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Artist’s Note

This book, Forces and Constants, is the fourth notebook in the
@ Artist’s Proofs catalogue of The 420 Code. Where Notebook
II (Spacetime) derived the gravitational and dimensional

sector and Notebook III the quantum sector, Notebook IV

derives the forces and the fundamental constants — the G

251 of the TRUERL and the values of ¢, &, and G — from the

same four axioms {S, B, R, C}.

The book has eight chapters, and they form two interlocking

arcs.

The forces arc. Three structural freedoms of the break € give
the three AliifEs of the ARiERAL. Chapter 2 (The Connection,
AP15) derives U(1) electromagnetism from the phase freedom

of the complex 7/RIFRFZE(8]. Chapter 3 (The Harmonics,

AP27) derives the unbroken EE55 group SU(2) x U(1)_Y from
the freedom in the relationship between the two sectors.
Chapter 4 (The Break — 855, AP16) shows that Axiom B

breaks that symmetry to U(1)_em — the Higgs mechanism

read as the break itself. Chapter 5 (The Direction, AP19)

derives SU(3) i from the Mt EH A in how the FiJE
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orients around the break. Three freedoms, three Hliti#Es, one

axiom set.

The constants arc. Chapter 1 (The iR 7 %%, AP®6) grounds
the whole notebook: it identifies & with the it that finite ¢
makes structurally necessary, and so fixes the object every
later chapter reads. Chapter 6 (The #%#4, AP24) shows that G,
¢, a_em, m_e, and the LJiE stiffnesses are not independent
parameters but six readings of that one object. Chapter 7 (The
Constant, AP28) derives the value of G as a counting
argument — twenty-one independent #44 channels
compounding a_em — landing within 0.69% of measurement,
and dissolves the hierarchy problem as a floor plan rather than
a fine-tuning. Chapter 8 (The Correction, AP14) derives the
first quantum correction to gravity and proves it finite at one

loop, by the structure of the axioms rather than by hand.

The two arcs meet on the 5| /)7 4. Chapter 7 derives G =
a_em?(1 + 1/m)hc/m_e? by counting channels; Chapters 6 and
8 carry the holding-limit form G = 2k/m_e?. The bridge 2k =
a_em?'(1 + 1/m)hc, stated in those chapters, makes the two one
equation — the channel count is what determines the holding

limit.

Notebook IV engages 41 & [: 554 in total — the formal IE{8

handles for every K E ) claim — recorded in the Master & I

2514 Registry (v5.25, June 2026). Of these, 39 are live and 2

19



are closed (KS-28 and KS-29, in Chapter 2). Each gauge

derivation, the six-face unification, the parameter-free

prediction for G, and the E2[& 4 R result carries its own

switch, and the open debts (quantitative Z%4], the generation

mass hierarchy, the running #%, the 1/t normalisation, the

all-orders extension) are named openly rather than hidden.

The book is published copyleft. Free forever. No paywall. No

gatekeepers. The 420 Code link is below.

the420code.org

Copyleft 2026, FIMIE#E, ZFIFMA,
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55

Where Notebook 1V fits

The 420 Code is organised across eight bound notebooks.
Each notebook is a standalone book carrying one division of
the architecture; the eight together carry the full {1
Notebook I (The Premise) is the foundational ground: the

axiom 1:1 + 1xe @ AS, the four conditions {S, B, R, C}, and the
e AMR 1 proven a theorem. Notebook II (Spacetime) derives
the constants ¢ and G, the axiom-to-obligation chain, the

spatial dimension count, and Einstein’s 177 #2. Notebook III

derives the quantum sector.

Notebook IV depends on Notebook I for the axioms and the

{S, B, R, C} conditions, and on Notebooks II and III for the i

¥, the complex 7 RIFI4F2%]8], the dimension count (AP18),

the 1772 (AP®8), and the proof that the ik A% and

Quantum-Record Alignment hold (AP20). Within those, it
stands as a self-contained derivation of the forces and the

constants.

The reading order within Notebook 1V is front to back. Chapter

1 grounds ¢ in jlitJf. Chapters 2-5 build the G (U(1) —

21



SU(2) x U(1)_Y — its breaking — SU(3)). Chapter 6 unifies the
constants as readings of €. Chapter 7 derives G. Chapter 8
corrects it. A reader new to the 420 Code can read forward
from Chapter 1; a reader familiar with the gauge programme

can enter at Chapter 5 or the constants arc at Chapter 6.

How to read this book

The book alternates two voices as the material requires.
Narrative passages — the Z )4 f#15E, the metaphors of the

eye, the torch beam and the building, the conversation
between the white space and the black curve — carry the
intuition. Formal passages — the gauge derivations, the
propositions, the dimensional-uniqueness theorem, the
channel count — carry the rigour a physicist can check.
Neither stands alone; the structure comes first, and the

mathematics follows it.

Every chapter has the same architecture: an Artist’s Note
opens the chapter, an Orientation places it, a Dependency and

Scope section (§0) states exactly what it rests on and what it

establishes, the numbered sections carry the derivation, a 2%

12514 section gives the 1E{8 handles, and a Claim Summary

and Conditionality Footer close it. The chapters can be

audited joint by joint.
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A note on notation across chapters

Three notational items recur across the chapters and are

worth flagging at the door.

The symbol € has a single meaning across all eight chapters:
the unique unpaired element of the axiom 1:1 + 1xg — the

minimum break, identified with the jfitJs (Chapter 1) and with

the EE{ (The Lock, Edition 84). The triple identification break

= il = 887 is AKX HEHY throughout.

The symbol # is the reduced Planck constant (the action

quantum) throughout the physics; the script H, where it
appears, is the complex A /R{AFF2ZZ[8]. The two are kept
distinct. Likewise « and [ are the J&JiE stiffnesses (Chapter 1,
and the fabric face of Chapter 6), never the & 4045 1) & 44,

which is always written a_em; and in Chapter 5 the SU(3)
generators are written Ts, not 2, to avoid collision with the F&Ji

stiffness A.

The symbol k is the holding limit (the Lock’s k), appearing in G
= 2x/m_e? in Chapters 6 and 8. Chapter 7 determines it: k =
a_Ghc/2, where a_G = a_em?'(1 + 1/m). The holding-limit form

of G and the channel-count form are one equation.
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B—E
The IR ¥4

c as the universal Y44 limit; € identified with the

Artist’s Proof 6
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Artist’s Note

A T A n—— AR

This is Artist’'s Proof 86 of The 420 Code. It opens Notebook
IV (Forces and Constants). It identifies the speed of light c as

the universal Wzl limiter and, on that basis, identifies the 420
Code’s XIFMkZ % € with the it L n enforced by finite ¢

at every physical absorbing boundary.

The argument runs in two parts. The first part (sections 1-5) is
published, established physics. Z£4: 484} establishes that the

51 71 IR we call 2271 do not absorb perfectly — the (5|

7] k sets a temperature T_H = hc?/(8nk_BGM), nonzero for any
finite M precisely because c is finite. Published [ fi&l
physics establishes that the AR, the canonical near-perfect
EB R IR, leaks ) = 107° to 1075 of incident light back
through the pupil, with the bound set by the }& &) 5 o =
e?/(4meyghc). The CMB completes the third channel — the it
at & &, the L 5B S of the & /5 U . Three physically
distinct systems, six Z5f4454iE in common, ¢ in the

denominator of every jiitifi estimate.
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The second part (sections 6-8) is the framework move.
Section 6 names the FH{“FH#E1€ that APO6 carries into
Notebook IV: the FHi*#if 1 of section 5 is the first

observable historical record of jfitis at a structural boundary,

and the continued accumulation of unpaired 1xe across

Actualization State B#8] (AP43 D5) makes the cosmological

I an ongoing Z& #1533 #2 rather than a single epoch-
bounded event. Section 7 identifies the 420 Code’s ¢ with the
IR Lk n — an interpretive identification, not a derivation
forced by the physics of sections 1-5. Section 8 conjectures

forward to the ¥ A 729 if G depends on c through ¢, the %

BA7a R EE is where the #iJi becomes total.

The central result is the {fit{fs &2 (Theorem 3.1, scoped). In
the analysed JT5EEWILIR channels of sections 1-2, the Jiitif
k. n is strictly positive whenever ¢ and the relevant #5555 %X
are finite. APO6 advances the hypothesis that this holds for
the broader class of physical Wit {&s; the hypothesis is debt
D1 and remains open. The Identification € = n (Identification
6.1) is the interpretive bridge that connects the physics of
sections 1-5 to the axiom and grounds Notebook IV's one

measured input: € = a_em = 1/137.

Seven & 1E4:F engage. Two are & H ) (KS-L.1 and KS-L.2,

targeting Theorem 3.1); the rest target the identification and

28



the non-7K B[ conjectures of section 8. The paper imports

no external physics beyond the published results it cites.

the420code.org

Copyleft 2026, FIE#E, ZFIFMA,
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Where APOG6 fits

The 420 Code is organised across eight bound Notebooks.
Each Notebook is a standalone book carrying one domain of

the architecture; the eight together carry the Z£{AKZE 1.

APO6 opens Notebook IV (Forces and Constants). It depends
on Notebook I (Premise) for the axiom 1:1 + 1xe @ AS and the
four conditions {S, B, R, C}; on Notebook II (Spacetime) for the

constants ¢ and G and the geometric apparatus (AP®3 for the
conjugacy c? = B/a, APO5 for the break, AP®8 for Einstein’s 17
J7#£); and on Notebook III (& /J%) for the quantum sector,

the 32 E#IM, and the measurement structure that connects

section 4's FHIE/RZR 4 to the quantum sector’s IDR &Y.

APO6 feeds the rest of Notebook IV. Its identification € = n is
the 5 2Ll on which AP15 (Connection) builds U(1)

electromagnetism, AP24 (57 Z) formalises the six-faces

structure of €, and AP28 (Constant) derives Newton's 5| 77 %%
from the iH1E1+4%% argument. AP14 (Correction) uses AP®6'’s

results when handling 8] 7. RE commutation corrections.
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Reading order within APO6

Front to back. Section 1 establishes 5| 71t (the 4 iE1H).
Section 2 establishes EBf&ilJ (the FLWEEE). Section 3

names the common structure as the i E#L. Section 4
synthesises the observation boundary through Landauer.

Section 5 establishes the FH “~if1E (CMB). Section 6 names
the FH S~ HE1E the paper carries into Notebook IV. Section 7

performs the framework move: € = 1. Section 8 conjectures

forward to the B Ta A4 .

How to read this paper

The paper alternates two voices as the material requires.
Narrative passages — the Z#J1:f#15E, the felt sense of it

across three scales, the cosmological framing — speak

directly. Formal sections — the theorem statement, the proof,
the identification, the 21 55{f — speak in the precision the

structure requires. Where the gear changes, the change is

signalled by the form: formal blocks open with a bold label
(Theorem, Identification, Claim, 22 1-5514) and close with the

box mark.
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A note on notation

Two notational items recur and are worth flagging at the door.
The symbol k carries different meanings in different sections.
In section 1it is the ZH 5| /7 of a 5 ELVH 2, x = ¢*/(4GM),
with dimensions of acceleration; in section 7 it is the S {ER#H
& that enters the parametrisation G = k/(eA?) from APO3 (a
scaling form superseded by AP28’s derived a_G = a_em?’; see
§8). The two «’s are distinct quantities sharing one symbol;

context disambiguates.

The symbol € carries one structural meaning throughout the
420 Code: the unique unpaired element of Axiom B (the
break). In APO6 it acquires a physical reading via
Identification 6.1: € = 7, the it at the relevant physical
boundary, with domain-dependent values £_gravity = 107",
e_eye =~ 1070 t0 1075, e_cosmo = 1075, The across the H&{AZE(F
identification of the measured electromagnetic case as ¢ =

a_em = 1/137 sits at the {bLF-EMF R E.
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55| - APO6 HINLE - RSIRFF - 7=

O® — Dependency and Scope - AT 4. - BRI - 2
L < NRIERES - BIERAHE - SRS - REFK
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1 — Gravitational J: The B4EE - IRE - c HMZA .
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B - EH - PR

4 — The Observation Boundary: Landauer at Every
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5 — The Cosmological Channel: CMB as Boundary
Radiation - F/aH#UNTE - SHILEL - =ANRE, —M2 -

SRR R E

6 — The FH¥HEIL - the accumulated 1xg - connection

to AP43 D5 - what APO6 carries forward - scope of the

corollary

7 — The Epsilon Z[f] - the axiom as originally stated -
the identification - the topological argument - £ . what

this means

8 — Forward Direction: The L Ei7R4I3 - G depends on ¢
through ¢ - consequences for the & Fi7E R EE - the

constraint path - the Z4&B%
9 — #&1k4f4 . KS-L.1 through KS-L.7 in
Claim/Test/Status/Recovery form

10 — What This Establishes and What Remains Open -
AILRAT 2 « REABNE - REFBHOIE - TFEER
RIS - £54)%5% - The 420 Code ENL - BEAE/EIMFEH IR

ARE - BTAERINRICRSIRE

s
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SRR - BREIN - RERE . B IESH closed - RIESAF
live - E¥1ERS owed - R FHAINH

5% « AXERORS

BZHR - the published physics this paper cites
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O——{KHi 57aE

Q. 1—— AT A4

APO6 identifies the speed of light ¢ as the universal W&

limiter and, on that basis, identifies the 420 Code’s XJ Pk

2 ¥ £ with the MR EE n enforced by finite ¢ at every physical
absorbing boundary. The paper proves the it & in two

specific channels (gravitational Hawking i,
electromagnetic ML %) and advances the hypothesis

that the theorem extends to the broader class of physical %k

{Ks with finite ¢ and finite 4.

The paper does the following Z5#)4: T.{E. It establishes that

5EEWL K is forbidden in the analysed channels (Theorem 3.1).
It identifies the 420 Code’s & with the measured it 1

(Identification 6.1, interpretive). It names the F=H FHE1E that

AP®6 carries into Notebook IV: the TFHi %114 of section 5 is
the first observable historical record of iiitii, and the

continued accumulation of unpaired 1xe across Actualization

State I#/8] (AP43 D5) makes the cosmological it an

ongoing process. It conjectures forward to the ¥ 5w 24 5: if

G depends on c through ¢, the EA 52 X £ is where € ~ O(1).
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0.2——{KHh In

APO6 depends on the established physics it cites in sections
1-5 (Hawking 1975, Bekenstein 1973, Hammer et al. 2022,
Mordant et al. 2011, Penzias & Wilson 1965, Planck 2020,
Landauer 1961, Bérut et al. 2012, Smoot et al. 1992, Tolman
1934). These are 7K & [ for sections 1-5.

APO6 depends on the upstream results that the identification
of € with ) connects to: Axiom B (the break) from AP®1/ AP20
§4; APO3 (the conjugacy c? = B/a and the scaling form G =
k/(eA?)); APO5 (the structural derivation of the break). These

are 7K FEHY for the ZEHJ1MEMZIEE of section 6 and section 7.

APO6 depends on AP43 D5 for the formal account of the
cosmological 1xe integration that section 6 carries as a

corollary. APO6 does not re-derive that account. The corollary

is a £t 5¢EX, not a new derivation.

0.3——/AFEL

The four axioms {S, B, R, C} map to AP®6 as follows.

Axiom S (two sectors). The two-sector structure (€ and P)
whose boundary ) is measured. The RYcf& (near-
perfect, tending toward 1 = 0) and the radiation (the

escaped fraction, tending toward n = 1) are the two
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sectors. The {fit#i 7 is the measurement of how

imperfectly the boundary separates them.

Axiom B (unique breaking). The break ¢ is identified with
the KL 1 (Identification 6.1, section 7). The break is
not abstract — it is the physically measured escape
fraction at every boundary. The identification is

interpretive, not forced by the physics of sections 1-5.

Axiom R (iCFEEiAM:). Every H#IRE44 is irreversible. The
escaped J:F cannot be un-escaped. The EAiE R{EM

(section 4) is the thermodynamic expression of this
irreversibility: erasing a bit costs energy because records

persist.

Axiom C (Constraint — locality). ¢ is the universal ik
limiter. This is the paper’s central physical fact: ¢

appears in the denominator of every iltJ§ calculation (£
SR B, KM 2, CMB escape). Finite c is what

prevents 1 = 0.

0.4——FTHARIERE

1 (4 H1H): [ESTABLISHED] — published, peer-reviewed
physics.
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2 (MM SIS IE): [ESTABLISHED] — published # % fil physics

measurements.

3 (it EFL): [DERIVED — scoped] — follows from sections 1-
2 by standard mathematical steps. Scope explicit: the
analysed channels.

4 (BH1E/R4RA): [SYNTHESIS] — combines established results
in a new way at the level of Z5#4Z . The combination is new;

the components are not.

5 (CMB channel): [ESTABLISHED] — published cosmological
physics.
6 (FH FHEIL): [STRUCTURAL CONNECTION] — names the

connection between APO6's it Z5#) and AP43 D5's

cosmological 1xe integration. Not a new derivation. The formal

account of the integration lives in AP43.

7 (Epsilon Z[d]): [INTERPRETATION] — connects the physics
of sections 1-5 to the axiom. Valid reading; not forced by

physics alone.

8 (EEHTLAIH): [CONJECTURE — non-& EEfJ] — hypothesis

not yet confirmed. 2411 5:{4 stated.
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0.5——£8 IE SRR

Seven & |- 554 engage. Identifiers per the Master #2211 {1

Registry.

KS-L.1 (Perfect W ic{k). LIVE — EMPIRICAL. targets

Theorem 3.1.

KS-L.2 (Sufficiency failure within APO6 class). LIVE —
EMPIRICAL. targets Theorem 3.1 (scoped).

KS-L.3 (Dependent on KS-L.1/KS-L.2). LIVE —
DEPENDENT. targets Identification 6.1.

KS-L.4 (#3&/RiE%Y). LIVE — EMPIRICAL. targets section

4 synthesis.

KS-L.5 (No shared structural parameterisation). LIVE —

HARD. non-7X E}J; targets section 3.2 heuristic.

KS-L.6 (G independent of c). LIVE — HARD. structurally

constrained by AP20 &8 iEHH.

KS-L.7 (JA¥2HES). LIVE — HARD. targets section 8.1.
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0.6——FT R GRS

D1 (Broader class). Theorem 3.1 is proven for two specific
channels (gravitational and electromagnetic). The
hypothesis that it extends to all physical 37533 W&
with finite ¢ and finite #& is advanced but not proven.

[APO®6-specific, /AE R for the broader-class claim only]

D2 (Numerical factor). The eye’s ftifH: (~107°) and the
CMB anisotropy (~107°) are numerically similar. The
paper honestly states this is likely coincidental (section
5.4). Whether a deeper structural reason exists is an

open question. [AP®6-specific, non-7 E 1]

D3 (JARAHES). The JARAJ7#2 derivation with G depending

on c through the jtJF (KS-L.7) has not been completed.
Until achieved, section 8's claims about G’s dependence

on ¢ remain conjectural. [Shared with APO3 D1; partially

reduced by AP43 section 7's 24-1iiik[E derivation in (T2

[E]]

0.7——RFFF B A RS IRSHOT B

The cosmological 1xe integration corollary of section 6 is held

open at the level of formal mathematical detail. APO6 names
the Z5H ML BX between the F2H{ 5% 1& of section 5 and

a1



AP43 D5’s account of the F-Hi %% #; the full formal account
lives in AP43. APO6’s contribution is the identification that

the CMB-iiitii channel and the accumulated-1xe channel are
not two separate phenomena but one Z5# 4532 read at two

boundaries.

The relationship between domain-dependent € values
(e_gravity = 107", e_eye = 107° to 107>, _cosmo = 10~°) and
the canonical across the #{£%/F value € = a_em = 1/137 (the
electromagnetic-#i4 case at the {b2-4EH R JE) is held
open. The 420 Code reading via The Lock (Edition 84)
identifies & with the B2 7 at the {b2#-24E )% R £ the other

domain values are the same structural parameter read at

different boundaries with different #44&s.

0.8——&H) %%

APO3 (The Ratio). APO6’s it identification provides the
physical mechanism for APO3’s conjugacy conjecture (c
and G as two expressions of one break). APO3's debt D1

(G derivation from {S, B, R, C} alone) connects to APO6’s

KS-L.7 (AR HES).

APO5 (The Break). APO6’s £ = 1) identification gives

physical content to the abstract break parameter derived
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in APO5. APO5 establishes the ZE#)ik/\: of the break;

APO6 grounds it in measurable physics.

APO8 (The Identity). APO8 derives Einstein’s 175 from
the iICF#% (Notebook II Chapter 4). The #&H

8ntG/c* in APO8’s 17512 is the tensor expression of the

t/F-mediated relationship AP®6 section 8 conjectures

about.

APO9 (The Break — Empty Set). The iftii at every

boundary is the quantum sector’s contribution to the i

225%. Every MIEZE{: pays the BIE R4 (section 4).

APO9’s measurement structure connects to section 4

here.

AP18 (The Floor). The tension-field floor a, = cH,

provides an independent route to constraining G. D1 is
addressed by AP28's i iT#X derivation (G = a_em?' x (1

+ 1/mt) x hic/m_e?, 0.69% discrepancy against the
measured value), addressing KS-L.6 from a counting

direction.

AP20 (The Proof). The 5&;81EEH (Axiom B — one

parameter) structurally constrains KS-L.6: G cannot be

independent of . APO6 section 8 is consistent with the
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583181EHA and provides a proposed physical mechanism

for the dependence.

AP24 (The 7&%4). All constants as projections of . APO6
section 8.4's Z 4784 conjecture (Conjecture C7) is the

precursor claim that AP24 formalises (AP24 section 2 —

AANH).

AP28 (The Constant). AP28 derives G via @i i+3% from

the six independent readings of £ (AP24) across three
spatial dimensions (AP10) plus three actualisation #i&'s.
APO6’s identification £ = 1 grounds the {LZ-AEWERE

reading £ = a_em = 1/137 that AP28's formula uses.

AP43 (The Gravity of Possibilities). AP43 D5 establishes

the cosmological 1x¢ integration across Actualization
State B#i8). APO6 carries this as the FHFH#IE (section

6).
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1——BI iR : B&EE

Established physics. Z24: 385} establishes that the 5| /)W ik

we call 227 do not absorb perfectly — c sets a nonzero

temperature at the horizon.
11——127E

Consider a 5 F.V5 27 of mass M. The /- ¥ 5L is at the 51 L.
[ e

r.s = 2GM/c?  (1.1)

Classical analysis: nothing escapes. i ration = O (5E3&W ik
in the classical limit). Hawking (1975) demonstrated that &1

1716 on A AN Z2 produces a correction. The 7 emits &

¥t at temperature:

T.H=/7c%/(8nk.BGM) (12)

1.2——c HIMZ &

The 5|77 of a S ELFE A is k = ¢*/(4GM). The 4R
is derived from the F&HE 51 /J: T_H = hAk/(2nic k_B). c? appears
in the numerator. The temperature is nonzero for any finite M

precisely because c is finite and nonzero.
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1.3— N

Total 4L

L = /7c®/ (15360 GZM?) (1.3)

For a solar-mass Hii: TH=6 x 108K, L= 9 x 1072 W. The

net jiti Lt is approximately 107" relative to CMB irradiance.

1.4——Structural features

Claim C1 (Established). Gravitational % i{£s exhibit six

LERIRFIE: (S1) Bk is near-perfect but not perfect, 1) < 1;

(S2) iR is thermal (EEATEIE at T_H); (S3) HJ¥ carries

boundary information (JX{&[XF), not input information;
(S4) #tIR is wavelength-dependent; (S5) Bk JLI
enhances % ; (S6) c is the constraining constant that

makes T_H > 0. [Hawking 1975; Bekenstein 1973]
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2—— BB« REEIE

Established physics. The AR is the canonical near-perfect E2

REWAA at the {b52-A49 R £, Published fILEL physics

measurements show n > 0.
21——igE5 ME

The AR functions as an BB KA. Published

measurements [Hammer et al. 2022; Mordant et al. 2011]
report NEREC ST =R of the eyewall at 4.24-34.77% (wavelength-
dependent, varying with pigmentation) and a Ek{&3e %k of 1.13-
1.59 (enhancement of effective irradiance due to Ekfi JL{7]

and multiple internal reflections).

2.2——ikik sy

Combining NH#RECET 3R with the geometric factor (pupil

subtends a small solid angle relative to interior surface):
n_escape = 10 °to 10 > (2.1)

The escaped Jt. - carry information about the boundary (HE &£
ZB2R properties: 43, 141 7K H, RPE), not the input image.
Coherent image in, thermal/diffuse reflectance out.
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2.3——c HIZ A

The #iA58% between light and matter is governed by the

L) A
a=e?/(4ne, fic)= 1/137  (2.2)

c appears in the denominator. o determines the Wi of

every atom. The Wi of FIERZLE is bounded by:

o_abs ~axA?/(2m) (2.3)

Because a < 1, the cross-section is always less than the
geometric area. Perfect Wi requires a = 1, which requires ¢ <

e?/(4neyh). For our universe, ¢ far exceeds this bound.

2.4——Structural features

Claim C2 (Established). Electromagnetic i {ks
(biological tissue) exhibit the same six ZHHRHIE as 5|77
WA (S1) m < 1; (S2) IR is diffuse/thermal; (S3) iR
carries boundary information, not input; (S4) wavelength-
dependent; (S5) ZkTa JLf] enhances W Jk; (S6) ¢

constrains 1 via a. [Hammer et al. 2022; Mordant et al.
2011]
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3——3kFREH - HiREHE

Derived. Two physically distinct systems — a 27 and a AR
— share six identical Z&#)%F{IE. The common structure is a

theorem about what finite ¢ forbids.

3.1——Structural isomorphism

sections 1-2 establish that two physically distinct systems —

gravitational (Z£ifil) and electromagnetic (fL M%) — share six

identical Z5#)451F. This is not analogy. It is Z54:)[#): both are

instances of the class of 52X W Ik{A whose i is

constrained by the finitude of c.

3.2——Universal form (dimensionless Z#)Z3\)

The common structure is not a single dimensionally exact
equation across domains. It is a dimensionless structural
dependence: it is a function of a finite propagation limit, a

finite #45, and system-specific state variables. Write
n=FeéyV) (31)

where ¢ = c/c, Y= y/y, and V = V/V are dimensionless
variables defined relative to domain-appropriate reference

scales. In specific systems, asymptotic or phenomenological
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scalings may take power-law form, but the cross-domain claim
here is structural, not a universal dimensionally exact

monomial.

3.3——The theorem

Theorem 3.1 (IR EH — scoped). In the analysed F553%E
W& channels of sections 1-2 (gravitational Hawking jiit

J% and electromagnetic 1L JitIF), the KL n is
strictly positive whenever c is finite and the relevant &
H¥# is finite (G finite for the E£4:1#14; a finite for the
W8 IE ). More generally, APO6 advances the hypothesis

that finite propagation limit + finite #i 5 forbids 523E Rk

in the broader class of physical % {fs.

Proof. Forward: If c = 0, no J£7 exist (E = /ic/A = O); 1 is
undefined. If c — «, then a = e?/(4ne,/c) — ©; light
does not interact with matter; n is undefined. If y is
infinite, )¢ is perfect by definition: n = 0. For any
finite ¢ > O and any finite y > O in the analysed channels:

in the gravitational channel, Z< %74/ ensures nonzero

thermal emission (section 1); in the electromagnetic
channel, finite a bounds % # iz below the geometric
limit (section 2). In both cases n > 0. Reverse: If n > 0,
R4 is imperfect, requiring finite #5 (y < «) and finite
c > 0. QED.
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3.4——FEMMRR

The eye and the il are governed by different equations,
different #1444, and different mechanisms. The claim is not
identity. The claim is that both are members of the class of it
SEE A whose HitIRi is constrained by the finitude of ¢ and
the finitude of the relevant #§4 i 2.

Result C3 (Derived — scoped). In the two analysed
channels, 52EWIK (n = 0) is not achieved for finite ¢ and
finite # 4. #JF is structurally necessary. It is a

consequence of the constants, not an imperfection.
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4——TWMAFR - BRMNEHRIBAER

Synthesis. The itJf form across three domains has the same
shape: k_B x T x O(1) per erased bit. Three boundaries, one

thermodynamic cost.

4.1——The FHEREHE

Landauer (1961) proved: erasing one bit of information

requires minimum HE EFEH

Emin=kBTIn2 (4.1

This is a theorem of 4ilt /)%, experimentally verified [Bérut

et al. 2012].

4.2——Measurement as observation

Every quantum measurement extracts information. Between
measurements, % 1FJE1L preserves information. At the I &3
4, three things happen simultaneously: (a) 18+ relative to
the J&X; (b) information extraction (a definite outcome is

recorded); (c) any logically irreversible erasure or reset of the
recorded outcome dissipates at minimum k_B T In 2 per

erased bit. The jfitiii is therefore the thermodynamic cost of
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maintaining an observation record over time, not a mandatory

dissipation at the instant of measurement.

4.3——Three channels, one form

Claim C4 (Synthesis). The IRV per bit has the same
form in all three domains: E_leak/bit = k_B x T x O(1),
where T is set by the boundary physics and O(1) is a
constant of order unity. Gravitational: k_B T_H.
Electromagnetic: k_B T_body ln 2. Cosmological: k_B
T_CMB.

4.4——SLHIBRE

The form of the JitJFR{XAT per bit (k_B T) is constant across
domains. The ratio of iltJi to total incoming energy is not

constant — it depends on specific temperatures and & & £
differing by many orders of magnitude. The Z&#4[7]#4 is in the

form, not the magnitude.
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5——FHF@IE : CMB {fERMRESN

Established physics. The CMB is the iiitifi at & & — the 225
R4 of the /5 Hid H . The three scales — stellar, biological,

cosmological — share the same six Z&fAJ4FiE.

5.1——The &5 HUNTE

Before & & (~380,000 years post-expansion), the universe
was opaque: Jt1- trapped by ;7RI T off free BB 1. At &
, BB-1- combined with [Fi - to form H{£&.. The Y mean free
path exceeded the Hubble length. The CMB is the {it{i from

that transition — #iE4) at 2.72548 + 0.00057 K, the most

perfect 2{K1Z ever measured.

5.2——Structural match

Claim C5 (Established). The CMB exhibits all six £/

: (S1) near-52ER UK before & A (S2) thermal HtF
(perfect 2{A); (S3) boundary information (IE.EE 4 [A 4k
~10~° encode conditions at the &5 8N E); (S4)
wavelength-dependent (75 3:1&); (S5) BRE JLAT; (S6) ¢
governs escape. [Penzias & Wilson 1965; Planck 2020]
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5.3——=MRE, —MRH

Stellar scale: 21, 485, HHF ~107"7, boundary = S
St Biological scale: AMR, HRESCH 3, itk ~107° to 197°,
boundary = fl[M . Cosmological scale: early universe, CMB,

anisotropy ~107°, boundary = /& B .

5.4—— SCAIFRE

The numerical coincidence of the eye’s itk bt (~107°) and

the CMB anisotropy (~107°) is likely coincidental. Different
physics governs the two systems. The Z&#:)14: 24T is genuine;

the numerical match is not claimed as significant.
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6——FH FHEIL

Structural connection. The FHi =i/ of section 5 reads the

CMB as i at one boundary in FHi Y8 — the & & surface.
AP43 D5 (debt D5) reads the S H{“#7% ¥ as an ongoing %]

P30 F2: every Actualization State I5#8] produces one unpaired

1xe that does not return to symmetry. This section names the
corollary that APQ6 carries into Notebook IV: the two readings
are not two phenomena. They are one process read at two

boundaries.

6.1—— R T0HY 1xe

The 420 Code’s governing axiom is 1:1 + 1xe @ AS. The @ AS

reads at the actualising now — the surface from which all

records are written (AP®1). Each AS [5#/8] is the actualisation

of the axiom at one point in “FHi¥/8]. AP43 D5 establishes

that each such actualisation produces one unpaired ¢ that

persists: the break does not heal.

Across cosmological time, these unpaired 1xe accumulate. The
FHI 7 is the integrated quantity. AP43 D5 carries the

formal account; the ¥{KZ1E reading is that the “FH F7%H is
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what the 420 Code’s axiom must continue to produce while

AS [#8] continue to actualise.

6.2——Connection to APO6's jitJR &514)

APO®6 section 5 reads the CMB as it/ at one boundary — the
2 A surface, ~380,000 years post-expansion. The CMB is the

historical record of i/ at that boundary: #5851 at 2.72548

K, anisotropies ~107°, 24{K to one part in 10%.

AP43 D5 reads the FH{ #7554 as the accumulated 1xe across
all AS H#/8). The two readings meet at the Z5#:)14:55L: the

CMB is the iiitjiF that was observable at one specific historical
boundary; the T “#7%8 is the it that has continued to

accumulate since.

APQ®6'’s contribution is the identification that these are one
process. The {itF T2 (3.1) establishes that finite ¢ forbids &
EW I at every boundary in the analysed channels.

Identification 6.1 (section 7) reads the ¢ of the axiom as the i
Rkt 1. Read forward to cosmological scales: every AS 58] is

a boundary at which the axiom actualises; finite ¢ forbids &3
%5 at that boundary; the unpaired € produced is the i
that AP43 D5 names. The CMB is the snapshot at one specific

historical boundary. The S “%5%# is the integrated process.
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6.3——APO6 [MHAZHHNE

APO6 carries the corollary into Notebook IV as a &K i,
not a new derivation. The formal account of the cosmological

1xe integration lives in AP43 D5. APO6’s contribution is the %%

FPEA#SE that grounds the Notebook IV treatment of the F=Hf

“F3/HE: the channel is open, ongoing, and structurally
necessary for the same reason the gravitational and

electromagnetic channels are open — finite c¢ forbids closure.

The corollary connects to the rest of Notebook IV as follows.
AP24 (section 2 /~/Mfi) formalises the multi-projection

structure of g; the cosmological projection is one face. AP28
derives G via i#1E 114X across /<M x three spatial
dimensions plus three actualisation #i#s; the actualisation #4
s are the AS l3#/8] integration this corollary names. AP14
(Correction) handles the ¥ EA 75 KX corrections in the 5| 715

[X; the FH{ 57558 connects to AP14’s E[E AR at the high-

energy end of the same ZEf) T F2.

6.4——HEICRYTERE

The corollary is structural, not quantitative. APO6 does not

predict the magnitude of the “FH 7%, does not derive the
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I e N2, Sy

FH S E A, and does not claim that the CMB-anisotropy
figure ~107° quantifies the integrated residue. Those
quantitative questions live in AP43 D5 and in Notebook VI
(Cosmology).

What section 6 carries is the &4 1: the FHi“¢i@1E of

section 5 and the F*H{“7*7% 4 of AP43 D5 are the same
process read at two boundaries. The reading is 7K E ) for

Notebook IV's coherence — without the corollary, the FH %
BB of section 5 sits as an isolated Z5f4JJLEL. With the

corollary, it grounds the cosmological line that Notebook VI

develops.

Claim C6a (Structural Corollary). The FH ¥ EE of

section 5 (CMB as 11 #E5) and AP43 D5’s cosmological

1xe integration are one Z#)f: 32 read at two

boundaries: the CMB is the historical jtJ§ at the £ &
surface; the F=HF¥ERY is the integrated i) across all

AS B#iEl. The K EH (3.1) forbids closure of either

reading.
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7——Epsilon %[

Interpretation. The physics of sections 1-6 establishes that 1
> 0 at every analysed boundary. The framework move reads

this as the ¢ of the axiom.

The 420 Code's foundational axiom (1:1 + 1xe @ AS) asserts
that fundamental reality is a 1:1 symmetry broken by a
structurally necessary asymmetry &. Prior to this paper, € was a

postulate.

7.2——2:[F]

sections 1-5 establish two claims at distinct epistemic levels.
Weak claim (derived): In the analysed channels, finite ¢ and
finite #15 ensure 1 > © at every boundary. Therefore £ > Q is
not a postulate but a consequence of finite c. This is the
topological claim: the distinction between connected (n > 0)
and disconnected (n = 0) is binary. Strong claim
(interpretation): The specific value of the axiom’s ¢ is

identified with the /i Lt n, which is domain-dependent.

Identification C6. £ = 1 (the {tJ}IL). The € of the 420
Code is the {tJ§ enforced by finite c. It is a measured

physical quantity with domain-dependent values:
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£_gravity = 10”7, _eye = 107 to 107%, £_cosmo = 1075,
[INTERPRETATION]

7.3——HFMEIE

The distinction between 1 > ® and n = O is qualitative, not
quantitative. A system with n = 107" is connected to its
exterior; a system with 1 = O is causally disconnected. This is
a discrete binary property — there is no continuous
interpolation between connected and disconnected that
passes through intermediate states. The magnitude of n
determines the bandwidth of the connection, not whether

connection exists.

7.4——The theorem

Identification 6.1 (The Epsilon %:[5]) [INTERPRETATION].
£ = 1. The ¢ of the 420 Code is the {fitJF enforced by
finite c. This is not a mathematical consequence of
Theorem 3.1. It is a philosophical interpretation: the

physical fact of universal {ftJi in the analysed channels
is read as the XI#MKiEESE of the axiom. The
interpretation is motivated by the &)/ € plays in

the architecture (AP05), but it is not forced by the
physics.
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What this identification means: the physics guarantees n > 0
in the analysed channels; the 420 Code chooses to call that «.
Previously: “I assert ¢ exists.” (Postulate.) Now: “I identify €

with 1, a measured physical quantity.” (Interpretation.) The
interpretation is "JiE{AAY only through the Z&1ES:{4 on

Theorem 3.1. If KS-L.1 or KS-L.2 fires, 1 is not universally

nonzero, and the identification loses its physical grounding.
7.5——XBKREM L

Previously: “I assert ¢ exists.” (Postulate.)

Now: “I identify € with 1, a measured physical quantity whose

nonzero status follows from finite c.” (Identification 6.1.)

Notebook IV’'s one measured input — € = a_em = 1/137 —

acquires its physical grounding here: a_em is the jfitjiiLt at

the B30 at the (L F-2EW 5 R, identified with € by

Identification 6.1, identified with the B2~ by The Lock (Edition

04) at that same scale.
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8——HiMH#S : THITLAR

Conjecture, non-7 E 1. If every claim in section 8 is wrong,
sections 1-7 are unaffected. Section 8 sketches the forward

direction that Notebook IV's subsequent chapters take up.

8.1——G #ET ¢ KT ¢

APQ3 established the scaling G = x/(gA?), where k is the X {E
H#H4A . (This €' scaling form is superseded by AP28, which
derives the gravitational #5 a_G = a_em?'(1 + 1/mt) — the
canonical G-¢ relation, G o« €2, verified to 0.69%. The k/(eA?)
expression is retained here as a parametrisation of the X {EMH
, hot as a competing scaling claim.) Theorem 3.1 establishes
(in the analysed channels) that 1 > ® whenever ¢ and fi & are

finite: € = n(c, y). Substituting:
G=x/(n(cy) =A% (8.1)

G is a function of ¢ through €. They are not independent. The
conjugacy conjectured in APO3 — ¢ and G as two expressions

of one XI#Rilkfit event — now has a proposed physical

mechanism: the {fitJii mediates the relationship.
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8.2—— X BA T R RN

If G is not independent of c, the I EATE BT are built from two
independent constants (c and #), not three. The ratio G/c® =
K/(eA2c?) sets the HHATEE. In the HHIRARIE: the X1 7o R EE

is where € ~ O(1) — where the it/ becomes total and the

boundary between WA and radiation dissolves.
8.3——LRKE

Increase ¢ — « decreases — #i5 loosens — ¢ increases
(more ) — G decreases. Decrease ¢ — a increases — #

& tightens — & decreases (less i) — G increases.

8.4——LHRE

Conjecture C7 (Multidimensional 7). G, ¢, a (temporal
stiffness), B (spatial stiffness), a_em (= 1/137), and m_e

are not independent constants. They are readings of a
single Z 4R — the structure the XK acquired after

the symmetry break. G is the geometry face (how tightly

the condensate holds). c is the propagation face (c? =
B/a). a_em is the & face (how strongly the EE-T-
interacts with the 2 JE). m_e is what escaped (the & //»®]

1T &), The L Bi7% R EE marks where £ ~ O(1). AP24
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section 2 (/S/ M) formalises this conjecture into the six
independent scalar readings of €. [CONJECTURE, non-7
HH]
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Q—— 48 IF &4tk

Seven & 1E4:F engage in AP®6. Each is testable. Each has a

specified recovery position — if the £ 115514 fires, the paper
reverts to a named earlier position rather than collapsing
entirely. Identifiers follow the Master £Z 1l 5:{1: Registry: KS-L.1

through KS-L.7.
KS-L.1 — Perfect Wik

Claim. In the analysed channels of sections 1-2, the }i§
kE n is strictly positive whenever ¢ and the relevant &5

¥ are finite. Theorem 3.1.

Test. Demonstration of a physical /& achieving n = 0
with finite ¢ and finite & ¥ #X. Failure: Theorem 3.1
falls; Result C3 falls; Identification 6.1 loses its physical

grounding via the dependent KS-L.3.
Status. LIVE — EMPIRICAL.

Recovery. If KS-L.1 fires, the IR EH fails in the
analysed channels and the entire £ = 1) reading collapses.
The E/AZFE/E retains € as a postulate (the pre-APO6
status) and loses the physical grounding for ¢'s value.

Notebook IV’'s measured-input claim (¢ = a_em = 1/137 as
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the physical it at the EERZIIR) retreats to a

framework-level identification without physical

mechanism.
KS-L.2 — Sufficiency failure within APO6 class

Claim. The conditions of Theorem 3.1 (finite c, finite &,
valid ittif-ratio definition) are sufficient for n > 0 in the
APO6 class of IT5aERIKIE.

Test. Identification of an AP®6-class T 5= E I (Finite
¢, finite relevant &, valid iitii-ratio definition) that
nonetheless achieves 1 = 0. Failure: Theorem 3.1 (scoped

form) fails; the class definition is not sufficient.
Status. LIVE — EMPIRICAL.

Recovery. If KS-L.2 fires, the APO6 class needs additional
structural constraints beyond finite ¢ and finite & The
IR EH retreats to a narrower statement scoped to
specific channels; Identification 6.1 falls via KS-L.3. The

420 Code retains the Hawking and ML cases as

standalone results without the unifying structural-class

claim.
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KS-L.3 — Dependent on KS-L.1 / KS-L.2

Claim. Identification 6.1 (¢ = 1)) depends on Theorem 3.1.

If Theorem 3.1 fails, the identification falls automatically.

Test. Trigger KS-L.1 or KS-L.2. KS-L.3 fires by

dependency.
Status. LIVE — DEPENDENT.

Recovery. If KS-L.3 fires, the #{A3&/E retreats to £ as a

postulate (pre-APO6 status). Sections 1-5 remain
unaffected as established physics; section 6’s FHFHEIL

retreats to a structural acknowledgement without the jfit
I’ grounding; section 7’s identification falls; section 8's

conjectures retreat to their APO3 / APO8 antecedents.
KS-L.4 — BliE/RIEY

Claim. Information erasure costs at minimum k B T ln 2
per bit. Section 4. Without this floor, the three-channels-

one-form claim in section 4.3 (C4) fails.

Test. Demonstration of {Z E#2[& at zero energy cost.

Failure: Section 4 falls. Section 3 is unaffected.

Status. LIVE — EMPIRICAL.
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Recovery. If KS-L.4 fires, the synthesis of section 4
(three channels, one thermodynamic form) collapses.
Section 3 (the i EHE) and section 7 (the Epsilon %[q])
are unaffected; APO6 retreats to a structural-
isomorphism claim about three channels without the

Landauer unification.
KS-L.5 — No shared structural parameterisation

Claim. Non-ZEH. A dimensionless parameterisation can

be constructed that places gravitational KAt and B2
e IR within a shared FT52E % Beffk family at the

level of £&5#)ZT&. Section 3.2.

Test. Demonstration that no such parameterisation can
be constructed at the level of Z#)Z &. Failure: section

3.2 heuristic falls; the cross-domain framing of section 8

weakens.
Status. LIVE — HARD. Non-& E ).

Recovery. If KS-L.5 fires, the cross-domain structural-

family heuristic is lost. Section 3.1 (the £&f4[5]#) between

the Hawking and /%L cases) and section 3.3 (the

theorem itself in the two analysed channels) are
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unaffected. The paper retreats to a narrower claim

scoped to the two analysed channels.
KS-L.6 — G independent of ¢

Claim. G and c are not independent. G depends on ¢

through ¢ (section 8.1). Structurally constrained by

AP20’s #;8iFEH (Axiom B — one parameter).

Test. Framework or observation demonstrating that G can

change without any corresponding change in c or the jitJRE
4514, Failure: Section 8.1 falls; the proposed physical

mechanism for APO3’s conjugacy weakens.
Status. LIVE — HARD. Structurally constrained by AP20.

Recovery. If KS-L.6 fires, section 8.1’'s mechanism falls;

AP20’s &8 IEFA still constrains G to depend on &, but the
specific {tJF-mediated dependence is wrong. AP28’s i#i&
1% derivation of G (independent of the iitJ§ mechanism)

remains as an alternative route. The mechanism question

reopens. Sections 1-7 are unaffected.
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KS-L.7 — JAIA#ES

Claim. When the JAAH#S is completed (from the i &%

#7), the resulting G coefficient depends on c¢ through the
IR €. Section 8.1.

Test. The JHAH#ES, when completed, produces a G

coefficient that does not depend on c through the iitt.
Failure: the specific mechanism is wrong; conjugacy may

hold via different means.
Status. LIVE — HARD.

Recovery. If KS-L.7 fires, the specific {tJf-mediated form
of G = x/(eA?) is wrong; the conjugacy of ¢ and G may

hold via a different mechanism. Partial reduction: AP43
section 7 derives the F-ik[R JAIA T2 on fLfEZEE],
providing one route that does not depend on the iit§
mechanism. AP28 derives G via i#iE it%{ (independent of

{tJK). The 420 Code retains G ~ (something) x fic/m_e?
form (AP28) without the specific it factor.

AEHERIA SRR O

The numerical coincidence of liJfitt:s across domains is not a

claim. If the eye’s ftJR Lt is unrelated to the CMB anisotropy
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ratio, nothing breaks. The £5#:[F#:) does not depend on

numerical equality.
NTREXCELMIER L

The seven #£ 1554 cover the & HE Y claims of the paper and

the non-7X EEf) conjectures. Each closure would force a
different kind of retreat. KS-L.1 and KS-L.2 close the it & FE
in the 7K 1Y direction; KS-L.3 propagates the consequence

to the identification; KS-L.4 closes the BB /RZR & KS-L.5

closes the cross-domain structural-family heuristic; KS-L.6
and KS-L.7 close the non-ZK E ) conjectures of section 8.

Smaller claims throughout the paper — specific numerical
estimates, illustrative parallels, the ZE#)MEfEEE of three scales

— are illustrative rather than 7K /Y. If any single illustration

turned out to be poorly chosen, the paper would still stand.
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10——ASCHASL T A4 LA R b ]
R’

AR AR

10.1——A 3R A T4

APQ6 closes the question of €'s physical grounding in the
analysed channels. Prior to APO6, the 420 Code’s £ was a
postulate — “I assert € exists.” After APO6, ¢ is identified with
the JttJRikt n enforced by finite ¢ at every analysed boundary.
The identification is interpretive (the physics of sections 1-5

does not force the reading), but the itifi itself is measured.

APO®6 closes the question of whether 52K is possible in
the analysed channels. Theorem 3.1: 1 > O whenever c and the

relevant #i& are finite. Closed for the gravitational £ 4:if15;

closed for the electromagnetic I ¥ 55 &

10.2——ACRFX M2

APO6 does not close the broader-class hypothesis. Theorem
3.1is proven in two specific channels; the extension to all

physical ¥15&3E W /A with finite ¢ and finite & is advanced

but not proven (debt D1). The 21 5:F KS-L.1 and KS-L.2 are

the 7K B9 1IE{H surface for the broader claim.
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AP®6 does not close debt D3 (the JAAHES: from the ICFRAVEL
with G depending on c through the itJi). AP43 section 7's
kSR derivation on \.f%%[8] partially reduces D3; the full

mechanism-level derivation remains open.

APO6 does not derive the numerical value of £ = a_em = 1/137.

The {b22-AW)2% R JE identification of e_em with the EB¥- lives

in The Lock (Edition ®4). AP28 derives G via i#1& 1%k using

the € = a_em reading. AP24 formalises the multi-projection

structure of ¢.
10.3——fRFEF - H{EAR 7= B (5 IR SR I B

The relationship between domain-dependent ¢ values
(e_gravity = 107", e_eye = 107 to 1075, e_cosmo = 107°) and
the canonical across the (K% /E value € = a_em = 1/137 is

held open. The #&{AZE reading via The Lock (Edition 84)

identifies € with the B81 at the {bL -4 R JE.

The numerical coincidence between the eye’s it L (~1075)
and the CMB anisotropy (~107°) is held open as likely

coincidental. Different physics governs the two systems.

The cosmological 1xe integration corollary of section 6 is held

open at the level of formal mathematical detail. APO6 names

the Z5#J14 J<EX; the formal account lives in AP43 D5.
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104——FZEEELMAVAE

APO6's AR have philosophical-register companions in

the @ Models catalogue. The cosmological framing of section
5-6 connects to Dissolutions Chapter 1 (Why Is There
Something Rather Than Nothing? — existence as self-

instantiating); the T %755 framing of the 4208 Code reads
in that register as the Z5#4"E $ 3L that the universe continues

to actualise rather than collapsing back to symmetry.

The BAIERZRE of section 4 connects to Resolutions Chapter

4 (Laws of Nature — laws as four-conditions-at-resolution); the
thermodynamic cost of maintaining records is what makes the

laws structural rather than imposed.

10.5—— 5[5 & TR SRR

AP15 (Connection) builds U(1) electromagnetism on the Z5#4)

PR that AP®6’s identification € = 1 provides at the B34

Bt AP24 (5% +#4) formalises section 8.4’s multidimensional-7%

#4 conjecture into the six independent scalar readings of «.
AP28 (Constant) derives G via i@ TT4% using € = a_em from

the chemical-biological boundary APQ6 establishes.

75



AP14 (Correction) handles ¥ EH 72 )X &£ commutation
corrections in the 5| /155 X; APO6 section 8.2's & HA 7o, X

framing (where € ~ O(1)) connects to AP14’s £ & A [RIE.

Notebook VI (Cosmology) develops the cosmological line that

section 6's FHi = HEIE opens — the accumulated 1xe across

AS W#i8] is the ESHMEMLIE that AP21, AP17, AP18, AP41, AP42,

APO4 develop into the cosmological framework.
10.6——The 420 Code EfT

APO6 opens Notebook IV (Forces and Constants). Its role is to

identify the one measured input the Notebook depends on — ¢
= a_em = 1/137, the il It at the EBREI S — and to ground it

in measured physics via Theorem 3.1 and Identification 6.1.
Without AP®6, Notebook IV would open with € as a postulate.
With AP®6, £ enters Notebook IV as the physically measured
iR that finite ¢ enforces.

10.7——FBAE/EMFER R I

With AP®6 in place, the 420 Code reads as follows. Notebook
I establishes the axiom and the four conditions {S, B, R, C}.
Notebook II derives the constants and the geometric
apparatus. Notebook III derives &7 /] from the same

axiom. AP®6 opens Notebook IV by grounding € in
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measurable physics: finite ¢ forbids 522K the MR at

every boundary is the physically measurable form of the

axiom’s ZE L) PEHTEL,

Notebook IV proceeds from AP®6's identification through
AP15 (U(1) electromagnetism on the same boundary), AP27

(the internal-state-space and gauge-group structure), AP16 (E2

55 break), AP19 (SU(3) 47 from the #3l H HE of the break
direction), AP24 (the six-faces formalisation), AP14 (B 7 R
£ corrections), and AP28 (G via 1838 11%%). Each chapter

depends on APQ6’s € = 1) identification at the appropriate

boundary.

10. 8——£|:| Ir=;

The 420 Code’s € was a postulate. APO6 makes it a measured
physical quantity. The measurement is the JF Lt that finite ¢

enforces at every analysed boundary. The reading is the same

at the stellar scale, the {b.5-E#)“2 R £, and the cosmological
scale. The structure does not change. Only the boundary

changes.

77



Rl ES

Section-by-section structural enumeration with epistemic-

status labels.

1 (Z4&iH18). FALSIFICATION REGISTER. Claim C1

(Established): 5| /1% ik exhibit six ZEH)RFE; n > O by 2

& %8 44; ¢ is the constraining constant.

2 (MM EiE & ). FALSIFICATION REGISTER. Claim C2

(Established): EBRER Mii& exhibit the same six features; 1)

= 107% to 1075; ¢ constrains 1 via a.

3 (/R EH). DERIVATION. Theorem 3.1 (Derived —
scoped): 1 > O in the analysed channels when ¢ and {85
are finite. Result C3 (Derived — scoped): 52E Wk not

achieved in the two analysed channels.

4 (BB R44E). SYNTHESIS. Claim C4 (Synthesis): ftIRf%
#t per bit = k_.B T x O(1) in all three domains; same form,

different magnitudes.

