. If a system maintains positive 4kl indefinitely with
finite budget and persistent nonzero <l >3, the &l (=) bound (48 e C5.1) is e,

Status: s a3-(~. Test: C10.1.

KS-V.13 (FC5) — Resurrection. If a system recovers positive 4dcWl after reaching ruin
without inadmissible external intervention, z 48,4l is (a2, Status: a3, Test:
C10.1. iy 7l 243 ) dlles

KS-V.14 (FDO) — Multi-agent persistence violating all &5 »= a5 &, If a multi-agent
system persists indefinitely while violating all %5 = k5 x5 N1-N4 under monotonic-

alignment and regularity assumptions, 2 484l is (= a2, Status: a3~ Test: D5.2.

KS-V.15 (FD1) — No free survival. If Agent B increases 4:lcldll despite negative record
externality from Agent A, without severing ¢ Y, increasing Sa3ll 43 ju, or receiving

compensating externalities, the Geometric Exclusion Principle is o=,
Status: w3~ Test: D5.2.

KS-V.16 (FD2.1) — Additivity under &Y, If joint el equals sum of individual
agencies in a non-trivially coupled system, non-additivity (4xxé D2.1) is o= s~x, Status:

=~ Test: D5.2.

KS-V.17 (FD2.2) — Impedance-independent efficiency. If () &Y efficiency does not
degrade as 4 s~ ratio deviates from unity, 43 sxdl matching (deeé D2.2) is (s,

Status: s a3-(~. Test: D5.2.

KS-V.18 (FD2.3) — Anti-resonant optimality. If a persistent coupled system has
maximum joint viability at anti-resonant phase under standard ¢'_®Y!, the resonance

conjecture (D2.3) is u=sa, Status: i~ Test: D5.2.

KS-V.19 (FD3.3) — Cascade non-propagation. If Jé Agent A does not propagate to
Agent B despite ¢!_#Y) that exceeds B’s remaining control margin, cascade failure

(Awxd D3.3) is U=, Status: noai-~. Test: D5.2.
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KS-V.20 (FD4) — Order indistinguishable from noise. If persistent configurations ¥
058 ol (S statistically distinguished from random survivors (p = 0.85 for slack

correlation), emergent order (D4) is u=ss, Status: i, Test: D5.2.

KS-V.21 (FD4.2) — Persistent violators. If any configuration persists while violating
any of N1-N4 under alignment and regularity assumptions, structural filtering (4x=8

D4.2) is uasse, Status: -, Test: D5.2.

KS-V.22 (FD4.3) — Hierarchy inversion. If the low-43 s=<!l agent’s record externalities
dominate the high-43 =l agent’s constraint landscape (at 48 s=all ratio greater than
10:1), hierarchy as constraint geometry (ux8 D4.3) is o= s, Status: wai-(~. Test:
D5.2.

KS-V.23 (FD4.4a) — Cooperation nonexistence. If joint 4deWl never exceeds sum of
individual agencies in any system with mutually positive externalities, cooperation as

structural outcome (4xx=8 D4.4a) is a2, Status: uoa3-(~. Test: D5.2.

KS-V.24 (FD4.4b) — Deterrence exit. If an agent in a deterrence equilibrium can
unilaterally decouple and increase its 4lcll, the deterrence characterisation (4xxd

D4.4b) is uasss, Status: -, Test: D5.2. Summary

Total <ils) Flises: 24 (KS-V.1 through KS-V.24). All 22>, Global <ils) £l KS-V.1

(FO). If KS-V.1 fires, the entire framework is dead and no further test is meaningful.
O Tay GIAY) milie w53 KS-V.T 3253 sall el Gl e i jladl) galél (KS-1 ) KS-49).
a8 Ju, (L Gl s 22 ses Axal e a Rl Ll i i) (5 giane e i sale

Conditional on: Nothing external. APO1 is Lala (s, Tt e Mixily on standard oS SsilSe
(unitary evolution, CPTP maps, Ll sl (jlasé) and sball 4Ll 4, )k (Aubin, 1991).

No result in APO1 e 2= the axiom system {S, B, R, C}, on the Embedding
Hypothesis (EH), on the Quadratic Regularity Assumption (QRA), or on any other
Artist Proof.

Conditioned upon by: Subsequent Artist Proofs may inherit the operational

definitions, s S 3l results, and viability geometry established here.
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Load-bearing inheritance: =il dla (D3), monotonicity under decohering record-
forming dynamics (T1, within scope), Operator Horizon / no-return structure (T2;

D9/D13).

Optional inheritance (explicitly postulate-level here): <Y channel (A4.2) and
gravitational rate limiter (A4.3) are referenced only where later proofs explicitly

require them.
Kill switches: KS-V.1 through KS-V.24 (all s223-(~). See —li) Ui | edger above.

Jdisa, aall jalar dlal),
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This work is 3~ &wi 35, You are free to download, print, share, and distribute. You

are not free to alter the source. Keep the signal clean.

STUDIOHE

289


https://studiog.global/