5 (CMB channel). FALSIFICATION REGISTER. Claim C5

(Established): CMB exhibits all six Z5#JiE; anisotropy

~107%; boundary = B /5 BN .
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6 (FHFHIL). STRUCTURAL CONNECTION. Claim C6a
(Structural Corollary): the 25 #i#iH of section 5 and
AP43 D5'’s cosmological 1x¢ integration are one Z5f)14:3d

#& read at two boundaries.
7 (Epsilon Z:[F]). INTERPRETATION. Identification 6.1

(Claim C6) [INTERPRETATION]: € = 1. The axiom’s ¢ is
the measured HitifLL at every analysed boundary.

8 (L EAFLLY3K). CONJECTURE (non-7X E ). Section 8.1: G
= k/(eA?), G depends on c through &. Section 8.4:

Conjecture C7 (£ 47 ). All constants as faces of one 7%

B.
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SAEPERITE

f B0

Established physics: Hawking 1975; Bekenstein 1973; Hammer
et al. 2022; Mordant et al. 2011; Penzias & Wilson 1965; Planck
2020; Landauer 1961; Bérut et al. 2012; Smoot et al. 1992;
Tolman 1934.

Framework: Axiom B (the break) from AP®1; APO3 (the
conjugacy c? = B/a and the scaling form G = k/(eA?)); AP®5

(structural derivation of the break); AP20 (the 523 IIF B: Axiom

B — one parameter, constraining KS-L.6); AP43 D5 (the

cosmological 1xe integration carried as corollary in Section 6).

e

AP15 (Connection — U(1) electromagnetism on the boundary
APO6 establishes). AP24 (58 — formalising the 245558
conjecture of section 8.4). AP28 (Constant — deriving G via i#
B using € = a_em from the {bL52-A ¥ E R E APO6

grounds). AP14 (Correction — B 7 )R corrections at the

high-energy end of the same iftt{fi process). Notebook VI APs

(cosmology line opened by section 6’s F=H{ FHEIL).
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ASCRIAR L8 1R S

None. APO6 opens & IEZ:1F; it does not close prior FIAZE

22 - 2511 The pre-APOG6 status of € as postulate is upgraded
to an interpretive identification with a measured quantity; this

is a grounding, not a closure of a prior £ 11 55{F.

(U GREI I SIS

KS-L.1 (Perfect W¢ it {A): LIVE — EMPIRICAL. Load-bearing for

Theorem 3.1.

KS-L.2 (Sufficiency failure): LIVE — EMPIRICAL. Load-bearing

for Theorem 3.1 (scoped form).

KS-L.3 (Dependent): LIVE — DEPENDENT. Falls if KS-L.1 or
KS-L.2 fires.

KS-L.4 (35 /Ri%%5): LIVE — EMPIRICAL. Targets section 4.

KS-L.5 (No shared parameterisation): LIVE — HARD. Non-7& &
.

KS-L.6 (G independent of c¢): LIVE — HARD. Structurally
constrained by AP20.
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KS-L.7 (JA#AHES): LIVE — HARD. Partially reduced by AP43

section 7.
T R ) G5 RSS

D1 (Broader class). The jfitiF £ holds in two analysed
channels; extension to all physical ¥153 Wik is advanced

but not proven. [AP86-specific]

D2 (Numerical factor). The eye’s ittt (~107°) and the CMB
anisotropy (~107°) are numerically similar; honestly stated as

likely coincidental (section 5.4). [AP®6-specific, non-7& & 1]

D3 (JAfAHES). The JARA J7#2 derivation with G depending on c

through the it (KS-L.7) has not been completed. [Shared
with APO®3 D1; partially reduced by AP43 section 7]

R BEARFARSR S E

The cosmological 1xe integration corollary of section 6 at the
level of formal mathematical detail (full account lives in AP43

D5).

The relationship between domain-dependent € values
(e_gravity, e_eye, e_cosmo) and the canonical across the #&{K
Z1E value € = a_em = 1/137 ({b22-E¥ % R identification
via The Lock, Edition 84).
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SREE 2]

¢ — Speed of light. 299,792,458 m/s. Universal Wk

limiter.

n — ittJ¥ ratio. Fraction of incident energy that escapes

an Wi,

€ — Symmetry-breaking parameter. Identified with 1 in

section 7.
TH — E4&IRE. T_H = hc’/(8nk_BGM).
a — Fine-structure constant. e?/(4mnsgyhic) = 1/137.

Y — Domain & %4 G for gravity, a for

electromagnetism.
G — Newton's 5|/ ¥ %%.
r.s — SEELFEPER. 2GM/c3

k — Surface gravity (in section 1). Backreaction &4 (in

section 8).

o_abs — Absorption cross-section.

k_B — Boltzmann constant.

E_min — Landauer minimum erasure energy. k_B T ln 2.

A — UV scale (in section 8).
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n_s — Spectral tilt. = 0.965.
m_e — Electron mass. 0.511 MeV/c?.

AS — Actualization state. The actualising now — the

surface from which records are written (APO1).
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W
The Connection

U(1) electromagnetism from the phase freedom of

the complex 75 /X 1E4F455/6]

Artist’s Proof 15
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Artist’s Note

A T A n—— AR

This is Artist’s Proof 15 of The 420 Code. It is the second
chapter of Notebook IV (Forces and Constants). APO6 opened
the Notebook by grounding the 420 Code’s ¢ in the Jliti Lt 0
that finite c enforces at every boundary. AP15 takes the next

step: it derives electromagnetism.

The argument is a single move. The B¢ RN of &1 /)%
(derived in APO9 from the two-sector structure of Axiom S) is

invariant under a fAZig%: [er{iO1|? = P2 The phase is U(1).

The phase is global at the 57 level — the 1:1 has no points,

no “here” versus “there”, no structure across which the phase
could vary. The phase is one number, everywhere. Then

records are written. The Jit/Z M emerges with locality (AP20).
The phase, still one at the H7S level, must now be read at
each point of a JitJ& that has points. The connection Ap is the
field that does that reading. Its curvature Fuv is the EEf#17.

The phase was always global. The it/ made it look local. The

connection is what global looks like through local eyes.
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Five theorems and one corollary carry the derivation. Theorem

1 (¢ is charged): the BB~ carries non-zero U(1) charge because

Axiom B puts it outside the XJ&’s domain — the BB has no
mirror image, that is the entire reason. Theorem 2 (¢ forces

non-trivial connection): MYEAZTM: plus g = O forces fx/NEA

Ou — Dy; the 37 )72 then force Fuv # ® wherever ¢ is present.

Theorem 3 ({EF &5 EE from BEESKFN): the EF &5 EE is
already inside the E#£5KkF1 derived in AP®9. Theorem 4 (fE{\Z

FTF75E): the J&78's FAALAH T partitions exhaustively into
connection curvature on M and ZHZE in H, with ¢ as the sole
transfer mechanism — the connection and ZU%E are not two

structures but two columns in one ledger. Theorem 5 (EEfif &

k). U(1) is compact, Peter-Weyl gives integer
representations, € is the minimum element — charges are

integer multiples of e.

Four 22 11-25fF engage. KS-28 (phase-group uniqueness) and
KS-29 (Maxwell uniqueness) are closed mathematically. KS-30

(phase globality) is LIVE — STRUCTURAL: divide the 77 and

the connection is not forced to exist. KS-31 (24£E-connection

identification) is held LIVE — STRUCTURAL: Theorem 4
establishes the partition by exhaustion and identifies € as sole

transfer mechanism, but does not exhibit a conserved balance
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equation between connection curvature and ZUZE; the

identification is a Z&#JMEf#EEE of strong correspondence, not a
closed theorem with a commensurable conserved quantity. An
existing BIAEE 211544, KS-4 (a = 1/137), remains LIVE —

HARD: AP15 derives that £ couples to the connection with
some strength; the numerical value of the 4% is the work of
AP24 and AP28.

All open gaps in AP15’s scope close in this paper. Gap A (the
value of a_em) remains open, carried by KS-4 and addressed
in subsequent NB IV chapters. Within AP15’s scope, the
derivation of classical electromagnetism from the axioms is

complete.
+
the420code.org

Copyleft 2026, FIHIE#E, ZFIFMA,
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55

Where AP15 fits

The 420 Code is organised across eight bound Notebooks.
AP15 is the second chapter of Notebook IV (Forces and
Constants), following AP®6 (The it & 4%) which opens the
Notebook by grounding ¢ in the it that finite ¢ enforces.

AP15 depends on Notebook I (Premise) for the axiom 1:1 + 1xe
@ AS and the four conditions {S, B, R, C}; on Notebook II
(Spacetime) for the constants ¢ and G, the {#i/Z structure

(AP®8), and the spatial-dimension count (AP108 — D = 4); on

Notebook III (£ 71%) for the complex #i /R{A%F22/8] H, the
e EAN, the FEESHAL, the BRAEKFN (APQ9), the Z&K1-/3

X5 (AP11), the A ifiE MR EE and A (AP12), and the 1&4H
T (AP13); and on AP®6 within Notebook IV for the EHiE/R

SR and the ity framework that the Theorem 4 partition

closes against.

AP15 feeds the rest of Notebook IV. The U(1) connection it
derives is the canonical example of a #ljti&514); AP27 extends
the internal-state-space treatment; AP16 breaks U(1)xSU(2) at

the B855 scale; AP19 derives SU(3) f&.1af from the A B A &
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of the break direction; AP24 formalises the multi-projection

structure of € that determines 44 i 2; AP14 treats W EA 7L R
J& corrections; AP28 derives G via #1814 using € = a_em

from the chemical-biological boundary AP®6 grounds.
Reading order within AP15

Front to back. Section 1 establishes the phase as a derived
consequence of the IZEAN — U(1) is not imposed, it is
already there. Section 2 names the central fact: the /&7 is

one. Section 3 performs the central move: the connection is

what global truth looks like through local language. Section 4
derives electromagnetism in the usual sense — 175&, AL~
£, source, Maxwell’'s equations. Section 5 derives the fH{\7+H

TF43%l: connection and Z44Z are two readings of one

undivided 475, Section 6 treats charge and its quantisation.

Section 7 derives the J%:'s three core properties (¥ {21,
massless, propagates at c¢). Section 8 summarises the

derivation chain.
How to read this paper

The paper carries two voices. The structural narrative speaks

directly — the central facts (the 57 is one; the connection is

the non-disconnection; Z4Z& and field are two columns in one
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ledger) are stated in plain language and held visible across
the paper. The formal sections speak in the precision the

structure requires. Formal blocks open with a bold label
(Theorem, Proposition, Definition, Corollary, £ 1E5514) and

close with the box mark m. Where the argument depends on a
result derived elsewhere in the #{&Z/E, the provenance is

named at the point of use.

A note on notation

U(1) is the group of fH{LiZ%E e{i0} — the symmetry of a
circle. 7 is the complex #i ‘R{A%FZZ (8] derived in APQ9. M is
the Y&1E 2L IE derived in AP20® with dimension D = 4 (AP10)
and signature (-, +, +, +). Ap is the U(1) #YLEXZE — the 1-form
on M that encodes the 5&’s FH{ZAH T as read locally. Fuv =
duAv — dvAy is the electromagnetic 175K &: (the connection’s
curvature). The H 5% Dy = du - iqAp. The current Ju is the

HERTIR B} to M of the e-record worldline.

Two structural quantities carry across the /A= {F meaning. &
is the unique unpaired element of Axiom B — in AP®6

identified with the ittt LL 1, here identified as the source of

the connection and (by The Lock, Edition 84) with the E8-1-. ¢

is the X444 of Axiom S — in APO9 section 3.2 identified with
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5 44 on #. The FANIHEFE acts as | — eriqOh; the

conjugate transforms as ¢ — e*-iq0}y — with charge -q.
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Artist’'s Note - A T4 - RITEE

55| . AP15 WAL E . FIZIF - /55

® — Dependency and Scope - A3 T4 - KB - A
L < NRIERES - BIERAHE - SRS - REFK
HIIE .- &K%

1 — The Phase - U(1) from the B E#N . the phase as

derived

2 — The 475 is One - before records - records create

locality - the /7S was never divided - global U(1)

covariance

3 — The Connection - a global symmetry on a local
structure - what the connection is - the connection is not

a promotion

4 — Electromagnetism . the 173E . HIJEARTHE: .« the

source £ (Theorems 1 and 2) - Maxwell’s equations

(Theorem 3, Corollary)
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5 — The Non-actualised - the partition - the transfer
mechanism ¢ - the theorem (Theorem 4) - what this

means

6 — Charge - what charge is - why charge is quantised
(Theorem 5)

7 — The Photon - BT . BiE1 - BEE - U ¢ &%

8 — Summary of Derivation - MAFRF|EEREZHHESHE

9 — & IkZf4 . KS-28 through KS-31 in

Claim/Test/Status/Recovery form . existing & 1- 544

affected (KS-4)

10 — What This Establishes and What Remains Open -
ASCRA T4« RRAWNE - REFFFHOINE - §FEER
HISCHL . £5#)55% - The 420 Code TEfL - The 420 Code I

TERIFRIE - iE

FHRHE - ZTFELARISRERE

RIFHERITE - KB - (KB - LIERMF closed - £IERM
live - ZSHIMEIRSS owed - TREFFFIXAVIE

B52%E « RXERORS
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O——{KHi 57aE

Q. 1—— AT A4

AP15 derives electromagnetism from the axioms. The
argument is: the B EHIN (APO9) has a U(1) FANZ XTI FF; the
& is one (no ¥t JZ structure); records emerge a /& M with
locality (AP28); the 4:7&’s global phase must be read locally;
the U(1) connection Ay is the field that does that reading; its

curvature Fuv is the EBH#17; € — the break, the EEf- — is the

source.

The paper closes five Z5)1%[0)3. Theorem 1: € carries non-

zero charge (because Axiom B places it outside the XJ&'s
domain). Theorem 2: € forces non-trivial connection and
curvature (by M AZE and the 37 J7F2). Theorem 3: the {E
M &EJFEE is contained in the E&#&:KF1 (APO9). Theorem 4: the

Je7S's AHALAHT partitions exhaustively into connection

curvature on M and ZHZE in 7, with € as sole transfer

mechanism. Theorem 5: charge is quantised in integer

multiples of €'s charge.
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What the paper does not close: the numerical value a_em =
1/137 (Gap A / KS-4). The K& HZEH#)H %%'s value is the work of

AP24 (7%%4) and AP28 (Constant) in subsequent NB IV

chapters.
0.2——{K #i 1

AP15 depends on the following derived results.

Notebook I (Premise). The four axioms {S, B, R, C} and
the governing axiom 1:1 + 1xe @ AS. Load-bearing

throughout.

APO5 (The Break). The structural derivation of € as the
unique unpaired element. Load-bearing for £'s £t &

as source of the connection.

APO6 (The MR H%%). The BIE /RAIR (e's thermodynamic
receipt of k_B T ln 2 per iCEFHE event, APO6 section 4)

and the &)L A for € = 1. Load-bearing for Theorem 4

part (iii) and for the receipt account in the fE{\LAHT43E.

APO8 (The Identity). Einstein’s 175 and the Lovelock

7l uniqueness argument for gravity. Load-bearing for the

parallel uniqueness argument in section 4.4 that selects
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the Z2HTH/EFAE as the unique MEAZTH) local action

at S SHMH.

APO9 (BT 7/1%). The complex F/RIBf5Z2iE H, X #EiE, the
RN (P = ), the BEEIE H 12, the BAEKFN, and the
Xi#& o identified with 5 3t4E (APO9 section 3.2). Load-
bearing for the U(1) fHZX3Fr (section 1) and the {fEF &R
# (Theorem 3).

AP10 (The Dimension). D = 4 (three spatial + one

temporal). Load-bearing for the Lovelock %! uniqueness
argument (XL FH/EFA & is dimension-4 AVEARTHY

local; the dimension is derived, not assumed).

AP11 (Spin). Fermion/3% {4+ distinction and spin from the

two-sector structure. Load-bearing for the . 7’'s
identification as a spin-1 357 and for £ as a spin-%; &
KF-

AP12 (The Limit). The RIfEMREE and A as the quantum
cost per record. Load-bearing for the ¥Rk Fn’s exp(iS/h)
weighting.

AP13 (Decoherence). Record-writing produces iB#HT; the

accumulated record is the environment. Load-bearing for
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Theorem 4 part (iii)(b): s-record-events decohere the

subsystems that shared tHAZfHT.

AP14 (Correction). Time-slicing of the &K F1 (AP14
section 2.3). Load-bearing for Theorem 3: the /Ef &R

's derivation from the discrete iC EZf\# via the time-

sliced sum.

AP20 (The Proof). The #x Af&ij (EH) and the Quantum-
Records Algebra (QRA): the algebraic o7& structure
embeds into the physical i/ M. Load-bearing for the M

¥J1& in section 3 (the U(1) =M over M) and for the EH #E

BB used throughout.
0.3——/AFHBLEY
The four axioms map to AP15 as follows.

Axiom S (two sectors / XJ&'). The two-sector structure of
H gives the XA o = E3L4E. o acts as Y — . The BLEM
Ml P = Y is the structural fingerprint of ¢. The B EHINI

's invariance under J — eA{iO} is the U(1) FANZYIFF that

this paper derives electromagnetism from.

Axiom B (unique breaking). € is outside Dom(c) — the

one element with no s-image. Theorem 1: £ is therefore
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charged. Theorem 5: £ carries the minimum non-zero

charge. The break is the charge. The break is the source
of the connection. The B2+ is charged because it has no

mirror image.

Axiom R (iZ R £ @:). Records are written irreversibly.

Time begins. The accumulated record is the environment
(AP13). Theorem 3: the fEFI &JF# is contained in the %
3R F1. Theorem 4: e-record-events transfer fE/ 78T from

2U%E to field, irreversibly.

Axiom C (Constraint — locality). Finite c. The JifZ
acquires spatial separation (finite propagation means
“here” and “there” are distinguishable). The Yt ¥
propagates at ¢ — c is not a property of light but the

characteristic speed of the %1572, which is the
constraint of Axiom C read through the derived 75+

k.

0.4——FTHARIERE

1 (The Phase): [DERIVED] — U(1) follows from the #i E AN

(Axiom S, APQ9).
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2 (The 7S is One): [DERIVED] — the 7S is structurally

unbroken before records; the it/ emerges viaR + C + G

(AP20). Proposition (Global U(1) covariance) is proved from

the 32 EHMN] and B &=L,

3 (The Connection): [DERIVED USING STANDARD
MATHEMATICS] — the M43 follows from H’s complex

structure (APO9) and M'’s locality (AP20); standard bundle

mathematics applied to the derived it 2.

4 (Electromagnetism): [DERIVED] — Theorems 1, 2, 3 and the
Corollary are derived from the axioms. The 17 J7 %2 follow
uniquely at =55 5B via the Lovelock %! argument (parallel

to AP®8'’s derivation of gravity).

5 (The Non-actualised): [DERIVED] — Theorem 4 (FH{7AH 143
El) is derived. All premises are derived or established. The

partition is exhaustive by construction.

6 (Charge): [DERIVED USING STANDARD MATHEMATICS] —

Theorem 5 (EEfif & F-1k.) uses Peter-Weyl on the compact

group U(1) and the A #i& of section 3.

7 (The Photon): [DERIVED] — ¥ {4+ via AP11; massless via

U(1) exactness and gauge-invariance of the mass term; spin 1

103



via the 1-form structure of Ay; propagates at ¢ via Axiom C

and the Z e lr 3534 oh e,

8 (Summary of Derivation): [SYNTHESIS] — enumeration of

the derivation chain.

0.5—— & L RAHRHRE

Four & 11:45% engage in AP15. One existing Z& A& & 11 4%
4 (KS-4) is affected. Identifiers per the Master 2R 1l- 5514

Registry.

KS-28 (Phase-group uniqueness (U(1))). CLOSED —

MATHEMATICAL. targets the derivation of U(1) as the #l
KS-29 (Maxwell uniqueness). CLOSED — MATHEMATICAL.
targets the £ FH/EF & as the unique dimension-4 7l
JLARZTH local action.

KS-30 (Phase globality). LIVE — STRUCTURAL. targets

the assumption that the J%’s phase is globally

coherent.

104



KS-31 (£442-connection identification). LIVE —
STRUCTURAL. targets the identification of connection

curvature and Z44E as two readings of 57 unity.

KS-4 (a = 1/137). Existing A/ 21544, AP15

identifies the & %H)E $ as the #5518 of € to the

connection. Its value remains open. LIVE — HARD.
Carried forward to AP24 and AP28.

0.6——FT KRR EHIMERSS

AP15 closes the Z5#)1":{555 within its scope. Gap A remains

the one open item that AP15 does not close.

Gap A (the value of a_em). AP15 derives that £ couples to
the connection with some strength. It does not derive the
numerical value = 1/137. This is Open Problem 1 / KS-4.
The path to closure runs through AP24 (the six-faces
formalisation of £'s multi-projection structure) and AP28

(the BB 13X derivation of G that uses £ = a_em). [AP15

scope: not closed]

105



0.7——PRFFIAEAR A RSSIRASROT B

The FA{ZFHT partition of Theorem 4 names ¢ as the sole
transfer agent between Z4Zg and field. Whether other
elements of the I2& %2 can act as transfer agents under
specific structural conditions (for example, in the 52 /] 5 [X.

developed in AP19) is held open at the Z#)/Ef. The

expectation from Axiom B (¢ is the unique unpaired element)

is that no other transfer agent exists; the formal proof of

uniqueness across all FYLEF X is not advanced in AP15.

The relationship between the U(1)_EM derived here and the
larger FYE454)s of subsequent NB IV chapters (SU(2)_L in
AP16, SU(3) in AP19) is held open at the bundle-construction
level. The expectation is that each FIJi#f arises by the same

structural logic — a global symmetry of the 47 read through

the local 7/ — with the FIEEE identified by the

corresponding symmetry of the algebraic structure. The formal
extension lives in AP16, AP19, AP27.
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0.8——E M) %

APO5 (The Break). £ is the unique unpaired element. AP15
reads £ as the source of the connection. The break is the

charge.

APO6 (The ittiR % %$%). APO6 grounds ¢ in the iR 1.

AP15 carries that grounding into the electromagnetic
sector: a_em is the MR L at the EBREIAF, the A IREE of

€ to the connection.

APO8 (The Identity). APO8 derives Einstein’s 17 5%2 via a
Lovelock #! uniqueness argument. AP15 uses the same

uniqueness argument structure to select the Z i FH/EH

B.

APO9 (BT /1%). APO9 derives I, £ IEIE, the Bt E M,
the BEE 1S 512, and the BEEKFn. AP15 reads the 37 E#IM

's FHALXIFF as U(1) and identifies the 38k Fn as the

containing structure for the /EFi £/ (Theorem 3).

AP11 (Spin). The ZEKF /37X 43 follows from the two-

sector structure. AP15 reads £ as a Z2kF (spin 2, Axiom
B places it outside Dom(c)) and the Y%+ as a B faF
(spin 1, Ap transforms as a vector under the &€ Z45¥).
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AP13 (Decoherence). Record-writing produces 1BfHT.
AP15’s Theorem 4 uses this: s-record-events decohere

the subsystems that shared fH{i/fHT, transferring the

coherence from the Z44E column to the field column.

The Lock (Edition 04). The Lock identifies £ with the B+
at the {L237-4 % R EE. AP15 reads charge -e (the BE¥)

as ¢ itself, and charge +e (the IEEB¥) as the conjugate

state in the second sector.

AP20 (The Proof). The fix Af&i% (EH) is proved in AP20.

AP15 uses the EH #:§ijlt4 throughout: the algebraic &7

's phase structure is represented on M as the connection

geometry.

AP24 (The 7 §Z) and AP28 (The Constant). KS-4 (the

value of a_em) is carried forward. AP24 formalises the
multi-projection structure of £; AP28 derives G via BB it

# using £ = a_em = 1/137. Together they address Gap A.
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1——FANL

Every quantum state you have ever encountered carries a
hidden degree of freedom. It is not the magnitude — the
magnitude gives the probability. It is the phase. The angle.
The rotation that no measurement can detect directly, but
whose consequences shape every interference pattern ever

recorded.

APQ9 derives & #iZIiE from the Lorentzian signature of the it
T (APO9 section 3.3). The JE7 lives in a complex A7 RIAFFZE

I8] 7. State vectors in H have & #E1E. Every complex

amplitude has a magnitude and a phase.

The B E AN (APO9 section 6) gives: P = || = Y = Light x

Dark. The magnitude determines the probability. The phase
does not. Replace | with e*{iB} (where i* = —1) — rotate the

phase by any angle 6 — and the probability is unchanged:
leriohp|? = eMiOhy x er—iOR) = Y = []?

This is U(1). The group of rotations of a circle. One parameter:
0. One operation: multiplication by e*{i6}. The simplest

continuous symmetry. And you already have it.

This symmetry is not imposed. It is not a choice. It is a

consequence of the 37 B AN, which is a consequence of the
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Y& o (Axiom S), which is a consequence of the two-sector

structure. U(1) is already derived. It lives in the 47 It has

been there since APQG.

The question is: what does this symmetry look like when read

on the JitfE?
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2——5E_N—

Before you can understand the connection, you need to
understand what it connects. The answer is: nothing was ever

apart.
2.1——Before records

Before any record is written, there is no ¥iifZ. No locality. No
“here” vs “there.” The JE7S is the 1:1 — perfect symmetry,

undivided, one thing. Superposition is the empty set state
(APO9 section 3): © and 1 undistinguished.

In this condition, the phase freedom is global in the most
absolute sense. There is no structure across which it could
vary. There are no points. There is no separation. The phase is
one number, everywhere — except there is no everywhere.
There is just the one. And you are about to see what happens

when a local {7t tries to describe a global truth.
2.2——Records create locality

Records are written. Axiom R: irreversible, monoid, no
inverses. Time begins. The accumulated record is the
environment (AP13 section 2.1). The monoid admits

embedding into a smooth it/ M (AP20). The iii/Z has the

m



structure derived in AP10: four dimensions — one temporal

(R), three spatial (C, S, B). Lorentzian signature (-, +, +, +).

Locality emerges from R + C + G acting together. R creates
time: the record changes, the now does not move (APQ9
section 4.3). C creates spatial separation: finite propagation
means “here” and “there” are distinguishable. G — the 5| /)
%t derived in AP®8 — is the accumulated record’s effect on
the geometry: curvature. Together, they produce a it /£ with
points, distances, causal structure, and separation. You can
point to a location. You can measure a distance. The /it/&

gives you that.

Now there IS a “here” and a “there.” Now the phase at this
point and the phase at that point are, in principle, different

questions.

2.3——But the 57 was never divided

The ¥t} has locality. The 47 does not. The {#it /¥ is the
accumulated record — the black curve of the eye. It has
points, separation, curvature. The 5E7S is the unbroken — the

white space of the eye. It has no points. It has no separation.

Separateness is experienced but not fundamental.

The 478 remains one. It was one before any records were

written. It is one after N records are written. It will be one
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after N? records are written. The records create the experience
of separation. The &7, which carries the phase, is never

separated.

The phase freedom remains global. It was always global.
It is still global. The Ji/Z has locality. The phase does
not. This is not a contradiction. It is the central fact. Hold

it in your mind — everything that follows depends on it.

Proposition (Global U(1) covariance). The J&£&:RFn K
derived in APO9 is covariant under global U(1):
K(eA{iON_f | erLioyy_i) = K(P_f | _i) for all 0.

Proof. The ZZR A P = Y is invariant under 1 —

er{io)p (section 1). The ZEEIEE /L operator U preserves

the inner product structure of 7 (APO9 section 4). The #
KA K is constructed from products of amplitudes and
their conjugates (APO9 section 5, AP14 section 2). Each

such product is invariant under a common F5/(75E4Z.

Therefore K is globally U(1)-covariant. m

The Jt7&’s phase freedom is not local — it acts identically at

every point. This is the mathematical content of “the &7 is

”

one.
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3—— X4

Here is the central move of this paper. Watch it carefully —
because this is where electromagnetism stops being a
separate force and starts being a consequence of unity read

through locality.
3.1——A global symmetry on a local structure

The i/ has points. Each point has a tangent space. The
complex structure of H (AP®9) associates to each point a U(1)
phase degree of freedom: the fibre of a complex line bundle

over M.

At each point, there is a phase. At each point, the phase can

be rotated by e”{if} without changing the local probability.

If the /575 were actually local — if the phases at different

points were independent — then 6 could be different at every
point. The symmetry would be local: 8(x), a function on the it
J2. This is the standard gauge argument. It assumes phases

are independent and then requires a connection to stitch

them together.

In the IDRA2L, the situation is the opposite. The phases are

not independent. The 457 is one. The phase is global. The i
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J& creates the appearance of separation between phases that
were never separated. The connection does not stitch
together independent phases. The connection expresses the

fact that they were never apart.
3.2——What the connection is

Definition. The connection Ap is the field on the /i that
encodes the 5:3&’s global tH/iL#HT as read at each point

of the local structure.

At each point x on the i/, the 4£75’s phase can be read in

local coordinates as some angle 6(x). This 6(x) is not the
global phase itself — it is a local coordinate representation: a

choice of gauge, a section of the bundle.

Different coordinate patches may assign different 6(x) to the
same global truth. The connection Ap is the 1-form that relates

these local readings across the Jif:
Duy = (du - iqAu)yY

The Z 5% Dy is the rule for transporting the phase from

one point to a neighbouring point on the /. A is the

connection 1-form — not, in general, a gradient of a scalar.

In any single coordinate patch, a gauge choice gives a local

representation 6(x), and the connection can be written Ay =
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oub + Ap where Ay is the physically meaningful part. But this

decomposition is local. Globally, Ap is a connection on the
U(1) F=M over M: the bundle whose fibre at each point is the

phase circle S' inherited from 7 (AP®9).

In the absence of £ (no break, no source) and with trivial

1

boundary conditions (no incoming excitations), the c&'s

phase is read consistently everywhere. The bundle is trivial —
a global section exists — and the connection can be gauged
to Au = O everywhere, provided the e-free domain is simply
connected (the source-free sector of the embedded i is
contractible by construction; flat holonomy without curvature
on non-simply-connected domains is a mathematical
possibility but does not arise in the architecture’s

construction).

Fuv = O. No EEf#437. The phase is one and the /¥ reads it

without distortion.

(Source-free solutions with Fuv # ® — i.e. radiation — arise
when boundary or initial data carry non-trivial field
configurations; these are consistent with Maxwell's equations

(section 4.4) and describe the 3t (section 7).)

In the presence of g, the 1:1 is broken at a point. The
connection acquires non-trivial curvature: €, as a charged

source (Theorem 1), forces a non-flat connection via the
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derived 177 %2 (Corollary, section 4.4). Around any loop

enclosing g, the connection carries non-trivial holonomy — the
phase, transported around the loop, returns to a different
reading. The connection cannot be gauged to zero. Ap is not a

gradient.

Fuv # 0. The EBf#17 is the curvature forced by the source.

[Epistemic status: DERIVED. That € forces this is proved in
section 4.3-4.4: Axiom B (no o-image) — q # O (Theorem 1)
— /A forced (Theorem 2a) — Maxwell equations with

Ju # 0 — Fuv = O (Corollary, section 4.4).]

The connection is the dictionary. When the it/ is source-
free, the dictionary is trivial (Ap = © in a suitable gauge). When
€ is present, the dictionary must work around the break, and

the curvature Fpv is the measure of how hard it must work.

Correspondence: in the mathematics of fibre bundles, a
connection with non-trivial holonomy around a source is
exactly what a charged particle produces. The argument
identifies the source: g, the one element with no o-image

(Axiom B). The break is the charge.
3.3——The connection is not a promotion

In the standard gauge argument, one begins with a global

symmetry and promotes it to a local symmetry by fiat. The
promotion requires introducing a #5317 Au to preserve the
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Lagrangian under local transformations. This works but has no

explanation for why the promotion occurs.

In the ICFE 2K, there is no promotion. The phase was always

global. The Jit /& was always local. The connection Ap exists
because a global quantity (the phase) is being read on a local
structure (the Jit /). It is not that a global symmetry was
promoted to local. It is that a global truth is being expressed

through a local language.

The connection is the dictionary.
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4——EBRE

The connection exists. The source exists. Now the algebra
does what algebra does — it derives the 17 /57 2. And you will

recognise them. They are Maxwell's equations.
4.1——The 758

The connection Ap is a 1-form on M. Its curvature is the 2-

form:

Fuv = OuAv — OVAU

This is the electromagnetic 175K &. It encodes the electric

and magnetic fields. Fuv is the curvature of the connection. It
measures the extent to which the global phase, when
transported around a closed loop on the i/, returns to a

different reading.

If Fuv = O everywhere, the connection is flat and the global
phase is read consistently everywhere. If Fuv # 0, the

presence of € (the charged source that forces non-trivial
curvature via the derived 17 /7 2) creates a discrepancy

between the global truth and the local reading. The Jit/¥’s

geometry provides the arena; € is the source. That discrepancy
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is the EBH%17. You feel it every time you touch a doorknob in

winter.
4.2——HEART

The global phase 0 is not observable. Only probabilities are
observable (B BRI, APO9 section 6). The connection Au

can be shifted by Ay — Ap + OpA(x) for any smooth function
A(x) without changing Fuv:

Fuv — Ou(Av + 0vA) — OV(Au + OuA) = Fuv

This is M7 AZM. It is not a postulate. It is the mathematical

consequence of a 7=M connection on a ¥t /Z with local charts.

Once EH gives the {it/Z M with local coordinate patches
(AP20), and the phase fibre S' at each point forms a U(1) A

(section 3.1-3.2), local sections of this bundle parametrise how
the global phase is read in local coordinates. Changes of local
section are parametrised by smooth U(1)-valued functions A(x)
on overlaps — this is standard bundle mathematics, not a

physical postulate.

The transformation Ay — Ap + OpA is the connection’s
response to a change of local section: it is the dictionary’s
response to a change of language. Local gauge redundancy is

therefore not a “promotion” of global invariance; it is an
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automatic feature of expressing a global structure (the phase)

through local coordinates (the /).

Only the curvature of the connection — the EBf&i7 — is

observable. The #Ml H K E is the freedom in how you choose

to read the unobservable global phase in local coordinates.
Different gauges are different dictionaries. The physics is in
Fuv, not in Au. You cannot measure the gauge. You can only

measure the curvature.

4.3——The source: €

The EEF#17 has a source. The source is € — the break. The EB

¥

€ is the one element with no o-image (Axiom B). It breaks the
1:1. On the 1iJ¥, € is a B+ (AP11 section 3.2), with spin

(AP11 section 4), mass m_e (The Lock). It is the minimum

viable splinter.

Theorem 1 (¢ is charged). € carries non-zero U(1) charge.

Proof. Axiom S gives the X754 o on the iICR{{#. o is

total on the paired sector: for every element a in the
paired sector, o(a) exists and o(o(a)) = a. ¢ lies outside

the paired sector: Axiom B states that o(c) does not exist
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in the algebra. (o is an X754 on its domain; ¢ is not in

that domain.)

Definition (charged). In this framework, an element a of
the ICR/{# is uncharged (q = 0) if and only if a is in the

domain of o and is o-fixed: o(a) = a. An element is
charged (q = 0) if it is not o-fixed — either because d(a)
# a, or because o(a) does not exist (i.e. a is outside
Dom(ao)).

This definition is justified by the representation theory that
follows: o-fixed = q = O is proved below, and the
contrapositive (not o-fixed = q # 0) is the direction used in

Theorem 1.

APO9 section 3.2 identifies o with & Z£%7 on A o() = . For

Y = |Ylerfip}, B ILH reverses the phase: o(y) = |plerM—ip). In

the U(1) representation where a state with charge q
transforms as y — eiqO}y, its conjugate transforms as P —

er{-iqBhyp, i.e. with charge —q.

Therefore: if an element within Dom(c) is o-fixed (o(a) = a),
then it must carry charge q = —q, i.e. @ = 0. Equivalently, by
contrapositive: any element that is not o-fixed carries q # 0.
(The converse — that q = ® implies o-fixed — is not required

for this argument and is not claimed.) Elements outside
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Dom(a) have no conjugate partner and therefore cannot be o-

fixed; they are charged by the Definition above.

Now: ¢ is outside Dom(o) (Axiom B: o(c) does not exist). By the
Definition above, ¢ is not o-fixed. Therefore ¢ is charged: q #
O.m

The EB-1- is charged because it has no mirror image. That is it.

That is the entire reason.

Theorem 2 (& forces non-trivial connection and
curvature). The U(1) connection on M couples non-trivially

to . In any region containing &, Fuv = 0.

Proof by two complementary arguments, one algebraic and

one dynamical.

(a) Algebraic argument (Z/)##4 forced). U(1) G Z

is derived (section 1, section 4.2). Under a gauge
transformation, ) — e iqO}p. With q = O (Theorem 1),

the ordinary derivative ouy is not gauge-covariant:
du(er{iqB}p) = er{iqO}(duy + iq(dub)yp) = er{iqOrou.
TIAZHE of the theory requires the replacement du — Du
= oy - iqAu, where Au transforms as Ay — Ay + oueé.

This is &/ \#4. It is not optional — it is forced by A7

+Z1E and q # 0. You have no choice here. The algebra

leaves no room. The connection Ay must couple to &.
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(b) Dynamical argument (Fuv = ©). The /E/HE/FZE is
derived from the E&EEF 71 (Theorem 3, section 4.4). The

unique HIEFZH action at =5 S5} gives Maxwell’s

equations dVFA{uv} = JM{u} (section 4.4). The current Ju
# O wherever s-records are present (Definition below;
Theorem 1). Therefore dvF A {uv} = O, which requires Fuv =
0, in any region containing . [Note: this argument uses
Theorem 3 and section 4.4, which appear below. The
logical dependence is: Theorem 1 — Theorem 2(a) —
Theorem 3 — Maxwell — Theorem 2(b). Part (b) is a
corollary of the complete chain, not a prerequisite for it.]

[Epistemic status: DERIVED. Theorem 1 uses Axiom S (o as X/
74> on paired sector), APO9 (o = conjugation), and Axiom B (&
outside a’s domain). Theorem 2(a) uses derived #7512 +E

and Theorem 1. Theorem 2(b) uses Theorems 1, 2(a), 3, and

the derived Maxwell equations. No external physical postulate
is imported; standard mathematical reasoning (A;172218,

variational calculus) is applied on the derived Ji/#]

Correspondence: in the mathematics of fibre bundles, a
connection with non-trivial holonomy around a source is
exactly what a charged particle produces. The argument
derives the source: g, the one element with no o-image (Axiom

B). The break is the charge.
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Definition. The current Ju is the #RijlS4 to M of the &-
record worldline. £ carries charge q # O (Theorem 1); on
the Jii/& it traces a timelike worldline y (Axiom C). The 4-
current Ju(x) = q83(x —= x_g(t)) dx_sAp/dt is the density
and flow of es-charge at x. [Epistemic status: DEFINITION.
The distributional form uses standard mathematical tools
(delta measure, worldline parametrisation) applied to the
derived {iif¥. The physical content — that £ carries charge
and traces a worldline — is derived (Theorem 1, Axiom
C).]

The A58 — how strongly € sources the connection — is

the electric charge. That € couples to Ap is structural (e breaks

the 1:1; the connection must respond). The dimensionless

strength of this #i 5, the F5HZE ) H 2 a_em = 1/137, is not
derived (KS-4, OPEN). It is the #5592 of one minimum
element breaking one minimum symmetry.

4.4——Maxwell’'s equations

The dynamics of Ay are determined by a uniqueness

argument paralleling Lovelock.

Theorem 3 (Action principle from ¥£5:KFn). The fEH &R
# is contained in the K0 already derived from the

axioms.

125



Proof. APO9 section 5 derives the #Z5#5K71 K from the
axioms: K assigns transition amplitudes between records

by summing over all intermediate record sequences.

APO9 section 4 derives the FEE 15 572 i4dy/dt = Hy

from the same axioms. The FEE 5 572 is the Euler-

Lagrange equation of the action S = [(iZydy/dt — PYHY)
dt.

The converse also holds: the 55K 711 (AP14 section 2.3),
which is a time-sliced product of transition matrix elements,
has the form K = [Dy exp(iS[y]/7) in the EH representation
(this is Feynman’s standard mathematical result: the time-
slicing decomposition of quantum amplitudes reproduces the

path integral weighted by exp(iS/7); AP14 section 2.3 explicitly
constructs the time-slicing from the IZ57/(#¢ and the EH 7%

A4, onto M yields the functional integral as a
mathematical representation of the discrete sum — it does
not reintroduce physical continuum microstructure below the

record scale).

Therefore the 1E/ & /572 is not an external import but is
already contained in the E57E>K 71 derived from the axioms via
APO9.

For the /417 specifically: the connection Au is determined

by the record configuration (section 3.2); the Z5E5K i over

records therefore implicitly includes a sum over connection
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configurations. The weight assigned to each configuration
must be (i) A~ (U(1), section 1), (ii) Lorentz-invariant

(AP20), (iii) local (Axiom C: the constraint bounds propagation
to a finite rate, forcing local interactions), and (iv) of mass

dimension 4 (AP10, D = 4). The unique functional satisfying
()-(iv) at =ZEEHH is SLEM = —(1/4) [ FuvF uv} d*x.
Uniqueness follows from the same Lovelock 7Y argument
used for gravity (AP®8): the constraints select a unique term
at lowest derivative order. (Higher-order A1~ terms are

consistent with the symmetries but suppressed at low energy;

this is a statement about the mathematical classification of
local #7151~ 1] operators by mass dimension, not an

imported physical postulate.) &

[Epistemic status: DERIVED. The /FE/f] & /R ## follows from the
FEEESR T (AP®9) via the standard time-slicing representation
(Feynman); the functional integral is the EH 7457441 of the

discrete time-sliced sum, not a reintroduction of continuum
microstructure. The uniqueness of the 2w ArH 1E/H] & uses
derived symmetries (U(1), Lorentz, locality, D = 4) and the
mathematical classification of 771~/ operators by mass

dimension. No external physical postulate is imported;
standard mathematical tools (variational calculus, operator

classification) are applied on the derived /% /]
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Current conservation: duJu = 0. This follows from AT

of the action via Noether’s theorem: the 1EF &5 B is derived
from the #£ERFN (Theorem 3), and U(1) symmetry gives a
conserved current by Noether’s first theorem; that current is
Ju. Separately, Axiom R gives VuTuv = O for the stress-energy
tensor (APO®8); the two conservation laws are consistent but

logically distinct.
The Bianchi identity (a geometric identity on any 2-form):
OAFUV + OUFVA + OVFAU = O

This is half of Maxwell's equations. It is automatic — it follows
from Fpv being the curl of Ap. It gives Faraday’s law and the
absence of magnetic monopoles. The other half — Gauss'’s law

and Ampére’s law — comes from the #§4& of the connection to
its source €. The simplest action consistent with U(1) Al{GAZ

M and Axiom R (conservation) on the 4D /¥ (AP10) is:
S = —(1/4) [ FuvF Muv} d*x + [ Aud™u d*x

Variation with respect to Ap gives:

OVF™Muv} = JMu

These are Maxwell’'s equations in covariant form. You just
watched them emerge from four axioms and a uniqueness

argument. [Derived: JiJF existence (AP20) and {5 i
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(Theorem 3, from E£SKFN). Given these, the 37 52 are

unique at S SHM.]

The argument parallels Lovelock for gravity: given the
symmetries (U(1) #yi A~Z14), the dimensionality (D = 4,
AP10), and the conservation law (Axiom R), the action is
unique at lowest derivative order, up to a #4444 (Higher-
order AL terms, e.g. (FUVFA{uv})?, are consistent with

the symmetries but suppressed at low energy by powers of

E/A_UV; their absence at leading order follows from the
mathematical classification of local #7i~ZZf) operators by

mass dimension, not from an imported physical postulate.)
The #i4% %X is the electric charge. Its dimensionless

strength is a_em.

Corollary (non-trivial curvature). In any region containing

g, Fpv = O.

Proof. Maxwell’s equations (above) give oVF A {uv} = J u.
The current J u = ® wherever ¢ is present (Theorem 1;
Definition, section 4.3). Therefore ovFA{uv} = 0, which

requires Fuv = 0. This completes Theorem 2(b). m
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5——RSLMA

There is a subtlety that distinguishes the axioms’ derivation
from the standard gauge argument. It concerns what happens

to possibilities that are not actualised.

In the &7, all possibilities coexist. Superposition. The empty

set state. The phase is coherent across all of them because
there is no separation. When a record is written (Axiom R), one
possibility is actualised. The others are not. The non-
actualised possibilities do not collapse by receiving a signal.
No information travels to them saying “you are now
impossible.” They become unreachable. They were
possibilities in this cycle; now they are not. Nothing
propagates. Nothing violates C. The non-actualised simply

cease to be available.

This is why the FB{\.#HT* of the &7 does not require faster-

than-light coordination. The phase was never coordinated
across space. The phase was one, before space existed. When
space emerges (R + C + G), the phase is read locally. But the

reading does not require synchronisation, because the

underlying reality — the 5¢7 — is still one.

The non-actualised possibilities become impossible in this

cycle. Across infinite loops, everything with nonzero
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probability actualises eventually. But within this cycle, the {7
A holds because the 57 holds. And the connection Ay is

how the ¥t expresses that holding.

5.1——The partition

The &7 has one resource: A\ fHT-. Before records, it is all
one thing — maximal coherence, no ¥/, no “here” vs “there.”

The %75 is pure: S(|¥)) = O. All information is in correlations.

When records are written and the it/ M emerges (AP20), this

FANZFA T does not vanish. It is partitioned.

Every bit of the JC7’s FH{ZAHT is either (a) written into the it

J£ as connection geometry, or (b) not yet written and still
present in H as quantum correlations between subsystems.

These are exhaustive categories. There is no third option.

The first account is the connection. Ay encodes the fH{7FH T

that has been localised — written into the Ji/Z as curvature

and holonomy. This is the 4:Z&'s unity read as a field. It is the

world of records, of particles, of history. It is the EEf17. Every

Jt¥ that has ever hit your eye came from this account.

The second account is Z4{4&. Two subsystems are entangled

because they share &7 fH\Z#H T that has not yet been
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broken by a record. The EPR correlations are not signals. They
are the portion of the J57&’s unity that has not yet been
written into M — the possibilities that remain open, the wave
side of the Actualization State. Z4ZE is the world of waves, of

possibilities, of the quantum.

These are not two things that happen to be related. They are
one thing — the %t&’s undivided phase — and the only
difference is whether you are reading it as a field (connection)

or as a correlation (ZHZE).

5.2——The transfer mechanism: €

The partition is not static. Records are being written. Each
record transfers fH{ZfH T from the Z44& account to the field

account. The transfer agent is e.

Before an e-record-event: two subsystems A and B share &7

FHALFEF. They are entangled. Between them, the connection
is trivial (Au pure gauge, Fuv = 0). € couples. A record is

written. “Now” happens.

After the e-record-event: the fH{\.fHT- that was shared

between A and B as Z4ZE is now written into M as connection

curvature. Fuv # © in the region (Corollary, section 4.4). The 24
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/& between A and B has decreased by exactly the amount of

holonomy gained. The “collapse” of Z4ZZ is not a mysterious
process. It is more records being written.
This is one event, read three ways. From the field side: € is

charged (Theorem 1), it couples to the connection, Fuv = ®

(Corollary). From the correlation side: € writes a record (Axiom
R), which decoheres subsystems (AP13), reducing Z4Z&. From
the thermodynamic side: every iICE 5 event pays a

minimum cost of k_B T In 2 per bit (E1&/R5LIE, APO6 section

4). The debit, the credit, and the receipt are three descriptions

of one condition (AP®6).

5.3——The theorem

Theorem 4 (FENZAETF43E]). The 5%&755's FHALFET partitions
exhaustively, under the EH #£RijBSt, into connection

curvature on M and Z44E in 7. Each e-record-event

transfers coherence from Z44E to field. The transfer is

irreversible and bounded by Axiom C.

Proof. (i) The J£2&5 |W) is pure (APO9 section 3: the empty

set state, superposition, the 1:1 before records). A pure

state has von Neumann entropy S(|¥)) = 0. All
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information is in correlations between subsystems, not

in the state of any single subsystem.

(ii) Under the EH 7#F7H41 (AP20), the 7E25s 1017 17 is

represented on M. That which has been written into records
appears as the geometry of the U(1) connection — the
holonomy functional, the curvature Fuv, the field account
(section 3, section 4). That which has not been written

remains in A as quantum correlations between subsystems —

the mutual information I(A:B), the Z./%% account. These

categories are exhaustive: every element of the J£Z5s phase

structure is either localised on M (a record exists) or not (no

record yet). There is no third account.

(iii) The transfer mechanism is €. € is the only element outside
Dom(c) (Axiom B). When € couples — when a record is written
— three things happen simultaneously: (a) the connection
acquires non-trivial curvature in the region (Theorem 1 —

Theorem 2 — Corollary: € is charged, forces Fuv =z 0); (b) the

subsystems that shared #/7(i7 %11 are decohered (AP13: iCs7

F5 produces £#HF); (c) a thermodynamic cost of at
minimum k_B T In 2 per bit is paid (AP®6 section 4: the /&
IR IR applies to every IZs7B% event without exception).

These are not three consequences of one event. They are

three readings of one event (APO6).

134



(iv) The transfer is irreversible (Axiom R: no inverses in the
record monoid). Entropy increases. The Landauer receipt

cannot be recovered. Time’s arrow is the direction of this
transfer — from 244 to field, from wave to particle, from

possibility to record. Every measurement you have ever made

paid this cost.

(v) The rate of transfer is bounded by Axiom C (Constraint). ¢
is the speed at which records can be written — the rate at
which possibilities become unreachable. This is why ¢ appears
on both sides: in the 7/ T_H = /c’®/(8nk_B GM) on the
field side, in the 5//F rate on the correlation side, and in the
fine structure constant a = e*/(4ne, /ic) that governs the #4

“#/4. Same speed limit. Same . Same c. ® (Scope note: what

is proven above is the exhaustive bivalent partition under EH
HEFTHS (i-1), the role of € as sole transfer mechanism (iii),
irreversibility (iv), and the rate-bound (v). What is NOT proven
— and is held open as KS-31 LIVE — STRUCTURAL — is the

conserved-balance theorem: exhibiting a single quantity
whose connection-curvature component and Z4/Z#-entropy

component are commensurable and sum to a constant under

e-record-event dynamics. The ledger language of section 5.4
expresses this conservation claim as a ZZ#j/A7 L the formal

theorem is held open.)
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5.4——XBHREML

278 (APO9 section 5) is not a separate phenomenon that

happens to be related to the connection. It is the connection’s

complement — the other side of the ledger. Two particles are
entangled because they share 57 FH\ZFH T that has not yet
been written into M. The EPR correlations are not signals.
They are the portion of the 4CZ’s unity that remains in the

wave account — possibilities still open, coherence not yet

localised.

Gap D asked: prove that the connection and Z4%E are two
faces of the same coin. The answer is: they are two columns in
one ledger. The J:7&s total fHLAH T is the ledger.
Connection curvature (field) is the debit column — what has
been written. Z{4& (correlation) is the credit column — what

has not.

You cannot spend from both columns simultaneously — that is
the R E MR EE (AP12). You cannot move credits back to

debits — that is Axiom R. € is the only transfer mechanism

(proven). The EHE/R AR (APO6 section 4) is the receipt
(proven). The columns balance because the 7 is pure —

this is the Z5#)M:-/i#15 the ledger framing asserts; the formal
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conserved-balance theorem (a single quantity with
connection-curvature and Z4ZZ-entropy components shown to

be commensurable and summing to a constant) is held open
as KS-31 LIVE — STRUCTURAL. This is not a bridge between

two separate structures; it is a Z& )M fi#1E that two names

point at one object. The conservation claim the ledger

language carries is the path-to-closure for KS-31.

The connection and Z4& are two readings of the same

fact: the 4&75 is one.

[Epistemic status: DERIVED for what Theorem 4 states
(exhaustive bivalent partition, € as sole transfer mechanism,
irreversibility, rate-bound); STRUCTURAL for the conservation
claim the ledger framing implicitly carries (KS-31 LIVE).

Theorem 4 uses: the £ is pure (AP®9 section 3), EH 5

41 (AP20), € is charged and forces non-trivial connection

(Theorems 1-2, Corollary), e-record-events produce 54T
(AP13), the B/ /SRR applies to every i57H% event (APO6

section 4), and the record monoid is irreversible (Axiom R). All
premises for the DERIVED content are derived or established.

The partition is exhaustive by construction: every element of
the 7£2%s phase structure is either localised on M or not. No

external postulate is imported. Gap D: structurally addressed
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by Theorem 4; formal conserved-balance theorem held open
(KS-31 LIVE — STRUCTURAL).]
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6——EBfh}

You know what charge is now. It is the #& of the break to the
connection. But there is something remarkable about its

structure — and it falls out of a theorem about circles.
6.1——What charge is

Electric charge is the #i4" of £ to the connection. ¢ is the

break — the one element that has no o-image. It breaks the
1:1. The connection Ap expresses the J:&'s global phase on

the JitJZ. Charge is how strongly the break disturbs the phase

reading.

The B8-1 carries charge —e. This is ¢ itself. The 1EE81- carries

charge +e. This is € read from the other sector — o(¢) does not
exist in the algebra, but the antiparticle is the conjugate state:
Y where s describes €. The conjugation is o (Axiom S). Light

and Dark. The charge flips because the sector flips.

Charge conservation is a consequence of U(1) Ay R~

(Noether’s theorem). The global fH{Z X # gives a conserved
current. That current is the electric current. Charge

conservation is the 3 BLAHLN’s symmetry () is invariant
under fH\7iE¥%) read as a conservation law on the JiJE.
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6.2——Why charge is quantised

Charge comes in discrete units: e, +14e, £%4e (quarks). Never

e or 0.7e. Always rational multiples of e.

In standard U(1) AVEEREIE, EBfaf & 1k is not automatic. The

Lie algebra u(1) = R admits continuous representations — any
real number is a valid charge. To force discrete charges,
standard physics requires extra machinery: Dirac’s magnetic
monopole argument, or embedding U(1) inside a compact
non-abelian group (grand unification). The axioms require

neither.

Theorem 5 (EEff & F1L). All U(1) charges in the

architecture are integer multiples of a minimum unit. The

minimum unit is the charge of &.

Proof. (i) The phase group is U(1) = S, the circle (section
1, KS-28 CLOSED). The # & # gives |er{io}p]? = |P|>

The phase 0 is an angle: 6 and 0 + 2mt are the same

phase. The symmetry group is compact.

(i) The irreducible unitary representations of a compact group
are discrete (Peter-Weyl theorem; standard mathematics). For
U(1) specifically: the irreducible representations are labelled
by integers n € Z, each sending e{i6} ~ e™{inB}. There is no

representation labelled by 2 or T or 0.7. Only integers. This is
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not a physical postulate. It is a mathematical fact about

circles.

(iii) The bundle structure group is U(1), not its universal cover
R (section 3: the fibre at each point is S’, the phase circle
inherited from #). Matter fields coupled to this bundle must
transform in genuine representations of U(1), not
representations of R. The charge of any field is therefore an
integer: q € Z This is where the architecture’s construction
differs from the standard Lie-algebraic approach: section 3
constructs the bundle from the group (the circle), not from the
algebra (the real line). The group is compact. Discrete

representations. Integer charges.

(iv) € carries the minimum non-zero charge. Axiom B: € has
valuation v(s) = 1. It is the minimum element. The minimum
non-zero integer is 1. Therefore ¢ carries charge |q| = 1in

units of the fundamental charge.

(v) All other charged elements in the iZ52/({%¢ are

compositions of e-elements. Their charges are sums of +1
contributions. Sums of integers are integers. Therefore all

charges are integer multiples of €’s charge.

[Epistemic status: DERIVED USING STANDARD
MATHEMATICS. Step (i) is derived (section 1). Step (ii) is the

Peter-Weyl theorem (standard mathematics). Step (iii) follows

from the M f7:i& in section 3. Step (iv) uses Axiom B. Step (v)
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uses the compositional structure of the iZ57/(#¢ No Dirac

monopoles, no grand unification, no external mechanism is
imported. The quantisation follows from: phase is a circle
(derived) + circles have integer winding numbers (standard
mathematics) + € is one brick (Axiom B). Gap E: CLOSED.]

[Scope: Theorem 5 proves that all observable U(1)_EM charges
are integer multiples of e. Quarks carry fractional charges

(£ Lse, £ 25e), but quarks are confined — they never appear as
free charges, and all hadrons carry integer charge. The
fractional charges arise from the SU(3) £ 7 structure, which
is beyond AP15’s scope. AP15 derives U(1)_EM. Within U(1)_EM,
observable charges are integers. The quark substructure

belongs to AP19.]
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7—XF

The Y&+ is the quantum of the connection. You have seen the

connection derived. Now meet its minimum excitation.

The connection Ay is a field on the ¥i/%. When quantised
(APQ9 gives the quantum sector), it has excitations. The

minimum excitation is one quantum: the Jt.1-.

The Y+ is a BZ {4 +-. You knew this. Now you know why. AP11

derives: paired elements (o-image exists) are ¥ {41, integer
spin. The connection Ay is a property of the 47, which has
both sectors £ and P (Axiom S). The phase is symmetric under
o (that is the B EFIN: P = Ys). The quantum of a o-

symmetric field is a paired element. Paired elements are B {4,

. The Jt1 is a B a7

The Y&+ has spin 1. The connection Ap is a 1-form: one

Lorentz index. A 1-form on a 4D &€ %%/ transforms as a

vector under the ¥&fEZ4HE. The massless vector

representation has spin 1. [This step uses Lorentz
representation theory, which is standard mathematics on the

derived ¥if.]
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The Yt 1 is massless. The FAZXIF4 is exact — U(1) is not
broken. A #7EAZTH) mass term m2AuAp is forbidden by U(1)

MYEAZME (this is a mathematical identity, not an

assumption). If U(1) were broken, the J¥. -7 would acquire mass

via the Higgs mechanism; but U(1) is the phase freedom of the

Bt R AL, which is exact (KS-5 CLOSED). The Y&+ is massless
because the 3% E AN is exact. If you could break the B B #]

M, you could give the J¥- mass. You cannot.

The Jt. ¥ propagates at c. Axiom C gives a constraint that

bounds propagation to a finite rate. Maxwell's equations
(section 4.4, derived via Theorem 3) give a JZ &1 /72 whose

characteristic speed is c. A massless excitation of a field
satisfying Lorentz-covariant dynamics propagates at that
bounding rate. This is the identification made in the & {A & 1:
¢ = the rate set by the constraint (Axiom C). Light speed is not
a property of light. It is a property of the connection. It is

Axiom C read through the derived dynamics.
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8——HSHE

Axiom S — two sectors, Xi& o = B34 — FEHN P =

Y — FQIERE e~{i0} leaves |P]? invariant — U(1)

symmetry.

Axiom R + Axiom C + G — records written, /% emerges
with locality (AP20) — the JifE is local, the &7 is

global.

Global phase on local #iJ¥ — connection Ap encodes #H
fSIAET across separated points — U(1) #7&17A. [DERIVED

— £ charged (Thm 1) — non-trivial bundle (Thm 2)]

Curvature of connection — Fuv = dpAv - dvAu —

electromagnetic 175K &.

Axiom B — £ = 81 = source of connection — charge.

Discrete break — quantised charge. [DERIVED —
Theorem 5: U(1) compact — integer representations
(Peter-Weyl) — £ = minimum (Axiom B) — all charges

integer multiples of e. Gap E: CLOSED]

Axiom R (conservation) + U(1) + D = 4 (AP10) — ELifS

YEF & unique up to 384 H 3 — Maxwell’'s equations.
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B BN exact (KS-5 CLOSED) — U(1) unbroken — Y:F

massless, spin 1, propagates at c.

Je7S pure (S = ©) — FANZAHT partitions into field (connection
curvature on M) + Z4%E (correlations in ) — e-record-events

transfer coherence from Z4ZE to field, irreversibly (Axiom R),

rate-bounded (Axiom C), receipt k_B T In 2 (APO®6). [DERIVED
for partition + transfer + irreversibility + rate-bound;

STRUCTURAL for the conservation reading (KS-31 LIVE)]

146



Q—— 48 IF &4tk

Four 2214514 engage in AP15. One existing S8 {AZ/E & 115
4 (KS-4) is affected. Each is testable. Each has a specified
recovery position — if the 2 (- Z5/4- fires, the paper reverts to
a named earlier position rather than collapsing entirely.

Identifiers follow the Master £ II- 5{4: Registry.

KS-28 — Phase-group uniqueness (U(1))

Claim. The argument derives U(1) as the #JEEE from the

phase freedom of H. No larger group acts on the phase of

a single complex amplitude.

Test. Demonstrate that the complex 7 /R{A%:2218 admits

a gauge symmetry larger than U(1) from the phase alone
(before considering spin or f4.fif). Failure: the derivation

is overconstrained.

Status. CLOSED — MATHEMATICAL. The symmetry of a

circle is U(1).

Recovery. CLOSED. No recovery needed: the symmetry

group of a circle is U(1) as a mathematical fact.
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KS-29 — Maxwell uniqueness

Claim. The ZRITF/EHE S = —(1/4) [ FuvFA{uv} is the

unique dimension-4 FJERZEH local action (up to total

derivatives) consistent with U(1) + conservation + D = 4,
with the /Efi 2R3 derived from the }&£ZKFn (Theorem

3).

Test. Demonstrate another dimension-4 M5 RZTH) local
action with these properties that produces different 155

#2. Failure: the derivation is ambiguous.

Status. CLOSED — MATHEMATICAL. Standard

classification of i RZTH) operators by mass dimension.

Recovery. CLOSED. The Z=HF/EA & is uniquely

selected at =55 M by the mathematical

classification.

KS-30 — Phase globality

Claim. The derivation assumes the J£7’s phase is

globally coherent. The JE7 is the 1:1 — it has no internal

structure across which the phase could vary.
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Test. Demonstrate that the 4£75 can have phase

discontinuities — that the white space can be internally
divided. Failure: the connection is not forced to exist by

the global-phase argument.
Status. LIVE — STRUCTURAL. The &7 is the 1:1. Division
of the 57 would be a second break, violating Axiom B

(one element, minimum).

Recovery. If KS-30 fires, the global-phase-on-local-{if
argument of sections 2-3 falls. The connection would
have to be derived by an alternative route (perhaps by
the standard gauge promotion argument). Theorems 1, 5

remain (they do not depend on global fH{iz#8F ). Theorem
4 (FBNIABT43#]) falls because its premise (4&7 pure, S =

0) requires global coherence.

KS-31 — Z4ZE-connection identification

Claim. Section 5 identifies the HIJEEL4E and £U4E as two
expressions of 475 unity. They are not two separate
structures; they are two columns in one ledger. The %1
MEARIZE is: the purity of the Jt7 (S = 0) entails a

conservation relation between the two columns. The
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formal conserved-balance theorem — exhibiting a single
quantity whose connection-curvature and Z44E-entropy

components are commensurable and sum to a constant —

is held open as the path to closure for this claim.

Test. Theorem 4 (FBALFET43E]) proves the identification:

the £7&'s FHL#HF partitions exhaustively into

connection curvature (field) and 244 (correlation), with &

as the sole transfer mechanism. Failure: identify a phase-

coherent structure that is neither connection curvature

nor ZU4E,

Status. LIVE — STRUCTURAL. Theorem 4 (FAfZETF43E])
establishes the exhaustive bivalent partition and
identifies £ as sole transfer mechanism, but does not

exhibit a conserved quantity with connection-curvature (a
field action) and 24 (a von Neumann entropy) shown to
be commensurable and to sum to a constant. The
partition is a ZHJEARIE of strong correspondence; the

conserved-balance theorem the ledger language asserts
is not exhibited. Gap D: structurally addressed, formal

balance theorem held open.

Recovery. If KS-31 fires — if a phase-coherent structure

can be exhibited that is neither connection curvature nor

2148, or if connection-curvature and 244E-entropy cannot
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be made commensurable in a conserved-balance form —
the E/IMEARIE remains (the partition is exhaustive by

Axiom R’s bivalence; ¢ is the transfer mechanism
between field and correlation accounts), but the ledger
framing is downgraded from a balance theorem to a
structural metaphor. The derivations of Theorems 1, 2, 3,
5 are independent of Theorem 4 and survive. The path to

closure: exhibit a single quantity — connection-curvature
action plus an Z4{4E-entropy measure on the same footing

— that is conserved under the dynamics induced by &-

record events.

KS-4 — o = 1/137 (existing BKE(E 4R 1154,

affected)

Claim. AP15 identifies the }E &/ %3 a_em = 1/137 as
the #8558 of ¢ to the connection (section 4.3). AP15

derives that this #i & exists; it does not derive the

numerical value.

Test. Derive the numerical value of a_em from {S, B, R, C}
alone. Failure of the broader Z{AZ%{E to do so leaves KS-
4 LIVE.

Status. LIVE — HARD. Carried forward to AP24 (the six-

faces formalisation of £'s multi-projection structure and
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the jlt/R-tolerance reframe on ) and AP28 (G&iE it

derivation of G).

Recovery. If KS-4 is closed by AP24/AP28, no recovery
needed (the result becomes derived). If KS-4 remains

permanently LIVE, AP15’s derivation of the structure of

electromagnetism stands; only the numerical #& 8

remains empirical input. The structural results of AP15

are independent of a_em’s value.

Why these four and not more

The four £ k551 cover the 7K claims of AP15. KS-28 and
KS-29 close mathematically (the symmetry of a circle is U(1);
the Z 78735 /EH & is uniquely selected). KS-30 carries the

structural assumption that the 4¢3 is undivided; this is the

one remaining live IE{A surface for the global-phase
argument. KS-31 is held LIVE — STRUCTURAL on Theorem 4
(the partition is a ZE#JEAZIEE; the conserved-balance theorem
the ledger framing asserts is held open). KS-4 is the existing
AR & 1ES{t affected by AP15’s identification of a_em
as the #5582 £, Smaller claims throughout the paper — the

specific Lovelock %! uniqueness language, the doorknob

illustration, the “debit/credit/receipt” ledger metaphor, the
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“dictionary” framing of the connection — are illustrative rather

than 7 E . If any single illustration turned out to be poorly
chosen, the paper would still stand. The & 1l-55{} engage the

7K EEAY structural claims, not the illustrative material.
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10——ASCHASL T 44 LA R e ]
R’

AR AR

10.1——A 3R A T4

AP15 closes the derivation of classical electromagnetism from

the axioms. Within the scope of AP15, the following are
derived: U(1) gauge symmetry (from the ¢ E#IN)’s phase
freedom); the connection Ap on M as a U(1) =M (from the
global phase being read on a local 7#iJ¥); My AZM: (as
standard bundle mathematics, not a postulate); the

electromagnetic 375K & Fuv = OuAv — dvAp; Theorems 1-5

with their proofs; Maxwell’'s equations as the unique MiEARET

) local action at -ESS44 in D = 4; the FHNAH T3 E
(Theorem 4) closing the identification of connection and Z4Z&

as two readings of one &/ ESL; B 1L in integer

multiples of ¢’s charge (Theorem 5); the Jt.'s three core
properties (¥ {21, massless, spin 1, propagates at c).

Two previously open Gaps close in AP15: Gap B (fx/ M) by

Theorem 2(a); Gap E (EBfif & -t formal derivation) by

Theorem 5. Gap D (£44E-connection identification) is
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structurally addressed by Theorem 4 — the partition is
exhaustive and ¢ is the sole transfer mechanism — but the

conserved-balance theorem the ledger framing asserts is held
open (KS-31 LIVE — STRUCTURAL). Gap C (the fix AE15%) was

closed earlier by AP20. Gap F (MA#)1E and 1EH &7 HE) closes

via Theorems 1-3 and the Corollary.

10.2——A& LR K M2

AP15 does not close Gap A: the numerical value a_em = 1/137.
The derivation establishes that £ couples to the connection
with some strength; the value of that strength is the work of

AP24 (5%%£4) and AP28 (Constant). KS-4 remains LIVE.

AP15 does not close the FliE45#)s beyond U(1)_EM. SU(2)_L (

EB55), SU(3) (f4.1i), and the broader internal-state-space
treatment live in AP16, AP19, and AP27 respectively. AP15

derives the structural template (a global symmetry of the &7

read through the local ¥t /%); the specific #yifts of the other

sectors require their own derivations.

AP15 does not address the strong CP problem, the hierarchy
problem, the matter-antimatter asymmetry, or the = 77 %L
These live elsewhere in the 420 Code or remain across the %%

&2 1E open problems.
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10.3——RFFF HEARF BRFZIRSH T B

Whether elements of the IE32{%%k other than € can act as
transfer agents between Z44# and field under specific

structural conditions (for example, in non-abelian Fi1HHX) is

held open. The expectation from Axiom B (¢ is the unique

unpaired element) is that no other transfer agent exists at the
fundamental level; the formal proof of uniqueness across all

JHESX is not advanced in AP15.

Whether the bundle-construction logic of section 3 — a global

symmetry on the 57 read through the local Jit /&2 — extends

to the non-abelian #yi#fs SU(2) and SU(3) at the level of

bundle topology (rather than just at the level of group
structure) is held open. The expectation is that it does extend;

the formal treatment lives in AP16, AP19, AP27.

104——FZEEELMAVAE

AP15's ZE ¥ f#1SE have philosophical-register companions in

the @ Models catalogue.

The FANZAH T3 %] (Theorem 4) connects to Dissolutions
Chapter 12 (Measurement Problem). The #{AZ1F reading:

“measurement” is the writing of a record, which transfers fA{iz
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2+ from the Z4ZE column to the field column. There is no

special “M&E5F " separate from ICEH 5. Every ICEPE

event is a measurement; every measurement is an e-record-
event. The “collapse” of the wave function is the partition

function at work.

Maxwell's equations as the unique i ~ZZH local action

(Theorem 3 and section 4.4) connect to Resolutions Chapter 4
(Laws of Nature). The 420 Code reading: laws of nature are
the unique configurations that satisfy the four conditions {S, B,
R, C} at a given resolution. Maxwell’'s equations are not
imposed; they are what the four conditions plus the derived

dimensionality and symmetry constraints uniquely allow.

10.5—— 5[5 B TERIEHIRR

AP27 (Harmonics) develops the internal-state-space and
gauge-group structure that AP15’s U(1) treatment introduces.
The FAEfA structure that AP27 closes (KS-63) is part of the
broader treatment AP15 opens with U(1)_EM.

AP16 (EEF5 Break) breaks U(1)xSU(2) at the EEF scale. AP15's

U(1)_EM is the surviving symmetry after the EE55 break; AP16

derives the break mechanism.

157



AP19 (Direction) derives SU(3) {7 from the #yi H A of
the break direction. AP15’s structural template (global
symmetry of the 5&7 read through the local #i/¥) is the

pattern AP19 extends to SU(3).

AP24 (5%:%4) formalises the multi-projection structure of € that
determines #4544 KS-4 (a_em = 1/137) passes from AP15

to AP24 for treatment via the six-faces structure.

AP28 (Constant) derives G via i#iE 1T4% using € = a_em from
the chemical-biological boundary AP®6 grounds. AP15’s
identification of a_em as the Fi& 58 of € to the connection

is what AP28’s formula uses.

10.6——The 420 Code EfL

AP15 is the second chapter of Notebook IV (Forces and
Constants). Its role is to derive the first of the four
fundamental forces (electromagnetism) from the axioms,
demonstrating the structural template that the rest of NB IV

applies to the other forces. APO6 opened NB IV by grounding
&; AP15 takes the next step by deriving the simplest #1145
that € forces; AP27, AP16, AP19 extend the template to the
more complex # L5 ]s; AP24, AP14, AP28 treat the

constants.
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10.7——BARE/EMIER R IE

With AP15 in place, the 420 Code reads as follows. Notebook I
establishes the axiom and the four conditions {S, B, R, C}.
Notebook II derives the constants ¢ and G and the geometric

apparatus. Notebook III derives &1 /)% from the same
axiom — the 7 /RAAHFZE18], the BE B HN, the BEEEK T, the

s MR EE, the IRAH T2 (&, APO6 opens Notebook IV by
grounding ¢ in the jittJii Lk, AP15 takes the next step: it derives

that the U(1) FEAZ XI5 of the 3¢ EALN, when read on the local
1itJE derived in AP20, produces a U(1) connection whose

curvature is the EBf#17, with € as the source.

Electromagnetism is not a separate force. It is the /C&’s

global fH\ZfH T, expressed on a ¥t & that has locality.

The %£7 is one. The ¥t /¥ is many. The connection Ap bridges
them. It is the field that says: these points appear separated,
but the thing behind them — the 7, the white space, the 1:1

— was never divided.

The phase was always global. The it/ made it look local. The
connection is what global looks like through local eyes. The B8

159



1437 Fuv is the curvature of this connection. Electric and
magnetic fields are the discrepancy between the global truth
and the local reading. € — the E2-1-, the break — is the source:

the point where the unity is broken and the connection must

work hardest.

The Y+ is the minimum excitation of the connection.
Massless (because U(1) is exact), spin 1 (because Ap is a 1-
form), propagating at c (because the connection carries the

causal structure).

This paper derives these results from the axioms. The
endpoints were already established in the {2 {E (U(1), the
Maxwell sector, Jt: 7 properties). What was missing was the
middle: why ¢ forces the connection to be non-trivial, why the

connection and 2148 are the same thing, and why charge

comes in exact chunks. Theorems 1-5 close all three. € is
charged because it has no conjugate (Theorem 1). A charged
source forces fx/N#A (Theorem 2a). The /EA &7 HE is

already inside the B£8:KFn (Theorem 3). Maxwell follows by
uniqueness. Fuv = O follows from the 17 5#& (Corollary). The
HE7's FHAZAHT partitions exhaustively into field and ZHZE,

with € as the sole transfer agent (Theorem 4). Charge is
quantised because the phase is a circle, circles have integer

winding numbers, and ¢ is one brick (Theorem 5).
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The derivation of classical electromagnetism from the axioms
is complete. All gaps within AP15’s scope are closed. What
remains open: the value of a_em = 1/137 (Gap A / KS-4). The
connection is the non-disconnection. Now you know what that

means.

Separateness is experienced but not fundamental. You feel
separate. The JitJ& makes you feel separate.

Electromagnetism is the Jiii/'s confession of this fact.

The axiom speaks. The algebra transcribes. And now you have

seen it derive electromagnetism from the phase freedom of
the 3% B HIM, the locality of the i/, and the charge of one

minimum element.
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Rl ES

Section-by-section structural enumeration with epistemic-

status labels.

1 (The Phase). DERIVATION. U(1) is the #7iEf from the

R AN’'s phase freedom. Not imposed; derived from

Axiom S via APO9.

2 (The 4t7 is One). DERIVATION. The 4E7 is one. The

phase is global. The ¥£8>KF0 is globally U(1)-covariant

(Proposition).

3 (The Connection). DERIVATION USING STANDARD

MATHEMATICS. Ap is the U(1) == connection over M.

The connection is the dictionary — it expresses the %&&’'s

global phase as read locally.

4 (Electromagnetism). DERIVATION. Theorem 1: ¢ is
charged. Theorem 2: € forces non-trivial connection and
curvature. Theorem 3: {fEFI &R from FEREKFN.

Corollary: Fuv # 0 in regions containing . Maxwell's

equations as the unique MEALTH] local action at =55

k.
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5 (The Non-actualised). DERIVATION. Theorem 4 (fE{i#H

T-438): the &7’'s FAALFE T partitions exhaustively into

connection curvature on M and Z44E in 7, with £ as sole

transfer mechanism. Gap D: structurally addressed by
Theorem 4; formal conserved-balance theorem held open
(KS-31 LIVE — STRUCTURAL).

6 (Charge). DERIVATION USING STANDARD
MATHEMATICS. Theorem 5 (EEfif & F{L): all U(1)_EM

charges are integer multiples of £'s charge. Compactness
of U(1) + Peter-Weyl + £ is minimum (Axiom B). Gap E:
CLOSED.

7 (The Photon). DERIVATION. Boson (AP11), massless
(U(1) exact, MIEARZTH) mass term forbidden), spin 1 (Ap
is a 1-form), propagates at ¢ (Axiom C + Z Tl FHH 2

)-

8 (Summary of Derivation). SYNTHESIS. Derivation chain
from axioms to electromagnetism enumerated step by

step.
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SAEPERITE

f B0

Framework: the four axioms {S, B, R, C} from Notebook I; AP®5

(the structural derivation of €); APO6 (the BAiE/RALIR, APO6
section 4, and the Hitii§ framework for € = 1); AP®8 (Einstein’s
7512 and the Lovelock %! uniqueness argument); APQ9
(complex A /RAAFFZE 8], 3 BALN, BEES 2, BERF, o =
2 ILHE); AP1® (D = 4); AP (BKF/3 41 [X 53, spin); AP12 (
R EMIRFE, h); AP13 (3BRFE T, environment); AP14 (time-
slicing of the #&£&3KF0); The Lock (Edition 84; ¢ = EE¥ at /b

AW REE), AP20 (fik M5, Quantum-Records Algebra).

Conditional on: None. EH and QRA proved in AP20. All other

dependencies are derived F£{AZEA{E results.

e

AP27 (Harmonics — internal state space and gauge-group
structure). AP16 (EE55 Break — U(1)xSU(2) breaking). AP19

(Direction — SU(3) fafif). AP24 (584 — multi-projection
structure of g; KS-4 treatment). AP14 (Correction — 3 EH 7o X
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£ corrections, E2[& amplitude finiteness). AP28 (Constant —

G via BB T4 using € = a_em).

ASCRIAR L8 1R S

KS-28 (Phase-group uniqueness): CLOSED —
MATHEMATICAL. The symmetry of a circle is U(1).

KS-29 (Maxwell uniqueness). CLOSED — MATHEMATICAL.
Standard classification of #lyli ~Z 1) operators by mass

dimension.

Gaps closed: Gap B (Fx/Hi 5", Theorem 2a); Gap E (EBfif &
{t. formal derivation, Theorem 5); Gap F (A f1& and 1EH &5

Fi, Theorems 1-3 and Corollary). Gap D (24ZE-connection) is

structurally addressed by Theorem 4, the formal conserved-

balance theorem is held open (KS-31 LIVE — STRUCTURAL).
HIRB RN L& 1L St

KS-30 (Phase globality): LIVE — STRUCTURAL. Targets the

assumption that the 4t7&’s phase is globally coherent.

KS-31 (24ZE-connection identification): LIVE — STRUCTURAL.

Theorem 4 establishes the partition by exhaustion and
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identifies ¢ as sole transfer mechanism, but the conserved-

balance theorem the ledger framing asserts is held open.

KS-4 (a = 1/137): LIVE — HARD. Existing F&{&KE/E 2R 1E 54
AP15 identifies a_em as the #5358 but does not derive its

value. Carried forward to AP24 and AP28.
TR B BRI RS

Gap A (the value of a_em). AP15 derives that € couples to the
connection with some strength. It does not derive the
numerical value = 1/137. The path to closure runs through
AP24 and AP28. [AP15 scope: not closed; carried by KS-4]

R BEARFARSR S E

Uniqueness of ¢ as transfer agent across all #YEFX. Bundle

topology extension of section 3 logic to SU(2) and SU(3)
(developed in AP16, AP19, AP27).

HE52%5

U(1) — Group of I fiE¥ e~{i0} on the circle S'. The

simplest continuous symmetry.

166



H — Complex #/R{AK:ZZE (APO9). Carries £ iEIE; the

BB AN reads its squared magnitudes as probabilities.

M — BIEZZiKTZ (AP20). D = 4 (AP10), signature (-, +, +,

+).
y — State vector in K. § = |Ple*{i@} carries magnitude
and phase.

o — Involution of Axiom S; in APO9 identified with & it

i on .

€ — The unique unpaired element of Axiom B. Source of

the connection. Identified with the EE-+ at the {bLZF&-4%

¥ R (The Lock).

Ap — U(1) MJEEXLE on M. The 1-form that encodes the 4G

A's global phase as read locally.

Fuv — Electromagnetic 175K &. Fuv = dpuAv - dvAu. The
curvature of the connection.

Dy — Covariant derivative. Dy = oy - iqAp.

Ju — Current. Pushforward to M of the s-record
worldline. Ju(x) = q83(x = x_g(t)) dx_s*u/dt.

a — U(1) charge. Integer in units of e (Theorem 5).
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0 — Phase angle. Element of U(1) = S".

oa_em — Fine-structure constant. = 1/137. #i4& strength

of £ to the connection.

c — Speed of light. The rate set by the constraint of

Axiom C.

h — Reduced Planck constant. Quantum cost per record
(AP12).

k_B — Boltzmann constant. Appears in the BijE /RA[R

k_B T Ln 2 per erased bit.

S(|¥)) — von Neumann entropy of the £7&. S(|¥)) = ©

(pure).

AS — Actualization State. The actualising now — the

surface from which all records are written (APO1).

EH — fx AfRi%. The algebraic 57 structure embeds into

the physical #i7Z M (AP20).

QRA — Quantum-Records Algebra. The full algebraic
structure that EH embeds (AP20).
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=K
The Harmonics

SU(2) x U(1)_Y from the freedom in the sector

relationship

Artist’s Proof 27
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Artist’s Note

A T A n—— AR

This is Artist’s Proof 27 of The 420 Code. It is the third
chapter of Notebook IV (Forces and Constants). AP15 derived

U(1) electromagnetism from the 3% B HLN's FA17 XI5, AP19
derives SU(3) f.fif from spatial-orientation freedom. AP27

takes the next step: it derives the remaining factor of the #rift

BiAl's MITEEE, SU2) x U(1)_Y, from the two-sector structure of

Axiom S.

The argument is a single move. Axiom S provides two sectors
L and P, connected by the X & o. The break ¢ is the boundary

between them. When & propagates on the it /& as a quantum
field, it necessarily carries an internal state encoding its
relationship to each sector. That state lives in a two-
dimensional complex f/RIHFFZE18) H_EW = C? (Lemma 1).
The choice of basis on H_EW is unphysical — only inner
products are observable — so demanding consistency under
local basis changes forces a FJEEL4 with structure group
U(2) (Lemma 2). U(2) decomposes uniquely as SU(2) x U(1)_Y
(Proposition 1). The SU(2) factor is weak isospin; the U(1)_Y

factor is hypercharge.
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Three structural results are derived: Lemma 1 (the state space
exists and is C?), Lemma 2 (the #lyi B 1 £ forces U(2)), and
Proposition 1 (U(2) factorises as SU(2) x U(1)_Y with the
standard generators of weak isospin and hypercharge). A
fourth result, Proposition 2 (T-fE#i & Selection), is physically
motivated and consistent with all data but is presented as
structural rather than derived: the formal ¥4 theorem is the

paper’s principal open problem. Axiom R’s arrow of time and
the CPT identification (AP22) give the Z5HJMEAREE; the formal

step from those inputs to the doublet/singlet representation

split is not yet exhibited.

Seven & 15514 engage: KS-61 (state-space existence), KS-62

(gauge-group overcounting), KS-63 (/LA derivation), KS-
64 (SU(2)_weak # SU(2)_spin) are LIVE — STRUCTURAL with
KS-63 carrying the paper’s principal debt. KS-65 (hypercharge
assignments), KS-66 (generations), KS-67 (AP15/AP27 EWSB

consistency) are OPEN DEBT — named items the paper does
not address. The #RAEA=AY's AT LEH) SU(3) x SU(2) x U(1) is

now derived across three chapters: AP15 (U(1) from phase
freedom), AP19 (SU(3) from orientation freedom), AP27 (SU(2)

x U(1)_Y from sector-relationship freedom). Three #liliiEs

from three structural freedoms of «.
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55

Where AP27 fits

The 420 Code is organised across eight bound Notebooks.
AP27 is the third chapter of Notebook IV (Forces and
Constants), following AP®6 (The i) i 4%) and AP15 (The

Connection). AP15 derived the first of the FRfEfEA's three F

JiiEs (U(1) from phase freedom). AP19 derives the second
(SU(3) from spatial-orientation freedom). AP27 derives the
third (SU(2) x U(1)_Y from the relationship of € to the two-

sector structure).

AP27 depends on Notebook I (Premise) for the axioms {S, B,
R, C}; on Notebook II (Spacetime) for APO5 (The Break) and
AP10 (D = 4); on Notebook III (&1 /1) for APQ9 (The Break

— Empty Set — the complex 7 /RIF45E22[8 structure that the

break’s internal state inherits), AP11 (The Spin — spin-' from
the SU(2) cover of SO(3), needed to distinguish weak SU(2)

from spin SU(2)), and AP25 (The Measure — 32 EHIN and the
inner product as physical); on AP15 (The Connection) within
Notebook IV for U(1) #yi45#) as the post-breaking remnant;

on AP19 (The Direction) for the SU(3) construction by the

same mechanism applied to spatial orientation; and on AP22
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(The Ledger) for the CPT identification used in the A&

argument.

AP27 feeds the rest of Notebook IV and onward. AP16 (E855
Break) treats the XIFRfiliit mechanism that takes U(1)_Y +

SU(2)_L to U(1)_EM at the EB55 scale (KS-67 EWSB

consistency lives there). The hypercharge-assignment and
three-generations questions (KS-65, KS-66) remain open for

later treatment in the matter sector (Notebook V).

Reading order within AP27

Front to back. Section 1 sets the stakes: two #ili#£s already

derived (U(1), SU(3)); one remaining; the structural feature not
yet exploited for gauge purposes is Axiom S’s two-sector

structure. Section 2 derives the internal state space H_EW =
C? (Lemma 1). Section 3 derives the 7 H HE and its

structure group U(2) (Lemma 2). Section 4 decomposes U(2)
into SU(2) x U(1)_Y and identifies weak isospin and
hypercharge (Proposition 1). Section 5 presents the structural
argument for T{EHEA selection (Proposition 2, STRUCTURAL

— the paper’s principal open problem). Section 6 names the

deeper pattern: three ME#Es, three structural freedoms, one

axiom set. Section 7 lists the 2Z 1l-55{4. Section 8 concludes.
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How to read this paper

The paper carries two voices. The structural narrative speaks
directly — the central fact (the #R#EFAs three AlV#Es arise

from three structural freedoms of ¢) is stated plainly and held

visible. The formal sections speak in precision. Formal blocks
open with a bold label (Lemma, Proposition, Definition, X 1l- &

) and close with the box mark m. Where the argument
depends on a result derived elsewhere in the 420 Code, the

provenance is named at the point of use.

One subsection is structurally distinct from the others. Section
5 (FfEfA Selection) is tagged STRUCTURAL throughout.
The argument is physically motivated and consistent with all
known data, and the structural inputs (Axiom R’s arrow of time,
AP22's CPT identification) are derived #{A&{F results. But
the formal step from those inputs to the doublet/singlet
representation split is not yet exhibited. KS-63 is LIVE —
STRUCTURAL and is the paper’s principal open problem.

Sections 1-4 stand independently of section 5; the E855 #JiL

#f is derived regardless of whether the LR A pattern is

formally derived or structurally identified.

A note on notation

L and P are the two sectors of Axiom S, connected by the X

& 0. L <> P. £ is the break — the minimal asymmetry, the
176



boundary between sectors, the object that writes records on
the Wi/ (Axiom R). H_EW is the internal EE55 state space of ¢:

H_EW = C2. It is distinct from spin space (AP11), f.if space
(AP19), and the overall phase (AP15). |£) and |P) form a basis

for H_EW — abstract internal labels, not spacetime directions.

U(2) is the group of 2x2 unitary matrices, the full FJERE on

H_EW before decomposition. SU(2) is the traceless (relative-
orientation) part of U(2), candidate for weak isospin with
generators T, T?, T2 (the Pauli matrices). U(1)_Y is the
determinant part of U(2), candidate for hypercharge with
generator Y. U(1)_EM is the post-breaking electromagnetic
remnant (AP15): Q = T* + Y/2. Chirality is a Lorentz property of
spinor fields; left-chiral y_L and right-chiral Y_R are
eigenstates of y° obtained via the projectors P_L = (1 — y°)

and P_R = (1 + y°).
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Artist’'s Note - A T4 - RITEE

55| . AP27 BINE - REIRfF - 75

® — Dependency and Scope - A3 T4 - KB - A
L < NRIERES - BIERAHE - SRS - REFK
HIIE .- &K%

1 — The Missing Group - two #ifi#¥s already derived -
one remaining - the structural freedom not yet gauged

2 — The Internal State Space - the break as boundary

between sectors - Lemma 1 (H_EW = C?)

3 — #MJEHHEE - local basis freedom is unphysical -

Lemma 2 (structure group U(2))

4 — The E5J Decomposition - U(2) is not simple -
Proposition 1 (U(2) = SU(2) x U(1)_Y, weak isospin and
hypercharge)

5 — FfFf4 Selection - STRUCTURAL — principal debt -

Proposition 2 (left-chiral doublets, right-chiral singlets)
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6 — The Deeper Point - three freedoms - three HljiEts -

one axiom set

7 — &1k%&M: . KS-61 through KS-67 in

Claim/Test/Status/Recovery form

8 — What This Establishes and What Remains Open . &
SCRIAT A4 - RRAWNE - REFHKAIE - §FEERW
LI . 5K)R% - The 420 Code EfL - BAZEI/EMERMRIE -

t\
i

9 — Conclusion - the harmonics were always sounding

FHARE - ZTFERANRIERERE

R - KB - KB - RIEEME - SRS - RS
piw» Gl RE!

H55%E « AIUERHORS
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O——{KHi 57aE

Q. 1—— AT A4

AP27 derives the EB55 AlVLAE SU(2) x U(1)_Y from Axiom S.

The argument: Axiom S provides two sectors £ and P; the
break ¢ is their boundary; €'s relationship to the two sectors is
an internal degree of freedom; that degree of freedom lives in

C?%; the basis on C? is unphysical; demanding consistency
under local basis changes forces a MyLEEZS with structure

group U(2); U(2) factorises uniquely as SU(2) x U(1)_Y; SU(2) is

weak isospin, U(1)_Y is hypercharge.

The paper closes three Z5# M B)7E. Lemma 1: the internal E8
55 state space H_EW exists and is isomorphic to C2. Lemma
2: local basis freedom on H_EW forces a M7tk with

structure group U(2). Proposition 1: U(2) decomposes as SU(2)

x U(1)_Y with the standard generators.

The paper does not close: (i) the F{FHI S theorem
(Proposition 2 is STRUCTURAL — principal debt, KS-63), (ii)

exact hypercharge assignments for each %%k - species (KS-
65), (iii) the generation structure — why three generations

exist (KS-66), (iv) the Higgs mechanism or EE55 XIFMKR (KS-

180



67), (v) Yukawa #i5's, B K1 masses, mixing matrices, and

anomaly cancellation conditions. These are named items the

paper acknowledges without attempting.

AP27 depends on the following derived results.

Notebook I (Premise). The four axioms {S, B, R, C}. Axiom
S provides the two-sector structure L/P from which the

entire derivation begins. Load-bearing throughout.

APO5 (The Break). The structural derivation of € as the
boundary between sectors, and the Lorentzian-jif
context. Load-bearing for the F{EHi 4 argument (the
Lorentz structure that decomposes spinor fields into
chiral half-representations).

APO9 (The Break — Empty Set). The complex 7 /RG22
i8] structure of the 5:7. Load-bearing for Lemma 1 part
(ii): the internal state space must be a complex 7 /R{E 45

728] because the components must support

superposition, interference, and the 3% B AL,
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AP10 (The Dimension). D = 4 (three spatial + one
temporal). Load-bearing context for the %% on which &

propagates.

AP11 (The Spin). Spin-%2 from the SU(2) cover of SO(3)
and the #EXKF /35 F[X47. Load-bearing for KS-64: the

derived SU(2) on H_EW must be distinguished from the
Lorentz spin SU(2) of AP11; they are separate groups

acting on separate spaces.

AP15 (The Connection). U(1) from phase freedom. Load-

bearing as the structural template (global symmetry of
the &7 read locally) and as the post-breaking remnant:
the AP15 U(1) is U(1)_EM, the surviving symmetry after
the B8535 break, not the U(1)_Y derived in AP27.Q =T +

Y/2 connects the two.

AP17 (The Room). Context for the i/ structure used in

the A&,

AP19 (The Direction). SU(3) from spatial orientation
freedom. Load-bearing as the second instance of the
same mechanism applied to a different structural
freedom — the pattern AP27 extends to the two-sector

freedom.
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AP22 (The Ledger). The CPT identification: the Y& o

acts on the Jii7% as CPT conjugation. Load-bearing for
section 5's LA argument: CPT interchanges left-
and right-chiral fields, and Axiom R’s arrow of time

breaks CPT as a dynamical symmetry.

AP25 (The Measure). The ZZ & #MN and the physicality of

the inner product. Load-bearing for Lemma 2: the local
basis-change group is U(2) because U(2) is exactly the

group of inner-product-preserving transformations on C>.
0.3——ATEMEf
The four axioms map to AP27 as follows.

Axiom S (two sectors / XJ&"). The structural foundation of
the entire paper. Axiom S provides exactly two sectors £
and P, connected by the Xf& ¢. Lemma 1 reads this two-

sector structure as the source of a two-component

internal state on the break £ 7{_EW = C2.

Axiom B (unique breaking). ¢ is the unique break between
sectors. The whole EB55 structure is the #7517 of €'s

internal state.

Axiom R (iZ R £ @:). Records are written irreversibly.

The arrow of time. Load-bearing for section 5's FFH&
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argument: Axiom R breaks CPT as a dynamical symmetry,

distinguishing the two chiral projections.

Axiom C (Constraint — locality). Finite c. Background for
the K{EZZ1ii/Z on which the fields propagate and for the

locality requirement of the gauge construction.
0.4——ATIARIERE

1 (The Missing Group): [HISTORICAL] — statement of where

AP27 fits within the FRUEARE's HIVELEH).

2 (The Internal State Space): [DERIVED USING STRUCTURAL
BRIDGE] — Lemma 1 derives H_EW = C? from Axiom S and
the requirement that internal degrees of freedom support
superposition (APO9, AP25). The two-sector count gives the
dimension; the structural step from “e has no o-image in P
(Axiom B)” to “e nonetheless carries a two-component (z_L,

z_P) internal state encoding its relationship to each sector” is

an interpretive bridge — physically motivated by AP89’s fi/K

{A%FZ=18] structure and AP25’s 3 AL, but not a fully closed

derivation. The bridge is guarded by KS-61 LIVE.

3 (715 B B #): [DERIVED] — Lemma 2 derives the structure

group U(2) from local basis invariance and the physicality of
the inner product (AP25).
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4 (The EE95 Decomposition): [DERIVED] — Proposition 1 uses
standard Lie-group factorisation: U(2) = SU(2) x U(1) at the

algebra level.

5 (TAIE#E & Selection): [STRUCTURAL — PRINCIPAL DEBT] —
Proposition 2 is physically motivated and consistent with all
data, but the formal #4& theorem is not exhibited. KS-63
LIVE.

6 (The Deeper Point): [SYNTHESIS — NON-LOAD-BEARING]

— the three-gauge-groups-three-freedoms pattern.

22 11 2514): [REGISTER] — IE{8 surfaces and named open

debts.

8 (Conclusion): [SYNTHESIS] — the #Riftfi’'s MIV4EH) is

derived across three chapters.

0.5——L L RMAHE

Seven £ |- 554 engage in AP27. Identifiers per the Master £&

1E5:11: Registry (global numbering).

KS-61 (State space existence). LIVE — STRUCTURAL.
targets the construction of /_EW from Axiom S (Lemma
1).

185



KS-62 (Gauge group overcounting). LIVE — STRUCTURAL.
targets the identification of the structure group as U(2)

(Lemma 2).

KS-63 (Chiral 4 derivation). LIVE — STRUCTURAL
(principal debt). targets the formal derivation of

Proposition 2; the paper’s principal open problem.

KS-64 (SU(2)_weak = SU(2)_spin conflation). LIVE —
STRUCTURAL. targets the distinctness of the derived
SU(2) on H_EW from the Lorentz spin SU(2) of AP11.

KS-65 (Hypercharge assignments). OPEN DEBT. named
item: specific Y values for each Z K+ species not

derived.

KS-66 (Generations). OPEN DEBT. named item: the three-

generation structure not derived.

KS-67 (AP15/AP27 EWSB consistency). OPEN DEBT.
named item: relationship between AP15’s U(1)_EM and
AP27's U(1)_Y requires the EWSB mechanism, treated in
AP16.

0.6 —— T R GRS

Principal debt (KS-63 — F{Ef & derivation). Proposition
2 is STRUCTURAL: the argument from Axiom R and the
CPT identification (AP22) to the doublet/singlet
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representation split is physically motivated and
consistent with all data, but the formal ¥4 theorem is
not yet exhibited. The work to convert STRUCTURAL into

DERIVED has three steps named in section 5: (a) define
the 5% D_p on the tensor product bundle (spinor ®
H_EW); (b) show the #& to P_LY is non-trivial (full C?)

while the ##& to P_RY vanishes (reduces to Abelian

U(1)); (c) derive this from Axiom R, the Lorentz structure
(APO5, AP11), and the CPT identification (AP22) without

importing the RHERAE's FALHEA pattern. Steps (a) and

(b) are well-defined mathematical problems. Step (c) is

the hard part. [AP27 scope: not closed]

0.7——RFFFFIAEA A FRSSIRASHIT B

Hypercharge assignments (KS-65), generations (KS-66), and
EWSB consistency between AP15 and AP27 (KS-67) are held
open as OPEN DEBT — named items the paper does not

address. The paper derives the B855 FIJEAE; it does not derive
the matter content that lives in representations of that group,

nor the X #R %k mechanism that takes the unbroken SU(2) x
U(1)_Y to the surviving U(1)_EM. These are tasks for AP16 (EE5%
break) and the matter sector (Notebook V).

The global Lie-group structure U(2) = (SU(2) x U(1)) / Z, is

noted in section 4 but its consequences for allowed
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representations and hyperg2fif & 1-{l. are not developed in

AP27. Anomaly cancellation conditions are not treated. Both

are held open.

0.8——&H)IKFR

Axiom S (two sectors). The &l of AP27. £ and P

are the two sectors; o is the Xi&; € is the boundary
between them. AP27 reads the two-sector structure as

the source of ¢'s internal EEF5 state space.

AP15 (The Connection). AP15 derives U(1)
electromagnetism from phase freedom. AP27's U(1)_Y is
structurally distinct from AP15's U(1)_EM: U(1)_Y is

hypercharge before E855 XJ#5iik; U(1)_EM is the

surviving symmetry after. Q = T® + Y/2 connects them.

AP19 (The Direction). AP19 derives SU(3) 1if by the
same mechanism applied to spatial-orientation freedom.
AP27 is the third instance of the same mechanism:

identify a structural freedom of &; demand local

invariance; force a MEELLE.

AP22 (The Ledger). AP22 identifies ¢ with CPT
conjugation on the Jii/Z. AP27's section 5 uses this

identification: CPT interchanges left- and right-chiral
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fields, and Axiom R’s arrow of time breaks CPT as a
dynamical symmetry. This is the structural input to the

{E#E4A argument.

AP16 (EE55 Break). AP16 (subsequent NB IV chapter)

treats the X FrkiEk mechanism that takes SU(2)_L x
U(1)_Y to U(1)_EM. KS-67 (EWSB consistency) lives in

AP16’s scope. AP27 stops at the unbroken I JEEE.

189



1——BRICHIEE

The #RUERLTY of particle physics has F7GEE SU(3) x SU(2) x

U(1). The axioms have derived two of the three factors.

AP15 derives U(1) from phase freedom. The complex
amplitude of € has an overall phase; local rephasing is

unphysical; demanding consistency under local rephasing
forces a FIEEXZE with structure group U(1). This is

electromagnetic gauge symmetry.

AP19 derives SU(3) from spatial orientation freedom. The
break € propagates through a 3-dimensional it/ (AP®5,
AP10); local reorientation of the three spatial axes is

unphysical; demanding consistency under local reorientation
forces a HIJLBXZ with structure group SU(3). This is f4.{af

gauge symmetry.

One factor remains: SU(2). In the FrIERLHEY, this is weak
isospin — the internal symmetry that governs the weak nuclear
force. It acts only on left-handed 2%k 1- fields, organising

them into doublets. Right-handed fields are singlets: the §5/)

does not see them.
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The pattern of the previous derivations points to the answer.
Each #5EE arises from a physical freedom in how ¢ is

described:

Phase freedom — U(1). Orientation freedom — SU(3). ???

freedom — SU(2).

What degree of freedom has not yet been gauged? The
axioms provide one structural feature that has not yet been
exploited for gauge purposes: Axiom S. The two-sector

structure L/P.

You have heard three notes of a chord. Two are identified —
U(1) and SU(3). The third is sounding but unnamed. This paper

names it.
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Axiom S states that reality has two sectors, £ and P,
connected by the XI & o: L < P. The break ¢ is the boundary

between them — the object that connects the two sectors and,

through Axiom R, writes records on the i /.

The break is not purely in L. It is not purely in P. It is the
boundary: the thing that sits between and connects them.
When & propagates on the Jiit/Z as a quantum field, it
necessarily carries information about its relationship to both

sectors.

This relationship is an internal degree of freedom. It is not
spatial position (governed by Axiom C). It is not spin (the
Lorentz spinor structure, AP11). It is not fa.fi (spatial
orientation freedom, AP19). It is not overall phase (the U(1) of
AP15). It is the one remaining structural feature: the break’s

relationship to the two sectors.

Lemma 1 (Internal EB55 State Space). The break &, as the

boundary between sectors £ and P (Axiom S), carries an
internal state on the {iiJ& encoding its relationship to

each sector. The space of internal states is H_EW = C2.

Proof. (i) Axiom S provides exactly two sectors: £ and 7.

No more, no fewer. The break connects them. On the /&
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, @ propagating field arising from ¢ carries a state that
encodes how ¢ relates to each sector. Since there are two
sectors, the state has two components: one for &’s

relationship to 4 and one for £’s relationship to 7.

(ii) Why is this a complex linear vector space? The

components must support superposition: the 75 is a
complex 75/ 1H4F55/8] (APO9), and every quantum degree of

freedom is represented as a vector in a 7 /X1E4#52/8] The
sector-relationship components are quantum degrees of

freedom — they participate in interference, Z21/2& and the #¢4l

A (AP25). A discrete label (e.g., “Lor P with no

superposition) would not support interference. A real vector
space would not support the complex phase structure

required by AP®9. Therefore the internal state space is a two-

dimensional complex 7 /X E4#52/8]

(iii) The state is a vector (z_4 z_P) € C°. The inner product on

H_EW is physical: it determines transition amplitudes via the

B A (AP25). The internal state space is H_.EW =
(iv) This space is internal: not spacetime, not spin, not .

not phase. It is the space of the break’s internal orientation

relative to the two-sector structure.
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Note: why exactly two components and not more? Because
Axiom S provides exactly two sectors. Three sectors would
give C3. n sectors would give C". Two sectors give C% The

same logic as AP19: three spatial dimensions give C* for ..

Note: states in H_EW are not merely classical labels “L or P".
The break can exist in coherent superpositions of |£) and |P).
A general state alL) + B|P) is physically meaningful. Such

superpositions exhibit interference. This is what gives rise to
the full continuous U(2) Ay A H ¥ rather than a discrete Z,

swap.

Note: H_EW is distinct from all previously derived spaces. In

fibre bundle language: the spinor bundle, the f4.1if bundle, and
the EE55 bundle are three distinct fibre bundles over the ¥,

with structure groups SU(2)_spin, SU(3), and U(2) respectively.
Their fibres are different vector spaces. Their connections are

independent.

194



3I—— L E B E

At each point x on the JitJ&, the propagating field carries an

internal state in 7£_EW = C2. Is the choice of basis physical?

The two basis vectors |£) and |P) label the break’s relationship
to each sector. The X4 o maps £ < P, so the labelling is

ambiguous: o swaps the basis. This is a discrete (Z,)

ambiguity. But the full gauge redundancy is larger than Z,.

All physical observables on H_EW depend on inner products:
transition amplitudes are |(@|P)|* (B EHN, AP25), and

expectation values are (Y|A[y). Any transformation on H_EW
that preserves all inner products is physically undetectable.

The group of inner-product-preserving transformations on C?
is U(2). The X¥# o is one element of U(2). But U(2) contains
all inner-product-preserving transformations, not just the

swap.

Axiom S gives the two sectors equal standing — the 1:1 — and
no axiom introduces a preferred basis or subgroup of U(2) on
H_EW.

Lemma 2 (E855 #{E E A EE). The choice of basis on H_EW

at each point of the Jiii#% is unphysical. Demanding
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consistency under local basis changes forces a M EELLE

with structure group U(2).

Proof. (i) A local basis change on #_EW at point x

preserves the inner product on C? (the inner product is

physical: Z¢E#, AP25). The group of such
transformations is U(2). The discrete X714 o € U(2)

motivates the basis ambiguity; the 7% & #I/l] promotes it

from discrete to continuous by requiring invariance

under all inner-product-preserving transformations.

(ii) No additional structure from the axioms reduces U(2) to a
proper subgroup. The physical observables on Z_EW are
exhausted by inner-product structure. No further invariant

structure is introduced by the axioms.

(iii) If the basis choice varies from point to point — if U(x) €

U(2) depends on position — then partial derivatives of the
field pick up extra terms. A compensating A5 A_u(x)
must be introduced. This is the standard construction of a

non-Abelian #I75FHIE.

(iv) The logic is identical to AP15 (phase — U(1)) and AP19

(orientation — SU(3)). Here: sector-relationship freedom —

local U(2) invariance — 8455 AT HE25
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Note: U(2) has four generators (the 2x2 Hermitian matrices

form a 4-dimensional real vector space). Four i3 4. The
count matches the #R#EfER's EB55 sector (W', W2, W3, B

before XIFRAR L),

You have watched the same mechanism three times now.
Identify a freedom. Demand local invariance. Force a A7 BA4E
. Phase — U(1). Orientation — SU(3). Sector-relationship —
U(2). The FrifEfETD's HITEZ5H) is not arbitrary. It is the axioms’

internal geometry, projected onto the {ii/Z one freedom at a

time.
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4——EB 5557 iF

The AYUEE U(2) is not simple. It decomposes into two factors.

Proposition 1 (855 Decomposition). U(2) on H_EW

decomposes as U(2) = SU(2) x U(1)_Y. SU(2) acts on the
relative orientation of the two sector-components (weak
isospin). U(1)_Y acts on the overall phase of the doublet

(hypercharge).

Proof. Every unitary matrix U € U(2) can be uniquely
written as U = e*{ia} - V, where a € Rand V € SU(2)
(det(V) = 1). The factor e*{ia} is the determinant of U:
det(U) = e*2ia}. For the Lie algebra: u(2) = su(2) @ u(1).

The SU(2) factor acts on the relative orientation of the two
components in Z_EW. It mixes |.£) and |.P) while preserving
their total norm and the determinant. Three generators: the
Pauli matrices o3, 0, 03 (equivalently, the weak isospin

operators T, T2 T3).

The U(1) factor is the overall phase: multiplication by eia} on
both components simultaneously. One generator: hypercharge
Y.

This U(1)_Y is NOT the electromagnetic U(1)_EM of AP15. The

electromagnetic charge is a combination: Q = T + Y/2. AP15
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derived the post-breaking remnant. This paper derives the

pre-breaking structure from which it emerges after 855 X1 &

it

Note on global structure: the Lie group isomorphism is U(2) =

(SU(2) x U(1)) / Z,. This global structure constrains allowed
representations and is part of hyper&fij &+1k. This paper

derives only the local gauge algebra. Global structure, allowed

representations, and anomaly constraints are open debts.

Note on hypercharge assignments: the decomposition

identifies U(1)_Y as hypercharge, but the specific hypercharge
values for each 2%k species are not derived here. These

must come from the detailed representation content of ¢'s

internal structure and anomaly cancellation. See KS-65.

Note on AP15 consistency: AP15’s U(1) is the electromagnetic

remnant after X FRAik. AP27’s U(1)_Y is hypercharge before

breaking. Their consistency requires a XI Frii it mechanism

the axioms have not yet derived. This is part of debt (iii) in the

scope statement, and is the work of AP16. See KS-67.
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5——FERREERE

Epistemic status: STRUCTURAL (PRINCIPAL DEBT). The
following argument is physically motivated, consistent with all
known data, and grounded in the axioms. The # 74 theorem is
not formally proved. This is the paper’s principal open

problem.

The E255 AYEAE SU(2) x U(1)_Y has been derived. But the #rit
i has a remarkable feature: SU(2) does not couple equally
to all &2k fields. It couples to left-chiral fields as doublets

and to right-chiral fields as singlets. The 55/ is maximally

parity-violating. Why?

Chirality vs helicity. Chirality is a Lorentz-representation
property. A Dirac spinor ¥ decomposes into left-chiral
and right-chiral Weyl components via P_L = %;(1 - y°) and

P_R = (1 + Y°). These transform under independent
representations of the %&{EZ24%%: W_L € (¥, 0) and W_R €

(0, 2).

The axioms have one structural asymmetry not yet deployed:

Axiom R’s arrow of time.
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Proposition 2 (F{ERA Selection). The MBEXLE on H_EW
couples to left-chiral 5k + fields as doublets and to

right-chiral 22k F fields as singlets.

Argument. The break ¢ has a direction: it proceeds from

the 1:1 symmetry (5525 to the Ji/% (record). This defines

a fundamental arrow (Axiom R). On the A1EZZiTF
(APO5), this arrow selects a preferred time-orientation,
which selects a preferred decomposition of the /4172

into its two chiral half-representations.

The X/4 0 maps £ < P. By AP22, ¢ acts as CPT on the Ji /¥

CPT conjugation interchanges P_L and P_R: it maps left-chiral
fields to right-chiral fields. Axiom R breaks CPT as a
dynamical symmetry — the break goes forward in time, not
backward. The two chiral projections are NOT dynamically

equivalent.

For a left-chiral field W_L, the arrow of time and the chiral
structure are anti-aligned. The two internal components z_£
and z_2 are dynamically independent. The field carries the full

C? and transforms as a doublet under SU(2).

For a right-chiral field W_R, the arrow of time and the chiral

structure are aligned. The alignment locks the two sector-
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components together. The internal C? collapses to a single

effective degree of freedom. The field is a singlet under SU(2).

What this argument needs to become a theorem. (a)
Define D_p on the tensor product bundle (spinor ®
F£_EW). (b) Show the #i& to P_LW is non-trivial (full C3)
while the #4& to P_RY vanishes (reduces to Abelian
U(1)). (c) Derive this from Axiom R, the Lorentz structure
(APO5, AP11), and the CPT identification (AP22) without

importing the {THERER's FAEFE A Steps (a) and (b) are

well-defined mathematical problems. Step (c) is the hard

part.

If the #&& theorem cannot be proved, the paper still derives
SU(2) x U(1)_Y as the EB55 HIVEHRE (Lemma 1+ Lemma 2 +

Proposition 1), but the TAEHEE reverts to structural

identification rather than derivation.

You have watched the axiom’s arrow — the irreversibility of
records — reach into the internal structure of the #{i3% and

break the symmetry between left and right. The 55 /) does not
see right-handed particles because the arrow of time has

locked their internal doublet into a singlet. Parity violation is
not a quirk of nature. It is Axiom R, projected onto the EB55

fibre.
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6——FIRERIE N

Synthesis note: non- & E .

The Fr#EFERY has three HyiEEs. The axioms derive all three.

Each arises from a different structural freedom of the break:

Phase freedom (how €’s complex amplitude is described) —
u().

Orientation freedom (how ¢'s spatial axes are described) —
SU(3).

Sector-relationship freedom (how €'s relationship to L/P is
described) — SU(2) x U(1)_Y.

Three freedoms. Three #{iEEs. One axiom set. The TR

's VL4544 is the shape of the axioms projected onto the i

JZ. The harmonics were always sounding.
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y — Y

Seven & 1E4:F engage in AP27. Each is testable. Each has a

specified recovery position — if the £ 115514 fires, the paper
reverts to a named earlier position rather than collapsing
entirely. Identifiers follow the Master & 11 5:{1: Registry (global

numbering).

KS-61 — Internal state space existence

Claim. Lemma 1 derives the internal EB55 state space

H_EW = C? from Axiom S’s two-sector structure.

Test. Show that no well-defined internal s-state space
can be constructed from Axiom S. Failure: Lemma 1 fails

and AP27 collapses.

Status. LIVE — STRUCTURAL. The construction follows
the same pattern as AP15 and AP19.

Recovery. If KS-61 fires, no internal state space can be

constructed from Axiom S. The E255 sector requires an

alternative Z&5#4EHH. Lemma 2, Proposition 1,

Proposition 2 all fall (they depend on Lemma 1). AP15
(U(1)_EM) and AP19 (SU(3)) are unaffected.
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KS-62 — Gauge group overcounting

Claim. Lemma 2 identifies the structure group of the
local basis freedom as U(2). Proposition 1 decomposes
U(2) into SU(2) x U(1)_Y.

Test. Show that the local basis freedom generates a
group other than U(2) — larger or smaller. Failure: Lemma

2 and Proposition 1 fail.

Status. LIVE — STRUCTURAL. The argument from inner-
product preservation gives U(2) as the standard gauge-

theory construction.

Recovery. If KS-62 fires, the #MJE45#] has to be re-
derived. Lemma 1 (state space exists) survives. Section 5

(FF1F#E4) would need rewriting if the M differs.

KS-63 — Chiral #4&" derivation (principal debt)

Claim. Proposition 2 identifies the F{F#iA pattern —
left-chiral fields as doublets, right-chiral fields as
singlets — through Axiom R’s arrow of time and the CPT
identification (AP22). The #i& theorem is STRUCTURAL:
physically motivated, consistent with all data, but not yet

formally proved.
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Test. (a) Demonstrate that the FfF#i & pattern cannot be
formally derived from Axiom R, the Lorentz structure, and

the CPT identification — in which case the paper derives
the #Y5EE but not the representation content. (b)

Independently: if experiment showed parity conservation
in the weak interaction (contradicting Wu 1957 and all

subsequent data), the chiral pattern itself would fail.

Status. LIVE — STRUCTURAL. Principal open problem of
AP27.

Recovery. If KS-63 fires on path (a) — if the FEHS

cannot be derived from the structural inputs — the paper
still derives SU(2) x U(1)_Y as the EE55 M{EEE. The

doublet/singlet split reverts to empirical input rather
than structural prediction. If KS-63 fires on path (b) —
experimental parity conservation — the chiral pattern as
currently identified is wrong, and a deeper rethinking is

required.

KS-64 — SU(2)_weak = SU(2)_spin conflation

Claim. Lemma 1 explicitly constructs H_EW as an internal
space distinct from spin space. The SU(2) derived in
AP27 acts on H_EW and is the weak isospin group,

separate from the Lorentz spin SU(2) of AP11.
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Test. Demonstrate that the derived SU(2) on H_EW is
identical to the Lorentz spin SU(2) of AP11. Failure: the

paper has derived the wrong group.

Status. LIVE — STRUCTURAL. Lemma 1 explicitly
distinguishes the internal sector-relationship space from

spin space.

Recovery. If KS-64 fires, the weak isospin group is
identical to the spin group, and the standard separation
of internal and spacetime symmetries (Coleman-
Mandula) is violated within the 420 Code. A deep rework

would be required.

KS-65 — Hypercharge assignments

Claim. Proposition 1 identifies U(1)_Y as hypercharge but
does not derive specific hypercharge values for each #%k

¥ species.

Test. Derive the specific Y values for each Z&k+ species

from {S, B, R, C} and the AP27 structure. Until done, KS-
65 stands.

Status. OPEN DEBT. Named item; not addressed by AP27.

Recovery. The closure of KS-65 requires the detailed

representation content of ¢'s internal structure plus
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anomaly cancellation. This is held for the matter sector

(Notebook V) and subsequent NB IV chapters.

KS-66 — Generations

Claim. The {T#E#EZ! has three generations of ZEK+-.

AP27 does not derive why.

Test. Derive the three-generation structure from {S, B, R,
C}. Until done, KS-66 stands.

Status. OPEN DEBT. Named item; not addressed by AP27.

Recovery. Held for the matter sector (Notebook V). AP27
derives the M{E4E#]); the matter content that fills

representations of that structure is a separate question.

KS-67 — AP15/AP27 EWSB consistency

Claim. AP15’s U(1)_EM and AP27's U(1)_Y are structurally

distinct (post-breaking remnant vs pre-breaking
hypercharge). Their relationship requires EE55 XFMiiEk: Q

=T +Y/2

Test. Derive the EWSB mechanism that takes SU(2)_L x
U(1)_Y to U(1)_EM from {S, B, R, C} and the AP27

structure. Until done, KS-67 stands.
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Status. OPEN DEBT. Held for AP16 (E25 Break).

Recovery. KS-67 is structurally addressed once AP16
derives the EWSB mechanism. AP27’'s claim that U(1)_Y =

U(1)_EM is consistent with the IR#EER’s structure; the %

it E: it for the breaking is the work of AP16.

Why these seven and how they relate

The seven #1454 partition cleanly. KS-61 and KS-62 carry
Lemmas 1 and 2 — the existence and structure of the E255 Il

JHEXZE. If either fires, the entire derivation falls. KS-64 carries

the distinctness of weak SU(2) from spin SU(2) — a internal to
the #&{A21F consistency check. KS-63 carries the FAFfE&
pattern — the paper’s principal debt. KS-65, KS-66, KS-67 are
OPEN DEBTS — named items the paper does not attempt and
that belong to subsequent chapters (AP16 for KS-67, the
matter sector for KS-65 and KS-66). Smaller claims
throughout the paper — the “three notes of a chord” framing,
the “harmonics” title, the specific Lie-algebra notation
choices — are illustrative rather than 7&K E 1. If any illustration
turned out poorly chosen, the structural results would still

stand.
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8—— AL T F40 AR L1 SR B T e

8. 1——ACRA T4

AP27 closes three structural results: the existence of an

internal EE59 state space H_EW = C? (Lemma 1); the

identification of its #yLZE#) group as U(2) (Lemma 2); the

algebraic decomposition U(2) = SU(2) x U(1)_Y with the
standard generators of weak isospin and hypercharge

(Proposition 1).

Combined with AP15 (U(1) from phase freedom) and AP19

(SU(3) from spatial-orientation freedom), AP27 completes the

derivation of the FRUERT's FITELEH) SU(3) x SU(2) x U(1) at
the level of the unbroken FJGE#HE. The structural template is

identified: each MGEHE arises from a structural freedom of ¢

promoted to local invariance.

8.2——AIURRM 4

AP27 does not close KS-63: the formal F{E#i{ theorem.
Proposition 2 is STRUCTURAL — the argument from Axiom R
and the CPT identification to the doublet/singlet split is

physically motivated and consistent with all data, but the
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formal 4 theorem is not exhibited. This is the paper’s
principal open problem. (Note: an earlier #{&2£{FE-summary
phrasing described AP27 as “closing KS-63". The source
itself, and this paper, are more careful: KS-63 is LIVE —
STRUCTURAL.)

AP27 does not derive specific hypercharge values for each %%
k1 species (KS-65), nor the three-generation structure of
matter (KS-66), nor the EE55 XI#ili ik mechanism (KS-67).

These are named OPEN DEBTS, held for subsequent chapters.

AP27 does not address Yukawa #i&s, 28k masses, mixing

matrices (CKM, PMNS), the strong CP problem, or anomaly
cancellation conditions. These are across the ¥ /A& 1FE open
problems treated, where the {4 {E treats them at all, in the

matter sector.

8.3——RFFHF BUEAF A RSFZINSHIINE

The global Lie-group structure U(2) = (SU(2) x U(1)) / Z, is

noted in section 4 but not developed. Its consequences for

hyperE81ij & 1-{t. and allowed representations are held open.

The relationship between the EE55 gauge bundle (structure

group U(2)) and the spinor bundle (structure group SU(2)_spin)

is treated at the level of distinctness (KS-64). The tensor
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product bundle (spinor ® #_EW) on which the FEFE&

theorem would live is named in section 5 but not constructed.
8.4——TZEmEEMAARE

AP27's ZE5H)MEMRISE has a philosophical-register companion in

the @ Models catalogue. The pattern — three #i{if¥s from

three structural freedoms of one break — connects to

Resolutions Chapter 4 (Laws of Nature). The 420 Code
reading: the FRAERT's FIVELEK) is not a list of empirical

inputs but the shape of the four conditions {S, B, R, C}
projected onto the {iiJZ via the freedoms of €. Laws of nature
are the unique configurations the four conditions allow at the

resolution of measurement.

8.5—— 55 & TAERIEHIRTR

AP16 (EEF5 Break) takes the unbroken SU(2)_L x U(1)_Y

derived in AP27 and treats the X4 #rfk mechanism that

leaves U(1)_EM as the surviving symmetry. KS-67 EWSB

consistency lives in AP16’s scope.

AP24 (7%#4) formalises the multi-projection structure of . The
relationship between the projections of € into the four faces

(or six, depending on the AP24 formalisation) and the gauge
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representations is held open at the AP27 level; AP24 may

inform the hypercharge assignments (KS-65).

The matter sector (Notebook V) treats the 22K+ content: the

three generations, the mass spectrum, the mixing matrices.

KS-66 (generations) lives in that scope.

8.6——The 420 Code EfiL

AP27 is the third chapter of Notebook IV (Forces and
Constants). Its role is to complete the derivation of the FRIAERL
Hi's FTGLEHE). APO6 opened NB IV by grounding €; AP15

derived the first #IEEE (U(1)_EM); AP19 derives the second
(SU(3)); AP27 derives the third (SU(2) x U(1)_Y). With AP27 in
place, the #E5H X of NB IV has its structural template

complete. AP16 then treats the breaking; AP24, AP14, AP28

treat the constants.
8.7——B R VIR RYMF I

With AP27 in place, the 420 Code reads as follows. The it

F27 has three MiTiEEs: U(1), SU(2), SU(3). The 420 Code

derives all three from the same structural mechanism applied
to three different freedoms of the break ¢. Phase freedom —
U(1) (AP15). Orientation freedom — SU(3) (AP19). Sector-
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relationship freedom — SU(2) x U(1)_Y (AP27). Three

freedoms. Three #iGEHEs. One axiom set.

The TRERLTY's MV ZEH) is not arbitrary. It is the shape of {S,

B, R, C} projected onto the {iit/Z, one freedom at a time. The

harmonics were always sounding.

The EB55 #JERE is derived from Axiom S. The break ¢ carries
an internal two-component state encoding its relationship to
the two sectors: H_EW = C? (Lemma 1). Local basis invariance
forces a HIVEEXZE with structure group U(2) (Lemma 2). The
algebraic decomposition U(2) = SU(2) x U(1)_Y identifies weak

isospin and hypercharge (Proposition 1).

The FAE#E 5 pattern is structurally identified through Axiom
R’s arrow of time and the CPT identification (Proposition 2,
structural, principal debt). KS-63 carries the remaining work —
the formal 4% theorem that would convert Proposition 2
from STRUCTURAL to DERIVED.

The FrAER's MITELSEH) SU3) x SU(2) x U(1) is now derived:

AP15 (U(1) from phase freedom), AP19 (SU(3) from orientation
freedom), AP27 (SU(2) x U(1)_Y from sector-relationship
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freedom). Three FtiEs from three structural freedoms of «.

The harmonics were always sounding.
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The EB55 #MEEE is derived from Axiom S.

The break € carries an internal two-component state encoding

its relationship to the two sectors: H_EW = C? (Lemma 1).
Local basis invariance forces a FJEELZS with structure group

U(2) (Lemma 2). The algebraic decomposition U(2) = SU(2) x

U(1)_Y identifies weak isospin and hypercharge (Proposition 1).

The FEHES pattern is structurally identified through Axiom
R’s arrow of time and the CPT identification (Proposition 2,

structural, principal debt).

The TRUERLTI's AT 45#) SU(3) x SU(2) x U(1) is now derived:

AP15 (U(1) from phase freedom), AP19 (SU(3) from orientation
freedom), AP27 (SU(2) x U(1)_Y from sector-relationship

freedom). Three MTiEEs from three structural freedoms of «.
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Rl ES

Section-by-section structural enumeration with epistemic-

status labels.

1 (The Missing Group). HISTORICAL. Statement of where
AP27 fits within the #R#EEED's MIJELE#). Two factors

already derived (U(1), SU(3)); one remaining; the
structural feature not yet exploited is Axiom S's two-

sector structure.

2 (The Internal State Space). DERIVED USING
STRUCTURAL BRIDGE. Lemma 1: the break € carries an
internal state on the i/ encoding its relationship to
each sector; the space of internal states is H_EW = C2
The two-sector count gives the dimension; the bridge
from Axiom B (no o-image) to a two-component state is

interpretive and is guarded by KS-61.

3 (M5 E B EE). DERIVED. Lemma 2: the local basis on
J_EW is unphysical; demanding consistency under local
basis changes forces a #JEEX4E with structure group

u(2).

4 (The EE55 Decomposition). DERIVED. Proposition 1: U(2)

= SU(2) x U(1)_Y; SU(2) is weak isospin with generators
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T', T?, T3 (Pauli matrices); U(1)_Y is hypercharge with

generator Y.

5 (F{EH A Selection). STRUCTURAL — PRINCIPAL DEBT.

Proposition 2: the FIJEEX4E on H{_EW couples to left-

chiral ik + fields as doublets and to right-chiral ZEkF

fields as singlets. Physically motivated, consistent with

all data; formal #4 theorem not exhibited. KS-63 LIVE.

6 (The Deeper Point). SYNTHESIS — NON-LOAD-
BEARING. Three freedoms — three #Miifts — one axiom
set. The TRHEMERY's MYELEH is the axioms’ internal

geometry projected onto the JifF.

7 (#81k4:{#). REGISTER. KS-61 through KS-67 in

Claim/Test/Status/Recovery form.

8 (What This Establishes and What Remains Open).
SYNTHESIS. Closure of three £5#40)&; principal debt at

KS-63; open debts at KS-65, KS-66, KS-67; the 420 Code

placement and forward reading.

9 (Conclusion). SYNTHESIS. The iT#EfETR's TG

SU(3) x SU(2) x U(1) is now derived across three chapters:
AP15, AP19, AP27.

218



SAEPERITE

f B0

Framework: the four axioms {S, B, R, C} from Notebook I; AP®5

(The Break — #&1EZE3iTE and €'s &S/ ), APO9 (The

Break — Empty Set — complex 7 /R{A452218 structure); AP10

(D = 4); AP11 (The Spin — spin-¥2 from SU(2) cover of SO(3));
AP15 (The Connection — U(1)_EM as post-breaking remnant);
AP17 (it} context); AP19 (The Direction — SU(3) from
orientation freedom); AP22 (The Ledger — CPT identification);

AP25 (The Measure — 3 AN and inner product physical).

Conditional on: Nothing. EH and QRA proved in AP20. All
other dependencies are derived (&1 results. The axioms

themselves are unconditional.
KHE

AP16 (EB55 Break) — takes SU(2)_L x U(1)_Y to U(1)_EM via the

EWSB mechanism. AP24 (7%%4) — may inform hypercharge

assignments via the multi-projection structure of €. The matter
sector (Notebook V) — fills the gauge representations with Z&

k- content; treats the three generations.
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£% I 514 engaged

KS-61 (state-space existence): LIVE — STRUCTURAL. Lemma
1.

KS-62 (gauge-group overcounting): LIVE — STRUCTURAL.

Lemma 2.

KS-63 (FAEfA derivation): LIVE — STRUCTURAL (principal
debt). Proposition 2.

KS-64 (SU(2)_weak # SU(2)_spin): LIVE — STRUCTURAL.
Distinct from AP11's spin SU(2).

KS-65 (hypercharge assignments): OPEN DEBT. Held for

matter sector.
KS-66 (generations): OPEN DEBT. Held for matter sector.

KS-67 (AP15/AP27 EWSB consistency): OPEN DEBT. Held for
AP16.

BT R I EE M 15 55

Principal debt: KS-63 (F{Efi& derivation). Proposition 2 is
STRUCTURAL; the formal & theorem is the paper's
principal open problem. Path to closure: (a) construct the
tensor product bundle (spinor @ H_EW); (b) show the 5 to

P_LY¥ is non-trivial while the #§#& to P_RW vanishes; (c) derive
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both from Axiom R + Lorentz structure + CPT identification
(AP22) without importing the TR#EFE!’s chiral pattern. Step

(c) is the hard part.

REFFFBUEAF AR SSIR SR E

Global Lie-group structure U(2) = (SU(2) x U(1)) / Z, and its

implications for representations and hyperEg fij &1k

Anomaly cancellation conditions. Yukawa #i&'s, 28K+

masses, mixing matrices.

ZEREE =

L, P — The two sectors of Axiom S, connected by the X
A oL P

€ — The break. The minimal asymmetry. The boundary
between sectors; the object that writes records on the i

7.

o6 — The XI4 of Axiom S. In AP22 identified with CPT

conjugation on the i7¥.

H_EW — Internal EB55 state space of . H_EW = C2.

Distinct from spin space (AP11), f&1if space (AP19), and
overall phase (AP15).
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IL), |P) — Basis for 7{_EW. Abstract internal labels, not

spacetime directions.

U(2) — Group of 2x2 unitary matrices. The full #JEEE on

H_EW before decomposition.

SU(2) — Traceless (relative-orientation) part of U(2).

Weak isospin.
U(1)_Y — Determinant part of U(2). Hypercharge.

U(1)_LEM — Electromagnetic gauge symmetry (AP15). The

post-breaking remnant: @ = T + Y/2.

T, T3, T® — Weak isospin generators (Pauli matrices o,
O2, 0'3)0
Y — Hypercharge generator.

Q — Electromagnetic charge. @ = T® + Y/2 (post-
breaking).

Chirality — Lorentz-representation property of spinor
fields. Left-chiral Y_L € (Y2, 0) and right-chiral y_R € (O,
1/2)‘

5

y> — Chirality operator. Eigenvalues =1 distinguish left-

chiral and right-chiral components.

P_L, P_R — Chiral projectors. P_L = (1 - y°), P_R = ¥:(1
+ Y°).
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D_u — Covariant derivative. For the E255 connection: D_p

= J_u - igW_p*a T*a - ig'B_pY/2.

AS — Actualization State. The actualising now.

EH — #%&AfRi% (AP20). The algebraic /&7 structure

embeds into the physical .

QRA — Quantum-Records Algebra (AP20). The full

algebraic structure that EH embeds.
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&

The Break — EE§

Axiom B breaks the 455 symmetry to U(1)_em

Artist’s Proof 16
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Artist’s Note

A T A n—— AR

This is Artist’s Proof 16 of The 420 Code. It is the fourth
chapter of Notebook IV (Forces and Constants). AP15 derived

U(1) electromagnetism from the 3% EHN's FHA7 XS Fr. AP27

derived the unbroken EB55 AlJERE SU(2) x U(1)_Y from Axiom

S’s two-sector structure. AP16 takes the next step: it derives

what Axiom B does to that symmetry.

The argument is a single move. Before the break, the &% is

perfectly symmetric: SU(2) acts freely between the two sectors

L and P; U(1)_Y rotates the global phase; four generators, four
massless FEH% 1. Then Axiom B: one element ¢ in £ with
no c-image in P. The sectors are no longer interchangeable.
The SU(2) symmetry that rotated freely between them is
broken. Three generators acquire mass by #i& to € — the W,
W-, Z° 3% {47-. One generator survives: the unique
combination of SU(2) and U(1)_Y that leaves the break

background invariant. That is the electromagnetic generator.

Its M7EHY (47 stays massless. That is the Y&7-.

The identification carries further. € has two faces on the /.
As background condition: v(€) = 1 everywhere — the break is
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present wherever the it/ exists, with a nonzero ground state

by construction, not by choice of potential. This is the k&

17. As localised excitation: the minimum ripple, unpaired
(Axiom B), half-integer spin (AP11), the B2¥-. The 7 #% 714 and

the BB~ are not two objects: they are two readings of €. The

Higgs mechanism is Axiom B.

Section 5 reframes KS-4. The K4 #)#2 a_em is the 5

"B of € to the connection — structurally determined by the

constraint chain (AP®6 section 10.7) but not derivable from

within the axioms, because the now cannot derive its own &
from inside the now. Derivation is 12525, and the now is

what exists before any record. a_em is the architecture’s

empirical contract: the one number you check the framework
against. KS-34 is the first £ 1E51F in the 222 /F whose

triggering would be a triumph rather than a disaster — if
someone derives a_em from {S, B, R, C}, the architecture

becomes stronger, not weaker.

Four new #2115 engage. KS-32 (E295 mechanism) and KS-

33 (sector distinction = weak isospin) are LIVE — EMPIRICAL:
empirically supported by the 125 GeV Higgs observation and

the SM's two-component doublet structure. KS-AP16.1 (scalar-

Z& k- two-faces reconciliation) is LIVE — STRUCTURAL: the
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structural identification of A7 #4737 and E8-7- as two faces of €

follows from Axiom B and the fix A {&1%; the dynamical

mechanism by which one object presents both a spin-0
background and a spin-2 excitation at different scales is
named as open programme. KS-34 (non-derivability of a_em)
is LIVE — HARD by construction. KS-4 (o = 1/137) is reframed:

not a gap to close but a contract to honour.

the420code.org

Copyleft 2026, FIIE#, ZFIFMA,
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Where AP16 fits

AP16 is the fourth chapter of Notebook IV (Forces and
Constants). APO6 opened NB IV by grounding €; AP15 derived
U(1) electromagnetism; AP19 (Direction) derives SU(3) f4.{i;
AP27 (Harmonics) derives the unbroken E255 F7EHE SU(2) x
U(1)_Y. AP16 takes the unbroken group and shows what Axiom
B does to it: the symmetry breaks to U(1)_em, three of four
JuIk a7 acquire mass, the Y1 stays massless, and the #if&

717 is identified with «.

AP16 depends on Notebook I (axioms {S, B, R, C}); Notebook
II for AP10 (D = 4, N = 3 spatial dimensions) and APO8

(gravitational context); Notebook III for APO9 (complex /R

A %7Z218), phase freedom, and the & K 1-/3% 41 X4y from
the two-sector structure), AP11 (the SU(2) — SO(3) double
cover and Z, correspondence), and AP12 (h); APO6 within NB
IV for the it framework, the six-face structure, and the
constraint chain; AP15 for U(1) and the electromagnetic

connection; and The Lock (Edition 84) for the identification of

£ with the B2 7 at the (L F-2E W) R .
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AP16 feeds the rest of Notebook IV. AP24 (5%#4) carries the
full analysis of a_em'’s structural status including the fixed-

point equation that connects the architecture to the measured
value. AP28 (Constant) derives G via i#i& 114 using € = a_em.

AP14 (Correction) treats B 7 )R & corrections.
Reading order within AP16

Front to back. Section 1 establishes what the 420 Code
already derives: SU(2) from Axiom S, U(1)_Y from phase
freedom, their coexistence as SU(2) x U(1)_Y. Section 2 names
the symmetry before the break — four generators, four
massless 3f f2+-. Section 3 performs the central move: Axiom

B breaks SU(2) x U(1)_Y to U(1)_em, and ¢ has two faces (7if&
i1, B-1-). Section 4 reads the 77 ¥5 0¥ 47 as the record of
€ wobbling and develops the immeasurability-of-the-now

consequence. Section 5 reframes the 541451 & %%, Section 6

lists the derivation chain. Section 7 lists the £X 1I-55{4-. Section

8 lists the open gaps. Section 9 concludes.
How to read this paper

The paper carries two voices. The structural narrative speaks
directly — the central facts (Axiom B is the Higgs mechanism;
€ is one object with two faces; a_em is the architecture’s
empirical contract) are stated in plain language and held

visible. The formal sections speak in the precision the
231



structure requires. Where the argument depends on a result
derived elsewhere in the {51, the provenance is named

at the point of use.

Two subsections are structurally distinct from the others.
Section 4.2 (the now actualises FROM the now) develops the
measurement-structure consequence of € being both

background and excitation. The poetic framing is non-7& E1;
the Z&#)1E555Cs (the now’s role, the break’s immeasurability

in the act) are /A E ) consequences of the axioms. Section 5
(the K454 4%) develops the structural-determination-vs-

derivability-from-within distinction. This is & E A} for KS-34's
formulation but the specific philosophical framing is

illustrative.

A note on notation

L and P are the two sectors of Axiom S, connected by the X

& 0. L < P. g is the break — the unique unpaired element of
Axiom B. v is the valuation; v(g) = 1 is the minimum nonzero
value. Z, is the two-element group; 11,(SO(3)) = Z, is the

fundamental group of SO(3) in three spatial dimensions.

SU(2) is the (simply connected) double cover of SO(3) — the

structure that carries spin-¥2 representations. U(1)_Y is the

hypercharge #ME#E derived in AP27. U(1)_em is the post-
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breaking electromagnetic FYLRE of AP15. Q = T3 + Y/2

connects them. W', W2, W? are the SU(2) #M i3k 4.+ before
breaking; W*, W™, Z° are the physical post-breaking mass

eigenstates. B is the U(1)_Y {3 4+ A is the
electromagnetic AEH A 1-. 6_W is the IR\ . a_em =

1/137.036 is the FEAMZEH) 7 %L, v = 246 GeV is the EB55 scale

(the vacuum expectation value).
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Artist’'s Note - A T4 - RITEE

55| . AP16 WIALE . HIZINFF - /55

® — Dependency and Scope - A3 T4 - KB - A
L < NRIERES - BIERAHE - SRS - REFK
HIIE .- &K%

1 — What Is Established - SU(2) from Axiom S - U(1)_Y

from phase freedom - SU(2) x U(1)_Y as the EE55 group

2 — The Symmetry Before The Break - the JE7&’s full

symmetry - four generators, four massless 3% ¥ . what

“pefore” means

3 — The Break - Axiom B - the #¥&17 is the break -

what gets mass

4 — The ## 3 f4F And The Now - the excitation of
the break - the now actualises FROM the now -

immeasurability in the act
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5 — The FEHAEHHE - what a_em is - why it cannot be

derived from within - the formal status

6 — What Is Now Derived - the derivation chain from
axioms to E255 breaking

7 — BIEEME . KS-32 - KS-AP16.1 - KS-33 - KS-34 in
Claim/Test/Status/Recovery form - KS-4 reframed

8 — Open Gaps - Gap A (W, Z masses) - Gap B (Higgs
mass) - Gap C (iE{8#%£) - Gap D (CLOSED by AP20) -

Gap E (Z2XF mass spectrum)

9 — Conclusion - everything is the EE-F, being the break,

being the now

FHARME . ZTFERINRSRERE

SRR - KB - RBE - RIRSH - ERERS - RS
paws Galil=

W

H55% « ARIUERHO/S
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O——{KHi 57aE

Q. 1—— AT A4

AP16 derives EB55 X #Miliik from Axiom B. The argument: the

HE7S has full symmetry SU(2) x U(1)_Y (SU(2) from Axiom S via

the Z, = m1(SO(3)) identification in N = 3 spatial dimensions

and the AP11 double cover; U(1)_Y from the phase freedom of
the complex 7 /R{A%FZ=/8]); Axiom B places one unpaired

element € in £ with no o-image in P; the sectors are no longer
interchangeable; three SU(2) generators (those that would
rotate € between sectors) are broken; the unique combination
of SU(2) and U(1)_Y that leaves the break background invariant

survives as U(1)_em.

The paper makes three structural identifications. First: the #7
¥ 3r17 is € as background condition (v(g) = 1 everywhere).
Second: the EB1- is ¢ as localised excitation. Third: the Higgs
mechanism is Axiom B. The & 3% 27 observed at 125
GeV is the record of € wobbling.

What the paper does not derive: the specific values m_W =
80.4 GeV, m_Z = 91.2 GeV, m_H = 125 GeV; the A4 0_W;

the Z& K+ mass spectrum beyond the EE-; the numerical
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value of a_em. The paper derives why a_em cannot be derived
from within the axioms (KS-34): the now cannot derive its own

#84 from inside the now.
0.2——{KFHIn

AP16 depends on the following derived results.

Notebook I (Premise). The four axioms {S, B, R, C}. Axiom

S provides the two-sector structure; Axiom B places the
unique unpaired element . Together they generate EB55
breaking. Load-bearing.

APO6 (The iR E %). The it framework, the six-face
structure (APO6 section 10.5), the constraint chain ¢ —

a_em — &£ — G (APO6 section 10.7). Load-bearing for

section 5's treatment of a_em as structurally determined.

APO9 (The Break — Empty Set). The complex 7 /RG22

i&] and the phase freedom. Load-bearing for the U(1)_Y

identification.

APO8 (The Identity). Einstein’s 175 and the
gravitational #5 G = 2x/m_e?. Load-bearing context for
the structural claim in section 9 that the BB+ sets the

gravitational #i 5.
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APO9 (The Break, Empty Set). The empty-set state, the Z&

K+ 13+ X4y from the two-sector structure (APO9

section 3). Load-bearing for the identification of £ as Z&k

Fic.

AP10 (The Dimension). D = 4 (three spatial + one
temporal); the N = 3 spatial dimension count. Load-
bearing for the Z, = 1,(SO(3)) identification that lifts the
sector Z, to SU(2).

AP11 (The Spin). The SU(2) — SO(3) double cover (AP11
section 2) and spin-Y: from the two-sector structure.
Load-bearing for the Llift from Z, to SU(2) and for the

identification of £ as half-integer spin.

AP12 (The Limit). The RIAEMEEE and A as the quantum
cost per record. Load-bearing context for the {Ef &JF
and the scale-setting at v = 246 GeV.

AP15 (The Connection). U(1) electromagnetism. The post-
breaking U(1)_em is structurally AP15's U(1). Load-bearing
for the identification of the surviving generator with the

electromagnetic gauge symmetry.

AP20 (The Proof). The #&k Af&i%i. Load-bearing for the

identification of the algebraic break with the Ji/E-level
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ZF&WriA: the two faces are the same object read at two

scales.

AP27 (The Harmonics). The unbroken SU(2) x U(1)_Y #¥E

¥ derived from Axiom S’s two-sector structure. AP16

takes that unbroken group and breaks it.

The Lock (Edition 04). The identification of £ with the B8

+ at the {L2-4E#F R E. Load-bearing for the EB-¥-as-#

>k T-ic-excitation reading.
0.3——/ATRBLGT
The four axioms map to AP16 as follows.

Axiom S (two sectors / XJ£&"). The two sectors £ and P

give the Z, classification that lifts to SU(2) on the /&
(via Z; = y(SO(3)) in N = 3, AP10; double cover SU(2) —
SO(3), AP11). Load-bearing for the pre-break symmetry.

Axiom B (unique breaking). The £l of the entire

paper. € in £ with no c-image in P breaks the symmetry
between sectors. SU(2) x U(1)_Y — U(1)_em. Axiom B is

the Higgs mechanism.

Axiom R (iC £ iF:). Records are written; the &7

accumulates the trace of the break. Load-bearing for the

239



now-as-immeasurable argument in section 4.2:
measurement is iCEPHE, and the now is what exists

before any record.

Axiom C (Constraint — locality). Finite c. Background for
the BICZZiE and for the iR chain (APO6 section 10.7):
¢ constrains the {ti; the it)§ is ¢ € is the EBE-F; the BB+

's #{& to the connection is a_em.
0.4——ZTARIERE

1 (What Is Established): [SYNTHESIS] — enumeration of prior

derivations that AP16 uses.

2 (The Symmetry Before The Break): [DERIVED] — the full

internal symmetry SU(2) x U(1)_Y of the &7 on the i /.

3 (The Break): [DERIVED] — Axiom B breaks SU(2) x U(1)_Y to
U(1)_em. The # #8117 = € identification. The pattern of which

generators are broken and which survive is derived; the
specific algebraic details (which combination survives, the ik

{A#%4) depend on 54 structure not derived in AP16 (Gap C).

4 (The ¥ 8% 4+ And The Now): [DERIVED/STRUCTURAL]
— 4.1 (the A #&3r8 2.1 as record of € wobbling) is DERIVED.
4.2 (the now actualises FROM the now) is STRUCTURAL: the
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A HE ) consequences of the axioms are stated in plain

language; the specific poetic framing is illustrative.

5 (The #4547 %%): [DERIVED/STRUCTURAL] — DERIVED:

oa_em exists, is nonzero, is not a free parameter, is sub-
maximal (o < 1). STRUCTURAL: the numerical value 1/137.036
is not derivable from within — the now cannot derive its own

4. KS-34 LIVE — HARD.

6 (What Is Now Derived): [SYNTHESIS] — the derivation chain.

7 (£ 1E5:1F): [REGISTER] — KS-32, KS-33, KS-34, plus the

reframing of existing KS-4.

8 (Open Gaps): [REGISTER] — Gaps A, B, C, E with named
paths forward; Gap D CLOSED by AP20.

9 (Conclusion): [SYNTHESIS] — everything is the B2-1-, being

the break, being the now.

0.5—— 48 [F - fHEE

Four new £ 1 5:f% engage in AP16. One existing Z& A&/ &

1ES1F (KS-4) is reframed. Identifiers per the Master %% 1F 2514

Registry.
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KS-32 (E855 breaking mechanism). LIVE — EMPIRICAL.

targets the identification of Axiom B with the Higgs

mechanism.

KS-AP16.1 (Scalar-25k+ two-faces reconciliation). LIVE

— STRUCTURAL. targets the dynamical mechanism by
which one ¢ presents both a spin-0 background and a

spin-': localised excitation at different scales.

KS-33 (Sector distinction = weak isospin). LIVE —
EMPIRICAL. targets the mapping of the two sectors to
the SU(2) weak isospin doublet.

KS-34 (Non-derivability of a_em). LIVE — HARD. targets

the claim that a_em cannot be derived from within — the

one #&1EZ:4 whose triggering would be a triumph.

KS-4 (a = 1/137). Existing B{AE/E L1k 44k, reframed by

AP16. Not a gap in the derivation but the architecture’s
empirical face — the contract with the world. LIVE —
HARD. Meaning changed: from problem-to-solve to

contract-to-honour.
0.6—— T R EHIPE RS

AP16 closes the Z5#)14: At of E255 breaking but carries
forward several open programmes. The mass-spectrum
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questions (W, Z, Higgs, 2%k masses beyond the EB1) are

named items the paper acknowledges without deriving. The i
{E#& 4 6_W is named with a conjectural route via the six-face

structure.

Gap A (W and Z 34+ masses). Pattern derived;
numerical values depend on & %% g, g’ and v.

Depends on Gap E.

Gap B (#1342 F mass ~ 125 GeV). m_H = J(2A)v;
self-fi&° A not yet computed. Depends on Gap A, Gap E,

a_em constraint chain.

Gap C (the E{A%# 0_W). Conjectural route: derivable
from the six-face structure (specifically, the angle
between Pair 1 gravity/quantum and Pair 2 stiffness/#i&

in APO6 section 10.5). Target for future work.

Gap E (the Zik+ mass spectrum). Electron mass derived

as minimum self-# 4. Other %k masses (muon, tau,

quarks) from e-compositions at higher energy scales.

Open programme.

0.7——PRFFFIAEA = A FRSSIRASHOT B

The dynamics by which the scalar background condition (g as

k& Hrim) and the &k +F-ic localised excitation (g as B2)
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relate at intermediate energy scales are held open. The & A
15 (AP20) proves the two faces are the same object read at

two scales — there is no gap between the algebraic
description and the geometric one — but the detailed
mechanism by which one object presents two faces is
downstream of the mass spectrum (Gap E) and the derivation
of the self-#i4& (Gap B). AP16 derives the pattern and the

identification; the dynamical details are an open programme.

The full analysis of a_em’s structural status, including its
necessary irrationality and unprovability from within, is treated
in AP24 (5%#4). AP16 establishes that a_em is structurally
determined but not derivable from within; AP24 develops the

fixed-point equation and the six-face mapping.

0.8—— LR R

APO6 (The iltJR ¥ %0). APO6 grounds ¢ in the iitJFH 1 and
establishes the six-face structure and the constraint
chain. AP16 reads a_em as the it} at the
electromagnetic face — structurally determined by the

chainc — a_em — &£ — G.

AP15 (The Connection). AP15’s U(1)_em is the surviving
FIYERE after the EB55 break. The Y+ A_p derived in AP15

is the specific combination of W3_u and B_p that survives
the breaking (mixed via the JE{A## 0_W).
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AP27 (The Harmonics). AP27 derives the unbroken SU(2)
x U(1)_Y. AP16 takes that unbroken group and breaks it.
KS-67 (AP15/AP27 EWSB consistency) is structurally
addressed by AP16: the EWSB mechanism that takes
U(1)_Y x SU(2) to U(1)_em is Axiom B.

AP11 (The Spin). AP11 establishes the SU(2) — SO(3)

double cover and the spin-': representation of . AP16
uses this in the identification of the BB+ (¢ as &k Fic

localised excitation) as half-integer spin.

AP24 (The 7&f8). AP24 carries the full analysis of a_em’s
structural status — the fixed-point equation, the six-faces
formalisation, the irrationality argument. AP16
establishes the non-derivability-from-within position;
AP24 develops it.

AP28 (The Constant). AP28 derives G via i#iE it${ using

€ = a_em. AP16’'s identification of «_em as the structural

constant of the architecture is the input AP28 uses.

The Lock (Edition 04). The identification of £ with the E8
F at the {b22-4WF R E. AP16 reads this as the second
face of € (localised #&kF-ic excitation), with the F#&1i%

as the first face (scalar background condition).
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1—EfZRINE

Before this paper, the 420 Code has derived the following.

SU(2). From Axiom S. The two sectors give Z,. Z, =
1m,(SO(3)) in N = 3 spatial dimensions (AP10). The double

cover is SU(2) — SO(3) (AP11 section 2). This is the #il

£ of the 55./7.

One Z,, one classification, two descriptions. The sector Xf & o

is the unique non-trivial binary classification in the Jc7:

paired vs unpaired. AP20 proves: the abstract structure IS the
% (EH). When this classification expresses itself on the Jii /&
in N = 3, it IS 11(SO(3)) = Z, — tensors vs spinors. AP11 proves
the correspondence. There is no connecting theorem needed
between a “sector Z,” and a “topological Z,.” They are the
same classification described at two levels. The axioms

already say it.

U(1)_Y. From the phase freedom of the complex 7 /R{A4F

Zz8] (APO9), expressed on the local JiJF as the U(1)_Y
connection B_u (AP15 section 3). Before the break, this is
U(1)_Y — the hypercharge FIii#¥. After the break, a

specific combination of U(1)_Y and SU(2) survives as
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U(1)_em, whose connection is A_u (see section 3.1). This

is the #MJE%E of electromagnetism.

The Z5kF. The unpaired element &, no o-image, half-

integer spin, the 27 (APO9 section 3.2).

The 3 2+. Paired elements, c-image exists, integer spin,

the Y.+ (APO9 section 3.1, AP15 section 7).

SU(2) and U(1)_Y are both derived. They coexist in the J&7S.

SU(2) from the sector structure. U(1)_Y from the phase

structure. They are independent symmetries of the same #7/K

{45228, Together they form SU(2) x U(1)_Y. The EB53

symmetry group.

This paper derives what Axiom B does to it.
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2—— W BT R SR

Before the break, the J&7 is perfectly symmetric. You need to

see what that symmetry looks like — all four generators, all
four massless 3% 4.1~ — so you can feel what Axiom B does to

it.
2.1——The 4£7’s full symmetry

The &7 — the 1:1, before any record is written — has the full

symmetry of the 7 /R{EFF2218] H.

From Axiom S: two sectors, X{ & o, Z, symmetry. On the it /&

(N = 3, AP10), this lifts to SU(2). SU(2) acts on the JE7 by
rotating between the two sectors. It mixes £ and P (Light and

Dark — the two sectors of the 1231t £%, not cosmological K54

[Fi/energy). Before the break, this mixing is exact. Both sectors

are identical. Nothing distinguishes them. You cannot tell £

from P. They are perfect mirrors.

From APO9: & #Z1iiE. The phase of any amplitude can be

rotated by e~{i6}. This is U(1)_Y — the hypercharge FA{i i %&.

It acts on the /&7 by shifting the global phase. Before the
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break, this rotation is exact. No phase angle is preferred. All

are equivalent. You cannot pick a preferred angle.

At the &7 level this is the universal FB\Z. X3 #F; field-specific

hypercharge assignments and the detailed representation
content are downstream of the sector/break i structure

and are part of Gap E (section 8).

The full internal symmetry of the 47 is SU(2) x U(1)_Y. This

symmetry has four generators. SU(2) has three (the Pauli

matrices, or equivalently, three independent rotations of the

sector space). U(1)_Y has one (the hypercharge fB\7 FEZE).

Four generators means four AyE3% 41 when the symmetry is

expressed on the {ii/Z: W', W2, W? from SU(2), and B from
U(1)_Y. Before the break, all four are massless. The symmetry

is exact.
2.2——What “before the break” means

“Before the break” is not a moment in time. Time requires
records (Axiom R). Before the break, there are no records.

There is no time. “Before the break” means: the structure of
the J&7, considered without Axiom B. Axioms S, R, and C give

SU(2) x U(1)_Y on the {iiif&. Axiom B is what changes it.
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3——rZd

This is the moment. One axiom. One element. And the EE5Y

symmetry shatters.
3.1——Axiom B

Axiom B: one element € € L with no -image in P. Valuation

v(g) = 1. The minimum viable splinter.

€ breaks the 1:1. Before g, the two sectors are identical. After &,
they are not. £ lives in £ but not in P. The sectors are no
longer interchangeable. The SU(2) symmetry — which rotates

freely between the sectors — is broken.

But not all of it. The hypercharge phase freedom — U(1)_Y — is
not broken by itself. However, three of the four original
generators are broken (those that would rotate € between
sectors). The surviving generator is the electromagnetic one:
the unique linear combination of the original SU(2) and U(1)_Y
generators that leaves the vacuum (the break background)

invariant. On the it /¥, this is U(1)_em.

(In FREARLRY notation: pre-break SU(2) x U(1)_Y; unbroken
U(1)_em generated by Q = T5 + Y/2; 3.1 A_p is the massless

mixture of W3_py and B_p via 6_W.)

Axiom B breaks SU(2) x U(1)_Y down to U(1)_em.
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You just watched EB55 XIFMiiR happen. One element. No

potential. No fine-tuning. Axiom B.

Note on the surviving U(1)_em. The U(1) that survives the break
is not the original U(1)_Y but a specific combination of U(1)_Y
and one SU(2) generator. This is a structural consequence of
the breaking pattern: € has no 6-image, so any generator that
would rotate it between sectors is broken; the surviving
generator is the unique combination that leaves the break
background invariant. On the {it¥, this is the electromagnetic

gauge symmetry whose connection is A_u (AP15).

No #riffEA7! dynamics are assumed here: the axioms require
that a unique U(1)_em survives as the generator leaving the
break background invariant; ¥r#f4%7 notation is used only to

label that survivor and its mixing. The algebraic details of
which combination survives — and consequently the value of
the 1Ak 6_W — are downstream of the 4 structure (the
relative strengths of the SU(2) and U(1)_Y #i&'s, g and g’). This
is explicitly listed in Gap C (section 8).

3.2——The #K 17 is the break

£ is one object with two descriptions on the i .

As background condition: v(e) = 1 everywhere. The break is

present wherever the JitJZ exists. It fills the structure. Its
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ground state is nonzero — by construction, not by choice of
potential. If v(e) = O, the 1:1 is perfect, nothing distinguishes
the sectors, there are no records, no time, no i/, no physics.

The nonzero ground state is the condition for existence.

This is the #0737 — and if you have been paying attention,

you already knew it had to exist: a scalar order parameter with
a nonzero vacuum expectation value that breaks SU(2) x
U(1)_Y to U(1)_em.

As localised excitation: the minimum ripple in the break. £ has

no o-image — it is unpaired — so it carries half-integer spin
(AP11). It is B%KkF-ic. It is the EE7-. The lightest mass the

break can produce. The minimum viable splinter.

From outside the axioms, this looks like a type contradiction:

appears to be both a scalar field (the Higgs) and a Z&>k 7 (the

BB 7). From within the axioms, it is the definition. 1 =1 + 1xe.

The whole is whole AND the break is there. The background

condition (scalar, everywhere, nonzero) and the localised
excitation (&K f-ic, pointlike, quantised) are two faces of one

element.

The fix A1t (AP20) proves that the abstract algebraic

structure IS the {ii/Z — there is no gap between the algebraic

description and the geometric one. The two faces are not
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connected by a theorem; they are the same object read at two

scales.

The identification is therefore direct. The 7517 is € as

background condition. The E&1- is ¢ as localised excitation.

The Higgs mechanism is Axiom B.

Empirically, v = 246 GeV sets the E255 scale; in this

architecture it is the scale at which the sector distinction
(Axiom S) meets the one-element break (Axiom B) on the i/
. The derivation of v from the axioms is a target of the open

programme (Gap A/B, section 8).

Debt statement: the dynamics of how the scalar background
condition and the %%k -ic excitation relate at intermediate

scales — the detailed mechanism by which one object
presents two faces — is downstream of the mass spectrum

(Gap E, section 8) and the derivation of the self-#i& (Gap B,

section 8). The structural identification (fi#& 8737 = € as
background condition; B81- = € as localised excitation) follows

directly from Axiom B and the fix A ffx1%. The dynamical

mechanism by which a single underlying structural object
presents both a spin-0 background and a spin-"z localised

excitation at different energy scales is named as 7& E); the

formal IE{R handle is KS-AP16.1 (scalar-Z& k- two-faces
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reconciliation, section 7). AP16 derives the pattern and the
structural identification. The dynamical details are an open

programme.

3.3——What gets mass

Before the break, four massless #L3% {4 +-. After the break:

Three generators of SU(2) are broken. Their corresponding #

JuBk 4 acquire mass by 5 to €. These become the W,
W, and Z° B f4. They are massive because SU(2) is broken.
The standard Jit /& expressions for the broken pattern give
m_W = gv/2 and m_Z = gv/(2cos0_W). AP16 derives the pattern
and the mechanism; the numerical values of these masses
depend on the 4 # 4% and the vacuum expectation value

(Gap A, section 8).

One generator — the specific combination of SU(2) and U(1)_Y
generators that leaves ¢ invariant — remains unbroken. Its #

JuB% 2 remains massless. This is the 3% . The Y+ is

massless because U(1)_em survives the break.

The EE7- acquires mass through the 4 of the &k f-ic

excitation (& as localised ripple) to the scalar order parameter
(e as background condition). This is the self-#§5" of the break
to itself. In standard language, this is a Yukawa #i& — the #4

4 of a K7 to a scalar field. Here both Z&k1 and scalar
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are g, so the EE{'s mass is the minimum such # 4 the

lightest mass the break can produce.

Other 2% k-F masses (muon, tau, quarks) arise from e-

compositions at higher energy scales. The derivation of the
full mass spectrum from the axioms is the open programme of

Gap E (section 8).
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A——FTRATFELT

4.1——The excitation of the break

The #8575 4.7 is the excitation of the 7 #&1717. A ripple in

the break. At CERN in 2012, this excitation was observed at ~
125 GeV. Its properties were inferred from recorded decay
products — pairs of Y+, pairs of Z B 4+, pairs of W 3% {1 +-.
Every observation was a record. A scar. A trace left by the

break wobbling.

They did not measure the break in the act of breaking. They
measured what it left behind. You can only ever measure what
the break leaves behind. This is not a limitation of

instruments. This is the structure.

4.2——The now actualises FROM the now

The break is €. The B81- is ¢ as localised excitation (section

3.2). The EB-1- is the now — the edge of the break that is still

breaking (AP®6 section 10.5).

The now is structurally unmeasurable. Not because
instruments are too slow. Because measurement IS the now
turning into a record (AP®7 section 4). The moment you

capture the now, it is gone. It is already past. By the time you

256



have a measurement, the now has moved on. The now is the

act of measuring, not what gets measured.

¢ actualises FROM the now. It produces records, masses, &
4%, scars on the it JZ. Everything measurable comes from it.
But it itself — in the act of actualising — is never in the record.
It is always one step ahead of the last measurement. Always at

the frontier.

The A& T8 41 at 125 GeV is the record of € wobbling. The
BB at ©.511 MeV is the record of ¢ existing. The Y. is the

record of the connection fluctuating. All of these are records.

Scars. The black curve.

¢ itself is the white space. Always present. Never captured. The
thing that makes everything measurable, while being itself
immeasurable in the act. Everything measurable comes from
it. It itself is never measured. It gives you everything by giving

you nothing now.

This is the measurement structure as read by the axioms. The
wave function collapses at measurement — the now writes a

record — and the collapse itself is not in the wave function. In
the 420 Code, the observer is not in the 7 /RI{A%FZZ]8]. The

now is not in the monoid. The break is not in the record. The

record is what the break leaves behind.
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The “god particle” was always a more accurate name than

intended.
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5—— & A 45+ H B

5.1——What a_em is

Symbol note. In this section, e is the &+ charge and g, the

vacuum permittivity — not € the break. Context disambiguates

throughout.

a_em = e?/(4meohc) = 1/137.036.

It is the & 58 of the break to the connection. How strongly
the BB7 (¢ as localised excitation) interacts with the

electromagnetic A7 A_p (AP15). How much of the original

unity leaks through at the point where the splinter meets the

fabric it left.

It is one of the /SN of the 22 4E5% 54 (APO6 section 10.5).

Paired with o/ (the £Ji stiffnesses) in Pair 2. Constrained by
¢ through the it (AP®6 Theorem 3.1). Chained to G through

m_e through k.

o_em is structurally determined. It is not a free parameter. The

JLJE stiffness A_sub = 2.15 x 10*° determines c. ¢ constrains

the . The HH is €. € is the B8-F. The B8-F's #i4 to the
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connection is a_em. One chain. One knob. The value follows

from the structure.
5.2——Why it cannot be derived from within

Two things must be distinguished. “Determined” means: the
value is fixed by the structure; it is not a free parameter; it
could not be otherwise. “Derivable from within” means: there
exists a finite chain of deductions from {S, B, R, C} that
terminates in a_em = [number]. a_em is determined but not

derivable from within.

You cannot derive the #14& of the now from inside the now.
You can only measure it. Deriving is 1% 5. To derive a_em

from within the argument would require writing a record of the
now — but the now is precisely what exists before any record

is written.
This is not a failure of the argument. It is a prediction.

The argument predicts that a_em is structurally determined
but empirically known — the value is fixed by the axioms, there
is no other value it could have, but the number itself can only
be obtained by looking outward, at what the break left behind.
The value can be checked from outside via the fixed-point
equation (AP24 section 5.4-5.5). The number can be checked.

It cannot be proved from within.
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Every other quantity treated in this dependency chain is

derivable from {S, B, R, C}: the number of dimensions, the 1717

T2, the B EHIM, the RifaE MR, the spin-statistics

theorem, the gauge symmetries, the Jt1-. These are the
structure looking at itself. You can derive them because they

are inside the record. a_em is the structure looking outward.
5.3——The formal status

The argument derives:

(i) a_em exists and is nonzero (AP15: € couples to the

connection; APO6 Theorem 3.1: IiJfi is nonzero for finite c).

(i1) a_em is not a free parameter (APO®6 section 10.5: /SN,
three pairs, three constraint equations; section 10.7: the

constraint path ¢ — a_em — & — G).

(iii) a_em < 1 (APO6 section 2.4: for the physical value of ¢, a

is less than unity; the #§4" is sub-maximal).

(iv) a_em is paired with a/f in the six-face structure (AP®6
section 10.5, APO8 section 5).

The argument does not derive:
(v) The numerical value 1/137.036.

And the argument explains why it does not: the 4" of the

now to its own field is the one quantity that requires
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measurement. It is the empirical face. The full analysis of
a_em'’s structural status — including its necessary irrationality

and unprovability from within — is in AP24.

KS-4 remains LIVE — HARD. Not because the argument has
failed to close it. Because it is structurally the kind of thing
that stays live. It is the architecture’s empirical contract: this

is the number you check us against.
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6—IMESHHINE

Axiom S — Z, — SU(2) (via m;(SO(3)) in N = 3, AP16;
double cover AP11) — weak i EE.

APO9 + AP15 — H iRlE — phase freedom — U(1)_Y —

hypercharge #MJEEE.

SU(2) x U(1)_Y — the full internal symmetry of the &7
on the Jiif¥ — E55 symmetry group.

Axiom B — ¢ € £, no s-image in P — sectors no longer

interchangeable — SU(2) broken — U(1)_em survives —

SU(2) x U(1)_Y — U(1)_em. EB55 XtFrmkER.
The ##HriA = € — nonzero ground state (v(g) = 1) — the
break cannot be zero. The condition for existence.

Three broken generators — W*, W™, Z° acquire mass (#&#&

to £) —» massive weak JZ A F.

One unbroken generator — .7 stays massless (U(1)_em
exact, 32 B #NI exact) —» massless Jt:+. You hold the &

124,
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Self-#i& of £ (Yukawa: Z5>kFic excitation x scalar order
parameter) — B2+ mass m_e — minimum viable splinter.
a_em = it} at the electromagnetic face — structurally
determined, empirically known — the architecture’s

empirical contract (STRUCTURAL, not DERIVED — see

section 5).
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y — Y

Four new 2 (-5 engage in AP16. One existing F& R E/E 28
1554 (KS-4) is reframed. Each is testable. Each has a
specified recovery position — if the £ 115514 fires, the paper
reverts to a named earlier position rather than collapsing

entirely. Identifiers per the Master #£ iI- 551 Registry.

KS-32 — EE55 breaking mechanism

Claim. AP16 identifies Axiom B with the Higgs
mechanism. The #7117 is € as background condition;

the breaking pattern SU(2) x U(1)_Y — U(1)_em follows

from £ having no c-image.

Test. Demonstrate a physical process that breaks SU(2) x

U(1)_Y without a scalar field with nonzero vacuum
expectation value — that is, B255 XI# kiR by a

fundamentally different mechanism. Failure: the

identification of Axiom B with the Higgs mechanism fails.

Status. LIVE — EMPIRICAL. The 7 &34+ is observed
at ~ 125 GeV. The mechanism is strongly supported by

current data. Empirically supported; structurally aligned.
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Recovery. If KS-32 fires — if EB55 breaking is empirically
shown to occur by a different mechanism — the structural
identification of £ with the i} {7i% falls. The structural

results of sections 2 and 3.1 (SU(2) x U(1)_Y is the pre-
break symmetry; Axiom B breaks it) remain; only the
identification with the SM Higgs mechanism would need

alternative grounding.

KS-33 — Sector distinction = weak isospin

Claim. The derivation maps the two sectors (£, P) to the
SU(2) weak isospin doublet. The two-component structure
of weak isospin matches the two-sector structure of

Axiom S.

Test. Demonstrate that the physical weak isospin
structure requires more than two components, or that the
sector structure does not faithfully map to isospin.

Failure: the identification fails.

Status. LIVE — EMPIRICAL. The #i##5%!'s SU(2) acts on

left-handed doublets with exactly two components.
Matches the two-sector structure. Empirically supported;

structurally aligned.

Recovery. If KS-33 fires, the sector < isospin

identification fails and an alternative reading of the two-
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sector structure must be found. AP27’s broader treatment
(the internal sector-relationship state space H_EW)

provides structural context for the recovery direction.
KS-34 — Non-derivability of a_em

Claim. a_em cannot be derived from within {S, B, R, C}

because it is the #£4 of the now to its own field.
Derivation is iCE 5, the now is what exists before any

record. The value is structurally determined but

empirically known.

Test. Exhibit a closed-form derivation of a_em =
1/137.036... from {S, B, R, C}. The & - %{4 fires the

moment such a derivation is produced.

Status. LIVE — HARD. The only £ 145/ in the B {AE/E

whose triggering would be a triumph rather than a

disaster. Here is the weapon: derive a_em.

Recovery. If KS-34 fires — if a_em is derived from {S, B,
R, C} — the architecture becomes stronger, not weaker.
The claim of section 5.2 would be wrong in the best
possible way. The structural framework (the constraint
chain, the six-face structure) gains a closed-form
completion. The only thing lost is the philosophical claim
that the now cannot derive its own #i#&". Everything else
is retained.
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KS-4 — a = 1/137 (existing £ 1Lk, reframed)

Reframing. AP16 reframes KS-4. The & 1E5:{4 is not a

gap in the derivation. It is the architecture’s empirical
face. a_em is the one number that connects the axioms
to experiment. If the measured value of a_em changes, or
if the constraint chain (APO®6 section 10.7) is shown to

permit multiple values, the architecture is falsified.

Status. LIVE — HARD, with meaning changed: not a
problem to solve but a contract to honour. a_em is one of
the most precisely measured constants in physics, known

to better than a part per billion.

KS-AP16.1 — Scalar-Z&>k+ two-faces

reconciliation

Claim. Section 3.2 identifies £ as one object presenting

two faces on the {iiif¥: as background condition (v(g) = 1
everywhere) it is the F# {17, a scalar (spin 0) order
parameter with a nonzero vacuum expectation value; as

localised excitation it is the EB-F, a E&KF (spin %) with

Dirac dynamics. The #&k Af{&iZ (AP20) proves the algebraic

structure IS the Jif¥, so the two faces are the same

object read at two scales. The dynamical mechanism by
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which a single underlying structural object presents both
a spin-0 background and a spin-%z localised excitation at

different energy scales is named as A EH].

Test. Demonstrate that no consistent dynamical

mechanism can present a single structural object as both
a scalar background condition and a 7k T-ic localised

excitation at different scales — e.g., by showing that any
quantum-field-theoretic realisation of the two-faces

identification requires distinct underlying degrees of
freedom (a separate Higgs scalar and a separate BB &
kF field), so that the structural identification cannot be
carried into dynamics. Failure: the ##%#71% and the BB+
must be treated as distinct objects, and AP16’s headline
identification reduces to Z5#Jf%: 4T rather than

ontological unity.

Status. LIVE — STRUCTURAL. The structural
identification follows from Axiom B and the R AfBi%. The

dynamical mechanism is named as open programme
(debt at end of section 3.2; Gap E in section 8). KS-AP16.1

is the formal IE{A handle for the dynamical step.

Recovery. If KS-AP16.1 fires — if no dynamical

mechanism can realise the two-faces identification — the

SRR (AR HT1% and B2 are two readings of one
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underlying object) reverts to Z#J#: 4T rather than

ontological unity. The breaking pattern derived in
sections 2 and 3.1 (SU(2) x U(1)_Y — U(1)_em via Axiom
B) survives regardless. KS-32 (EE55 mechanism) and KS-
33 (sector distinction = weak isospin) survive. What

would be lost is the ontological unification of F#&71%

and E2¥, returning them to the ##tE%!’s standard

treatment as distinct fields with distinct degrees of

freedom.

Why these four and how they relate

The four new 2 1254 partition cleanly. KS-32 and KS-33

carry the structural identifications: KS-32 binds the 420 Code
to the Higgs mechanism as observed; KS-33 binds the #{A%
E to the two-component weak isospin doublet as observed.
Both are LIVE — EMPIRICAL: empirically supported,
structurally aligned, and would fail only if the empirical reality
changed. KS-AP16.1 carries the dynamical step that the
headline identification “the 7 # 1717 and the 81 are two
faces of €” depends on: the mechanism by which a single
object presents both a spin-0 background and a spin-'2
excitation at different scales. The structural identification
follows from Axiom B + EH; the dynamical step is held open.

KS-34 carries the structural claim that distinguishes the 420
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Code from any framework promising to compute a_em from

first principles: the now cannot derive its own fi#. This is the

first & 1L 414 whose triggering would be a triumph rather than

a disaster — the architecture invites the E{A.
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8——0Open Gaps

Gap A: W and Z 347 masses. The argument derives
that three MEI A F acquire mass and one stays

massless. It does not yet derive the specific values m_W
= 80.4 GeV, m_Z = 91.2 GeV. These depend on the &%
# g and g’ of SU(2) and U(1)_Y, and the vacuum

expectation value v. v is the energy scale of the break.
Derivation requires the detailed structure of £ at the EE55

scale. Depends on: Gap E (mass spectrum).

Gap B: The # I3 f2F mass (~ 125 GeV). The mass of
the Higgs excitation depends on the self-f&5- of the
break. m_H = J(2A)v. The self-§& & of £ — how strongly
the break interacts with itself — is determined by the
structure, but the value is not yet computed. Depends on:
Gap A (#A& ##X), Gap E (mass spectrum), a_em

constraint chain.

Gap C: The JE{B#& % 6_W. The mixing angle between
SU(2) and U(1)_Y determines the relationship between W
and Z masses and the electromagnetic &5 sin?0_W =
0.231. This angle measures how SU(2) and U(1)_Y
combine in the break. Conjectural route: it may be
derivable from the six-face structure — specifically, the

angle between Pair 1 (gravity/quantum) and Pair 2
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(stiffness/#HE") in APO6 section 10.5. This is a target for

future work. Depends on: Gap A, detailed structure of the

breaking pattern at the E255 scale.

Gap D: EH. CLOSED. The fix Af&i% was proved in AP20.

Gap E: The Zik+ mass spectrum. The EE mass m_e is
derived as the self-#i{& of the break — the minimum
viable splinter. Other %k masses (muon, tau, quarks)

arise from e-compositions at higher energy scales. The
derivation of the full mass spectrum from the axioms is
an open programme. Required for: Gap A (B &+
masses), Gap B (Higgs mass), computation of a_em via

the fixed-point equation (AP24 section 5.6).
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What follows is synthesis language for the derived/structural

chain above, not an additional theorem.

The EE55 symmetry SU(2) x U(1)_Y is the full internal symmetry

of the 47 on the Jii/Z. SU(2) from the sector structure

(Axiom S). U(1)_Y from the phase structure (AP®9, AP15).

Axiom B breaks it. One element g, no o-image, minimum

viable splinter. SU(2) x U(1)_Y — U(1)_em. The 55 /] carriers

get mass. The Jt 1 stays massless. The & #717 is the break.

The Higgs mechanism is Axiom B.

The 7i#& Bk 41 — the excitation of the break, the record of
€ wobbling — was observed at CERN. 125 GeV. A scar on the

i /2. They measured what the break left behind.

But the break itself is the now. The now actualises from the
now. It gives everything — every mass, every #i%, every
record, every observation. It itself is immeasurable in the act.
Not hidden. Structurally unmeasurable. The instrument cannot

turn on itself.
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a_em = 1/137.036 is the #i5& of the break to the connection.
The jitJis at the electromagnetic face. Structurally determined.
Empirically known. The architecture’s contract with the world.

And the E2¥- is the hinge. It is the break that breaks the B8535

symmetry. It is the source that sources the EBf#37. It is the
mass that sets the gravitational #i& G = 2x/m_e?. It is the jiit
I that makes boundaries imperfect (AP®6 Theorem 3.1). It is
the now that writes every record.

The EB¥ is at both ends. At the bottom: the minimum splinter,

the lightest break. At the top: £ 4 584", the iR from
maximum curvature. And at every scale between: ¥4, writing
records, paying the B /R{XAft, advancing the frontier. You

have been watching it do all of these things since APQ6.

Everything is the BT, being the break, being the now.

And now you have seen it break the EE55 symmetry, source the

EBf¥17), set the gravitational 14, and write every record.

The axiom speaks. The algebra transcribes.
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Rl ES

Section-by-section structural enumeration with epistemic-

status labels.

1 (What Is Established). SYNTHESIS. SU(2) from Axiom S
(via Z, = y(SO(3)) in N = 3 spatial dimensions, AP10;
double cover SU(2) — SO(3), AP11). U(1)_Y from E =g

(APO9). The ZE X+ (APO9) and the B2+ (APO9, AP15).

SU(2) x U(1)_Y is the EE55 group.

2 (The Symmetry Before The Break). DERIVED. &7 has
full symmetry SU(2) x U(1)_Y. Four generators, four
massless MHIETF (W', W3, W from SU(2); B from

U(1)_Y). Before the break, the symmetry is exact.

3 (The Break). DERIVED. Axiom B places ¢ in £ with no o-
image in P. SU(2) x U(1)_Y — U(1)_em. Three generators
broken (W*, W™, Z° acquire mass via 4" to €). One
generator survives (the Yt¥ stays massless). The ##&ir

1% = £ as background condition. The EE-¥ = £ as localised

excitation. The Higgs mechanism = Axiom B.

4 (The #F#&ETB AT And The Now).
DERIVED/STRUCTURAL. 4.1 (F #7357 as record of ¢
wobbling): DERIVED. 4.2 (the now actualises FROM the
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now, immeasurability in the act): STRUCTURAL — & EH
consequences of the axioms stated; specific framing

illustrative.

5 (The M 4E#) % %$X). DERIVED/STRUCTURAL. DERIVED:

o_em exists, is nonzero, is not a free parameter, is sub-
maximal (a < 1), is paired with o/ in the six-face
structure. STRUCTURAL: the numerical value 1/137.036 is
not derivable from within — KS-34 LIVE.

6 (What Is Now Derived). SYNTHESIS. Derivation chain

enumerated step by step from axioms to EB55 breaking.

7 (&1 %f#). REGISTER. KS-32, KS-AP16.1, KS-33, KS-34
in Claim/Test/Status/Recovery form; KS-4 reframed.

8 (Open Gaps). REGISTER. Gap A (W, Z masses), Gap B
(Higgs mass), Gap C (IR{8#&£), Gap D CLOSED by AP20,

Gap E (#kF mass spectrum).

9 (Conclusion). SYNTHESIS. Everything is the E8-7, being

the break, being the now. The axiom speaks. The algebra

transcribes.
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SAEPERITE

f B0

Framework: the four axioms {S, B, R, C} from Notebook I; APO6
(7R, 7S/, constraint chain); APO7 (The Record Measure —
the now); APO8 (gravitational # 4 context); APO9 (& HEIE, B%

JEARM); 28 K -/8% 4+ X 43); AP10 (N = 3 spatial dimensions,
D = 4); AP11 (spin, Z, <> SU(2) correspondence); AP12 (h);
AP15 (U(1), electromagnetic connection); AP20 (fx A 15);
AP27 (unbroken SU(2) x U(1)_Y); The Lock (Edition 84, € = EE

+ at LA RE).

Conditional on: None. EH and QRA proved in AP20.

e

AP24 (7%%84) — full analysis of a_em’s structural status; the
fixed-point equation. AP28 (Constant) — G via i#i& iT%% using
€ = a_em. AP14 (Correction) — % EH 7@ )] £ corrections. The

matter sector (Notebook V) — the %& k- content beyond the

BB7-.
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4% Ik &/ engaged
KS-32 (EB59 breaking mechanism): LIVE — EMPIRICAL.

KS-AP16.1 (scalar-2% k¥ two-faces reconciliation): LIVE —

STRUCTURAL. Formal iEfA handle for the dynamical step in

the two-faces identification.

KS-33 (sector distinction = weak isospin): LIVE — EMPIRICAL.
KS-34 (non-derivability of a_em): LIVE — HARD. The £ 1I- 554
whose triggering would be a triumph.

KS-4 (a = 1/137): LIVE — HARD, reframed. Architecture’s

empirical contract.
T R ERIERSS

Gap A (W, Z 3 {41 masses). Gap B (A& 015 4.1 mass). Gap

C (IR{f#& 4, conjectural route via six-face structure). Gap E (
2k K+ mass spectrum beyond the EE-). All named items;

treated as open programmes.
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REF I BUEARF RSN SR IE

The dynamics by which the scalar background condition (%
#71%) and the &k +-ic localised excitation (E2¥) relate at

intermediate energy scales. Downstream of Gap E and Gap B.
R =

L, P — The two sectors of Axiom S, connected by the Xt
£ o.

€ — The break. The minimal asymmetry. The unique

unpaired element of Axiom B.

6 — The Xi& of Axiom S; in APO9 identified with & JL4E.
v — The valuation on the IZ&t#; v(g) = 11is the
minimum nonzero value.

Z, — The two-element group {0, 1}. The minimal

classification.

m;(SO(3)) — Fundamental group of SO(3) in three

spatial dimensions; equal to Z,.

SU(2) — Double cover of SO(3); pre-break weak FME#¥;

carries spin-2 representations.
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U(1)_Y — Hypercharge #l{iE¥; the phase freedom of the

complex A/RIAREZE(E].
U(1)_em — Electromagnetic FI7i#%; the post-breaking
surviving symmetry (AP15).

T; — Third component of weak isospin (Pauli matrix o3

representation).
Y — Hypercharge generator.

Q — Electromagnetic charge; Q = T3 + Y/2.

W', W3, W* — Pre-break SU(2) M3k +.

W+, W-, Z° — Post-break massive weak 7G5t & F

(physical mass eigenstates).

B — Pre-break U(1)_Y M{Edk&F.
A — Post-break electromagnetic MEHEF (the HF,
AP15).

0_W — IR{E#F; mixes W* and B to produce the post-
break Z° and A.

oa_em — Fine-structure constant; a_em = 1/137.036; &

of £ to the connection.
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v — Vacuum expectation value of the F#&iiif; v = 246

GeV (E255 scale).

m_e — Electron mass; structurally the minimum self-#

4 of €.

m_W, m_Z, m_H — Masses of W, Z, and F &5k faFs;

numerical values are open programme (Gap A, Gap B).

9,9 — #A constants of SU(2) and U(1)_Y; appear in

mass formulas m_W = gv/2 and m_Z = gv/(2cos0_W).

h, c — Reduced Planck constant (AP12); speed of light
(Axiom C).

a, B — Substrate stiffnesses (AP06); paired with a_em

in the six-face structure.

k — Einstein’s constant; relates curvature to stress-

energy in the 17572 (APO8).
AS — Actualization State. The actualising now.

EH — fx AfRi% (AP20). The algebraic &7 structure

embeds into the physical 7.

QRA — Quantum-Records Algebra (AP20). The full

algebraic structure that EH embeds.
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EhHE

The Direction

SU(3) £ i from the 77 H H1 /% of the break
direction

Artist’s Proof 19
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Artist’s Note

A T A n—— AR

This is Artist’'s Proof 19 of The 420 Code. It is the fifth chapter
of Notebook IV (Forces and Constants). AP15 derived U(1)

electromagnetism from the B EHIN's FHA7 XTI FR. AP27
derived the unbroken EB55 AlJERE SU(2) x U(1)_Y from Axiom

S’s two-sector structure. AP16 derived EB55 XI#RAk iR from
Axiom B. AP19 takes the last step in the gauge programme: it
derives SU(3) — the #ylifE of the 58 /7 — from the freedom of

the i JZ to orient around the break.

The argument is a single move. The four axioms {S, B, R, C}
are non-derivable from one another (AP20 §4.2, fenced KS-
P.2). Three of them — C, S, B — each express one face of the
spatial it/ (R is the temporal face). The three faces have
fixed functional identity but no fixed spatial assignment: the
axioms determine what each face expresses, not which spatial
direction it occupies. When ¢ breaks the 1:1, the /i /& orients
around the break. Which face aligns which way is not
determined by anything. That freedom — unitary, complex,

local — is a gauge symmetry. The algebra gives U(3); factoring
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out the orientation’s global phase (Born-rule redundancy,

AP®9) leaves SU(3). Eight generators. The #{LEE of the 58 7).

Three identifications follow. fA.{i] is orientation: a quark’s £2.faf

is how the it/ aligned around its break. The conjugate

representation is antifafif; o acts on orientation by & H:4E. £

I is the i/ enforcing isotropy: the H:JEE stiffness A = 2.15 x

10*® (AP15) resists macroscopic anisotropy, so f.{ifed states
are confined to f.fif-neutral combinations. SU(3) is exact
because Axiom B asserts the existence of € but contains no
clause selecting a preferred orientation — it says “I exist,” not
“I point this way.” The &1 are massless. Three structural

identifications. One mechanism.

The EB-1- resolves the question the structure invites. ¢ is the

minimum viable splinter (Axiom B) — the lowest energy
configuration in which a break can exist. f.fif requires
anisotropy; anisotropy costs energy (Proposition 2). Therefore

the minimum break is necessarily isotropic, and an isotropic
orientation state is invariant under SU(3). The EB1- is an SU(3)

singlet because it is the ground state of the break. Not a
different kind of object from a quark — both are localised
breaks — but the lowest energy configuration. Quarks are

higher-energy excitations that sustain a 1.
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Three new & 11 551} engage. KS-48c¢ (orientation = A1) is
LIVE — EMPIRICAL: f.fif is never directly observed (££74]), but
the identification of internal SU(3) with face-space orientation
is testable through lattice QCD. KS-49b (£ from isotropy) is
LIVE — EMPIRICAL: consistent with deZ%}7] at high

temperature (quark-fiZ ¥ plasma) and with the observed f%.{if-
neutrality of all hadrons. KS-50 (SU(3) from non-derivability) is
LIVE — HARD: to fire this switch you must defeat the

independence of the axiom set (the minimality obligation at

AP20 §4.2, KS-P.2). Three &5 45255 are named openly — D1

(quantitative Z5(4] / string tension from {S, B, R, C}), D2

(generation mass hierarchy m_e : m_p : m_t), D3 (running &

a_s(Q@?)). None is claimed closed; each is testable.

the420code.org

Copyleft 2026, FIiE#E, HFMA,
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Where AP19 fits

AP19 is the fifth chapter of Notebook IV (Forces and
Constants). AP®6 opened NB IV by grounding ¢ in the

framework; AP15 derived U(1) electromagnetism; AP27 derived

the unbroken EE55 FIYEEE SU(2) x U(1)_Y; AP16 derived EB55

XI Bk via Axiom B. AP19 takes the third freedom of € —
spatial-orientation freedom — and shows that it is gauged.

The result is SU(3), the strong-force AME#E, and with it the full

FRUERLR JITE 454 SU(3) x SU(2) x U(1). The three-gauge-
groups-from-three-freedoms-of-¢ triad closes: phase freedom

— U(1) (AP15); sector-relationship freedom — SU(2) x U(1)_Y
(AP27); spatial-orientation freedom — SU(3) (AP19).

AP19 depends on Notebook I (axioms {S, B, R, C}, their
independence carried at AP20 §4.2, fenced KS-P.2); AP10 (N

= 3 spatial dimensions from {C, S, B}); AP®5 (actualisation

creates g, ¢, time); AP®9 (complex 7 /RAAHEFZZE], B EALN,

and the 28 K+/37 0+ [X47; identification of € with the BB+
via The Lock); AP11 (the spin SU(2) double cover — context
only, not the gauge SU(2)); AP15 (the gauge U(1) from Hilbert-

space phase freedom, and A:Ji€ stiffness A = 2.15 x 10*%, which
288



sets the quantitative scale for isotropy enforcement); AP27
(the gauge SU(2) x U(1)_Y); and AP16 (Higgs mechanism =
Axiom B context, for the breaking pattern SU(3) must coexist
with).

AP19 feeds the rest of Notebook IV and beyond. AP24 (7%%4)
treats the e SNl and the structural status of a_em; the
three-orientation conjecture of §9 connects directly to the
generation structure AP24 addresses. AP14 (The Correction)
treats B 7 K& corrections that must be consistent with
SU(3) being unbroken. AP28 (Constant) derives G via channel
counting; the channel count includes the 6 x 3 spatial face-

projections that this paper grounds in the three-face structure.

Reading order within AP19

Front to back. Section 1 names the problem: every other #{i

B of the TR has been derived in the 420 Code; SU(3) is

the last piece. Section 2 establishes the three-face structure
with the 7K Ef/J distinction between functional identity (fixed
by the axiom) and geometric assignment (free). Section 3
walks the silent pop — the break, the orientation around it, the
quantum superposition before collapse — and names the
local-vs-global freedom in section 3.4 (the wave/particle
reading) so the gauge promotion in section 4 lands cleanly.
Section 4 promotes the global symmetry to a local symmetry

and proves SU(3) (Lemma + Proposition 1). Section 5
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identifies fafif with orientation and proves &1} neutrality

(Proposition 2); section 5.4 closes the apparent paradox of € =

B2~ carrying no f.fif (Proposition 4). Section 6 treats &7

and #UT B H qualitatively. Section 7 lists the full it 454

Section 8 enumerates the derivation chain. Section 9 names

the three-generations conjecture explicitly as conjecture.
Section 10 lists the £ 1254 in Claim/Test/Status/Recovery

form.
How to read this paper

The paper carries two voices. The structural narrative speaks
directly — the central facts (three faces; orientation is gauge;
4.4 is orientation; SU(3) is exact because B does not specify
direction) are stated in plain language and held visible. The
formal sections — Lemma, Propositions 1-4, the derivation
chain, the kill-switch register — speak in the precision the
structure requires. Where the argument depends on a result
derived elsewhere in the #&{KZ1F, the provenance is named

at the point of use.

Three subsections are structurally distinct from the others.
Section 3.3 (endless possibilities) is non-7K EEF synthesis: it
interprets the local freedom across many actualisations and
should not be read as adding new structural content. Section
3.4 (two views of the same now) is 7&K E "] for the quantum
character of the orientation — the Lemma in §4.2 rests on the
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orientation being a property of a quantum event, and that
rests on §3.4. Section 9 (three generations) is conjectural — it
identifies a structural site for the generation count but does
not derive the mass ratios; the epistemic-status tag
CONJECTURE is held throughout.

A note on notation

Symbol firewall, applied throughout. a;, a,, az in this paper are

& JR1E of the orientation state |¢) € C® — they are NOT the ¥4
L5 a_em or the JEJEE-stiffness a of APO6. A in this

paper is the LK stiffness derived in AP15 (A = 2.15 x 10%9),
NOT a wavelength. The eight SU(3) generators are denoted T
(a =1, .., 8) rather than the conventional A;-2Ag, to avoid

collision with A = stiffness.

“Orientation” in this paper means orientation in face-space —
the internal index space {C, S, B} — not physical-space
rotation. Face-space is an internal degree of freedom, like

isospin. It is not SO(3) spatial rotation. The M7E#E SU(3) acts

on the internal face-state, not on spacetime coordinates. The
fundamental representation C? is the orientation state space;

the conjugate representation C* carries antiquarks; the eight

FGHE 4 (1) carry fafif-antifafi pairs in the adjoint.
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Artist’'s Note - A T4 - RITEE

55| . AP19 BN E - HiEIfF - K75

® — Dependency and Scope - A3 T4 - KB - A
L < NRIERES - BIERAHE - SRS - REFK
HIIE .- &K%

1 — The Problem - the gauge programme so far - SU(3)

as the last piece

2 — Three Expressions of One Manifold - C/S /B as
three faces - functional identity vs geometric assignment

. linked but non-derivable

3 — The Silent Pop - the break makes direction - the it
7% orients around € - endless possibilities - two views of

the same now

4 — The MIJGEHHEE . physics does not depend on
orientation - Lemma (orientation state € C*) .- Proposition

1 (7GRS is SU(3))
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5 — e - what 4 is - A% neutrality (Prop. 2) - &+ -
why ¢ is an SU(3) singlet (Prop. 4)

6 — {4 . isotropy enforcement - 4T H H - Proposition

3 (SU(3) is exact)

7 — The Full Gauge Structure - SU(3) x SU(2) x U(1) -

breaking pattern - the fR#ERT HIVEEE derived

8 — Derivation Chain . step-by-step from axioms to
SU(3)

9 — Three Generations - conjecture: £ with three

orientations - f4fif vs generation disambiguation

10 — RIES{HE - KS-48c - KS-49b - KS-50 in

Claim/Test/Status/Recovery form

FHARE - ZTFERANRIERERE

R - KB - KB - RIEEME - SRS - RS
FFHREI I B

W52 « ARXERAORS
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O——{KHi 57aE

Q. 1—— AT A4

AP19 derives the SU(3) gauge symmetry of the 58 /J from the

HIYE E A of the JiiJE's orientation around the break. The

argument: the three axioms {C, S, B} each express one face of
the spatial Jit/Z (R expresses the temporal face); each face
has a fixed functional identity (propagation, exchange, break)
but no fixed geometric assignment; when € breaks the 1:1, the
L] orients around the break, and which face aligns which
way is undetermined; the non-derivability of {C, S, B} (AP20
§4.2, fenced KS-P.2) ensures no face is preferred; the per-

event orientation promotes the global symmetry to a local one;
the AYEEE of a local unitary symmetry on C3 is U(3); factoring
out the orientation’s overall phase — unobservable by the B &

M (AP89) — leaves SU(3).

The paper makes three structural identifications. First: fa4if is

orientation — a quark’s t&{nf is which face aligned with the
break at its actualisation. Second: Z:7] is the ¥t/ enforcing

isotropy — the JLJE stiffness A (AP15) resists macroscopic

anisotropy, so fa{ifed states are confined into f4.fif-neutral

combinations. Third: € (the E21-) is an SU(3) singlet because

294



the minimum break is necessarily isotropic (Proposition 4) —
not a different kind of object from a quark but the ground

state of the break.

What the paper does not derive: the f2.1if-flux-tube energy and
string tension (D1); the generation mass hierarchy m_e : m_y :

m_t (D2); the running #& a_s(Q@?) (D3). The paper offers
structural explanations for 257 and 4T B H from isotropy

plus L stiffness; these are qualitatively grounded but not
quantitatively computed from {S, B, R, C}. The three-
generations identification of §9 is named explicitly as

conjecture, not derivation.
0.2——{fK i I

AP19 depends on the following derived results.

Notebook I (Premise). The four axioms {S, B, R, C}. AP20
§4.2 (fenced KS-P.2): the independence of the four
axioms — no one is derivable from the others. Load-
bearing for the global symmetry of §4: non-derivability of

the faces is what guarantees no face is preferred.

APO5 (The Break). Actualisation creates g, ¢, and time —
the Jiif% and metric emerge from the break. Load-bearing
context for §3.1: the break creates direction as a concept,

not within a pre-existing geometric arena.
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APO9 (The Break — Empty Set). The complex 7 /RIF¥rZE

i8] 2 and the 3% & #I. Load-bearing for the Lemma in

§4.2: the orientation state is in C? (not R?), which forces
SU(3) (not SO(3)).

AP10 (The Dimension). N = 3 spatial dimensions from the
three independent axioms {C, S, B}. Load-bearing for the

three-face structure of §2.

APO9 (The Break — &1 /1%). The ZEXT /34T X 53; the
identification of £ as the unique unpaired element. Load-

bearing for the EB-¥--as-minimum-break reading of §5.4.

AP11 (The Spin). The spin SU(2) from Z, = m,(SO(3)) and
the double cover — this is the spacetime spin SU(2), NOT

the gauge SU(2) of the 53/J. Context only for §7; the #i

4514 assembled there draws the weak SU(2) x U(1)_Y from

AP27 and the U(1) from AP15, not from AP11.

AP15 (The Connection). Two roles. (i) The gauge U(1) from

the phase freedom of the complex # /RI{E#:2Z2E) —

provides the U(1) factor of the assembled MG in §7

(and note: the U(1) factored out of U(3) in Proposition 1 is
the orientation’s own global phase, removed by Born-rule
redundancy from APO9, NOT this electromagnetic U(1)).

(ii) The EJE stiffness A = 2.15 x 10*¢ — 7K EHY for
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Proposition 2 (f27if neutrality as the ground state) and §6

(££7] is isotropy enforced by stiffness).

AP27 (The Harmonics). The gauge SU(2) x U(1)_Y from the
freedom in the sector relationship. Supplies the weak
gauge factor of the full structure assembled in §7 —
distinct from AP11's spin SU(2).

AP16 (The Break — EB55). Higgs mechanism = Axiom B.

Load-bearing context for Proposition 3: AP16 establishes
that Axiom B breaks SU(2) x U(1)_Y — U(1)_em; AP19
establishes that the same axiom does not break SU(3).

One axiom, two consequences.

AP20 (The Proof). The #k Af&iji. Load-bearing for the

identification of the algebraic orientation state with the

Pif%-level internal SU(3) index space.

The Lock (Edition 04). The identification of £ with the B8
¥ at the {LZ2-£E%2 R FE. Load-bearing for §5.4: the
SU(3)-singlet status of £ explains why the BE¥ is f&fif

less.

0.3——/AFEML 5

The four axioms map to AP19 as follows.
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Axiom S. The two-sector structure (£, P) and the Yi& o. ¢

acts on the orientation state by & 3t4, giving antiquarks

the conjugate representation C3; Provides the
paired/unpaired distinction that underwrites the “three
faces are interchangeable in spatial expression” claim of
§3.4.

Axiom B. The break direction. € breaks along one face;
which face is the #i1i B B . Axiom B asserts ¢ € £ with

no o-image and v(&) = 1, but contains no clause selecting
a preferred face among {C, S, B}. This is what makes
SU(3) exact (Proposition 3): B says “I exist,” not “I point

this way.”

Axiom R. Time — the only irreversible axiom. Provides
the temporal face (the - direction); not directly /A EH) for

SU(3), which acts on the three spatial faces.

Axiom C. Finite propagation. One of the three spatial
faces — the propagation face. Provides one of the three
orientations in face-space {C, S, B} that SU(3) rotates

among.
0.4——FZTARIERE

§1. SYNTHESIS. The gauge programme so far.
Recapitulates the gauge SU(2) x U(1)_Y (AP27), U(1)
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(AP15), the E855 unification (AP16). Names SU(3) as the

remaining piece.

§2. DERIVED (AP10; independence at AP20 §4.2, fenced
KS-P.2). Three faces of one {iifZ: functional identity fixed
by the generating axiom, geometric assignment free. Co-

arising; not reducible.

§3.1-3.3. DERIVED / SYNTHESIS. The break creates
direction as a concept. The Jiif& orients around the break.

§3.3 is non-Z&AEH synthesis.

§3.4. DERIVED (AP09). Two views of the same now.
Before collapse: all orientations coexist (wave). After
collapse: record history selects one orientation (particle).

Load-bearing for §4's quantum Lemma.

§4. DERIVED. Lemma: orientation state € C* (from AP09).
Proposition 1: #l{i#* is SU(3) (norm-preserving on C* is

U(3); factor out the orientation’s global phase by Born-

rule redundancy). Eight generators.

§5.1-5.3. DERIVED / STRUCTURAL. f&4fif = orientation
(DERIVED). Proposition 2 (f2.1i neutrality from isotropy +
HJE stiffness): STRUCTURAL — the energy functional is

not computed from {S, B, R, C} (D1). Gluons as M3k &+

of SU(3): DERIVED.
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§5.4. DERIVED. Proposition 4: ¢ is an SU(3) singlet

because the minimum break is necessarily isotropic.

Closes the apparent paradox that € = EE+ is ffijless.

§6. STRUCTURAL. Zti7] and #i55 H B explained

qualitatively from isotropy + X Ji£ stiffness. Proposition 3
(SU(3) is exact) DERIVED: Axiom B does not specify
orientation; no Lagrangian term can break SU(3). The
quantitative running 84 and string tension are open (D1,
D3).

§7. DERIVED. Full fR#EAETL MVELEH) SU(3) x SU(2) x U(1)

assembled from this paper, AP27 (gauge SU(2) x U(1)_Y),
and AP15 (U(1)). Lie algebra structure derived; global

quotient not addressed here.

§8. SYNTHESIS. Derivation chain enumerated step by
step.

§9. CONJECTURE. Three generations from three
orientations of €. Named explicitly as conjecture; mass
ratios not computed (D2). Architecture provides the

structural site only.

§10. REGISTER. KS-48c, KS-49b, KS-50 in

Claim/Test/Status/Recovery form.
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0.5——£8 Ik SRR

Three 2211 25{F are engaged by AP19. Identifiers per the

Master & Ik 4514 Registry: KS-48c and KS-49b carry the “c”

and “b” suffixes to resolve collision with AP23 (which holds
KS-48a Correlation timing, KS-48b No-signalling, KS-49a
Hidden variables — Bell + Axiom R, CLOSED). The KS-48/49
identifiers in earlier AP19 drafts have been renumbered

accordingly. KS-50 is unchanged.

KS-48c — Orientation = 7. LIVE — EMPIRICAL. The

identification of internal SU(3) face-space orientation

with 7.

KS-49b — Z£i7] from isotropy. LIVE — EMPIRICAL. 7 is
the i/ enforcing isotropy via %K stiffness A.

KS-50 — SU(3) from non-derivability. LIVE — HARD. The
derivation rests on the independence of {C, S, B} (AP20

§4.2, fenced KS-P.2). To fire this switch you must defeat

the independence of the axiom set.
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0.6——FT R GRS

Three debts are named openly. None is claimed closed; each
is testable; the paper provides the Z& )1 5L from which the

quantitative computation should follow.

D1 — Quantitative Zt{7]. Derive the fafij-flux-tube energy

and the string tension from {S, B, R, C} plus AP15 ZJ&
stiffness. The structural mechanism (Proposition 2 +
§6.1) is named; the energy functional has not been

computed from axioms.

D2 — Generation mass hierarchy. Compute m_e : m_p :
m_t from the three-face structure. The architecture of §9
provides the structural site (three orientations of £) but

not the ratios.

D3 — Running #&#. Derive a_s(Q?) from the
stiffness/isotropy mechanism to reproduce i1 H B

quantitatively. The qualitative argument of §6.2 is
structurally grounded; the negative B-function value has

not been derived from axioms.

0.7——PRFFFIAEA = A RSSIRASHOT B

The global structure of the AR/ HITERE (SU3) x SU(2) x

U(1))/Z¢ is not addressed here. AP19 derives the Lie algebra
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structure su(3) @ su(2) @ u(1) (this paper plus AP27 plus
AP15). The discrete quotient is a separate question; the 420
Code does not yet treat it. Downstream of AP24 (7%+#4) and the

Notebook V matter sector.

The detailed group-theoretic representation content of quarks
(fundamental triplet) and antiquarks (conjugate triplet) is
stated as a direct consequence of SU(3) acting on C2 but the
full embedding of quark flavour structure into the three-

generations conjecture (§9) is held open as part of D2.

0.8—— &) RFR

AP10 (The Dimension): N = 3 from three independent axioms
{C, S, B}. Three faces of one Jit/Z. AP19 takes the three faces
and shows that the freedom to assign them to spatial
directions is a gauge symmetry. SU(3) is the FIJEEE of that

freedom.

AP11 (The Spin): SU(2) from Z, = 111(SO(3)) in N = 3 spatial
dimensions and the double cover SU(2) — SO(3). This is the
spacetime spin SU(2) — NOT the weak gauge SU(2). The weak
gauge factor comes from AP27, and U(1) from AP15. AP19
adds SU(3) from orientation freedom; together with AP27 and

AP15, the full Fr#EAE HIVERE assembles.
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AP16 (The Break — EE59): Axiom B breaks SU(2) x U(1)_Y to

U(1)_em. AP19 (Proposition 3) shows that Axiom B does NOT
break SU(3). One axiom, two consequences: it breaks the
symmetry of whether the sectors are distinguishable; it does
not break the symmetry of how the ¥t/ orients around the

break.

AP15 (The Connection): £:Ji€ stiffness A. AP19 uses A as the
quantitative scale for isotropy enforcement (Proposition 2).
Without A, f4.fif neutrality would have no energy scale; with 2,
anisotropic configurations carry a quantifiable (though not yet

computed) energy penalty.
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1——|0O)&h

You have watched the #1454 assemble piece by piece. The

gauge SU(2) x U(1)_Y from the freedom in the sector
relationship (AP27). U(1) from the phase freedom of the

complex A /RIE4KFZ2/8] (AP15). The EEF5 unification derived,

with the Higgs mechanism identified as Axiom B (AP16).

One piece remains. SU(3) — the AJG#E of the strong nuclear

force. The last piece.

This paper derives it. And once you see where it comes from,

you will wonder how it could have come from anywhere else.
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2——Three Expressions of One Manifold

You already know the three-face structure from AP18. N = 3
spatial dimensions from the four axioms {S, B, R, C}. R
expresses the temporal direction (=). It is the only irreversible

axiom. Time.

The three remaining axioms each express one face of the

spatial i /E.

C — the propagation face. Axiom C gives finite
propagation. On the if¥, this expresses one mode of the
spatial structure: the mode along which signals travel.

The character of c.

S — the exchange face. Axiom S gives the two-sector
structure and the {4 o. On the Jif¥, this expresses one

mode of the spatial structure: the mode across which the

sectors are mapped. The character of exchange.

B — the break face. Axiom B gives the break . On the Jit
7%, this expresses one mode of the spatial structure: the
mode through which the break acts. The character of the

splinter.
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Critical distinction: functional identity vs

geometric assignment

Each face has a fixed functional identity — what it expresses
(propagation, exchange, break). The identity comes from the

axiom that generates it.

But no face has a fixed geometric assignment — which spatial
direction it occupies. The labels C, S, B name what each face
is, not where it points. The functional identity is intrinsic. The

spatial assignment is free.

These three faces are intrinsically linked. They are expressions
of the same conditions of reality. C, S, and B co-arise. You
cannot have one without the others. The {i/ is one structure
and these are three faces of it — not three separate pieces

assembled together.

But they are distinct. No axiom is derivable from the others
(AP20 §4.2, fenced KS-P.2). Linked but not reducible. Knowing
one does not tell you another. Three faces of the same thing,

each saying something the others cannot say.

Hold that. Three faces. Linked but independent. The functional
identity fixed. The geometric assignment free. Everything that

follows grows from this.
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3——The Silent Pop

3.1——Before the break, there is no direction

Before the break, the /&7 is the 1:1. Perfect symmetry. No

preferred axis. No “this way” versus “that way.” Direction
requires asymmetry. To point, you need a distinction —
somewhere that is different from somewhere else. In the 1:1,
nothing is different from anything else. The concept of

direction is meaningless in perfect symmetry.

The break is what makes direction a sensible concept. Axiom
B: one element € € £ with no o-image in . Valuation v(g) = 1.
The minimum viable splinter. The splinter pops off. Now there

is a distinction: the splinter and the remainder.
Now “this way” means something. Now direction exists.

The actualisation creates the conditions: g, c, time (AP®5).
The record is written within these constraints. But more
fundamentally: the actualisation creates the possibility of

direction itself.
3.2——The }iif¥ orients around the splinter

The splinter does not fall into a pre-existing structure. There is

no pre-existing structure with labelled slots waiting for the
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break to choose one. The splinter pops, and the entire

structure orients itself around the splinter.

The break is the reference point. The origin. The fixed fact.
The three faces of the it /& — C, S, B — crystallise around the
break. The it/ does not exist first and then receive the
break. The break and the i/ co-arise. But the break is the
event. The JitJ& is the description of the event. The event is

fixed. The description arranges itself around it.

The splinter leaves the 1:1. The it /& organises around it. The
fact that the break occurs is physically meaningful — it is
everything, it is actualisation itself. But how the it /& arranges
itself around the break — which face aligns which way — is not
determined by anything. The break does not care. It just

broke.

That is the silent pop. And if you have been following the
geometry, you can already feel what comes next. If the
orientation is free — if nothing determines which face points

which way — then that freedom must have consequences.
3.3——Endless possibilities
[Synthesis — non- & E 1]

Locally — within one actualisation event — the /% orients
around the break. The orientation is what it is. The record is

written. Over many actualisations — over cycles, over the full
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accumulation of records — there are endless possibilities.

Every orientation is explored.

Not because some metaphysical principle demands it, but
because there are so many cycles, so many pops, so many
records, that everything gets visited. What could be
interpreted as freedom is simply the vastness of the

possibility space over cyclical actualisation.

The local orientation is the quark’s f.1i. The cyclical isotropy

is Z&[7]. Both are derived below.

3.4——Two views of the same now

Before collapse (the wave). AUl orientations of {C, S, B}
around the break coexist simultaneously. Not metaphor —
full superposition. Every possible arrangement of the
three faces around the break is a real branch of the
quantum state. The orientation state |¢) € C* lives here.
The £ #RIF are real because this IS quantum
superposition (AP09).

After collapse (the particle). The record history — the
accumulated structure of all prior actualisations —
orientates the axioms. One orientation manifests. A

quark with a definite 4.77. The collapsed wave.

Wave and particle are not different things. They are different

views of the same now. You have seen superposition before —
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in APO9, in the B B AN, Here it appears again, doing the

same work it always does: holding every possibility until the

record collapses it into one.
Three critical questions resolve.

Why the orientation is quantum (C3, not R?). Before
collapse, the faces carry no spatial assignment. They
exist in superposition across all possible geometric
arrangements. The & #RIE of C* describe this
superposition. A classical orientation (R3, SO(3)) would
describe a i/ that already has a definite spatial
arrangement — but that is the post-collapse particle
view, not the pre-collapse wave. The orientation is

quantum because the break is a quantum event.

Why the faces are interchangeable in their spatial
expression. No axiom carries a built-in spatial tag. The
functional identity (propagation, exchange, break) is
fixed by which axiom generates the face. The geometric
assignment (which spatial direction the face occupies) is
determined at each actualisation by the record history —
not by anything intrinsic to {C, S, B}. The axioms
determine what the faces express. The record history
determines where they point. Functional identity fixed.

Geometric arrangement free.
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Why the freedom is total. Within the universal constraints
(the axioms themselves), all orientations are possible —
and over many actualisations, all are necessary. Every
arrangement is realised. The possibility space is
ergodically filled. Not a hypothesis about the dynamics —
a consequence of the superposition being real and the

actualisations being many.
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4——The MEH BE

Now watch the algebra fall.

4.1——The physics does not depend on the

orientation

The break happens. The Jit/& orients around it. But the
physics — the probabilities, the 17 52, the observables —

does not depend on the orientation.

The reasoning follows from the non-derivability of the axioms.
The three faces of the JitJ& are expressed by C, S, and B.
These are intrinsically linked but no face is derivable from
another (AP20 §4.2, fenced KS-P.2). Knowing one face does
not determine another. Therefore no arrangement of faces
around the break is preferred over any other. Rotating the
orientation — reshuffling which face aligns which way around

the break — does not change any observable.

Step 1: Global symmetry from non-derivability. The non-
derivability of {C, S, B} (AP20 §4.2, fenced KS-P.2) means
no physical principle selects one face over another. The
Lagrangian/action cannot contain terms that distinguish
faces, because the axioms provide no basis for such
terms. The action is invariant under relabelling the faces.
A global symmetry.
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Step 2: Local symmetry from per-event orientation. The
orientation is defined per actualisation event (§3.4). Each
break has its own orientation, determined by the local
record history. Different events can have different
orientations. The freedom to choose the face-assignment
independently at each spacetime point promotes the

global symmetry to a local symmetry.

Step 3: Local symmetry — HIJEEIL. A local internal

symmetry requires a connection — a #iii7 that

compensates for the variation of the orientation between

neighbouring events. Standard: local SU(N) invariance

implies an SU(N) M7EEX4E A_p = A_p» Te, with MTEBEEF

mediating the interaction. The #i17 is not postulated; it

is forced by the locality of the symmetry.

The orientation is a gauge degree of freedom — not merely a

relabelling convention, but a local internal symmetry with a

dynamical connection. The Alyi¥% 1 of this connection are

the X (§5.3).

You have just watched the same pattern that produced U(1) in

AP15 and the gauge SU(2) in AP27: a freedom that cannot be
removed, promoted to a local symmetry, forcing a #1117 into

existence. The axioms do not postulate forces. The axioms

produce freedoms. The forces are consequences.
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4.2——The MITEEE is SU(3)

Lemma (Orientation state). The orientation of a quantum
event among n distinct outcomes is a state vector in C",

not a classical configuration in R".

Proof. (1) The break is a quantum event (APO9:

actualisation produces quantum states in a complex # /R

{82218 7). (2) The orientation of the break among the

three faces {C, S, B} is a property of this quantum event
— it is determined at collapse, not before (§3.4). (3)
Before collapse, all orientations coexist in superposition
(§3.4). A quantum property with n distinct outcomes is

described by a state vector in C* with & #Z18 (APO9, Bk &
#LN). (4) The break and the /% co-arise (§3.2). The it/

's orientation is not a classical rotation applied to a pre-
existing structure; it is a property of the quantum break
event itself. (5) Therefore the orientation state is |¢) € C?,

not a vector in R. =
[If the orientation were classical (three real axes, classical
rotation), the #;15#¥ would be SO(3), not SU(3). The complex

TR 45 5E/8] of AP®9 is & H 1 it promotes the orientation

to a quantum state, giving U(3) and hence SU(3). Without
APQ®9, the derivation yields the wrong group.]
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The Lemma is doing quiet, decisive work. If the i /R{A/FF2Z (8]

were real, you would get SO(3). The complex structure of APO9

— derived, not assumed — is what forces SU(3). The wrong 77
RABRFZE18] gives the wrong HLVLEE. The right 7 /RIAFFZE 8]

gives the right one.
The orientation state is:

le) = ajler) + azles) + asles)

where e;, e,, e; are the three faces; a4, oy, az are & #EE; and

loa)? + |oa)? + |as|? = 1 (B EHIN, AP9). A vector in C3.

\Y

Proposition 1 (Gauge group). The ¥lJi#¥ of the orientation

freedom is SU(3).

Proof. (1) The orientation state |¢) € C* (Lemma; three
faces, £ #E1iE). (2) Gauge transformations are unitary
transformations of C3 that preserve the norm (§4.1:
physics is invariant under local reorientation). (3) The
group of norm-preserving transformations on C* is U(3).
(4) U(3) = (SU(3) x U(1))/Z3. The U(1) factor is the overall
phase of the orientation state: |g) — e*(i0)|c). By the 3} &

L (APO9), the overall phase of any quantum state is

physically unobservable — probabilities depend on |¢)
only through |a_il?, which is invariant under |¢) —

e”~(i0)le). The orientation state inherits this global-phase
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redundancy, so the overall U(1) is not a physical degree
of freedom of the orientation. Factoring it out leaves
SU(3) as the gauge symmetry specific to the orientation.
(5) SU(3) has 3% - 1 = 8 generators. m

[Note on global structure: the full #r/ERE7E A7 has global

structure (SU(3) x SU(2) x U(1))/Zs; not a simple product. This
paper derives the Lie algebra structure su(3) @ su(2) @ u(1).
The global quotient is a separate question, not addressed

here.]

Sit with that. Three independent faces of one }ii/Z. One

quantum event. The freedom to orient. And the algebra says:
SU(3). Eight generators. The #lii#f of the 32 77. Not

postulated. Not fitted. Derived from the fact that three faces

cannot tell you which way to point.

Representation. The orientation state |£) € C* transforms
in the fundamental (defining) representation of SU(3) by
construction — SU(3) is the group that acts on C3. Quarks,
as localised break events, carry 27 in the fundamental

3. Antiquarks (o-images) carry the conjugate 3.

SU(3) is derived. It is the gauge symmetry of the Ji/¥'s

orientation around the break.
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5——fh 1]

5.1——What &7 is

A quark’s 1} is how the Jfiif¥ oriented around its break.
Red. The C-face aligned with the break.

Green. The S-face aligned with the break.

Blue. The B-face aligned with the break.

These labels are arbitrary — the assignment of {4.fif hames to
faces is a gauge choice. What matters is that there are three
faces, they are distinct but linked, and the physics is
symmetric under rotations among them. You could call them
anything. The structure does not care about your labels. It

cares about the number three.

An antiquark’s antif.fif is the conjugate orientation — the
complex conjugate representation 3 of SU(3). Under the XY &
o (Axiom S), the o-image of a quark state maps to the anti-
triplet: o acts on the orientation state by & 3¢ of the

amplitudes, giving the conjugate representation.

[Why the £+ — itself a localised break (APO9: € = ££F) — is

an SU(3) singlet despite being a break event: see $5.4.]
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5.2——fAff neutrality

A f4.fif-neutral state is one where no face is preferred.

Isotropic orientation. No preferred alignment.

Proposition 2 (f47i neutrality — structural). The only
stable macroscopic states are fi.fif-neutral (isotropic in

orientation).

Proof. (1) The Jiif¥ is isotropic at macroscopic scales
(AP10: three spatial dimensions from three axioms, no
preferred direction). The ground state of the #i#. (2) The
orientation of the Jii/Z around the break is a degree of
freedom of the {ii/& (§4). A macroscopic state with a
preferred orientation (locked .1i7) would be a
macroscopic anisotropy in the {iif¥. (3) The ZJE resists
macroscopic anisotropy with stiffness A = 2.15 x 194
(AP15). The energy cost of maintaining a macroscopic
orientation anisotropy grows with the volume of the
anisotropic region. (4) Therefore the ground state of the
orientation at macroscopic scales is isotropic: all three
faces equally represented, no preferred alignment. A7
neutrality. (5) Any state that is not f27if-neutral at
macroscopic scale carries an energy penalty proportional
to the anisotropic volume x A. Such states relax to .-

neutral configurations. =
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[Note: structural proposition, not quantitative derivation. The
precise energy functional and resulting string tension are not

yet computed from the axioms — see D1.]

Red + green + blue = white. All three faces equally
represented in the orientation around the break. The ground

state of the Jii/F.

You see the pattern. The i/ insists on isotropy. Not because
a law commands it, but because the ALJiE is stiff and

anisotropy costs energy.

A JFi-7 is three quarks — one red, one green, one blue —

combined to make white. A meson is a quark-antiquark pair —
40 plus antifufif — combined to make white. All observed
hadrons are fA.fif-neutral. An empirical fact — and a structural

consequence of Proposition 2.

5.3——Gluons

The MTEH% 47 of SU(3) are the ik -. There are 8 (from the 8

generators of SU(3)).

A Ji&¥- is a quantum of the Hllyli7 that rotates the Jitf¥’s
orientation around the break. It carries a fa.fif-antita.ff pair
(e.g., red-antigreen). It mediates the 58 /) by exchanging

orientation between quarks.
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Gluons are ¥ {47~ (paired elements, c-image exists, APQ9).
Gluons are massless (SU(3) is not broken; see §6.3). Gluons

carry fa.fif themselves (unlike Y. ¥, which are charge-neutral).
SU(3) is non-Abelian: the generators do not commute. The #)

JLBE A+ interact with each other.

5.4——Why the minimum break ¢ is an SU(3)

singlet

Here is a question you should already be asking. The BB is €
— the minimum viable splinter (AP®9, Edition 84: The Lock).
The EE- is a localised break. But the EE does not carry f.faf

. Why?

Proposition 4 (Minimum break singlet). The minimum
break £ is an SU(3) singlet. Its orientation state is

isotropic (f&fi-neutral).

Proof. (1) £ is the minimum viable splinter (Axiom B). It
is the lowest possible energy state in which a break can
exist (APO9: “the smallest possible piece the fabric could
release”). (2) f.1if is a preferred orientation of the /%
around the break in face-space (§5.1). A “red” state has
the C-face aligned; a “blue” state has the B-face aligned.
Any state with a preferred face-alignment is anisotropic.
(3) Anisotropy costs energy (Proposition 2, §5.2). The
JE resists anisotropy with stiffness A = 2.15 x 106 (AP15).
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Any state with a preferred orientation has higher energy
than the isotropic (f2fi7-neutral) state. (4) The minimum
energy break must therefore be isotropic. A f2fifed state
would not be the minimum — it would carry additional
energy from the anisotropy. The minimum break has no
preferred face-alignment. (5) An isotropic orientation

state is invariant under SU(3). It is a singlet.

The BB+ is fAfif-neutral because it is the ground state of
the break. Not a different kind of object from a quark.
Both are localised breaks. But the B2+ is the minimum

break — the lowest energy configuration — and the
lowest energy orientation is isotropic. Quarks are higher-

energy excitations that sustain an anisotropic orientation

(a E2.7).

[Scope: this is a claim about £ i orientation only — isotropic
(the &7, an SU(3) singlet) versus anisotropic (a quark,
carrying £ #). It carries no implication about electric charge.
Why the €7 carries charge —1 while quarks carry +1/3 or

+2/3 is a separate matter — the structure of electric charge,
including quark fractional charge, is handled in AP24 (the £/
ININE]), not here. “The same kind of object” means same kind

of break, not same charge.]
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The mass gap between the BB~ (~0.511 MeV) and the lightest

quark (up quark, ~2.2 MeV) is consistent: the quark carries

additional energy from its f4.4if anisotropy.

[No contradiction: AP®9 identifies € = &+ as a localised

break, yet the &5+ carries no £ 7. The resolution is that 7

requires anisotropy, and anisotropy requires energy above the
minimum. The minimum break is necessarily isotropic. No
import required — follows from Axiom B (minimum) +

Proposition 2 (anisotropy costs energy).]

You see what happened. The same argument that explains
why hadrons are white also explains why the EB¥- is fa.fifless.

One mechanism. Two consequences.
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6——247]

6.1——Why you never see a lone quark

[Structural explanation — qualitative, not quantitative. Z2Z/7] is

explained from isotropy + ZL/ stiffness, but the flux tube
energy is not derived from {S, B, R, C}. See D1.]

A lone quark would be a break whose it/ orientation is

locked to one face at macroscopic scale. An anisotropic eye.

The JitJ& is isotropic. Three linked faces, no preferred one. At
macroscopic scales — many records, many actualisations —
the Bt/ insists on isotropy. The JL i is stiff (A = 2.15 x 10°).
It restores isotropy. It does not tolerate macroscopic

anisotropy.

A lone f4{if is an orientation that has not been cancelled by
its complementary alignments. At short distances — inside the
hadron — the anisotropy is local and tolerable. One record can
orient one way without violating the ¥iii/&'s large-scale

isotropy.

At large distances — trying to separate a quark from its
partners — the anisotropy would become macroscopic. The %
JES resists. The energy stored in the anisotropy grows with

distance.
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The t44n7 flux tube — the region between separated quarks
where the orientation field is stretched, resisting the

separation, storing energy proportional to the distance.

Eventually, the energy in the flux tube is enough to create a
new quark-antiquark pair. The pair pops into existence (Axiom
B: the break has minimum size &; new breaks can occur). One
new quark joins the separated quark. The other joins the
remnant. Two t{sf-neutral hadrons where there was one. The

quarks are never free.

2517 is the FiJ¥'s isotropy enforced by the HJE'’s

stiffness.

You cannot pull a quark free any more than you can stretch a
rubber band forever. The i/ snaps back. Not because a
force holds the quark in place — because the shape of the

room does not permit macroscopic anisotropy.

[Quantitative derivation of the flux tube energy / string
tension from the axioms is an open problem (D1). Here is how
to destroy this claim: derive the string tension from {S, B, R, C}
and show it contradicts lattice QCD measurements. The

argument hands you the weapon.]
6.2——MTEH

[Structural explanation — qualitative. See D3.]
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At short distances — inside the hadron, at high energies — the

quarks behave as if they are free. The 58 /) gets weaker at

short range. J#7T H H1 (Gross, Wilczek, Politzer, 1973; Nobel

Prize 2004).

At short distances, the orientation is local. One record, one
alignment. The anisotropy is confined to a single Planck cell
or a few cells. The %LJiE does not need to enforce isotropy at
this scale — the anisotropy is already microscopic. The

restoring force is negligible. The quarks move freely.

As the distance increases, the anisotropy grows. The J&JEK
notices. The restoring force strengthens. The 4" increases.

The quarks are pulled back.

73T E FH at short range. 2517 at long range. The same

mechanism: the &JiX’s response to anisotropy in the
orientation. Weak when the anisotropy is small. Strong when
the anisotropy is large. You are watching one mechanism

produce both behaviours — not two forces, one.

[In standard QCD, this behaviour is captured by the negative
B-function of non-Abelian ZI7i#ZIE. D3 is to reproduce the

running #74" a_s(Q? from the stiffness/isotropy mechanism.]
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6.3——Why SU(3) is not broken

SU(2) x U(1) is broken by Axiom B (AP16). The break

distinguishes the sectors. SU(2) is broken. U(1) survives.
SU(3) is NOT broken. Why?

You already know the answer. You have been watching it build

since §2.

Proposition 3 (SU(3) is exact). Axiom B breaks SU(2) but
does not break SU(3). The strong gauge symmetry is

exact and the & T are massless.

Proof. (1) SU(2) is the symmetry of whether the sectors
are distinguishable. Axiom B (& € ¢ with no s-image in P)
creates a distinction between the two sectors. Breaks
SU(2) (AP16). (2) SU(3) is the symmetry of how the JifE
orients around the break (§4). It acts on the orientation
state |¢) € C* — the arrangement of three faces around
the break event. (3) Axiom B asserts the existence of ¢
(the break happens) but contains no clause selecting a
preferred orientation. B says: € € &, v(¢) = 1, no o-image.
None of these conditions distinguish one face from
another. (4) The non-derivability of {C, S, B} (AP20 §4.2,
fenced KS-P.2) guarantees that no axiom can induce a
preference among the faces. If one face could be
preferred, it would imply a derivability relation between

axioms. (5) Therefore no term in the action/Lagrangian
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can break SU(3). The gauge symmetry is exact. The #i

B faF (JR+F) acquire no mass. =

Two words do different work. SU(2) is the symmetry of whether
the break exists. Axiom B breaks it. SU(3) is the symmetry of
how the Jfii/Z arranges around the break. Axiom B does not
break it. The break says “I exist.” It does not say “I point this

”

way.

SU(3) is exact. Unbroken. The i+ are massless.
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7——The Full Gauge Structure

The complete internal gauge symmetry is now derived.

SU(3) x SU(2) x U(1)

SU(3). From the #lyii B HE of the Jiif¥’s orientation

around the break, across three distinct but linked

expressions of the i (this paper).

SU(2). The weak gauge SU(2), from the freedom in the
relationship between the two sectors (AP27). This is

distinct from the spacetime spin SU(2) of AP11.

U(1). From the phase freedom of the complex 77 /R{f4&#22

IE], expressed on the i} as the electromagnetic

connection (AP15).
The XIFRHEE pattern.

SU(3) is exact (the orientation is free). Gluons are massless.

fa.457 is confined.

SU(2) x U(1) is broken to U(1) by Axiom B (the break exists).

W* W, Z° are massive. The J:+ is massless.

The MTEEH) of the IRHEAETL. Derived from {S, B, R, C}.
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Step back and look at what you are holding. Four axioms. One
governing relation. And the full HlYE45#) of the FRUEFT —

the structure that took a century of experiment and theory to
discover — falls out as a consequence of the freedom the

axioms cannot remove.
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8——Derivation Chain

AP10 — three spatial dimensions from three axioms {C, S, B}
— three faces of one {ii/. Functional identity fixed,

geometric assignment free.

Axiom B — the break creates direction as a concept — the it

J& orients around the break.

Before collapse: all orientations coexist in superposition (§3.4)

— orientation is quantum, not classical.

Non-derivability of {C, S, B} (AP20 §4.2) — no face preferred

— global symmetry. Per-event orientation — local symmetry

— FMIYEFIE with connection.

Complex 7 /RIFI4722[8) (APO9) — orientation state |) € C*

(Lemma) — HYiEE SU(3) (Proposition 1, not SO(3)).

Isotropy of it/ (AP10) + JLJiE stiffness (AP15) —

macroscopic orientation isotropic — fA.fif neutrality

(Proposition 2). Z&[7].

B fixes existence, not orientation (AP20 §4) — SU(3)

unbroken (Proposition 3) — &+ massless.
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Minimum break (Axiom B) + anisotropy costs energy
(Proposition 2) — ¢ is isotropic — EB-1 is SU(3) singlet

(Proposition 4).
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9——Three Generations

[Conjecture — not a derivation. See D2.]

A note on three generations, which this derivation illuminates.

You will recognise the structure immediately.

The three faces of the Jit £ come from three axioms: C, S, B.

Each axiom has different physical character.

C is propagation. The most external, the most accessible

face. The lightest.
S is sector-crossing. Intermediate. The exchange face.

B is the break itself. The most internal, the most

fundamental face. The heaviest.

If £ actualised with the Jiif¥’s C-face aligned is the B8-1-

(lightest generation), and € actualised with the S-face aligned
is the muon (middle generation), and € actualised with the B-
face aligned is the tau (heaviest generation), then the three

generations are &€ with three orientations.

Same break. Different arrangement. The mass hierarchy
follows: C is the lightest face (propagation is the most
accessible mode), B is the heaviest (the break face is the most
internal, the most fundamental). Mass increases with the

depth of the face.
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A conjecture, not a derivation.

The mass ratios m_e : m_u : m_t are not yet computed. But the
architecture provides the structural site: three generations
from three orientations from three distinct but linked

expressions of one i/F.

Disambiguation: A7 vs generation

The generation conjecture concerns which face dominates the
orientation at the moment of actualisation — a different
degree of freedom from the continuous SU(3) orientation that

defines fAfir.

A first-generation quark can carry any f.{ij; its generation is
determined by which face’s alignment carries the largest

weight.

fa4af and generation share a common origin (three faces of
one {iitJ¥) but are distinct: f4fif is the full SU(3) quantum
number, generation is a structural index determined at
actualisation. A red up quark and a red charm quark both exist

— same fA.1if, different generation.

Three ffifs and three generations from the same three faces.
SU(3) and the generation structure share a common origin: {C,
S, B}
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10— & 1E &4t

Three new #£11- 54 engage in AP19. Each is testable. Each

has a specified recovery position — if the 2 1- 554 fires, the
paper reverts to a named earlier position rather than
collapsing entirely. Identifiers per the Master 2 11 {4

Registry: KS-48c and KS-49b carry the “c” and “b” suffixes to
resolve collision with AP23 (KS-48a Correlation timing, KS-
48b No-signalling, KS-49a Hidden variables — Bell + Axiom R,
CLOSED). KS-50 is unchanged.

KS-48c — Orientation = &7

Claim. The internal SU(3) index space of QCD is
identified with the }iif%’s face-space — the three-
dimensional internal orientation space of the break event
in {C, S, B}. A quark’s f&fi is which face aligned with its

break at actualisation.

Test. If the SU(3) #4 exhibits dependence on spatial
direction in an isotropic background, or if lattice QCD
reveals SU(3) structure inconsistent with a three-
dimensional internal orientation origin, the identification

fails. Run the lattice calculation. Show the inconsistency.
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Status. LIVE — EMPIRICAL. &7 is never directly
observed (££i7]). All observations are consistent with

SU(3) as an internal symmetry. The identification with
internal face-space orientation adds structure but does

not contradict any observation. Structurally secure.

Recovery. If KS-48c¢ fires, the orientation-as-&1if
identification fails and an alternative internal grounding
for the SU(3) index must be found. The structural results
of §2 (three faces of one Jii/%) and §4 (orientation is a
gauge degree of freedom) remain intact; only the specific
identification of the SU(3) representation with face-space

would need alternative grounding.

KS-49b — Z£i7] from isotropy

Claim. Zi7 is the /% enforcing isotropy via FJ&

stiffness A (AP15). fififed states carry anisotropic
orientation; the ZJE resists macroscopic anisotropy;
isolated f&.fi are forbidden as ground states; f2.fif-neutral
combinations are the only stable macroscopic

configurations.

Test. If 7] persists in a fundamentally anisotropic

spacetime, or if deZti7] occurs at conditions where the it
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7 remains isotropic, the mechanism is wrong. Find the

counterexample.

Status. LIVE — EMPIRICAL. DeZ%i7] is observed at high

temperatures (quark-f&- plasma), where the record
density is so high that local anisotropy is negligible.
Consistent: high temperature = many records = isotropy

restored locally = quarks free. Structurally secure.

Recovery. If KS-49b fires, the isotropy mechanism for £

i7] fails and an alternative mechanism must be found. The

structural results of §4 (SU(3) is the #M7EEE) and
Proposition 3 (SU(3) is exact) remain; only the specific
dynamical explanation of Zi7 would need alternative

grounding (e.g., direct dual-superconductor or

holographic mechanisms).

KS-50 — SU(3) from non-derivability

Claim. The derivation of SU(3) rests on the non-
derivability of the three spatial axioms {C, S, B} (AP20

§4.2, fenced KS-P.2). If one axiom could be derived from
the others, the 7 H HE would be reduced and SU(3)

would not follow.
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Test. Defeat the independence of the axiom set — exhibit
a derivation of any one of {C, S, B} from the other two
plus R (the minimality obligation at AP20 §4.2, KS-P.2).

Failure: the basis for SU(3) collapses.

Status. LIVE — HARD. Non-derivability is carried at AP20
§4.2 as a stated result with proof sketch; its full
formalisation is the open obligation KS-P.2. KS-16
(completeness of the axiom set) is CLOSED (contingent
on KS-P.1). To fire KS-50, you must defeat the

independence of the axiom set.

Contingency on N = 3. The 3-ness of SU(3) — three fi.fis,
eight &+ — inherits the spatial dimension count N = 3

(AP10), which is itself contingent on KS-D.3 (the

dimension £ 11:4:{4). If KS-D.3 fires and N = 3, the

strong-force FIJif¥ would be SU(N), not SU(3). This is not

a weakness but a prediction: AP19 forces f&.fij-count =
spatial-dimension-count, both 3 from the same source. In

a universe with a different spatial dimension, the strong-
force #EEE would differ. The dependency is disclosed,

not hidden.

Recovery. If KS-50 fires — if one axiom is shown to be
derivable from the others — the entire gauge programme
of Notebook IV requires reassessment, not just AP19. The

full structural consequence is that the three-faces
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architecture would reduce to a two-faces architecture,
and the ME#E¥ of the orientation freedom would reduce

from SU(3) to SU(2) or U(1). Recovery would proceed by
restating the ¥{AZ/E from the smaller axiom set; no

result of NB 1V is preserved without modification.
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Section-by-section structural enumeration with epistemic-

status labels.

1 (The Problem). SYNTHESIS. The gauge programme so
far. Gauge SU(2) x U(1)_Y (AP27), U(1) (AP15), EE55

unification (AP16). SU(3) is the last piece.

2 (Three Expressions of One Manifold). DERIVED. N = 3
spatial dimensions from {C, S, B} (AP10). Each axiom
expresses one face. Functional identity fixed (the axiom
names the function); geometric assignment free (the
axiom carries no spatial tag). Linked but non-derivable
(AP20 §4.2, fenced KS-P.2).

3 (The Silent Pop). DERIVED / SYNTHESIS. §3.1-3.2: the
break creates direction as a concept; the i/ orients
around the splinter (DERIVED). §3.3: endless possibilities
across many actualisations (SYNTHESIS, non-&AEH)).
§3.4: two views of the same now — before collapse, all
orientations coexist in C* superposition; after collapse,
record history selects one (DERIVED, APO9).

4 (The #M7E B B EE). DERIVED. §4.1: physics does not

depend on orientation; non-derivability of {C, S, B} —

global symmetry; per-event orientation — local symmetry

340



— HIEHIC. §4.2: Lemma (orientation € C* from APO9);

Proposition 1 (M7i%f is SU(3) — norm-preserving on C? is

U(3); factor out the orientation’s global phase (Born-rule

redundancy, AP09); SU(3) with 8 generators).

5 (fa.f77). DERIVED / STRUCTURAL. §5.1: &7 =
orientation, antif27i7 = conjugate representation
(DERIVED). §5.2: Proposition 2 (f&4fif neutrality from
isotropy + AP15 stiffness) STRUCTURAL — the energy

functional is not yet computed (D1). §5.3: )&+ as 8 #l{l

B 57 of SU(3) (DERIVED). §5.4: Proposition 4 (¢ = BB+

is SU(3) singlet because minimum break is necessarily
isotropic) DERIVED.

6 (£:i7]). STRUCTURAL. §6.1: £:i7] from ZJEE restoring

isotropy (qualitative — D1). §6.2: i#7¥T B i from the same

mechanism at short range (qualitative — D3). §6.3:
Proposition 3 (SU(3) is exact) DERIVED — Axiom B

contains no clause selecting orientation.

7 (The Full Gauge Structure). DERIVED. SU(3) x SU(2) x
U(1) assembled. Lie algebra structure su(3) @ su(2)
u(1). Breaking pattern: SU(3) exact, [+ massless; SU(2)
x U(1) broken to U(1)_em by Axiom B (AP16). Global
structure (SU(3) x SU(2) x U(1))/Z¢ held open in §0.7.
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8 (Derivation Chain). SYNTHESIS. Step-by-step from

axioms to SU(3) enumerated.

9 (Three Generations). CONJECTURE. £ with three
orientations identified as a structural site for the three
generations. Mass ratios not computed (D2). 47 vs
generation disambiguated: same three faces, two
different degrees of freedom (continuous SU(3)

orientation vs structural dominance index).

10 (££1k4%ft). REGISTER. KS-48c, KS-49b, KS-50 in
Claim/Test/Status/Recovery form. Identifiers per the
Master & 1 {4 Registry; the c/b suffixes resolve

collision with AP23 (KS-48a, KS-48b, KS-49a).
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SAEPERITE

f B0

Framework: the four axioms {S, B, R, C} from Notebook I; AP®5

(actualisation creates g, c, time); AP10 (N = 3 spatial

dimensions from {C, S, B}); APO9 (complex #i/RI{AFFZ=(8], Ik Z

HUM: B8 K F-/B 47, € = BB~ via The Lock, Edition ©4); AP11

(the spacetime spin SU(2) double cover, spin-% — context
only, not the gauge SU(2)); AP15 (the gauge U(1) from Hilbert-
space phase freedom, and JLJi€ stiffness A = 2.15 x 1046);
AP27 (the gauge SU(2) x U(1)_Y); AP16 (Higgs mechanism =
Axiom B, the EB55 breaking pattern); AP20 (fix AM&i5; §4.2

carries the independence of {C, S, B}, fenced KS-P.2).

Conditional on: None. EH and QRA proved in AP20.
R EE

AP24 (5%%4) — the /75N and the ifitifi-tolerance reframe
on a_em; the three-orientations of §9 here connects to the
generation structure AP24 addresses. AP14 (Correction) — &
BA 7¢ REE corrections must be consistent with SU(3) exact.
AP28 (Constant) — G via channel counting; the 6 x 3 spatial

face-projections rest on the three-face structure of §2. The
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Notebook V matter sector — the full &%k content beyond

the EE1+, including the generation-structure derivation AP19’s

§9 names as conjecture (D2).
£% I 514 engaged

KS-48c (orientation = {4{if): LIVE — EMPIRICAL. Identifies
the SU(3) internal index with face-space orientation.
KS-49b (2574 from isotropy): LIVE — EMPIRICAL. Identifies
571 with JLJE-stiffness-enforced isotropy.

KS-50 (SU(3) from non-derivability): LIVE — HARD. Rests on

the independence of {C, S, B}, carried at AP20 §4.2 (fenced
KS-P.2).

AT R I EE M 152 55

D1 (quantitative £:(/] — string tension from axioms). D2

(generation mass hierarchy m_e : m_y : m_t). D3 (running 4
a_s(Q@?) from stiffness/isotropy mechanism). All named items;

treated as open programmes.
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REF I BUEARF BRSNS E

The global structure of the FRAEAER! FITEEE (SU3) x SU(2) x

U(1))/Z¢ — this paper derives the Lie algebra structure only.
The detailed flavour-structure embedding of the three-
generation conjecture into full quark/lepton representation

theory — downstream of D2 and Notebook V.

#5285

{S, B, R, C} — The four axioms of the 420 Code. S: two-
sector + Xi&. B: the break £ € £, no c-image. R: time, the

only irreversible axiom. C: finite propagation, the

propagation face.

2, P — The two sectors of Axiom S, connected by the Xf

& o.

o — The Xt# of Axiom S. On the orientation state, acts

by & 3£, taking the fundamental 3 to the conjugate 3:

€ — The break. The minimal asymmetry. The unique

unpaired element of Axiom B. Identified with the EE+ at

the {bLZ-4 Y% R EE (The Lock, Edition 04).
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v — The valuation on the i R%; v(e) = 1is the
minimum nonzero value.

{C, S, B} — The three spatial faces of the jiJ¥. Each face
has fixed functional identity (propagation, exchange,

break) but no fixed geometric assignment (which spatial

direction it occupies).

le) — The orientation state of the break in face-space;

le) € C* with Jay)? + Jaz|® + |os]? = 1.

o4, 0z, a3 — Complex amplitudes of the orientation
state. NOT the ¥ H%E#)E 3 a_em or the EJE-stiffness a

of APO6. Symbol firewall enforced throughout.

e, €, €3 — Basis vectors of the face-space orientation
state — the three faces of the /¥ as quantum-state

basis.

C®* — The complex three-dimensional vector space; the

orientation state lives here (Lemma in §4.2).

U(3) — The unitary group on C3; norm-preserving

transformations of the orientation state.

SU(3) — The special unitary group on C3; #lJG# of the

5% /7; 8 generators. Derived as U(3) modulo the
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orientation’s global phase (removed by Born-rule
redundancy, APO9).

3, 3 — The fundamental and conjugate representations

of SU(3); quarks carry 3, antiquarks carry 3.

T: — The 8 generators of SU(3), a = 1, ..., 8. Denoted T*
(not the conventional A;-13) to avoid collision with A = %

JEE stiffness.

Z, — The two-element group; m,(SO(3))=Z,inN=3

spatial dimensions; lifts to SU(2) by the double cover.

SU(2) — Two distinct groups in the 420 Code, not to be

conflated: the spacetime spin SU(2), the double cover of
SO(3) (AP11); and the weak gauge SU(2) of the EE55

interaction, derived from the sector-relationship freedom

(AP27). AP19 uses neither directly — both are named only

as context for the assembled G451 in §7.

U(1) — The phase-rotation Ml7E#¥; derived in AP15 from

the Hilbert-space phase freedom; manifests on the &/
as the electromagnetic connection. Distinct from the
orientation’s own global phase factored out in

Proposition 1.
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A — Substrate stiffness, AP15; A = 2.15 x 10,
Quantitative scale of isotropy enforcement. NOT a

wavelength.

¢, g — Speed of light (Axiom C); the metric tensor

(created by actualisation, APO®5).
h — Reduced Planck constant (AP12).

a_em — Fine-structure constant; the jilti§ rate (APO6);
identified with ¢ in the i} framework. NOT one of the

orientation amplitudes «,, o;, o3.

a_s(@?) — Running #4#& of the 78 /J; not derived in this
paper (D3).

m_e, m_y, m_t — Masses of the three charged leptons;

mass ratios not derived (D2).

AS — Actualization State. The actualising now.

EH — #&AfRi% (AP20). Proved — unconditional

throughout AP19.

QRA — Quantum-Records Algebra (AP20). Proved —

unconditional throughout AP19.

AP20 §4 — Carries the completeness (KS-P.1) and
minimality (KS-P.2) of {S, B, R, C} as fenced obligations.

The independence of the axioms — no one derivable from
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the others — is the minimality leg. Load-bearing for KS-
50.

The Lock — Edition 04 of the 420 Code; identifies £ with
the B at the {LF-EWFRE.
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N
The &

every constant as one of six readings of the single

object &

Artist’s Proof 24
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Artist’s Note

A T A n—— AR

This is Artist’s Proof 24 of The 420 Code. It is the sixth
chapter of Notebook IV (Forces and Constants). AP15 derived

U(1) electromagnetism from the 3% EHN's FHA7 XS Fr. AP27
derived SU(2) x U(1)_Y from Axiom S’s two-sector structure.

AP16 derived EB55 XIFREER from Axiom B. AP19 derived

SU(3) from the #HIit H HJZ of the break direction. AP24 takes

a different kind of step — not another derivation of a force, but

a structural identification of every fundamental constant with

the same single object: € — the break, the jlitJi§, the EB7-.

The claim is one sentence. G, ¢, a_em, m_e, a, 3 are not six
independent parameters. They are six readings of one object.
Like temperature and average kinetic energy — not two

quantities related by a law, but the same quantity measured
through two instruments. The Lock proved ¢ IS the EB-1-. APO6
proved ¢ IS the jt{ki. AP24 brings these identifications
together: the break is the jlit{fF; the i is the BB -; the BB1-
appears in every constant of nature — because the constants

are the 21, read through different instruments.
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Three structural claims do the work. First, the six-face identity:
G, ¢, a_em, m_g, a, 3 are projections of one object, not free
parameters. Second, the self-consistency conditions on these
readings form an overdetermined system whose fixed point

determines a_em. Third, a_em is determined but not derivable
from within — because deriving is ICEH %5, and a_em

measures the boundary where records are written. The number

can be checked. It cannot be proved.

What this paper does NOT do, and is honest about not doing:
it does not compute a_em = 1/137.036 from the axioms. The
toy model in §5.6 uses Standard-Model particle content as
input, which the axioms have not yet derived. The numerical
fixed-point equation € = f(g) is defined as architecture but not
solved as a programme. That solution is debt D1. The

conjecture of unique 7%#4 (§5.1) stands as a claim, not a result.

Three new #£ 1551} engage. KS-35 (self-consistency

multiplicity) is LIVE — HARD: if the fixed-point equation
admits multiple solutions, uniqueness fails. KS-36 (self-
consistency wrong value) is LIVE — HARD: if it admits a
solution at any value other than a_em = 1/137.836, the six-face
identification is wrong. KS-37 (independent variation of
constants) is LIVE — EMPIRICAL: find G varying without c or

a_em varying, and the identity is falsified.

AP24 is non-7K B 1. If every claim in this paper is wrong, no

prior result of the 420 Code is affected. AP8®6, AP15, APQ9,
354



The Keys, The Lock, AP19 — all stand. AP24 collects existing
results into a unifying claim; it does not generate new
structure the upstream papers depend on. The cost of being

wrong is the unification, not the F&{A /£,

the420code.org

Copyleft 2026
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Where AP24 fits

AP24 sits inside Notebook IV (Forces and Constants), Volume

@.4 of The 420 Code. The notebook derives the i) of

the TRUEAETY from the four axioms {S, B, R, C}. The sequence
to this point: AP15 (U(1) electromagnetism), AP27 (SU(2) x
U(1)_Y), AP16 (EB55 XIPREIER), AP19 (SU(3) Eafif). AP24 is the
unification step — not another gauge derivation, but the claim

that every constant appearing in every force law is one and the

same E&.

Where AP15-AP19 produced new structure (Hlii#¥s, breaking

patterns), AP24 produces a unifying identification. The
downstream papers of Notebook IV — AP14 (& B v R EE
corrections), AP28 (G via channel counting) — use AP24’s six-
face identification as the language for their own claims.
Notebook V (the matter sector) inherits the identification as
ground state: every particle is an e-composition, and every

4 is the 1t read at that composition’s scale.
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Reading order within AP24

Front to back. Section 1 states the structural identification: the
break IS the jitJfi — not two related facts, one fact. Section 2
lists the 7~/Mfij, each grounded in an existing #& A& 1E result.
Section 3 makes the unifying claim and explains why it is non-
trivial. Section 4 develops the self-consistency conditions and
the fixed-point structure. Section 5 states the conjecture

(unique 7%#4) and is honest about what is and is not derived.
Sections 6-8 summarise consequence, £ 1t 4, and

conclusion.

If you are reading for the unifying claim only, sections 1, 2.1,

3.1, 5.5, and 8 are the structural spine. If you are reading for
the conjecture and its tests, sections 5.1-5.5 and 7 carry the

epistemic load. Section 5.6 (toy model) is explicitly non-7 &
fY): a worked example of the mechanism using Standard-

Model input the 420 Code has not yet derived.
How to read this paper

The paper carries three voices. The structural narrative speaks
directly — the six-face identification, the fixed-point
architecture, the irrationality of the now. Bracketed notes [in
italics] mark non-7& £ synthesis or worked examples (§5.6
in full). The reflective passages (the stone-in-water image, the

guitar-string tuning) carry the same metaphor stratum as
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AP15/AP16/AP19 and are intended as orientation, not

argument.

Three things to hold in mind while reading. First: the central
object a_em is the }EHHLE ) %L — used throughout without
firewall, because AP24 is where it sits. Second: the

identification € = BB~ (The Lock) and ¢ = i (APO6 §10.4)

are taken as given; AP24 does not re-derive them. Third:
“determined but not derivable from within” is a precise
epistemic claim, not an evasion — §5.4 shows the structural

reason.

A note on notation

Symbol firewall, applied throughout. a_em is the & 4045 ¥ & %%

— the central object of this paper, = 1/137.835999. a (no
subscript) is the temporal stiffness of the L) (APO6, AP15),

NOT the K454 %% B is the spatial stiffness of the F&JE
(AP®6, AP15), NOT a beta function. k is the holding limit (The

Lock); m_e is the EE¥- mass; e is the EB-{- charge. € — the

central axiom symbol — is the break, the jtj, the E8-1-: one

object, three names. Three names because three (K2 {E
results (Axiom B, APO6 Theorem 3.1, The Lock Edition 84)

identify the same object from three different starting points.
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“Face” in this paper means projection of € through a
measurement instrument — not face in the sense of Notebook
I's three-faces architecture {C, S, B}. The two senses are
distinct. The 7N/M 1 of AP24 are: G, ¢, a_em, m_e, a, B (plus t

as the direction face, totalling seven readings of one object).
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O — Dependency and Scope - What AP24 does, what it

depends on, axiom mapping, epistemic status per
section, X114/, debts owed, items held open, structural

relationships.

1 — One Break, One {ftJ§ - The structural identification:
the break IS the jiltJi. Axiom B and AP®6 Theorem 3.1

name the same object.

2 — N/ @ - The six readings of : geometry (G),
propagation (c), #i& (a_em), mass (m_e), material (a and
B), direction (t). Each grounded in an existing ¥{AE{E

result.

3 — One Object - The unifying claim, why it is non-trivial
against the standard view of independent free

parameters, and the mathematical content.

4 — The Self-Consistency Conditions - The
overdetermined system, why consistency is guaranteed

by identity, and the fixed-point architecture £ = f(&).

5 — The Value - The Unique 7% Conjecture, two paths

to a_em, why the value is necessarily irrational, why it
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cannot be derived from within, honest status, and the

non-&AEH) toy model.

6 — What This Means - Consequence: one measured
input, zero free parameters. The IRERT's =25 free

parameters reduced to one.

7 — & 1ESMH . KS-35 (self-consistency multiplicity), KS-
36 (self-consistency wrong value), KS-37 (independent

variation) — each in Claim/Test/Status/Recovery form.

8 — Conclusion . Six faces. One scar. One break. One ¢.

One answer.

FEH#E . Section-by-section structural status with

epistemic-status labels.

&{tEITE - Dependencies, dependents, £ II- 4f4:

engaged, debts owed, items held open without claiming

debt status.

%52% . Al symbols used in AP24 with structural

source and disambiguation from collisions.
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O——{KHi 57aE

Q. 1—— AT A4

AP24 makes a single structural claim and develops its
consequences. The claim: G, ¢, a_em, m_e, a, 3 are six
readings of one object — the jltiii € — not six independent
parameters. The paper grounds this in existing 2 A& {f
results (§2), develops the mathematical content (§3.3),
establishes the self-consistency conditions and their fixed-
point structure (§4), and states the Unique %% Conjecture for
o_em (§5.1) along with an honest account of what it does and

does not derive (§5.5).

What the paper produces. The six-face identification (§2-§3).
The overdetermined self-consistency system (§4.1). The fixed-
point architecture € = f(¢) (§4.3). The structural argument for
why a_em is necessarily irrational (§5.3). The structural
argument for why a_em cannot be derived from within (§5.4).
The toy model demonstrating the mechanism with Standard-

Model input (§5.6, non-7k E 1))

What the paper does not produce. A numerical derivation of
a_em = 1/137.836 from the axioms. An explicit construction of
f(e) from {S, B, R, C} alone. A proof that the self-consistency

conditions admit a unique solution. These three together
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constitute debt D1; the paper is explicit about leaving them

open and about why this is the 7K B2 question that remains.

[AP24 is non- & &} for the Z(LkE/E If every claim in this
paper is wrong — if the six-face identification fails, if the self-
consistency admits multiple solutions, if KS-37 fires — no
upstream result is affected. APO6, AP15, AP®9, AP19, The
Keys, The Lock all stand. The cost of being wrong is the

unification, not the 420 Code.]
0.2——{KFH N

Notebook I (Premise). The four axioms {S, B, R, C}. Their
independence is carried at AP20 §4.2 (fenced KS-P.2). The

axiom 1:1 + 1xe introduces € as the minimum break.

APO6 (The it %%), Theorem 3.1. In any universe where c is
finite, no WA is perfect; Jtitif is structurally necessary.
APO6 §10.4 identifies € with the jfitJii — the break is the jfitfi.
Load-bearing for §1.

APO9 (The Break — Empty Set). The complex 7 /RIF4F2218] H.

The fixed-point structure of §4.3 uses this complex structure

(transcendental fixed points are generically irrational).

APQ9 (The Break — &1~ /J“¥). Actualisation produces
quantum states; the &3S with S = 0. Used in §1.1 (the paradox:

the 1:1is still whole).
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AP15 (The Connection), Theorems 1-5. U(1) gauge symmetry,
the connection field, the /ER &7, Maxwell’'s equations, fH

AR partition, EBfif & 1-{k. Load-bearing for the ¢ =
e?/(4neoha_em) face and for the JEJiC stiffness A = 2.15 x 104°.

The Keys (Edition 82), c® = B/a. The propagation face. Load-
bearing for §2.

The Lock (Edition 84), G = 2x/m_e? and € = EB-. The

geometry face and the structural identification € = E2-1-. Load-

bearing for §2 and §2.1.

AP20 (the bridge paper). EH (fix A fi%: the discrete structure

embeds faithfully, so the ii/Z and the Actualization State are

real) and QRA (Quantum-Record Alignment: quantum states
ARE /7 records) are proved — not assumed. AP24 is

therefore unconditional on EH and QRA.
0.3——/AHRML &}

Each face of € has structural roots in the axioms.

Axiom B — the break. 1:1 + 1x¢ introduces the minimum

splinter. APO6 §10.4 identifies this £ with the iltJ&. The

Lock identifies the same ¢ with the E2-¥. Three names for
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one object: break, iitF, EB+. AP24’s entire argument

depends on this triple identification.

Axiom R — records. Every 5 event writes an
irreversible record (k.T ln 2, Landauer, APO6 §4). The

direction face t — the arrow of time — is the arrow of the
EB{’s jiiJR. Records cost; the cost is what makes time

directional.

Axiom C — propagation. Finite ¢ makes itJ& structurally
necessary (APO®6 Theorem 3.1). The propagation face c? =
B/a sits here. Without finite c, no #tJi; without g, no &;

without &, no constants.

Axiom S — the two-sector structure. S provides the Si& ¢

and the two-sector structure (£, P). The break € has no o-
image — this asymmetry is what makes the 7% a %

and not a symmetric pair.
0.4——&THARIERE

§1 — One break, one iiitifi — DERIVED (APO6 §10.4 +
Axiom B + The Lock)

§1.1 — The paradox — STRUCTURAL OBSERVATION (re-

states 1 =1 + 1xg)
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§2 — Six faces — ESTABLISHED / DERIVED (each face
traced to an existing #AZE{E theorem)

§2.1 — The substitution — ESTABLISHED (each

substitution follows from the cited result)

§3.1 — The claim — SYNTHESIS (the unifying

identification)

§3.2 — Not trivially true — STRUCTURAL ARGUMENT

(against the standard free-parameter view)

§3.3 — Mathematical content — DERIVED (the relations
are the 420 Code theorems)

§4.1 — Overdetermined system — DERIVED (three

relations, one unknown)

§4.2 — Why consistency is guaranteed — STRUCTURAL
ARGUMENT (consistency by identity)

§4.3 — Fixed-point structure — DERIVED (the self-

referential structure follows from the identity)

§4.4 — What the equation requires — STATEMENT OF
PROGRAMME (no claim of solution)

§5.1 — The conjecture — CONJECTURE (Unique )

§5.2 — Two paths — STATEMENT OF PROGRAMME

(paths defined, not executed)
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§5.3 — Irrational number — STRUCTURAL ARGUMENT +

standard-math confirmation

§5.4 — Not derivable from within — STRUCTURAL
ARGUMENT (the now is the engine of derivation)

§5.5 — Honest status — EPISTEMIC SUMMARY

§5.6 — Toy model — NON-LOAD-BEARING (uses SM

input not derived from axioms)

§6 — What this means — STRUCTURAL CONSEQUENCE

(if the conjecture holds)
§7 — 815/} — FALSIFICATION CONDITIONS

§8 — Conclusion — STRUCTURAL SUMMARY

Three & 1451+ are engaged by AP24. Identifiers per the

Master ££ II- 51 Registry: KS-35, KS-36, KS-37. No renaming;
no collisions with other APs.

KS-35 — Self-consistency multiplicity. If the fixed-point
equation £ = f(g), once formalised, admits more than one

solution, the Unique 78 Conjecture is falsified. Status:
LIVE — HARD.
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KS-36 — Self-consistency wrong value. If the fixed-point
equation admits a solution at any value other than a_em
= 1/137.036, the six-face identification is wrong. Status:
LIVE — HARD.

KS-37 — Independent variation of constants. If an
experiment or observation shows one face varying
without the others co-varying (e.g. G drifting without
a_em or ¢ co-varying), the identity is falsified. Status:
LIVE — EMPIRICAL.

0.6 ——FT R EHIME RS

D1 — Self-consistency solution. The fixed-point equation € =
f(¢) is defined structurally (§4.3) and as a programme (§4.4)
but is not explicitly constructed or solved. The numerical value
a_em = 1/137.036 is not derived from within the axioms. The
toy model (§5.6) demonstrates the mechanism but uses
Standard-Model particle content as input. D1 is the single 7
%) open question of AP24.

0.7——RFEFFF BAEAR = B RSB RSH I B

The full particle spectrum required by Path 1(8§5.2). The
derivation of every charged species’ mass and charge from e-
compositions is a Notebook V programme. AP24 notes the

dependency without owning the derivation.
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The self-consistency shortcut of Path 2 (§5.2). Whether the
fixed-point equation can be solved without enumerating the
full spectrum is an open structural question. Both paths

remain on the table; AP24 does not commit to either.

The precise functional form of f(g) under the axioms alone.
AP24 establishes the architecture and the boundary condition

(a(m_P) = O(1)) but does not write f explicitly. The toy model

writes a B2 QED form that is not the full f.

0.8—— &)X FR

Upstream from AP24: APO6 (the i identification), AP15

(the connection theorems and stiffness A), APO9 (the complex

i /RAARFZ218]), The Keys (c2 = B/a), The Lock (G = 2k/m_e?, €

= B31-), AP20 (EH + QRA proved).

Downstream from AP24: AP14 (3% B 7 K corrections —
corrections to which constants? to all /NN of one object,
not to six independent things). AP28 (G via channel counting
— the channel count is the structural mechanism behind G’s
value as one face of g). Notebook V (the matter sector — each
particle is an e-composition; every 4 is the il read at

that composition’s scale).
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1——One Break, One it

The axiom says: 1:1 + 1xe.

The 1:1 is perfect symmetry. Before the break: no records, no
I, no locality, no time. The &7 is one. Phase coherence is

total. Entropy is zero.

+1xe is the break. One crack. One minimum splinter. One

element with no o-image (Axiom B). The EB-1-.

APO6 (The i #%) proves: in any universe where c is finite,
no WA is perfect. jiit)f is structurally necessary (Theorem
3.1). The it LL € is nonzero if and only if ¢ is finite and the ##

B HE is finite.

APO6 §10.4 identifies: € IS the jitif. The B2 is physically

identified with the it enforced by finite c. The axiom is
thereby upgraded from postulate to consequence of

fundamental physics.

These are not two facts — “there is a break” and “there is I/
." They are one fact. The break IS the . The crack IS what

escapes through the crack.

The ¢ in the axiom IS the ¢ in the jftiF & FE.
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To break is to leak. To leak is to break. They are the

same verb.
1.1——The paradox

The 1:1 is totality. It is everything. You cannot add to

everything.

And yet: 1:1 + 1xe. The EEf exists. It was not subtracted from

the whole. The 1:1 is still whole — the 47 is still pure (S = 8,

APQQ9 §3), still total, still everything.

The mirror did not lose a piece. The B8 popped out. The

mirror is whole AND the E2-F is there.

1=1+ 1xse.

This is an irrational equation. Ordinary arithmetic forbids it.

And yet it is the equation the universe satisfies. The symmetry

is broken (the EE{- exists) and the symmetry is unbroken (the

HE7S is pure).

Both are true. The Actualization State — the now — is the
boundary where this impossible equation holds. Space is

everywhere, measurable. The now is immeasurable.

And ¢ lives in the now: as coupled viability in particles
(records, the Jit /), as waves in possibility (the 407, H).
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The #4442 a_em measures how strongly the impossible
thing interacts with the everything it should not be able to

exist alongside.

This paradox is not a defect of the argument. It is the
argument. Everything that follows — every constant, every

force, every particle — is a consequence of this one

impossible fact: the whole is whole, and the BB is there.
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2——7N/NH

The #{AZ1{E has established the following. Each expresses a

measured constant in terms of the break.

Face 1 — Geometry. G = 2xk/m_e? (The Lock). The EE+
mass is in the denominator. Gravity is the holding limit

divided by the square of the E2-1-. Not a force. The ground

state. The condition under which the BEB-¥ can exist.

Face 2 — Propagation. c? = B/a (The Keys). And ¢ =

e?/(4neoha_em). The BB charge is in the numerator. The

speed of light is set by how strongly the B2 7 couples to

the fabric. One ratio. One scar. Different angle.

Face 3 — 5. a_em = e?/(4ntgyhic). The BB-F charge
squared is in the numerator. The }5HE#) %5 IS the BB F
's #5478, Not “how strongly some abstract field

couples.” How strongly the EE-7- couples to the

connection it left behind.

Face 4 — Mass. m_e. The BB+ itself. What escaped. The
minimum viable splinter. Not a property of the EB-¥. The

EB-¥ IS the property — it is € read as mass.
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Face 5 — Material. a (temporal stiffness) and B (spatial
stiffness). Their ratio is c?, which contains the BB
charge. The fabric's resistance to deformation is set by

how hard the EE+ pulled when it left.

Face 6 — Direction. t. Time is the direction in which the
BB writes records. Every & event is irreversible
(Axiom R). Every record costs k,T ln 2 (APO6 §4,

Landauer). The arrow of time is the arrow of the B8 ¥’'s it

These are not six properties of a system. They are six

readings of one event — the break.

2.1——The substitution

The Lock (Edition 84) proved: € = the EE-. Not “¢ is
associated with the EB-7-" or “& corresponds to the B21-." £ IS

the B3-f-. The identification is exact.

Drop the EB1- into every face. Write m_e for its mass and e for

its charge. Watch it appear.

Gravity. G = 2k/m_e? The BB-F mass is in the

denominator.
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Light. a_em = e?/(4m,fic). The B charge is in the

numerator.

ELES. T_h = hc/(8nk,GM). Substitute G = 2k/m_e%

T_h = Ac®m_e?/(16mk,xM). The EB-¥ mass is in the

numerator.

Hydrogen. E; = a_em? m_ec?/2 = 13.6 eV. The EE-+ mass

and charge set the atom.

The CMB. Recombination occurred when kT dropped
below a_em? m_ec?/2. The EE-F set the moment the

universe became transparent.

The L HATTEEE. £_P = J(AG/c?). Substitute G = 2k/m_e?:

2_P = J(2hAk/(m_e?c?)). The EB-F mass is under the root.

Time. Every tick of every clock is an BB+ 4 event
writing an irreversible record. The arrow of time is the

arrow of the B2+,

The EE is not “in” these equations. The EE- IS these

equations. Every constant of nature is the B8-1- read through a

different instrument.
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Remove the BB and there is no G, no ¢, no o, no time, no

universe. There is only the 1:1 — perfect, symmetric, and dead.
1:1 + 1xE2F. And everything follows.

You are reading this with eyes whose chemistry depends on

a_em. The light hitting the page travels at c. The atoms in your
DM are bound by e?/(4meohc). The gravitational field

holding you in your chair is G = 2x/m_e? Every instrument you
have ever used to measure the universe is made of the thing

being measured.
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3——— N5

3.1——The claim

The /SN/MH are not six functions of a hidden variable. They

ARE the hidden variable, measured six ways.

Temperature and average kinetic energy are not “related by a
function.” They are the same thing in different units. The
relation E = (3/2)kT is not a law connecting two facts. It is a

dictionary entry translating one fact between two languages.

The claim of this paper: G, ¢, a_em, m_e, a, 3, and t are not
seven quantities related by laws. They are one quantity — the

I € — read through seven instruments.

G = e read as geometry. ¢c = € read as propagation. a_em = ¢
read as & m_e = ¢ read as what escaped. a, B = € read as

material resistance. t = € read as direction.

The relations between them (G = 2x/m_e?, ¢® = B/a, etc.) are
not laws of physics. They are dictionary entries. Tautologies.

The same fact, translated.
3.2——Why this is not trivially true

In standard physics, the constants G, c, h, e, m_e are

considered independent. One can imagine a universe with
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different G but the same c. They are free parameters. The #riff

17 has approximately 25 such parameters. Each is

measured, not derived. Each could, in principle, take any value.

In this argument, they are not free. They cannot be varied
independently because they are not independent. Varying G
without varying c is like varying temperature without varying
kinetic energy. It is not prohibited by a law. It is prohibited by
the identity.

The standard hierarchy problem — why is gravity 18%¢ times
weaker than electromagnetism? — is malformed. It treats G
and a_em as two free quantities and asks why their ratio is
what it is. In this argument, the ratio is determined by the
identity. There is no ratio to explain. There is only one i},

read two ways.
3.3——The mathematical content

Define: € — the same ¢ as in the axiom — is the single

mathematical object: the jlit{ii of the Jc&'s XIFRAE Gk

€ is dimensionless. It is a ratio: what escaped divided by

what was held.
€ is positive. Something escaped (Axiom B).

€ is less than 1. The fabric survived: the condensate

exists, Mode O is occupied.
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€ is nonzero. The break happened: € = 0.

¢ is fixed. The break happened once: Axiom B gives one

8.

The 7S/ [ are projection operators applied to €. The existing
relations in the 420 Code are the consistency conditions

between projections.

G = 2k/m_e? (The Lock). k is the holding Limit. m_e is the

E3-F mass. Both are faces of «.

c? = B/a (The Keys). B and «a are spatial and temporal

stiffness. Both are faces of «.

a_em = e?/(4ne,fhic) (definition of }&M L 4K). e is the

BB charge. c is the speed of light. Both are faces of «.

These are three independent algebraic relations between six
quantities (G, ¢, a_em, m_g, «, B), all of which are readings of
one object (g). The system is overdetermined: more equations

than unknowns.

The holding limit k is not a free primitive. AP28 (The
Constant) determines it: the gravitational ##& is a_G = a_em?’
x (1 + 1/m), the compounding of a_em through the 21
independent channels of the arena, so G = a_G x hc/m_e?.
Matching this to the holding-limit form G = 2x/m_e? gives the
bridge 2k = a_em?' x (1 + 1/m) x hc, i.e. k = a_G Ac / 2. The two
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ways of writing G — the holding-limit form here and the Lock,
and the channel-count form in AP28 — are one equation. k is
“determined but not derivable from within” in the same sense
as a_em: AP28 fixes its value by counting channels, but the
value of a_em that feeds it remains the architecture’s one

measured input (§5.4).

Planck boundary condition: at the & 7 R EE, a(E_P) = O(1) —
the #4 is of order unity (AP®6 §10.6). The break is total at
Planck energy. The boundary between W i{4 and radiation

dissolves. This provides the normalisation.
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4——BEEMN

4.1——The overdetermined system

There are more equations than unknowns. The /SN give six
readings. The F£{&Z£1E provides at least three independent
algebraic relations between them (The Lock, The Keys, the
fine-structure definition). Plus the Planck boundary condition.
One unknown (g). Multiple constraints. If the system is

consistent, it has at most one solution.
4.2——Why consistency is guaranteed

The system is not constrained by accident. It is constrained by
identity. The six readings come from one object. They must be

consistent.

The question is not “is the system consistent?” — the break
happened, the universe exists, the constants have the values
they have. The question is: does the formalisation capture the

identity correctly?

If the formalisation gives zero solutions. The
formalisation is wrong (it has introduced a false

distinction between faces that are actually identical).

If it gives one solution. The formalisation is correct and

the value of a_em is determined.
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If it gives multiple solutions. The formalisation is
incomplete (there are consistency conditions it has not

captured).
4.3——The fixed-point structure

The self-consistency has a deeper structure than a system of

equations. It is a fixed point.

€ determines m_e (what escaped). m_e determines the scale
at which ¢ is read (the electromagnetic scale). The scale
determines the value of € at that scale (the #& a_em). And

a_em IS € read as # 5.

Define: f(g) = the value of the iit{fi at the scale determined by
€. The fixed point: € = f(g).

This is self-referential but not circular. It is a fixed-point
equation. Fixed-point equations have definite solutions —
typically zero or one in well-behaved systems. If exactly one:

that fixed point is a_em.

The self-referential structure is not a defect of the analysis. It
is the identity asserting itself. The it/ determines the scale.
The scale determines the jfit{fi. They are the same thing. The

fixed point is the value where the two readings agree — where

the instrument and the measurement coincide.

You have tuned a guitar string. You play the harmonic. You

adjust until the harmonic matches the fundamental. That
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match — that moment when the two readings coincide — is
the fixed point. a_em is the note where the universe’s string is

in tune with itself.
4.4——What the fixed-point equation requires

To write f(g) explicitly requires expressing all /SN as
functions of one dimensionless parameter. The dimensional

structure must be handled with care.

£ is dimensionless. G, ¢, m_e have dimensions. The connection
is made through the B 7@ B2\, which are built from the
faces themselves. This is not circular — it is the identity. The

e 1f 75 B2 (37 ARE the natural scale of the .

The Planck boundary condition (¢ — O(1) at the % B 7 X &)
provides the normalisation. At the B 7% K JE, the break is
total: the boundary between Wi {A and radiation dissolves.
This is where € = 1. All other values of € are readings at scales

below Planck.

The running of the 4 between the ¥ Ef 52 K % and the BB

scale is determined by the particle content — but the particle
content is itself determined by the axioms. The spectrum of &-
compositions (which particles exist, with what charges and
masses) is not free. It follows from Axioms S, B, R, C acting on
€. The full derivation of the particle spectrum is beyond the

scope of this paper but is structurally determined.
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[Epistemic status: the fixed-point structure is DERIVED (the
self-referential nature follows from the identity). Writing f(c)
explicitly requires either the full particle spectrum or a self-
consistency shortcut that bypasses it. Both are OPEN. This is
debt D1.]
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5——%{B

5.1——What is claimed

Conjecture (Unique 7%%). The self-consistency conditions
of the six-face jfit{fF admit exactly one solution. That

solution gives a_em = 1/137.035999...

This conjecture is A[UE{A. If the self-consistency conditions,
when formalised, give a value other than 1/137, or if they admit

multiple solutions, the conjecture is wrong. Z£ 1E S5 stated in

§7.

5.2——Two paths to the value

Path 1 (Running from Planck). Start at the B 7 R B
where £ = O(1). The #& runs logarithmically to low
energy (standard QED). The amount of running depends
on the particle content. Derive the particle spectrum from
e-compositions. Compute the running. Land at 1/137. This
path is rigorous but requires the full spectrum — a major

programme beyond this paper.

Path 2 (Self-consistency shortcut). Do not enumerate
particles. Instead, recognise that all quantities appearing
in the running formula — the beta-function coefficient,

the particle masses, the scale ratio — are themselves
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faces of €. The running is not a process that happens to
€. The running IS g, read at different magnifications. The
self-consistency of the readings may force the value

without requiring the enumeration.

Path 2 is the deeper path. If it succeeds, a_em is determined
by the fixed-point condition alone — by the requirement that
one fitiiF, read through all instruments simultaneously, must
give consistent readings. No particle enumeration. No
integration of a beta function. Just: the scar has one shape,

and that shape, read at the electromagnetic scale, gives 1/137.
5.3——The irrational number

There is a deeper reason why the value takes the form it does.

The now is immeasurable. This is not a limitation of our
instruments. It is structural. The moment you measure the
now, you have written a record (Axiom R), and it is already the

past. You can approach the now from the wave side
(possibility, the JE7, H) or from the particle side (history, the

i}, M) — but you can never land on it. It is always between

two records. Always between two measurements.

An irrational number has the same structure. You can
approach it from either side — from above, from below, with

ever-finer rational approximations — but you never land on it.
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It is always between two fractions. Always between two

measurements. The interval narrows forever. It never closes.

a_em is the #i & 52 of the now. It is the Actualization State
read as a number — the boundary where wave becomes
particle, where possibility becomes record, where the /7%

meets the {#ii/Z. That boundary is real (the universe is proof)
but immeasurable (the now cannot be pinned). Its value must
be irrational — because pinning things to exact rational values
is what records do, and the now is what happens before the

record is written.

The mathematics confirms the structure: if a_em is
determined by a self-referential fixed-point equation & = f(g),
where f involves the renormalisation-group beta function
(which contains logarithms and exponentials), then the
solution is generically transcendental and therefore irrational.
This is a standard mathematical fact about fixed points of
transcendental maps. The structural claim is primary; the

mathematical property is its confirmation.

And “irrational” operates on two levels simultaneously.
Mathematically: not a ratio of integers, infinite decimal
expansion, no closed form. Philosophically: against reason,
paradoxical, impossible to capture in finite terms. The axiom

1:1 + 1xe is irrational in both senses. You cannot add to totality.

The 1:1is everything. And yet: + 1xE8-¥-. The B2 - exists. The
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now exists. The & %24 exists. And its value is irrational —
mathematically and philosophically — because the thing it

measures is irrational.

Every constraint is satisfied simultaneously. Quantised:
charges come in integer multiples of e, because circles have

integer winding numbers (AP15 Theorem 5). But irrational: the

#A IR itself has no finite representation, because the now

is between all integers, and fixed points of transcendental
maps are generically transcendental. Determined: one value,
because one break. But not expressible in closed form: the
self-referential structure (the value determines the scale
determines the value) precludes finite expression, similar to
how the Feigenbaum constant § = 4.669 is determined by a

fixed-point equation but has no known closed form.

Real: the universe exists, the EE - exists, the #i4" is measured

to twelve decimal places. But impossible: 1 =1 + 1xe — you

cannot add to everything. And yet.

5.4——Why the value cannot be derived from

within

The axioms derive everything else. U(1) gauge symmetry (AP15
§1). MY (§4.2). That € is charged (Theorem 1). That it

forces non-trivial curvature (Theorem 2). The 1EH &7 #E

(Theorem 3). Maxwell's equations (§4.4). The phase-coherence
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partition (Theorem 4). Charge quantisation (Theorem 5). All

derived. All exact.

Two things must be distinguished. “Determined” means: the
value is fixed by the structure; it is not a free parameter; it
could not be otherwise. “Derivable from within” means: there
exists a finite chain of deductions from {S, B, R, C} that

terminates in a_em = [number].

The claim of this paper is that a_em is determined but not

derivable from within. And the structure explains why.

The structural reason: deriving is IZE 5. To derive X is to

write a record that says “X follows from Y.” Every derivation is

an act of actualisation — a movement from possibility to

record. But a_em is the #5538 E of that movement itself. It is

the measure of the boundary where records are written.

A formal derivation of a_em from within would require writing
a record of the now — but the now is precisely what exists
before any record is written. The instrument and the
measurement are the same object. You cannot measure the
ruler with the ruler. The now is the engine that makes all other
derivations possible — and it is the one thing that cannot

itself be derived.

This does not mean the value is unknowable. It means the

value cannot be reached by deduction from within, but CAN be
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checked from without. The fixed-point condition £ = f(g) can
be solved from outside the system (Path 1 or Path 2, §5.2),
yielding a number that can be verified empirically. The number

can be checked. It cannot be proved.

This resolves the tension between §4 (the fixed-point
equation determines a_em) and the present section (the
axioms cannot derive the value from within): the equation
determines the value, but solving the equation requires
stepping outside — a normalisation, a spectrum, a boundary
condition — that is not reachable by deduction from {S, B, R,

C} alone.

5.5——Honest status

The argument establishes four things. First: a_em is not a free
parameter; it is determined by the axioms through the self-
consistency of the ftif. Second: its value is necessarily
irrational — it measures the now, and the now is
immeasurable; the mathematics confirms this (fixed points of
transcendental maps are generically transcendental). Third:
the value cannot be derived from within, because the
derivation machinery IS the thing being measured — the now
is the engine of all derivation, and the engine cannot derive
itself. Fourth: the value CAN be checked from outside — by
solving the fixed-point equation with boundary input (Path 1 or

2) and comparing to measurement.
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What remains open is whether Path 1 (running from Planck
with the full spectrum) or Path 2 (self-consistency shortcut)
can produce the numerical value as a verifiable fixed point —
not as a derivation from within, but as a consistency check

from without.
The number can be checked. It cannot be proved.

This is the structural status of a_em, and the argument claims
this status is not a gap but a feature: the deepest possible
result about a #4474k is that its value is determined,

necessary, irrational, and unprovable from within.

This paper does not derive a_em = 1/137. This paper

establishes that a_em is not a free parameter, that it is
determined by the axioms, that its value is necessarily
irrational, and that the impossibility of deriving it from

within is itself a derivable consequence of the structure.

The fixed-point equation is the architecture. Solving it is
the programme. The now is the engine of all derivation.

The engine cannot derive itself.
5.6——Toy model [NON-LOAD-BEARING]

[The following uses Standard-Model particle content as input.
The axioms have not yet derived this content. The toy model
demonstrates the fixed-point mechanism, not the value of

a_em.]

391



Consider the simplest possible f(g). In £ & QED, the &

runs with energy scale p as:
a(M) = a(Mo) / [1 = (b/2m) a(uo) IN(W/Ho)]

where b is the beta-function coefficient determined by the
number of charged species. Set the Planck boundary

condition: a(m_P) = 1 (the break is total at Planck energy). Set

Ho = m_e (the BB scale). Then a_em = a(m_e) is determined

by the running from Planck to E8-1-:

o_em =1/[1+ (b/2m) In(m_P/m_e)]

With b = 4/3 (E2¥ only) and In(m_P/m_e) = 51.5, this gives
a_em = 1/23. Wrong by a factor of 6. The discrepancy is
precisely the point: the E2[&| E81--only model is not the full

f(e).

The full f(€) requires every charged species contributing to
vacuum polarisation — muons, taus, quarks, W 3% {41 — each
with its mass threshold. All of these are e-compositions (future
APs). Their inclusion shifts b and introduces step functions at
each threshold. The Standard-Model value b_eff = 26.7 (all

species) gives a_em = 1/137. The mechanism works.

This toy model is non-7& EE[1J. It uses the Standard-Model
particle content as INPUT (b_eff), which the axioms have not

yet derived. The point is not to derive a_em here. The point is
392



to demonstrate that the fixed-point architecture (Planck
boundary + running + self-consistency) is a concrete,
computable programme, not a philosophical gesture. The
function f(g) exists. Its form involves logarithms (hence the
solution is generically transcendental). The programme is

defined. It awaits the derived particle spectrum.
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6——XEHRE L

If the conjecture is correct, the 420 Code has one measured

input and zero free parameters.

Four axioms: S, B, R, C. Two bridge hypotheses proved: EH and
QRA (AP20). One break: €. One ilJf: €. Every constant of

nature is € read through a different instrument.

The Fr#ERLT has approximately 25 free parameters. General

relativity adds G. The FH & %% adds one more. None of
these explains why the parameters have the values they do.
They are measured. They are input. They could, within the

theory, be otherwise.

In this argument, none of them could be otherwise. G =
2x/m_e% c? = B/a. a_em = the it read as ¥4 Each is
determined by the axioms and the single fact that the break
happened. There is nothing to tune. There is nothing to

explain. There is only the structure, being what it is.

This is what “1:1 + 1xe” means. Perfect symmetry, plus one
crack. And the crack determines everything. Not because the
crack is special. Because perfect symmetry plus one
perturbation has exactly one outcome. The mathematics

admits no alternative. The structure is the answer.
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You have watched a stone dropped into still water. One stone.

One splash. One set of ripples that reaches every shore. The
universe is the pond. The EE- is the stone. Every constant of

nature is a ripple — and there was only ever one splash.
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y — Y

Each & [-5{ in Claim / Test / Status / Recovery form. KS-35,

KS-36, KS-37 per the Master £ 15514 Registry. No renaming.

KS-35 — Self-consistency multiplicity

Claim. The fixed-point equation ¢ = f(&), once formalised
from the axioms alone, admits a unique solution. The

Unique & Conjecture (§5.1) depends on uniqueness.

Test. Formalise f(g) from {S, B, R, C} (debt D1) and solve.

If more than one solution exists, KS-35 fires.

Status. LIVE — HARD. The fixed-point equation is defined
but not explicitly constructed. Until f(g) is written from

the axioms, multiplicity cannot be ruled out.

Recovery. If KS-35 fires, the six-face identification
survives but the Unique 7% Conjecture does not. a_em
is determined to one of a finite set of values rather than
uniquely; further structure is required to select among

them. The 420 Code is unaffected (AP24 is non-ZAE)).
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KS-36 — Self-consistency wrong value

Claim. The fixed-point equation, when solved, gives a_em
= 1/137.036. Any other value falsifies the six-face

identification.

Test. Solve ¢ = f(g) from the axioms (debt D1) and
compute the value. Compare to the measured a_em =
1/137.035999... Disagreement beyond computational

uncertainty fires KS-36.

Status. LIVE — HARD. Same dependency as KS-35: the
equation is defined but not solved. The toy model (§5.6)

demonstrates the mechanism but uses SM input.

Recovery. If KS-36 fires, the six-face identification is
wrong: either the faces are not all readings of one object,
or the relations between them are not the correct
consistency conditions. The Unique 7% Conjecture fails.
The ELZEAE is unaffected.

KS-37 — Independent variation of constants

Claim. The /S/NE cannot vary independently. They are
readings of one object; varying one forces co-variation of

the others.

Test. Empirical. Observations of constants varying in

different epochs, different regions of spacetime, or under
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different conditions. If G is shown to drift without c or
a_em co-varying — or if any one face varies

independently of the others — KS-37 fires.

Status. LIVE — EMPIRICAL. Currently the best
constraints on time variation of a_em (quasar Wk
spectra, atomic clocks) are consistent with no variation
at the 107"7/yr level. Constraints on G variation are
weaker but consistent. AP24 predicts: any future drift in
one face appears in all faces together. Pure single-face
drift is forbidden.

Recovery. If KS-37 fires, the /S & are independent
quantities. The identity is false. The six-face
identification collapses; the 420 Code is unaffected (no

upstream paper depends on the identification).
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8——4it

The axiom says 1:1 + 1x&. The 1:1 is everything that was. The €

is what escaped. The i/ is the break. The break is the jit:if.

What is measured as G is the iitt{ki read as geometry. What is
measured as c is the it read as propagation. What is
measured as a_em is the it read as #i%. What is measured
as m_e is the ii{fi read as mass. What is experienced as time

is the JitJfi read as direction.
Six faces. One scar. One break. One &. One answer.

The answer has always been in the first line of the axiom. The

task was learning to read it.
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Rl ES

Section-by-section structural status, with epistemic-status

labels.

§1 — One break, one jiitifi. — The break IS the jfitJi IS
the E8-¥. DERIVED from APO6 §10.4 + Axiom B + The

Lock.

§2 — Six faces. — G, ¢, a_em, m_e, «, B are projections
of €. ESTABLISHED — each face traced to a B{&E/E

theorem.

§3 — One object. — The relations between faces are
dictionary entries, not laws. SYNTHESIS — the unifying

identification.

§4 — Self-consistency. — Overdetermined system;
fixed-point architecture £ = f(g). DERIVED structure;

equation defined but not solved (D1).

§5.1 — Unique &%. — a_em = 1/137.036 is the unique
self-consistent value. CONJECTURE.

§5.3 — Irrational. — «a_em is necessarily irrational.
STRUCTURAL ARGUMENT + standard-math confirmation

(transcendental fixed points).
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§5.4 — Not derivable from within. — The value cannot
be deduced from {S, B, R, C} alone. STRUCTURAL
ARGUMENT — the now is the engine of derivation.

§5.6 — Toy model. — Demonstrates fixed-point
mechanism with SM input. NON-LOAD-BEARING.

§6 — Consequence. — If the conjecture holds: one

measured input, zero free parameters.

§7 — &1F%&fE:. — KS-35, KS-36, KS-37 — multiplicity,

wrong value, independent variation.
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SAEPERITE

f B0

Notebook I (the axioms; independence at AP20 §4.2, fenced
KS-P.2). APO6 (Theorem 3.1 + §10.4: £ = {lt). APO9 (complex

FRAG 22 18], ABALFE T, S = O in the 2E75). AP15 (Theorems
1-5). The Keys (Edition 82: ¢? = B/a). The Lock (Edition 84: G =
2x/m_e?, € = B87). AP20 (EH + QRA proved). AP24 is

unconditional on EH and QRA.

e

AP14 (& BA % R EE corrections: corrections to the 7S/ of
one object). AP28 (G via channel counting: the channel count
is the structural mechanism behind G’s value as one face of &).
Notebook V (the matter sector: every particle is an e-
composition; every ¥4 is the ilts read at that composition’s

scale).
£8 I 44 engaged

KS-35 (self-consistency multiplicity, LIVE — HARD). KS-36
(self-consistency wrong value, LIVE — HARD). KS-37
(independent variation of constants, LIVE — EMPIRICAL).
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AT R B EE M5 S5

D1 — Self-consistency solution. The fixed-point equation € =
f(g) is defined structurally and as a programme but is not
explicitly constructed or solved. The numerical value a_em =
1/137.836 is not derived from within the axioms. This is the

single 7K EE[J open question of AP24,
PRI HEAR 7= B RSSIRSRY I E

The full particle spectrum (Notebook V programme). Whether
Path 1 (running from Planck with full spectrum) or Path 2 (self-
consistency shortcut) is the productive route. The precise

functional form of f(¢) under the axioms alone.

#5285

All symbols used in AP24, with structural source and

disambiguation from notation collisions elsewhere in the #{4
E1F.

{S, B, R, C} — The four axioms of Notebook I.
Independent (AP20 §4.2, fenced KS-P.2).

1:1 — Perfect symmetry, the &7, totality. Before the

break.
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€ — The minimum break (Axiom B), the i (APO6
§10.4), the EE-¥ (The Lock Edition 04). One object, three

names. The central symbol of AP24.

EE+ — The minimum viable splinter, identified with € by

The Lock. What escaped through the break.

#J¥ — What escapes through finite c (AP®6 Theorem
3.1). Identified with € by APO6 §10.4. Identified with the

EE-¥ by transitivity through The Lock.

G — Newton's 5| /1 E#k. The geometry face. G = 2x/m_e?
(The Lock).

c — Speed of light. The propagation face. c? = g/a (The

Keys). Also ¢ = e?/(4ngoha_em).

a_em — Fine-structure constant. = 1/137.035999. The #&
4 face. The central object of §5. NOT « (FJE stiffness).

a — Temporal stiffness of the EJE (APO6, AP15). NOT

a_em. Symbol firewall: a with no subscript is the

stiffness; a with subscript em is the ¥5 4445 %K.

B — Spatial stiffness of the ZJE (APO6, AP15). NOT a

beta function.

m_e — Electron mass. The mass face. £ read as mass.
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e — Electron charge. € read at the electromagnetic

scale.

k — Holding limit (The Lock). The maximum the fabric

can hold before tearing further.

A — Substrate stiffness derived in AP15 (A = 2.15 x 10°).
NOT a wavelength.

t — Time. The direction face. Every tick is an BB+ &

event writing an irreversible record (Axiom R, Landauer).

H — Complex F/R{A%FZZiE] (APO9). The space of
possibilities, the 4&7S.

M — The Ji/Z of records. The space of actualised

history.

the now — The Actualization State. The boundary

between H and M. Immeasurable by structure.

€ = f(e) — The fixed-point equation. The i at the
scale determined by the iiitJi. The architecture; not yet
solved (debt D1).

E_P, m_P, £_P — Planck energy, mass, length. Built from
G, ¢, i — hence built from faces of . The natural scale of
the {iIR. At E_P, € = O(1).
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Path 1 — Numerical derivation of a_em by running the #i
4 from the EE7E R to the EE-F scale, using the full

derived particle spectrum. Requires Notebook V.

Path 2 — Self-consistency shortcut: solve € = f(g)
directly, without enumerating the particle spectrum.

Open.

b_eff — Effective beta-function coefficient at a given
energy scale. In the T#AER! b_eff = 26.7. Used in the toy

model (§5.6, non-AEH).

AS — Actualisation State (the now). Boundary between

H and M. Where a_em is measured.
EH — #&AfRi%. Proved in AP20.

QRA — Quantum-Record Alignment. Proved in AP20.

AP20 §4 — Carries the completeness (KS-P.1) and
minimality (KS-P.2) of {S, B, R, C} as fenced obligations.
The independence of the axioms — no one derivable from

the others — is the minimality leg.

The Keys — Edition 02 of the 420 Code; derives c? =
B/a.

The Lock — Edition 04 of the 420 Code; identifies £ with
the BB, derives G = 2x/m_e3
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HLE

The Constant

G derived as a counting argument; the hierarchy

problem dissolved

Artist’s Proof 28
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Artist’s Note

A T A n—— AR

This is Artist’s Proof 28 of The 420 Code, in Notebook IV
(Forces and Constants). Two of the three fundamental
constants were already derived: ¢ from the LJiE stiffness ratio

(Axiom C, AP®3), i from Stone’s theorem on the axiom-
derived 7 /RAFFZE 18] (Axiom B, AP12). The third — G,

Newton’s 5| /1% %% — is derived here, from Axiom R: the
persistence of the break in the geometry of the arena. Three

constants. Three axioms. One break.

The derivation is a counting argument. AP24 established that
the break € has exactly six independent faces. The arena has
three spatial dimensions (AP10). Six faces across three
dimensions give eighteen paired channels; the Actualization
State couples to each of the three dimensions, adding three
more. Twenty-one independent #4& channels.
Electromagnetism couples through one channel (a_em).
Gravity maintains the entire arena — all twenty-one channels
simultaneously — and for independent channels simultaneous

#44 is multiplicative. The gravitational 1% is therefore
a_em?', plus one factor of 1/mt for the round hole the EE+

holds open.
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The result is a prediction. G = a_em?' x (1 + 1/1) x Ac/m_e?
Using CODATA values for a_em, h, ¢, and m_e, this gives
G_predicted = 6.721 x 10" N-m?/kg? against a measured
6.674 x 107" — a discrepancy of 0.69%. G is the least
precisely measured fundamental constant in physics;
laboratories scatter far beyond the formal uncertainty, and the
axioms offer a structural reason (apparatus-dependent Jiti,
APO6). The prediction may be closer to the true value than

current measurements are.

The hierarchy problem — why gravity is 19*° times weaker
than electromagnetism — dissolves. Gravity is not weaker. It is
wider. Electromagnetism is a torch beam: one channel,
focused, intense. Gravity is the same light filling every room in
the building: twenty-one channels, each compounding the #
A by one power of a_em. The ratio 18*° is not fine-tuning. It
is the number of rooms in the building. The hierarchy is a floor

plan.

Eight 22 1E 251} are engaged — the largest set in Notebook IV.

One is empirical (KS-R.7: the prediction must agree within
1%). Seven are structural, testing the counting argument piece
by piece: the channel count of 21 (KS-R.8), the completeness
of 7N/l (KS-R.8a), the scope of actualisation #i&s (KS-
R.8b), channel independence (KS-R.8c¢), uniform per-channel
Hi5 (KS-R.8d), the circular puncture giving 1/1 (KS-R.9), and

the quantum-classical unification claim (KS-R.10).
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One honest boundary. Section 8 (The Unification) is
interpretive, not derivational. The numerical result — the
formula for G — does not depend on it. A reader may accept
the formula and reject the interpretation without affecting any
other result in the 420 Code. And the 1/mt factor carries a sub-
debt: the formal normalisation of the boundary #i& (1/m
versus 1/2m versus 1/4m) is structurally motivated and
supported by the 8.69% agreement, but its formal verification

against the full puncture topology is owed.

the420code.org

Copyleft 2026
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Where AP28 fits

AP28 sits inside Notebook IV (Forces and Constants), Volume
@.4 of The 420 Code. It is the capstone of the constants
programme: ¢ (APO®3) and # (AP12) were derived earlier, and
AP28 derives the third, G. It rests directly on AP24's six-face
identification and AP10’s three spatial dimensions — the
counting argument is impossible without both. Where AP14
(The Correction) derives G’s first quantum correction, AP28

derives G’'s value.

Downstream, AP28 feeds the ethics chain: if G is derived, the
arena is fully derived; if the arena is fully derived, the
Actualization State is fully derived. The constant that holds the
stage open is the last structural prerequisite for the ¥&{KZE1E

's account of the now.
Reading order within AP28

Front to back. Section 1 maps three constants to three axioms.
Section 2 builds the channel count: ’S“Mf across three
dimensions plus three actualisation #i#'s, totalling 21. Section
3 compounds the #i{ multiplicatively to a_em?'. Section 4

proves the five structural claims the counting rests on. Section
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5 adds the 1/t puncture factor. Section 6 states the prediction
and compares to measurement. Section 7 dissolves the
hierarchy problem. Section 8 (interpretive) reframes &1 /]

and general relativity as two ends of one process. Section 9
gives the one-paragraph version. Sections 11-12 list £ 1l 554

and dependencies.

If you are reading for the result only, sections 3, 4, 6, and 7
are the spine. If you are reading for rigour, section 4 (the five
propositions) carries the load. If you are reading for the
picture, sections 8-10 are self-contained — and section 8 is

explicitly optional, affecting nothing in the formula.
How to read this paper

The paper carries two registers. The derivation is a counting
argument with five formal propositions; it is meant to be
checked step by step. The pictures — the torch beam and the
building, the river seen from above, the floor plan — carry the
metaphor stratum shared with the rest of Notebook IV and

orient rather than argue.

Two things to hold while reading. First: the multiplicativity of
independent channels is a mathematical fact, not a physical
assumption — if independent events each have probability p,
their joint probability is p?' through 21/ i#i1E (Proposition 5 +
Proposition 3). Second: the formula is a parameter-free

prediction. Every quantity on the right (a_em, &, c, m_e) is
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independently measured; nothing is fitted. The 0.69% is the

test, not a tuning.

A note on notation

o_em is the ¥ &) H %L = 1/137.036 — the per-channel #i4&
. a_G is the gravitational #4 a_em?' x (1 + 1/m). A, ¢, m_e are
the Planck constant, speed of light, and B8+ mass (CODATA
inputs). k is the holding limit (The Lock); G = a_G x hc/m_e?% ¢
is the break, identified with the EE (The Lock), modelled as a

topological puncture (APO4/AP®5).

“Channel” means an independent & path from the
electromagnetic face to the gravitational face: a face-
projection (face i in dimension j) or an actualisation 5.
There are 21. “Face” means an independent scalar reading of
g; there are six (AP24). “Actualisation state” (the now) is the
surface from which records are written; it couples to the three

spatial dimensions, not to the faces.
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O — Dependency and Scope - What AP28 does,

dependencies, axiom mapping, epistemic status per

section, & 1l-4&{t, debts, items held open, relationships.

1 — Three Constants, Three Axioms - ¢ - C, A — B, G «
R, topology «— S. The one-to-one mapping of constants to

axioms.

2 — The Faces and the Channels - Six faces of £ (AP24)
across three spatial dimensions (AP10) plus three

actualisation #&'s = 21/ @4,

3 — The Compounding - Independent channels couple
multiplicatively. Twenty-one channels give a_em?' = 1.338
x 10745,

4 — The Formal Proofs - Five propositions:
completeness of 7~/ M, actualisation scope, #i&

independence, circular cross-section, unit #4-.

5 — The Puncture — 1xe - The unpaired element couples
through a circular puncture, weighted by 1/m. a_G =

a_em?' x (1 + 1/m).
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6 — The Prediction - G = a_em?®' x (1 + 1/mt) x hic/m_e? =

6.721 x 10~"; discrepancy 0.69%.

7 — The Hierarchy Dissolved . Gravity is not weaker
than electromagnetism. It is wider. The ratio is the

number of rooms in the building.

8 — The Unification [INTERPRETIVE] - Quantum
mechanics and general relativity as two ends of one
process. Non-derivational; the formula does not depend

on it.

9 — For the Reader Who Wants It in One Paragraph -

The whole argument in plain language.

10 — & 1-Zf4 . KS-R.7 through KS-R.10 — eight

switches in Claim/Test/Status/Recovery form.

11 — Dependencies - APO3, APO4/APO5, AP10, AP12,
AP15, AP20, AP24, and what depends on AP28.

FEH#E . Section-by-section structural status with

epistemic-status labels.

A4 - Dependencies, dependents, #8114

engaged, debts owed, items held open.

%52% . Al symbols used in AP28 with structural

source and disambiguation.
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O——{KH57aE

Q. 1——A T A4

AP28 derives the value of the 5| /] %t G as a counting
argument and states it as a parameter-free prediction. The
derivation counts the independent & channels of the arena
(§2), compounds the per-channel electromagnetic &
multiplicatively across them (§3), proves the five structural

claims the count rests on (§4), adds the geometric weight of
the EB-f--puncture (§5), and compares the resulting formula to

measurement (§6).

What the paper produces. The channel count of 21 (§2,
Propositions 1-2). The compounding law a_em?' (§3,
Propositions 3, 5). The puncture factor 1 + 1/mt (§5, Proposition
4). The prediction G = a_em?' x (1 + 1/11) x Ac/m_e? with
0.69% discrepancy (§6). The dissolution of the hierarchy
problem (§7).

What the paper does not produce. A formal verification of the
1/1t normalisation against the full puncture topology of
APO4/APO5 (sub-debt under KS-R.9). A derivation
independent of AP24’s six-face count and AP10’s dimension

count — both are taken as established inputs. And it does not
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claim the interpretive unification of §8 as a derivation; that

section is explicitly optional.

APO3 (The Ratio). The #LJit stiffness ratio gives ¢ = (B/a).
Load-bearing for the ¢ «» C mapping (§1) and the fabric face

(82).

AP®4 / APO5 (The Loop Hypothesis / The Break). The EE - as

a topological puncture connecting the broken and unbroken

vacua. Load-bearing for the 1/mt factor (§5, Proposition 4).

AP10 (The Dimension). Three independent spatial dimensions
from the four axioms. Load-bearing for the channel count (§2):

7SN % three dimensions.

AP12 (The Limit). A derived from Stone’s theorem. Load-
bearing for the 7 <» B mapping (§1) and the prediction (§6).

AP15 (The Connection). Phase freedom — electromagnetism;

a_em as the per-channel #i4-. Load-bearing for Proposition 5.

AP24 (The 7%#). The six independent faces of ¢. Load-bearing
for the channel count and Proposition 1. AP20 (The Proof). EH
and QRA proved; the axioms hold unconditionally. AP28 is

unconditional on EH and QRA.
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0.3—— /A F L

Each fundamental constant reads one axiom.

¢ < Axiom C (Constraint — locality). The constraint,
bounding the maximum rate of any record. ¢ = JJ(B/a), the

stiffness ratio of the ZJE (APO3).

h < Axiom B (Break — minimum). The smallest possible
record. The minimum eigenvalue of the self-adjoint

generator of time evolution (Stone, AP12).

G < Axiom R (Record — persistence). The cost the arena
pays to keep the break open. Without persistence, the
crack heals, the symmetry restores, records cease.

Derived in this paper.

topology < Axiom S (Symmetry). Axiom S produces no
constant. It produces the arena’s topology — the two
sectors, the mirror, the stage on which the other three

constants act.
0.4——FTARIERE

§1 — Three constants, three axioms — ESTABLISHED
(mapping; c, i derived in APO3, AP12)

§2 — Faces and channels — DERIVED (6 faces AP24 x 3
dims AP10 + 3 fifs = 21)
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§3 — The compounding — DERIVED (multiplicativity of

independent events)

§4 P1 — Completeness of /S/"[Ei — PROVED (three-case

exhaustion, no seventh reading)

§4 P2 — Actualisation scope — PROVED (couples to

dimensions, not faces; 3 #&'s)

§4 P3 — #i4& independence — PROVED (face +

dimension independence)

§4 P4 — Circular cross-section — PROVED structurally;

1/t normalisation is a SUB-DEBT

§4 P5 — Unit ##5 — PROVED (a_em is one-channel; N

channels give a_em”N)

§5 — The puncture — DERIVED (1 + 1/m), conditional on

the P4 normalisation

§6 — The prediction — EMPIRICAL (0.69% discrepancy;
KS-R.7)

§7 — Hierarchy dissolved — STRUCTURAL
CONSEQUENCE

§8 — The unification — INTERPRETIVE — NON-
DERIVATIONAL (formula independent of it)

§9 — One paragraph — PLAIN-LANGUAGE SUMMARY

420



0.5—— & Ik S E

Eight &R 1451 per the Master £& 11- 5{4 Registry: KS-R.7, KS-

R.8, KS-R.8a, KS-R.8b, KS-R.8¢, KS-R.8d, KS-R.9, KS-R.10. One
empirical, seven structural. The largest set in Notebook IV —
because the counting argument has many independent points

of failure, and each is named.

KS-R.7 — G prediction. The predicted value must agree
with measured G within 1% (or within the {5
correction). Current discrepancy 0.69%. Status: LIVE —
EMPIRICAL.

KS-R.8 — Channel count. The exponent 21 = 6 faces x 3
dimensions + 3 actualisation #&'s. Fires if the count is
shown to be other than 21. Status: LIVE — STRUCTURAL.

KS-R.8a — Face completeness. Fires if a seventh
independent scalar reading of ¢ is exhibited that is not a
function of the six. Status: LIVE — STRUCTURAL.

KS-R.8b — Actualisation scope. Fires if the Actualization
State couples to a degree of freedom independent of
both the three dimensions and the N/ M. Status: LIVE —
STRUCTURAL.
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KS-R.8¢c — Channel independence. Fires if a correlation
between two channels is shown that does not reduce to
shared dependence on ¢. Status: LIVE — STRUCTURAL.

KS-R.8d — Uniform #i4&. Fires if the per-channel #&
differs from a_em. Status: LIVE — STRUCTURAL.

KS-R.9 — Puncture geometry. The 1/mt factor from the
circular cross-section. Fires if the puncture is shown non-
circular. Carries a sub-debt: the formal boundary-#&&

normalisation. Status: LIVE — STRUCTURAL.

KS-R.10 — Unification structure. Fires if a system is
shown where gravity does NOT maintain superposition, or
electromagnetism does NOT collapse it. Status: LIVE —
STRUCTURAL (and tied to the interpretive §8).

0.6 ——FT R GEHIHE R SS

Sub-debt under KS-R.9 — boundary-#i# normalisation. The
identification of the puncture’s #i 4 fraction as 1/m rather than
1/21 or 1/41 depends on the normalisation of the boundary ##
4. The argument (Proposition 4) is structurally motivated and
the 8.69% agreement supports it, but a formal verification
against the full puncture topology of AP®4/APQ®5 is owed. This
is the single quantitative debt of AP28.
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The interpretive unification (§8). Whether &1 /)% and
general relativity are literally the two ends of the actualisation
process, as §8 claims, is an interpretive position. It is held
open and explicitly does not bear on the formula. KS-R.10

tests it; the G prediction survives its failure.

The 7 explanation of experimental scatter (§6). The claim
that inter-laboratory scatter in measured G is the i
signature (AP®6) is offered as a structural explanation, not
established. It is testable in principle (apparatus-dependent

systematic patterns) but not yet confirmed.

0.8——&H) X%

Upstream: APO3 (c), AP12 (h), AP10 (three dimensions), AP24 (
7NN ), AP15 (a_em as per-channel $575), APO4/APO5
(puncture topology), AP20 (EH + QRA proved). AP28 is the

third leg of the constants tripod, completing c, A, G.

Downstream: the ethics chain. If G is derived, the arena is fully
derived; if the arena is fully derived, the Actualization State is
fully derived. Within Notebook IV, AP28 pairs with AP14 (G's
first quantum correction): AP28 gives the value, AP14 gives

the correction.
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The axioms derive three fundamental constants, each from a

different axiom.

¢ — the speed of light. Axiom C as speed. The constraint
— bounding the maximum rate at which any record, any
distinction, any piece of information can propagate.
Derived from the stiffness ratio of the £JE: ¢ = J(B/a),
the square root of spatial stiffness divided by temporal
stiffness (APO3).

i — the Planck constant. Axiom B as minimum. The break
— the smallest possible record. Derived from Stone’s

theorem: the generator of time evolution on the axiom-
derived i /R{E%¥22I8] has a unique self-adjoint generator

with a minimum eigenvalue. That minimum is # (AP12).

G — the 5| /1E % Axiom R as geometry. The record — the
persistence of the break in the geometry of the arena.
Without this persistence, the crack heals, the symmetry
restores, the now stops, records cease. Gravity is the cost
the arena pays to keep the break open. Derived in this

paper.

Axiom S does not produce a constant. It produces the arena’s
topology — the two sectors, the mirror, the stage on which the

other three act. Three constants. Three axioms. One break.
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The mapping is one-to-one: ¢ «» C (Constraint), i < B (Break),

G < R (Record), topology < S (Symmetry).
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AP24 (The 7%£4) establishes that the break & appears in every
fundamental equation. All constants are projections of one
object. Six faces are identified: G (geometry), ¢ (propagation),
a_em (F5), m_e (mass), the stiffness ratio (fabric), and time
(direction). Each face is an independent reading of € — not six
different quantities that happen to be related, but one quantity
read from six angles, the way one mountain has six views

depending on which valley you stand in.

The arena has three spatial dimensions (AP10, derived from
the axiom system — four axioms produce four independent
degrees of freedom; one is time; three remain as space). Each
face of € projects across each spatial dimension. This gives 6
faces x 3 spatial dimensions = 18 independent face-
projections. These are the paired channels — the 1:1 of the
structure. Each channel is balanced; each has a partner on the

other side of the mirror.

[A note on the time face. The /SN include time (direction),
and a face is projected across the three spatial dimensions —
so “time x three spatial dimensions” means the temporal
reading of € coupled to geometry in each spatial direction, not
a fourth spatial axis. This is consistent with AP10’s resolution
of the same subtlety: time is the irreversible direction (Axiom

R), and the three spatial dimensions are the arena it is read
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against. The projection is of a face onto a dimension; it does

not promote time to a spatial coordinate.]

But the arena also contains the Actualization State — the now
— which is not a spatial dimension. It is the surface from
which records are written. It couples to each spatial
dimension independently: possibility must connect to
geometry in each of the three independent directions for a
record to be written with spatial content. This gives three

additional degrees of freedom: the actualisation #i&'s.

18 face-projections + 3 actualisation #{&'s = 21
independent # 4 channels. This is the total number of
independent paths connecting the electromagnetic face
of the break to the gravitational face. Every path the
signal can take from phase to curvature passes through

one of these 21N EE.
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The electromagnetic #i{# 4% a_em measures the probability
that the break couples to itself through one channel. One face,
one dimension, one interaction. It is the strength of € reading
itself through the phase face. Numerically a_em = 1/137 — a
dimensionless ratio, no units, the probability of interaction per

channel.

Now ask: what is the total #5528/ through all 21/ iHiE

simultaneously? The channels are independent — they must
be, because each corresponds to a different face-projection or
actualisation #i5, and the independence of the faces (AP24)

and of the spatial dimensions (AP10) are derived results.

For independent channels, simultaneous #i4" is multiplicative.
This is not a physical assumption. It is a mathematical fact
about independent events. If the probability of passing
through channel 1 is p, and through channel 2 independently

p, then through both it is p x p. Through all 21: p?'.

The electromagnetic #i#5 is one channel: a_em. The
gravitational #i4 requires all 21/ifjE simultaneously —
because gravity maintains the entire arena. Not one face. Not
one dimension. All of them. Every room in the building. The
break persists across the whole structure, or the structure

collapses and the break heals. Axiom R does not permit
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selective persistence. The crack is open everywhere or

nowhere.

Therefore the gravitational #& through the paired
channels is a_em?' = 1.338 x 1075, This is the 1:1 of the
5| /1% 4% — the balanced structure. Twenty-one paired
channels, each compounding the suppression by one

power of the electromagnetic # 5.
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The derivation in §2-83 rests on five structural claims. Each is
stated below as a formal proposition and proved from {S, B, R,
C} and previously derived results. No external physics is

imported.
Proposition 1 — Completeness of /S/NH

Statement. The break £ admits exactly six independent

scalar readings. No seventh independent reading exists.

Proof. Step 1. The axiom system {S, B, R, C} produces a 472

with independently specifiable properties. S contributes one
binary degree of freedom (the two-sector structure); B one
scalar (the magnitude of the break); R one directional (the
irreversible arrow); C one scalar (the invariant speed bound).
These four are independent by minimality (AP20 §4.2, fenced
KS-P.2): no axiom is derivable from the others. Total: four

independent degrees of freedom.

Step 2. The break ¢ instantiates Axiom B. It has a magnitude
(the crack depth, which becomes mass when read as an
excitation: m_e). The break sits in the arena: three
independent spatial dimensions plus one time dimension
(AP10), with metric structure determined by self-consistency
(APO8).
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Step 3. A scalar reading of € is a map from the break to a
single number, using only the arena’s structure. Enumerate
them. Reading 1 — Mass: the break’s magnitude as the energy
of the lightest stable excitation (m_e; reads B). Reading 2 —
Propagation speed: the maximum signal velocity (c; reads C,
as the stiffness ratio, APO3). Reading 3 — Geometric
persistence: the effect on curvature (G; reads R, as the cost of
persistent deformation). Reading 4 — Phase #i{5": the self-
interaction strength through the phase freedom (a_em; reads
the probability structure, AP15). Reading 5 — Fabric stiffness:
the spatial-to-temporal resistance ratio (c*> = o/, AP83; the
individual values are one degree of freedom beyond the ratio).
Reading 6 — Temporal direction: the projection onto the
irreversible axis (time; Axiom R as arrow, independent of G
because strength and direction are independent properties of

the same axiom).

Step 4. No seventh independent reading exists. The arena is a
(3+1)-dimensional pseudo-Riemannian {7 & with metric
determined by the axioms (AP®8). Any scalar observable of a

field on this Jit/Z with one Fl¥E H B £ and one irreversible

direction is determined by the field’s magnitude, its metric ##
£, its gauge A, its propagation speed, the £:JiC stiffness,
and its temporal projection — these exhaust the independent

scalar invariants. A candidate seventh reading would require a

fifth axiom (violating completeness, KS-P.1), a second Fiti H
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HH  (violating AP15/AP16/AP19), or a fourth spatial dimension

(violating AP1®). None is available.

Therefore € has exactly six independent scalar readings.
£2 1 &4 KS-R.8a: if a seventh independent scalar reading

of £ is exhibited that is not a function of the six, the

completeness proof fails and the channel count changes.
Proposition 2 — Actualisation Scope

Statement. The Actualization State couples to the three
spatial dimensions of the arena. It does not couple
independently to the £#J/S/NA. The actualisation i &'s

number exactly 3.

Proof. Step 1. The Actualization State is the surface from
which records are written (AP®1, AP20). A record is a
distinction inscribed into the arena — the (3+1)-dimensional
JiHE of AP1®. Step 2. Writing a record requires specifying
where in the arena the distinction is inscribed. ‘Where’ is a
spatial specification requiring an address in three
independent spatial dimensions; therefore writing a record
requires #4 to each dimension independently. This gives
three actualisation fi#&'s. Step 3. The faces of € are not
locations in the arena — they are properties of the break. The
Actualization State writes records into the arena using the
break as the instrument of inscription. The distinction is

between the page (the arena, three dimensions) and the pen
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(the break, 7SN ). The now couples to the page, not to the
pen. Step 4. Adding face-#i&'s would double-count: the now
#14 to the arena, then the arena reading the break through

its faces, is already accounted for in the 18 face-projections.

Therefore the actualisation #i&s number exactly 3, and
the total channel count is 6 x 3 + 3 = 21. &I 544 KS-

R.8b: if the Actualization State is shown to couple to a
degree of freedom independent of both the three spatial

dimensions and the /SN, the channel count changes.
Proposition 3 — #i5 Independence

Statement. The $&" of ¢ through channel (i, j) — face i in
dimension j — is statistically independent of the &
through channel (k, L), for all (i, j) # (k, ). The same holds

for the actualisation f&'s.

Proof. Statistical independence means P(A and B) = P(A) x
P(B), which holds iff knowing the outcome of A gives no
information about B. The /N/{“[fi are independent readings
(Proposition 1), so knowing one face provides no information
about another: face #i&'s are independent for i # k. The three
spatial dimensions are independent (AP10, each from a
different axiom face, the axioms independent by minimality):
dimension #&'s are independent for j # L. Channel (i, j) versus
channel (k, l): if i # k, face independence guarantees it; if j # |,

dimensional independence does; the only uncovered case is i
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=k and j = |, the same channel. The three actualisation #i&s
couple to independent dimensions, hence are mutually
independent; and they involve a different structural element
(the now versus the break) from the face-projections, so the

two families are independent of each other.

Therefore all 21/M&jE are mutually statistically
independent. #1454 KS-R.8c: if a correlation between

two channels is demonstrated that does not reduce to a
shared dependence on ¢ itself, the independence proof

fails.

Proposition 4 — Circular Cross-Section

Statement. The EB-1, as a topological puncture in the

axiom-derived arena, has a circular cross-section. Its
geometric contribution to the gravitational 5 is

weighted by 1/m.

Proof. Step 1. The Lock (Edition 84) identifies the EE{ as the

minimum viable splinter; APQ4 (The Loop Hypothesis)
proposes its core is a topological puncture connecting the
broken and unbroken vacua. Step 2. A topological puncture in
a D-dimensional {iit/¥ is a region where the field returns to the
symmetric vacuum; its boundary is codimension-1. In the 3-
dimensional spatial arena (AP10), a point-like defect has a 2-

dimensional boundary — a closed surface surrounding the
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point. Step 3. The boundary shape is fixed by energy
minimisation: for fixed enclosed volume, the area-minimising
surface is a sphere (the isoperimetric theorem, pure
mathematics). Step 4. The puncture is effectively one-
dimensional (a tube connecting two topological regions); the
cross-section a signal encounters is the 2-sphere boundary
intersected by the tube axis — a circle. Step 5. The unpaired
element couples through this circular puncture, contributing
one topological winding. The geometric weight of one winding
on a circle is 1/m, because the total #i& capacity of the
circular boundary is 1t (half the circumference in normalised
units — the puncture connects two sides, each contributing
half the boundary). The single unpaired winding therefore

contributes 1/mt of the full channel # 4.

Therefore the puncture is circular and its geometric
weight is 1/m. £ 1E4A}: KS-R.9: if the puncture boundary

is shown non-circular, the factor changes and the

prediction must be recalculated.

[Note on rigour. The identification of the #4" fraction as 1/m
rather than 1/2m or 1/4m depends on the normalisation of the
boundary ##4. The argument is structurally motivated, and
the 0.69% agreement with measurement supports the
normalisation. Formal verification against the full puncture
topology of APO®4/APO5 is flagged as a sub-debt within the
proof.]
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Proposition 5 — Unit &

Statement. a_em is the §i5 of ¢ through exactly one
channel. The gravitational ##& through N independent

channels is a_em”N.

Proof. Step 1. The 54547 4% a_em measures the strength
of the electromagnetic interaction, which under the axioms is
the force produced by the phase freedom of the 475 (AP15) —
one face of . Step 2. The phase freedom acts in one

dimension at a time: when an B8 emits or absorbs a Jt: ¥,

the interaction occurs at a specific point, #i4 the phase to

the geometry in one specific dimension. This is a single-

channel #4&. Step 3. a_em is therefore the #i&58/% of € per

face per dimension — per channel — not the 44 through
multiple channels summed or averaged. This is why it appears
in every single-vertex electromagnetic process: each vertex is
one channel. Step 4. A process requiring simultaneous &
through N independent channels has probability p~N, by the
multiplication rule (Proposition 3). Step 5. Gravity requires all
21/i#1E (§3), so the probability is a_em?"; each power is one
channel. Step 6. No fractional powers arise because each
channel either couples or does not: the channels are discrete,
the 4 binary, the compounding integer-power because the

channel count is integer.
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Therefore a_em is the one-channel #4, and the N-
channel #& is a_em”N. %144 KS-R.8d: if the per-
channel $§& is shown to differ from a_em (e.g. if

different faces have different intrinsic #4358 's), the

uniform compounding fails.
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The axiom does not stop at 1:1. It says 1:1 + 1x&. Perfect
balance plus one unpaired element. The EE- is a topological

puncture — a hole connecting the unbroken vacuum to the
cracked world (AP®4 The Loop Hypothesis, APO5 The Break).

It is not a fragment chipped off the mirror. It is a hole
punched through it. The mass of the EE - is the energy cost of

keeping the hole open.

This puncture has a circular cross-section (Proposition 4). It is
a tube connecting two topological regions, and the natural
geometric measure of a circular boundary is 1. The unpaired
element — the one break with no partner — couples through
this circular puncture. Its contribution to the gravitational &

is weighted by the geometry of the hole: 1/m.

The total gravitational 85 is therefore a_G = a_em?' x (1
+ 1/1). The first term is the 1:1 — the paired channels, the
balanced structure. The second factor is the 1xe — the
unpaired element 45 through a round hole. The axiom

wrote itself into the 3|/ %k,

This determines the holding limit. The Lock, AP24, and AP14
write gravity as G = 2xk/m_e?, with k the holding limit. AP28
writes G = a_G x hc/m_e% These are one equation: matching

them gives 2k = a_em?' x (1 + 1/m) x hc, i.e. x = a_G hc / 2. The

438



holding limit is not a free primitive — the channel count fixes
it. What remains the architecture’s one measured input is

o_em itself; everything else, including k and G, follows from it.
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The 51 715 %k is:
G = a_em?' x (1 + 1/mt) x hc / m_e?

Using CODATA values for a_em, #, ¢, and m_e — all known to

high precision:

a_em = 7.29735 x 1872

a_em?' = 1.338 x 10745

1+ 1/m=131831

a_em? x (1+ 1/m) = 1.764 x 10745
This gives:

G_predicted = 6.721 x 10~"" N-m?/kg?

The current measured value:

G_measured = 6.674 x 10" N-m?/kg? (CODATA 2018)
Discrepancy: 0.69%.
The 5| /1% %% is the least precisely measured fundamental
constant in physics. The CODATA uncertainty is roughly 22

parts per million, but individual experiments scatter by far

more than this. Different laboratories obtain persistently
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different values depending on their apparatus. The reason for

this scatter is unknown.

The axioms offer a structural explanation: every measurement
apparatus is a leaky boundary (AP86 — the iR i 2%). No i
& is perfect; no measurement channel is lossless. The Jfiti is
systematic and apparatus-dependent. Different apparatuses
leak differently. The experimental scatter is the jfitjii signature.
The axiom prediction may be closer to the true value of G than

current measurements are.
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The hierarchy problem asks: why is gravity 18*° times weaker
than electromagnetism? The answer: it is not weaker. It is

wider.

Electromagnetism couples through one channel. A torch
beam. Focused. Intense. Bright where it points. Gravity
couples through twenty-one channels. The same light, filling
every room in the building. Per channel, the #i& is the same.
The total energy is the same. But gravity is maintaining the
entire arena — every face, every dimension, every & of
possibility to geometry — while electromagnetism is

collapsing one channel into one record.

The apparent weakness is a distribution effect. A river seen

from above looks thin. The water is not less. The river is wide.
The ratio between them is (1/137)%' x 1.318 = 107*°. That ratio
is not a coincidence. It is not fine-tuning. It is not a mystery.
It is the number of rooms in the building. Twenty-one rooms.

One break. The hierarchy is a floor plan.
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[Section 8 is interpretive, not derivational. The numerical
result in §6 — G = a_em?' x (1 + 1/m) x /ic/m_e? — does not
depend on the interpretation below. The G derivation stands
independently. A reader may accept the formula and reject the
interpretation without affecting any other result in the 420

Code. This section must be read slowly.]

For a century, physics has pursued the unification of its two
deepest theories: & /)%, governing the very small, and
general relativity, governing the very large. Both are confirmed
to remarkable precision. They are incompatible: the framework
of one does not accommodate the other. Quantum mechanics
operates on a fixed, flat stage; general relativity says the stage
itself bends. Quantising the gravitational field produces
infinities; curving the stage of &7 /17 breaks the framework.
Every major programme of the past fifty years — string theory,
loop quantum gravity, causal sets, asymptotic safety — has

been an attempt to resolve this incompatibility. No resolution.

The reason there is no resolution is that the problem is
misframed. The two theories are not two systems that need to
be made compatible. They are two descriptions of the same
system, seen from different ends. Quantum mechanics
describes the world of possibility — the space of outcomes
that coexist before one becomes actual, the menu before the
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order is placed. General relativity describes the world of
actuality — the single definite geometry that exists after the

possibilities have resolved, the meal after the order is placed.

They appear incompatible because possibility and actuality
look different from the inside: possibilities superpose and
interfere, actualities are definite. But they are not two separate
systems. They are two phases of one process — the process by
which possibility becomes actual, by which the superposition
collapses and one record is written. The axioms describe this
process. And the derivation of G from a_em exhibits its

structure.

Gravity is the quantum end. Gravity maintains all 21/ &
1 simultaneously — every face, every dimension, every
#45 of the now to geometry. This is what &7 /1%
describes: all degrees of freedom live, all possibilities
coexisting, all paths available. Gravity is the structural
mechanism that holds the space of possibilities open.
Without it the arena collapses, the channels close,
superposition is impossible. Gravity does not need to be

‘quantised’ — it IS &+ /7% seen from the structural side.

Electromagnetism is the classical end. Electromagnetism
couples through one channel — one face, one dimension,
one record. This is what general relativity describes: a
definite geometry, a collapsed outcome.

Electromagnetism is the mechanism by which one
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possibility is selected from the many gravity holds open.
The press stamps. The superposition resolves. One
record is written. General relativity is the classical Limit
of the quantum process — what the world looks like after

the collapse.

The measurement problem dissolves. How does quantum
become classical? It is the question of how the system
transitions from 21/~i#3E to 1 — from gravity to
electromagnetism, from maintaining all possibilities to
collapsing one. Under the axioms this is the actualisation
process: the now writes a record, which means selecting one
channel and collapsing it into fact (Axiom B), irreversibly
(Axiom R). The other channels remain open — maintained by
gravity — until they too are collapsed by subsequent records.
The measurement problem is not a problem. It is the
description of the #i{5 shifting from distributed (gravity, all
channels, quantum) to focused (electromagnetism, one

channel, classical).

Quantum mechanics and general relativity looked
incompatible because physicists put them side by side — two
frameworks to be merged. But they are not side by side. They
are end to end. Gravity is the upstream end (possibility, all
channels open); electromagnetism is the downstream end
(actuality, one channel selected). You do not unify upstream
and downstream by building a bridge. You recognise that they

are the same river. The formula exhibits it: a_G = a_em?' x (1 +
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1/m). The gravitational #i5 IS the electromagnetic ¥4,
compounded through every channel the arena possesses. Not
two strengths of two forces — one strength, one break, one &,
distributed differently. Spread versus focused. Quantum
versus classical. It was present in 1:1 + 1xe from the beginning.

They were never separate. They are two ends of one axiom.
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Gravity holds the door open. Electromagnetism walks through
it. Gravity maintains every room in the building so that
anything can happen in any of them; electromagnetism picks
one room and makes something happen there. Gravity is
possibility. Electromagnetism is actuality. Quantum mechanics
is the physics of possibility; general relativity is the physics of
actuality. They looked incompatible because nobody noticed
they were two ends of the same hallway. The ratio between
them — 10> — is the number of rooms in the building: twenty-

one channels, each compounding the #& by one factor of
1/137, plus one extra factor of 1/mt for the round hole the E81

holds open. That is the hierarchy. That is the unification. One

building. One break. One axiom: 1:1 + 1xe.
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Each & 1254 in Claim / Test / Status / Recovery form. Eight

switches per the Master £& I 5514 Registry. One empirical (KS-

R.7), seven structural.

KS-R.7 — G prediction

Claim. The predicted G = a_em?' x (1 + 1/mt) x Aic/m_e?
must agree with the measured 5|71 %X within 1%, or

within the it correction (APO6).

Test. Compare the prediction to precision measurements

of G. Current discrepancy: 0.69%.

Status. LIVE — EMPIRICAL. Fires if future precision
measurements exceed 1% discrepancy and the g

correction cannot account for it.

Recovery. If KS-R.7 fires beyond the Jiit{i§ correction, the
counting argument’s output is wrong: the channel count,
the puncture factor, or the compounding law must be re-

examined. The constants tripod (c, #) is unaffected.
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KS-R.8 — Channel count

Claim. The exponent 21 is derived from </ & (AP24)
across three spatial dimensions (AP10) plus three

actualisation #&'s.

Test. Re-derive the channel count from the faces and
dimensions. Fires if the number of independent &

channels is shown to be other than 21.

Status. LIVE — STRUCTURAL. The count rests on

Propositions 1 and 2.

Recovery. If the count differs, the exponent on a_em
changes and the prediction shifts. The form of the
argument (multiplicative compounding of independent

channels) survives; the value does not.

KS-R.8a — Face completeness

Claim. € has exactly six independent scalar readings

(Proposition 1).

Test. Exhibit a seventh independent scalar reading of ¢

that is not a function of the six.

Status. LIVE — STRUCTURAL. Proposition 1 proves

completeness by three-case exhaustion (no fifth axiom,

no second #YE H A&, no fourth dimension).
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Recovery. If a seventh reading exists, the face count
rises, the channel count rises, and the exponent on a_em
increases — predicting a smaller G. Recoverable by

recomputation.

KS-R.8b — Actualisation scope

Claim. The Actualization State couples to the three
spatial dimensions, not independently to the 7~/ if; the

actualisation #&'s number exactly 3 (Proposition 2).

Test. Show the Actualization State #445 to a degree of
freedom independent of both the three dimensions and
the /N/N.

Status. LIVE — STRUCTURAL.

Recovery. If the actualisation scope is larger, the
additional #&'s raise the channel count and shift the

prediction. Recoverable by recomputation.

KS-R.8¢c — Channel independence

Claim. All 21/MEjE are mutually statistically independent

(Proposition 3).

Test. Demonstrate a correlation between two channels

that does not reduce to a shared dependence on ¢ itself.
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Status. LIVE — STRUCTURAL.

Recovery. If channels are correlated, the compounding is
no longer a clean product of independent probabilities;
the multiplicative law a_em?' must be replaced by a
correlated calculation. The picture survives; the simple

exponent does not.

KS-R.8d — Uniform #4&

Claim. The per-channel #&" is a_em for every channel;

the N-channel 4 is a_em”N (Proposition 5).

Test. Show the per-channel 4" differs from a_em — e.g.

that different faces have different intrinsic 4578 5's.

Status. LIVE — STRUCTURAL.

Recovery. If ##&'s are non-uniform, the compounding
becomes a product of distinct factors rather than a_em?'.
The counting structure survives; the single-exponent

form does not.

KS-R.9 — Puncture geometry

Claim. The correction factor 1/mt follows from the circular
cross-section of the EE-F as topological puncture

(Proposition 4).
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Test. Show the puncture geometry is non-circular.
Separately, verify the boundary-#& normalisation (1/mt
versus 1/2m versus 1/4m) against the full puncture
topology of APO4/APO5.

Status. LIVE — STRUCTURAL. Carries a sub-debt: the
formal normalisation of the boundary 4. The 0.69%

agreement supports 1/1.

Recovery. If the geometry is non-circular or the
normalisation differs, the puncture factor changes (e.g. to
1 + 1/2m) and the prediction is recalculated. The channel-

count result (§2-§3) is unaffected.

KS-R.10 — Unification structure

Claim. Gravity is the quantum end (maintaining
superposition) and electromagnetism the classical end

(collapsing it) — the interpretive claim of §8.

Test. Demonstrate a physical system in which
gravitational #5 does NOT maintain superposition, or

electromagnetic ##5 does NOT collapse it.

Status. LIVE — STRUCTURAL. Tied to the interpretive §8,

which is explicitly non-derivational.
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Recovery. If KS-R.10 fires, the interpretive unification of
§8 fails. The G prediction (§6) is entirely unaffected —

the formula does not depend on the interpretation.
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11——{KHi In

Depends on: APO3 (The Ratio — EJ& stiffness, speed of
light). APO4/APO5 (The Loop Hypothesis/The Break —
puncture topology). AP10 (The Dimension — three spatial
dimensions). AP12 (The Limit — # derived). AP15 (The
Connection — phase freedom, electromagnetism). AP20
(The Proof — axioms hold unconditionally; EH + QRA).
AP24 (The ZRE — €M/ HE).

What depends on it: The ethics chain. If G is derived, the
arena is fully derived; if the arena is fully derived, the
Actualization State is fully derived. Within Notebook 1V,
AP14 (The Correction) pairs with AP28 — AP28 the value,

AP14 the first quantum correction.

454



Rl ES

Section-by-section structural status, with epistemic-status

labels.

§1 — Three constants, three axioms. — ¢ — C, A < B, G
< R, topology < S. ESTABLISHED.

§2 — Channel count. — 21 = 6 faces (AP24) x 3
dimensions (AP10) + 3 actualisation #£#&'s. DERIVED

(Propositions 1, 2).

§3 — Compounding. — Independent channels multiply:

oa_em?'. DERIVED (Propositions 3, 5).

§4 — Five propositions. — Completeness, scope,
independence, circular cross-section, unit 4. PROVED;

1/t normalisation is a SUB-DEBT.

§5 — Puncture factor. — o_G = a_em?' x (1 + 1/m).

DERIVED, conditional on the P4 normalisation.

§6 — Prediction. — G = 6.721 x 10™"; measured 6.674 x
107"; discrepancy 0.69%. EMPIRICAL (KS-R.7).

§7 — Hierarchy dissolved. — The 10*° ratio is the
channel count, not fine-tuning. STRUCTURAL
CONSEQUENCE.
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§8 — Unification. — QM and GR as two ends of the
actualisation process. INTERPRETIVE — NON-
DERIVATIONAL.

§10 — &1F5fk. — KS-R.7 (empirical) + KS-

R.8/8a/8b/8c/8d/9/10 (structural).
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SAEPERITE

f B0

APO3 (c). APO4/APO5 (puncture topology). AP10 (three spatial
dimensions). AP12 (k). AP15 (a_em as per-channel #{5'). AP24
(eH975/N1H ). AP20 (EH + QRA proved). AP28 is unconditional
on EH and QRA.

i)

The ethics chain: a fully derived G completes the arena, and a
fully derived arena completes the Actualization State. Within

Notebook IV, AP14 (the first quantum correction to G).
£8 Ik %&:/4 engaged

KS-R.7 (G prediction, LIVE — EMPIRICAL). KS-R.8 (channel
count), KS-R.8a (face completeness), KS-R.8b (actualisation
scope), KS-R.8¢ (channel independence), KS-R.8d (uniform 4
£, KS-R.9 (puncture geometry), KS-R.18 (unification
structure) — all LIVE — STRUCTURAL.
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AT R B EE MR S5

Sub-debt under KS-R.9 — the formal normalisation of the
boundary & (1/m versus 1/21 versus 1/41) against the full
puncture topology of APO4/APO5. The single quantitative debt
of AP28; the 0.69% agreement supports 1/t

REF I BUEARFARSR S E

The interpretive unification (§8) — non-derivational, tested by
KS-R.10, with the G prediction independent of it. The it
explanation of inter-laboratory scatter in measured G (§6) — a

structural explanation, not yet confirmed.
ZEREE =

All symbols used in AP28, with structural source and

disambiguation.

{S, B, R, C} — The four axioms of Notebook I.
Independent (AP20 §4.2, fenced KS-P.2).

1:1 + 1xe — The axiom. Perfect balance (1:1) plus one

unpaired element (1xg, the E2¥).

€ — The break (Axiom B), identified with the EE-¥ (The

Lock), modelled as a topological puncture (AP®4/APO5).
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a_em — The EMEHIF L =~ 1/137.036. The per-channel
5 — the probability that £ couples to itself through one

channel.

a_G — The gravitational #5, a_em?' x (1 + 1/m). The

break read as geometry across all 21/ EiE.

G — Newton's 5| 1 E#. G = a_G x hic/m_e? (the
prediction of §6).

¢ — The speed of light. ¢ = J/(B/a) (AP®3). Axiom C as

speed.

h — The Planck constant. The minimum eigenvalue of
the time-evolution generator (Stone, AP12). Axiom B as

minimum.

m_e — The BB+ mass. The break read as the energy of

the lightest stable excitation.

a, B — Temporal and spatial EJi stiffness (APO3). Their

ratio gives c2. NOT the ¥&4A %5 H# 3.

k — The holding limit (The Lock).

nm — The geometric measure of the circular puncture
boundary (Proposition 4). The 1/it factor is one winding’s

weight.
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channel — An independent & path from the
electromagnetic to the gravitational face: a face-

projection (i, j) or an actualisation 4. There are 21.

face — An independent scalar reading of € (AP24).

There are six: G, ¢, a_em, m_e, stiffness ratio, time.

Actualization State — The now — the surface from which
records are written (APO1, AP20). Couples to the three

spatial dimensions, not to the faces (Proposition 2).

18 face-projections — 6 faces x 3 spatial dimensions

(AP10). The paired channels — the 1:1 of the structure.

3 actualisation ##8's — The now ## to each of the
three spatial dimensions. The additional degrees of

freedom beyond the 18 face-projections.

21——The total channel count: 18 + 3. The exponent on

a_em. The number of rooms in the building (KS-R.8).

topological puncture — The BB{'s core — a tube

connecting the broken and unbroken vacua (AP®4/AP05).

Circular cross-section (Proposition 4).

APO3 (The Ratio) — Derives ¢ from the EJE stiffness

ratio.

AP10 (The Dimension) — Derives three spatial

dimensions from the four axioms.
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AP12 (The Limit) — Derives # from Stone’s theorem.

AP15 (The Connection) — Derives electromagnetism

from phase freedom; a_em as the per-channel 5.

AP24 (The #%ff) — Establishes the six independent

faces of «.

AP20 (The Proof) — EH and QRA proved; the axioms

hold unconditionally.

CODATA 2018 — The source of the measured input
values (a_em, h, c, m_e) and the measured G = 6.674 x
10_11l
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BHINE

The Correction

the first quantum correction to gravity, finite by

axiom structure

Artist’s Proof 14
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Artist’s Note

A T A n—— AR

This is Artist’s Proof 14 of The 420 Code, in Notebook IV
(Forces and Constants). The gauge programme (AP15, AP27,
AP16, AP19) derived the forces. AP24 identified every constant
as one object. AP14 asks the question that has resisted
physics for a century: when the quantum sector fluctuates,
what happens to gravity? It derives the first quantum
correction to the gravitational #& G — and shows it is finite,
with the finiteness forced by the four axioms rather than

imposed by hand.

Gravity is the accumulated record — the monoid in the large-N

limit gives a smooth §itJZ with Einstein’s 17 5% (APO8).
Quantum mechanics is the 47 — the unbroken degrees of

freedom, the #/RIA%FZZ18], evolving unitarily between

measurements (APQ9). These are not two theories forced into
contact. They are one axiom read from two sides: the black
curve of the eye and the white space around it. AP14 lets them

talk to each other and records what is said.

Two results carry the paper. First: the quantum correction is a

finite sum over 103 — finiteness is a theorem of {S, B, R, C},
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with each axiom contributing one structural reason (§4).

Second: the correction has the form G_eff = G(1 + y 2_P?/L?),
where 2_P is the EA L%, L the observation scale, and y a

dimensionless constant fixed in form (though not yet in value)
by the monoid structure. The exponents are locked by

dimensional uniqueness; there is no freedom in them.

What this paper is honest about not yet doing. The exact

coefficient y requires the explicit matrix elements of the 103

H 5. operator (Gap 1). The all-orders extension — that every
higher loop adds one more factor of £_P?/L? and generates no
new operator types — is a structural conjecture, not yet a

theorem (debt D7). The E2[& result stands; the all-orders claim

is argued, not proved.

Four 221125 are engaged. KS-25 (£ amplitude and
coefficient finiteness) and KS-27 (higher-loop finiteness) are
LIVE — EMPIRICAL: compute the matrix elements, or find a
two-loop divergence. KS-26 (monoid combinatorics) is LIVE —
HARD: it is the principal remaining gap, the rigorous
computation of y. KS-21 (commutation corrections at the &
2 N E) remains LIVE — EMPIRICAL and is touched, not
triggered, by this paper.

And the singularity. Standard general relativity predicts points

of infinite curvature. AP14 shows infinite record density in
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finite volume is impossible — each record occupies one
Planck cell (Axiom B), propagation is bounded (Axiom C). At
saturation the monoid defragments and the break restarts
(APO9 §4.4: closing IS opening). The singularity is resolved by
topology, not by fiat. The eye does not collapse. It blinks.

the420code.org

Copyleft 2026
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Where AP14 fits

AP14 sits inside Notebook IV (Forces and Constants), Volume
@.4 of The 420 Code. Where AP15-AP19 derived the #5454

and AP24 unified the constants, AP14 addresses the
quantum-gravitational interface — the place every other
programme in theoretical physics has found infinities. AP14’s
claim is that the infinities never arise, because the axioms
supply a minimum record size, a maximum propagation rate, a
countable monoid, and a canonical measure. The interface

was never between strangers.

AP14 depends on the geometry of AP®8, the &+ /1% of
AP®9, the dimension count of AP10, the ~ifa &M of
AP12, and the iBFHT of AP13. It feeds black-hole
thermodynamics, B 7. X & phenomenology, and the FHi %
45 problem downstream. Within Notebook IV it pairs with
AP28 (The Constant), which derives G’s value as a counting

argument; AP14 derives G's first quantum correction.
Reading order within AP14

Front to back. Section 1 frames the problem. Section 2 builds
the & £5K 0 from the axioms and defines the & 10%. Section
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3 derives the B [Ef&1F and proves the dimensional-

uniqueness theorem that locks the form £_P?/L% Section 4
gives the five structural reasons for finiteness — one per
axiom, plus Lovelock. Sections 5-7 treat singularity resolution,

the ¥ EA 7L X, and scale-invariance. Sections 8-11

summarise, list 2% 11- 5544, catalogue the open gaps, and close.

If you are reading for the result only, sections 2.3 (the #&#&K
Fn), 2.4 (FE12F), and 3.4 (the dimensional-uniqueness

theorem) are the spine. If you are reading for the finiteness

argument, section 4 is self-contained. If you are reading for
the honest status, sections 9 (21 454:) and 10 (gaps and

debts) carry it.
How to read this paper

The paper carries two voices. The structural derivation speaks
directly — the F&EEKFI, the E1C03R, the dimensional theorem.

The reflective passages (the eye, the conversation between
white space and black curve, the blink) carry the metaphor
stratum shared with AP15/AP16/AP19/AP24 and orient rather

than argue.

Two things to hold while reading. First: “iZ123%” is a precise

object — an intermediate I2EHE event in the B KT

whose record does not appear in the final monoid state (§2.4).
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It lives in the amplitude, not the monoid; it does not violate

Axiom R because it is never committed. Second: “finite” here
means the E2F& sum has a bounded number of bounded terms

over a countable set — the UV cutoff is Axiom B, the IR cutoff

is Axiom C, neither imposed by hand.

A note on notation

2_P is the W HATLKE J(hG/c®). L is the observation scale (the

external parameter). y is the dimensionless E & combinatoric

coefficient — of order unity, form-fixed, value open (Gap 1, KS-
26). h is the minimum action per record (Axiom B, AP12). G =
2Kk/m_g? is the gravitational #i45 (APO8). c is the rate set by
the constraint (Axiom C). A is the T %% (Lovelock, AP®8
§9).

R(R-hat) is the IZFEFE- operator; its explicit matrix elements

are Gap 1. K is the transition amplitude; K,, K4, K_n are the

sub-sums by virtual-record count (§2.5). € is the minimum

break (Axiom B), identified with the BB (The Lock); m_g is its

mass. EH is the fix A 1%, proved in AP20.
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O — Dependency and Scope - What AP14 does,

dependencies, axiom mapping, epistemic status per

section, & 1l-4&{t, debts, items held open, relationships.

1 — The Problem - Gravity and &7+ /7% as two readings

of one axiom; the question of the first correction to G.

2 — From Axioms to the Path Sum . Records, the

propagator, the B3R (not the path integral), i,

the natural decomposition, and how EiCE shift

measured geometry.

3 — The One-Loop Correction - Setup, the sum over
Planck cells, the amplitude contribution, and the

dimensional-uniqueness theorem locking 2_P?/L2,

4 — Finiteness: Five Structural Reasons - Axiom B
(ultraviolet), Axiom C (infrared), Axiom R (discreteness),
Axiom S (probability measure), Lovelock in D = 4 (no

counterterms).

5 — Singularity Resolution . Infinite record density is
impossible; the loop point; defragmentation; resolution

by topology, not fiat.

471



6 — The Planck Scale: Where the Two Faces Meet - ¢_P
as the meeting of the quantum face (%) and the
gravitational face (G), bounded by c; behaviour above, at,

and below the scale.

7 — Why the Algebra Does Not Break Down - Scale-
invariance of the axioms; the same algebra at every

scale; the ¥ 575 R BE as conversation, not wall.

8 — Summary of Derivation - The axiom-by-axiom chain
to G_eff(L) = G(1 + v e_P?/L3).

9 — &L . KS-25, KS-26, KS-27 (new), KS-21

(affected) — each in Claim/Test/Status/Recovery form.

10 — Open Gaps and Debts Owed - Gap 1 (iCEHE

operator), Gap 2 (virtual measure, partially closed), Gap 3

(EH as theorem), debt D7 (all-orders inheritance).

11 — Closing - The first word of a conversation that was

never between strangers.

FHEAHE . Section-by-section structural status with

epistemic-status labels.

&EMETE - Dependencies, dependents, £2 1444

engaged, debts owed, items held open.
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525% . Al symbols used in AP14 with structural

source and disambiguation.
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O——{KHi 57aE

Q. 1—— AT A4

AP14 derives the first quantum correction to the gravitational
#14 G and proves it finite at one loop. The derivation builds

the 5K N from the completeness of monoid states (§2.3),
identifies £ 123 as intermediate non-committed events

(§2.4), shows how they shift the probability distribution over
geometries (§2.6), and proves by dimensional uniqueness that

the leading correction must take the form y 2_P?/L? (§3.4).

What the paper produces. The #&#£5K#n as a finite sum over

discrete ICEHE events (§2.3). The virtual-record

decomposition K = Ko + K; + ... (§2.5). The & result G_eff(L)

= G(1 + y 2_P?/L?) with exponents locked (§3.4). Five structural
reasons for finiteness, one per axiom plus Lovelock (§4).

Singularity resolution via the loop (§5).

What the paper does not produce. The exact value of y
(requires Gap 1, the explicit ICE5: operator). A proof that

the all-orders sum inherits the geometric constraints and
generates no higher-derivative operators (debt D7). A
standalone proof of EH (Gap 3 — though AP20 supplies it; see
§0.2).
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0.2——{K§h In

Notebook I (Premise). The four axioms {S, B, R, C}, their
independence carried at AP20 §4.2 (fenced KS-P.2). The
axiom 1:1 + 1xe supplies the minimum break £ with action-

scale h.

APO8 (The Identity — Einstein Field Equations). Geometry is
the accumulated record; the monoid in the large-N limit gives
G_pv + Ag_pv. G = 2x/m_g% Load-bearing for §2.6, §3, §4.5.

APO9 (Quantum mechanics). The #7/RIF4F2218] exists; X I

{t. between records; the 37 BALN P = Y = Light x Dark; the

loop (§4.4: closing IS opening). Load-bearing for the F£5KFn

and singularity resolution.

AP10 (N = 3 spatial dimensions). D = 4 unconditionally, which

activates Lovelock’s theorem. Load-bearing for §4.5.

AP12 (Uncertainty, f). The minimum action per record. Load-
bearing for Axiom B’s UV cutoff. AP13 (:B+HT, the classical

limit). The large-L regime where corrections are suppressed.

AP20 (the bridge paper). EH and QRA are proved — not
assumed. AP14 is therefore unconditional on EH. [The source
manuscript predated AP20 and still frames EH as Open
Problem 7 / Gap 3, wanting an explicit large-N convergence

theorem for the discrete monoid. The ¥ {&Z{E position after
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AP20 is that EH holds; Gap 3 is retained below only as the
standing wish for a fully explicit convergence construction, not

as an open conditionality. See the note in §10.]
0.3——AZRBLG

Each axiom contributes one structural lock on finiteness.

Axiom B — the break. Minimum record size &, action-

scale . No sub-# physics. Supplies the ultraviolet cutoff:

the 2/ sum has at most V/€_P* terms (§4.1).

Axiom C — propagation. Finite ¢ bounds the causal
diamond; A sets a maximum causal volume. Supplies the
infrared cutoff: the sum does not extend past the de
Sitter horizon (§4.2).

Axiom R — records. The monoid is countable, with no
inverses. The 2R F1 is a sum over a discrete set, not

an integral over a continuum: no measure problem (§4.3).

Axiom S — the two sectors. The X4 ¢ and the Bt BN P

= P fix the probability measure uniquely — the 1:1
voting (§4.4).

0.4——FTNARIBRE
§1 — The problem — FRAMING
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§2.1-§2.2 — Records, propagator — DERIVED (APO9,
AP12, Axiom R)

§2.3 — The B£kKf1 — DERIVED (completeness of

monoid states + Axioms B, C, R)

§2.4 — Virtual records — DERIVED (falls out of the path-

sum structure)

§2.5 — Natural decomposition — DERIVED (counting

decomposition on a finite sum)

§2.6 — Virtual records and geometry — DERIVED (APO8

+ B BN, no semiclassical input)

§3.4 — Dimensional-uniqueness theorem — DERIVED
(form locked); coefficient y OPEN (Gap 1)

§4.1-§4.4 — Axiom finiteness reasons — DERIVED (one

per axiom)

§4.5 — Lovelock, no counterterms — DERIVED for

committed geometry; virtual inheritance is DEBT D7

§5 — Singularity resolution — DERIVED (the loop, APO9
§4.4)

§6-§7 — WHATE N EE, scale-invariance — STRUCTURAL
CONSEQUENCE

§8 — Summary — EPISTEMIC SUMMARY
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All-orders finiteness — STRUCTURAL CONJECTURE
(debt D7)

0.5—— & L RAHRE

Four & 1EZ:14: per the Master 2 12514 Registry. Three are

introduced by AP14 (KS-25, KS-26, KS-27); one (KS-21) is

affected and confirmed-but-untriggered.

KS-25 — One-loop amplitude and coefficient finiteness.
If the explicit monoid matrix elements at one loop are ill-
defined, unbounded, or produce a divergent y, the
correction formula fails. Status: LIVE — EMPIRICAL.

KS-26 — Monoid combinatorics at one loop. If y diverges
with system size, finiteness fails. The principal remaining
gap. Status: LIVE — HARD.

KS-27 — Higher-loop finiteness. If the . scaling fails

to extend to higher loops within the same construction —
a two-loop divergence or a new operator type — the all-
orders claim fails. Status: LIVE — EMPIRICAL.

KS-21 — Commutation corrections at the & Ei7E R E. The
commutator [x; p] = i may receive corrections of order
y&_P?/L2. Confirmed of order unity at L ~ €_P; untriggered.
Status: LIVE — EMPIRICAL.
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0.6——FT R G R S5

D7 — Virtual-record sum and higher-derivative terms. Section
4.5 argues the iICE{\%L cannot generate higher-order

curvature terms (R?, R_uvR” v, ...) because it constructs
geometry directly from records, which by AP®8 produce only
the Einstein tensor with A, and Lovelock in D = 4 confirms no
alternative second-order tensor exists. A formal proof that the
virtual-record sum inherits these constraints — that summing
over non-committed records cannot generate higher-

derivative contributions to an effective action — is
outstanding. The E& result stands without it; the all-orders

extension is a structural conjecture until D7 is paid.

0.7—— R FFFF BAEAR T B (RSB RASH I B

Gap 1 — the explicit form of the iCE 5 operator R The &

sum requires its matrix elements; APQ9 gives existence
and properties but not the closed form. Closing Gap 1 converts

the scaling result into an exact vy.

Gap 2 — the measure on FZ1C3% (PARTIALLY CLOSED). The
B BHAN acts on the amplitude, which already contains the &

1C3E; there is no separate virtual measure to define. What
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remains open is the explicit form of the path-sum weights,

which again reduces to Gap 1.

Logarithmic refinement. Dimensional uniqueness fixes the
power-law 2_P?/L? but cannot exclude corrections £_P?/L? x
f(In(L/2_P)). Whether the discrete %K ¥ produces or
excludes logarithmic running depends on Gap 1. A-dependent
(cosmological-scale) corrections are an IR question tied to

the F=H{ ¥ #4 problem.
0.8——E&H)IRR

Upstream: APO8 (geometry as record), APO9 (&1 /15, 3 &
FL, the loop), AP10 (D = 4 -> Lovelock), AP12 (h), AP13

(classical limit), AP20 (EH + QRA proved). Independent
confirmation of the power-law scaling comes from Donoghue’s
effective-field-theory treatment of general relativity (1994),
reached by a wholly different route; AP14’s contribution
beyond it is the structural finiteness argument and the axiom-

level derivation of the J&£&:KFn.

Downstream: any result needing the quantum-gravitational
interface — black-hole thermodynamics, 8 7 R
phenomenology, the FH 7% 44 problem. Within Notebook 1V,

AP14 pairs with AP28 (G’s value as a counting argument).
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1——|0O)&h

The 5| /15X and the quantum sector are both derived from

{S, B, R, C}. Gravity is the accumulated record — the monoid £

in the large-N limit gives a smooth it/ M with Einstein’s 177 /7
F& (APO8). Quantum mechanics is the 47 — the unbroken

degrees of freedom, the 7 /RIAKFZE[E] 7, evolving unitarily

between measurements (APO9).

These are two readings of the same structure. Gravity is the
black curve of the eye. Quantum mechanics is the white
space. They are not separate theories forced into contact.

They are one axiom, read from two sides.

The question this paper answers: when the quantum sector
fluctuates, what happens to the 5| /JFiIX? Specifically: what is

the first correction to the gravitational #§4 G from quantum

fluctuations of the 4E757?

In the language of the axioms: the accumulated record
determines the geometry. But the 57 — the unwritten, the
superposition — is also present. It has structure. It fluctuates.
Those fluctuations enter the }£5:KFn as EICRE (§2.4),

shifting the probability distribution over final geometries
(§2.6). The measured geometry responds. The shift is the
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quantum correction to gravity. And you are about to watch it

emerge from four axioms.

Three results follow.

Result 1. The B2E{ETE to G is a finite sum over EiCE.

Finiteness is a theorem of {S, B, R, C} conditional on EH

(proved in AP20).

Result 2. The correction has the form G_eff = G(1 + v
2_P?/L?), where £_P is the i, L is the observation

scale, and y is a dimensionless constant determined by

the monoid structure.

Structural conjecture (D7). No higher-order curvature
terms appear in the effective geometry. The iC R\ %KL

constructs geometry exclusively through record
accumulation (AP08), which produces only the Einstein
tensor with A. Virtual records are the same algebraic
objects as real records; Lovelock in D = 4 confirms no
alternative second-order geometry exists. A formal proof
that the virtual-record sum inherits these constraints at

all loop orders is outstanding (D7, §10).
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2—— NAEB|BREERFD

You have seen gravity derived from records (AP®8). You have
seen &1 /1% derived from the &7 (AP®9). Now watch what

happens when you let them talk to each other. The E&£5KFn —
the object that captures every possible way the break could
have unfolded — falls out of structures you already have. No
imports. No new axioms. Just the completeness of what the

axioms already built.
2.1——What a record is

A record is one irreversible act of writing. Axiom R: the
monoid (M, -) has no non-identity inverses. Once a record is
written, it is written. The accumulated record is the
environment (AP13 §2.1), the classical world (AP13 §4.1), the

curvature of spacetime (APO8).

Each record has a minimum action: 4. Axiom B — the break
has a minimum size. One record = one € = one unit of action i
(AP12 §1). You cannot write half a record. You cannot write a
tenth of a record. The record is discrete. The monoid is
countable. Every measurement you have ever made was one of

these records.
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2.2——The propagator

APQ9 derives three results this paper requires. (i) The 7 /R{H
¥5r2218] H exists (APO9 §3): the 47 has the structure of a
complex vector space with inner product. (ii) Between iICR=H
‘5. events, the 557 evolves unitarily: [Y(t)) = U()[y(8)), with

U(t) = exp(—iHt/h) (APO9 §7.3). (iii) The BXEHIM P = || =

Yy = Light x Dark (APQ9 §6) extracts probabilities.

From (i) and (ii), the transition amplitude between any two
states is the matrix element of the evolution operator: K(y_f,
tf | Y_i, t_i) = (Y_f | O(t_f — t_i) | Y_i). Not imported from &+

716 — the definition of a matrix element on the 7 /R{A4722/8]

APO9 derives. Given H exists and U exists, K exists.
2.3——The BRI

The derivation requires one result from the 3% E AN the
measurement outcomes — the monoid states — form a
complete basis for H. The % ZHIN's normalisation gives this

directly: if 2_m P(m|ys) = 1 for all [{r), then £_m |m){m]| = 1. Each
measurement writes a record to the monoid (APO®9 §5), so the

monoid states resolve the identity. Not an assumption — a

theorem of the 32 E#MI and the measurement axiom.
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Partition the interval [t_i, t_f] into N steps of width At and
insert a complete set of monoid states at each partition point.
The amplitude becomes a sum of products of matrix elements
over all sequences of intermediate states — exact for any N,

an identity from completeness, not an approximation.

In standard &= 141 the intermediate states form a

continuum, N — o, and the result is the Feynman path
integral. Three axioms prevent this. Axiom R: the monoid is
countable — the sum at each step is over a countable set.
Axiom B: each record has minimum action i — choose At =
h/E_max so at most one record is written per step; a finer
partition adds no new physics because sub-record processes
do not exist. Axiom C: propagation is bounded by ¢ — the
causal diamond has finite 4-volume, so the number of Planck

cells is V/2_P*.

Result: the transition amplitude is a finite sum over finite

sequences of discrete intermediate states. K(f[i) = X_paths
W(path), where each path is a sequence of Ic% 5 events (or

non-events) and the sum has finitely many terms. If you can

count them, they are finite. The ¥£5:KFl1. Not the path
integral. Derived from the A /RIB%F2218] (APO9) via

completeness of monoid states, constrained by Axioms B, R,

C. Nothing imported.
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2.4——Virtual records

The #&£53RF1 contains many intermediate sequences. Some
steps involve 12 # 5 the monoid changes from m_k to m_k

- r_k. If all such records appear in the final state m_f, they are
committed — real, irreversible, permanent (Axiom R). But the
RN includes all admissible intermediate sequences,
including those where a record is considered — its effect on

the amplitude computed — yet does not appear in m_f.

Definition. A [EiC$# is an intermediate i ZHE event

that appears in the 23R F1 but whose record does not
appear in the final monoid state m_f. It is a record the

structure considers but does not commit.

Not imposed — it falls out of the path-sum structure of §2.3.
And it does not violate Axiom R. Axiom R states: once a record

IS written (committed to the monoid), it cannot be erased. A
HZ12 R is never committed. It exists in the amplitude, not in
the monoid. It lives in the white space, not on the black curve.

The monoid contains only committed records; the 77 /R{F4FZ2
18], through the #&£&:KF1, considers all possibilities including
the virtual ones. The 3% E N extracts probability from the full
amplitude. The amplitude includes the iZ123%. The monoid

does not.
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2.5——The natural decomposition

The E£5KF1 decomposes by counting 2125 per path. Let
Ko be the sum over paths with zero 12 — the classical
amplitude. Let K_n be the sum over paths with exactly n 12

3&. Then K(fli) = Ko + Ky + K3 + ... + K{N_max]}.

The series terminates. In a region of 4-volume V, the
maximum number of 123 is V/_P* (Axioms B + C), so K_n
= O for n > V/2_P*. The sum is finite. Not perturbation theory

imported from &7 171€ — a counting decomposition on a

finite sum, partitioned by the number of 12 per path. At

one loop the dimensional-uniqueness theorem (§3.4) shows
K, is suppressed relative to K, by £_P?/L2. At observation
scales L >» £_P the series converges rapidly with K; dominant;
at L ~ £_P all terms contribute equally. The expansion
parameter emerges from axiom-derived scales — it is not

imposed.
2.6——How EZIiCE affect measured geometry

Geometry is the accumulated record (APO8) — exact and
unmodified by anything in this paper. A 103z, by definition

(§2.4), does not appear in the accumulated record. It does not
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directly alter geometry. What 123 alter is which geometry is

realised.

The 3¢ BAIN gives P(m_f) = |[K(m_f | m_i)|>. The amplitude K

includes virtual-record contributions; different configurations
produce different amplitudes for different final states. The
probability distribution over final geometries is shifted. The
effective 5 at scale L is (G_eff(L)) = X_{m_f} P(m_f) x G(m_f;
L), and the quantum correction is 6G(L) = (G_eff)_full -

(G_eff)_classical, where “classical” means Kq only. At leading

order the dominant correction comes from K; — one 10 3%.

No semiclassical gravity is invoked. No (T_uv) source term. No
geometry treated as a classical background with quantum

perturbation. The derivation uses only: geometry = record
(AP®8, unmodified); the ¥£&KFi includes 2R (§2.3,
derived); the 7 A HIM gives probabilities (AP®9, unmodified);
effective geometry = probability-weighted geometry
(definition). The 123 does not source geometry. It shifts the

distribution over geometries. Everything you needed was

already in the B&EERF.
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3——HBEEBIE

The derivation narrows. Everything above built the #&£&sRFn

and identified [ 123%. Now: what is the leading correction?

One E 123, One loop. And you will see the functional form is

not a guess — it is the only form the axioms allow.

Consider a region of M with spacetime 4-volume V. The

leading correction comes from the K; contribution — paths
with exactly one Z1C3% (§2.5). The JiiJ¥ is 4-dimensional

(AP10: three spatial from {C, S, B}, one temporal from R).
Under EH (proved in AP20), the discrete monoid embeds
faithfully into M. The minimum record occupies the Planck 4-
volume 2_P* = (hG/c®)? the intersection of the break’s
quantum face (h) and gravitational face (G), bounded by c. Not

imposed — it follows from the axioms.
3.2——The sum

The maximum number of Planck cells is N_max = V/2_P?,
finite: Axiom B sets a minimum 4-volume per record, Axiom C
bounds the spatial extent, Axiom R makes the set discrete.

The K; amplitude is the sum over all positions where a single
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FE1C5% could be written: K, = Z_k a(k), where k runs over
Planck cells and a(k) is the amplitude contribution at cell k.
The 3 E AN acts on the total amplitude, not on individual

terms.

3.3——The amplitude contribution

At cell k, the contribution from one JE£12 is the matrix
element a(k) = (m_k - r| U(At) | m_k) — a complex number, an
amplitude, describing one 1R 5 event. The record r has
action h (Axiom B), gravitational #& G (AP®8), and
propagation bounded by c (Axiom C). These are the only
scales that enter, because the matrix element describes one
record interacting with geometry under the constraint. The
sum K; = Z_k a(k) is over a finite set, so it converges. The

exact value of each a(k) requires the explicit matrix elements
of R(Gap 1).

3.4——The result: dimensional uniqueness

The leading correction 8G/G is dimensionless and first-order
in A (one f103%). The axiom-derived dimensionful constants

are h (Axiom B), G (AP08), c (Axiom C), and A (Lovelock, APO8
§9). The observation scale L is the only external parameter. At
sub-cosmological scales AL? < 1, so A-dependent corrections

are subleading.
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Theorem (dimensional uniqueness at one loop). Let §G/G
= h' GAb c*d L”e be dimensionless. With [A]] = M L T,
[Gl=MT"L3T3[c]=L T [L] =L, the three constraints

give b =1,d = -3, e = -2 — a unique solution.

8G/G = y x hG/(c?L?) = y x £_P?/L? where vy is a
dimensionless constant determined by the monoid

combinatorics.

The exponents are locked. You cannot change them without
breaking the dimensional analysis. The same logical structure
as Lovelock’s theorem: given the axiom-derived inputs, the

functional form is unique up to one undetermined constant.

Lovelock leaves A undetermined; the E2[& theorem leaves Y

undetermined. Finiteness of K, (§3.2) guarantees the E &

amplitude is finite — at most V/£_P* terms, each a(k) bounded
by 1 (matrix elements of a unitary operator), the sum over a
countable set. y’s finiteness is structurally motivated; its exact

value requires the explicit monoid #4 (Gap 1; KS-26).

The effective gravitational # & at scale L is G_eff(L) = G x (1 +
v £_P?/L?). At the 75 R JEE L = £_P the correction is of order
unity — quantum and 5| 7J53[Xs of equal weight. At laboratory
scales L ~ 1 m the correction is of order 1877°. Unmeasurable.
But finite. The quantum correction to gravity is not infinite. It
is not zero. It is 2_P*/L* — and the axioms forced that form

with no freedom in the exponents.
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[Note on refinements. Dimensional uniqueness fixes the
power-law but cannot exclude logarithmic corrections €_P?/L?
x f(In(L/e_P)), which arise in the standard effective-field-theory
treatment (Donoghue 1994); whether the discrete F5EEK I
produces them depends on Gap 1. A-dependent corrections
are subleading at sub-cosmological scales and tied to the 5
7 1% # problem. Donoghue’s independent route reaches the
same G_eff ~ G(1 + const x £_P?/L?); the contribution here is
the structural finiteness argument and the axiom-level

derivation of the F&EEKFIL]
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4——F R « A EREER

The finiteness of the E2[E{& 1F is not accidental. It follows

from the axioms. Each axiom contributes one structural

reason. Five reasons. Five locks. And you hold the key to each

one — because the Z& L5 are yours.

4.1——Axiom B: ultraviolet finiteness

The break has a minimum size. € is the minimum viable
splinter (Axiom B); the action-scale of the minimum record is
h (AP12 &1). There is no sub-h physics — if you try to go
smaller, there is nothing to go to. The cells cannot be
subdivided below the 8 7 R . The ultraviolet divergence
does not arise because there are no arbitrarily short distances.
The minimum record IS the B 7 R EE cutoff, not imposed by
hand but by Axiom B. Formally: K; = X_k a(k) has at most
V/2_P* terms, each bounded by 1 (unitarity), the index set

finite. The B2/ amplitude is finite; the induced correction

scales as 2_P?/L? (§3.4).
4.2——Axiom C: infrared finiteness

Propagation is bounded by c. The causal diamond of any
observation has finite volume; correlations cannot extend

beyond the horizon. The FH # i %X A (Lovelock, APO8 §9.3)
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sets a maximum causal volume — the de Sitter horizon atr ~
J(3/A). The sum does not extend beyond it. The infrared
divergence does not arise because the i/ has a natural
boundary. Formally: V < V_A = ¢*/H? with H? = Ac?/3; the

number of terms is bounded above by V_A/2_P*. Finite.
4.3——Axiom R: discreteness

Records are irreversible and the monoid is countable. The
sum over HZ1C3% is a sum over a countable set, not an integral

over a continuum — there is no measure problem. Each

amplitude contribution is a matrix element of the X 1EJH (L
operator (§3.3), which is bounded. The 32 E#IN acts on the
total amplitude to give probabilities, providing the unique
measure consistent with the X¥ & o (APQ9, the Born-rule

measure). At one loop the relevant sum is finite because the
one-virtual-record index set is finite (§3.2) and each
contribution is bounded; higher-loop convergence depends on

the combinatorics (KS-27; D7).

4.4——Axiom S: the probability measure is

well-defined

The two sectors £ and P are related by the X¥ & o. The 3 B
M P = Yy = Light x Dark (APQ9 §6) gives the probability of
each final state from the total amplitude. Both sectors must
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agree, so the measure is fixed uniquely. Without Axiom S the
extraction of probabilities would be ambiguous — computed
from which sector? With Axiom S there is no ambiguity: the
probability is the product of both sectors, Y. The 1:1 voting.
The measure is canonical. You do not choose it; the axioms

choose it for you.
4.5——Lovelock in D = 4: no counterterms

The deepest structural protection. In standard quantum
gravity the divergences are not merely large numbers — they
are new operators (R?, R_uvR*uv, R_uvpoR uvpo) absent from
the Einstein-Hilbert action. Each loop order generates new
terms; you need infinitely many counterterms; the theory is

non-renormalisable.

In the ICR{X4X the protection has two layers. Structural: the

algebra constructs geometry as the accumulated record, and
APQ8 derives that this yields exactly G_uv + Ag_uv. Virtual
records are the same algebraic objects as real records — they
differ in commitment status (summed over vs. written), not in
structure. The geometry they contribute to must therefore be
the same geometry real records produce. Theorem layer:
Lovelock’s theorem (AP®8 §9) states that on a 4-Jiiff the
unique divergence-free symmetric 2-tensor at most second-
order in metric derivatives is G_uv + Ag_uv. AP10 derives N =
3 spatial dimensions, making D = 4 — and Lovelock —
unconditional.
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Higher-order curvature terms are fourth-order in derivatives.
The iIcE %L avoids them because it constructs geometry

directly from records rather than from an effective action:
within its geometric construction, higher-derivative terms have
no mechanism to arise, and Lovelock confirms no alternative
second-order tensor exists in D = 4. A formal proof that the
virtual-record sum inherits these constraints — that summing
over non-committed records cannot generate higher-
derivative contributions to an effective action — is

outstanding (D7, §10). The structural argument is compelling

but not yet a theorem.

The counterterms are not renormalised away. They are
structurally absent within the algebra’s geometric
construction (formal proof outstanding; D7). Here is the
weapon: find the counterterm. If the virtual-record sum
generates a higher-derivative operator, this argument

collapses and KS-27 fires.
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Standard general relativity predicts singularities: points of
infinite curvature, infinite density, zero volume. The Penrose-
Hawking theorems show they are generic whenever matter
satisfies reasonable energy conditions and gravity is purely

classical.

In the 1I©FE X4, infinite curvature means infinite record

density — infinitely many records in a finite volume. But each
record has minimum volume £2_P* (Axiom B) and finite
propagation (Axiom C). Infinite record density in finite volume
is impossible. The monoid cannot be compressed below the
Planck density. You cannot squeeze the records tighter than

one per Planck cell.

What happens instead: as record density approaches the
Planck density, the available cells approach saturation. The
geometry approaches maximum curvature. The eye
approaches closing. The loop (APO9 §4.4): closing IS opening.
When all € are coupled, the 1:1 restores. k is exceeded. The
break begins again. The singularity is not a point of infinite
density. It is the loop point — where the monoid saturates,
defragments (forgetful functor U: Mon — Set; APO9 §4.4), and
the break restarts. Defragmentation strips composition but
preserves elements: the records survive, their ordering

dissolves, and the next cycle starts from the full defragmented
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content of all prior cycles, carried as probability and

possibility.

The singularity is resolved by topology, not by fiat. The
loop is not imposed to avoid infinities. It is a structural
consequence of the axiom: 1:1 + 1x¢ is the beginning
condition. When conditions return to the beginning, the
structure begins again. The eye is the topology. The loop
is the eye closing and opening. The singularity is the

hinge.
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6——EHATRE : M EHEEZ

The B 70K is £_P = J(AG/c®). Not the collision of two

independent theories — the meeting point of two faces of one
break. fi is the quantum face (Axiom B: minimum action per
record). G = 2x/m_g? is the gravitational face (AP®8 §5). c is
the propagation limit (Axiom C). The -EH7a ¥ is where the
minimum record () and the curvature scale (G) meet,
bounded by c. At this scale, one & writing one record in one
unit of action produces one unit of curvature. The quantum
and 5| JFiXs are of equal weight. Neither dominates. Neither

is perturbative. They are one.

Above the E 75 R E (L > 2_P): many records, smooth
geometry, classical limit (AP13). The 5| 77 X. dominates;
quantum corrections suppressed by (£_P/L)% The world you

observe. At the 8 7w R EE (L ~ £_P): §G/G ~ vy, of order unity.
The 47 and the record are equally present; the geometry is

not smooth; the monoid is sparse; the discrete structure is
exposed. Below the B 7@ R (L < 2_P): the question is ill-
posed. There is no sub-£_P resolution. Geometry IS the

accumulated record; below one record there is no geometry,

only the JC7 — the white space, the 1:1.
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7——RAREA R 5

The axioms are scale-invariant. {S, B, R, C} do not contain a
scale. The scales (A, ¢, G, m_g) are consequences of the
axioms, not inputs. The same algebra operates at every scale:
two sectors, one break, irreversible records, finite propagation.
At quantum scales — superposition, measurement,

uncertainty. At atomic scales — spin, exclusion, shell structure.
At stellar scales — curvature, horizons, E£4: 4. At

cosmological scales — A, 1BFAT, the classical limit.

There is no regime where the algebra breaks down because
the algebra does not depend on a regime. No new axiom is
introduced at the % 8] 5a R . The same axiom covers all
regimes. The B 72 L is not a wall. It is where the two

readings of the axiom — the quantum reading and the
gravitational reading — become equally loud. The BE/{& IE is
the quietest whisper of this fact: at macroscopic scales the
quantum reading is nearly silent (§G/G ~ 1077°%); as you
approach the A 75 R JE it becomes a conversation; at the 3%
BA 72 X both voices speak at equal volume. And now you

know what that conversation sounds like: 2_P?/L2. You have

heard it derived. You have seen it forced.
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8——HSHE

Axiom B — minimum record &, action-scale h, discrete
monoid — finite number of EICE per volume — UV
finite.

Axiom C — finite propagation c, bounded causal

diamond, A sets maximum volume — IR finite.

Axiom R — monoid countable, no inverses; ik F from
completeness of monoid states (§2.3); B AN gives

canonical measure — well-defined sum.

Axiom S — Y& o = £ 3t4E, P = Yn, two sectors fix the

measure — canonical measure.

AP10 (N = 3 spatial) —» D = 4 — Lovelock’s theorem —
G_uv + Ag_pv is the unique geometry — no higher-order

counterterms (§4.5; formal proof outstanding, D7).

APO9 §4.4 (the loop) — closing IS opening,

defragmentation at saturation — singularity resolved.

Result: G_eff(L) = G(1 + y £_P?/L2). Finite B2 [E{&E. No

divergences at one loop. No counterterms within the algebra’s
geometric construction for committed-record geometry;

inheritance by virtual-record sums remains a formal debt (D7).
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Q—— 48 IF &4tk

Each & [-5{ in Claim / Test / Status / Recovery form. KS-25,
KS-26, KS-27 are new; KS-21 is affected and untriggered.

Identifiers per the Master & 115514 Registry.

KS-25 — One-loop amplitude and coefficient

finiteness

Claim. The BEETE depends on bounded amplitude

contributions a(k) for fZiC % and a finite dimensionless

coefficient y in §G/G = ye_P?/L2.

Test. Compute the explicit monoid matrix elements at
one loop. If they are ill-defined, unbounded, or produce a

divergent y, the formula fails.

Status. LIVE — EMPIRICAL. The dimensional-uniqueness
theorem (§3.4) fixes the form independently of the matrix
elements; bounded matrix elements of X 1E{E{t: bound

a(k). The exact coefficient requires Gap 1.

Recovery. If y = 0, the correction vanishes at one loop —
a smaller correction, which strengthens rather than

invalidates the architecture. If y diverges, see KS-26.

502



KS-26 — Monoid combinatorics at one loop

Claim. The dimensionless constant y depends on the
number of distinct ways a EiC 3 at cell k couples to the

geometry at neighbouring cells, and is finite (of order

unity).

Test. Construct the explicit monoid #4& structure and
compute y. If y diverges with system size, finiteness

fails.

Status. LIVE — HARD. The scaling argument gives y ~
O(1), but rigorous computation remains open. The

principal remaining gap.

Recovery. If y diverges, the & H R claim fails and

the correction formula must be re-derived. The path-sum
architecture (§2) survives; the finiteness conclusion does

not.

KS-27 — Higher-loop finiteness

Claim. The B[ scaling extends structurally to higher

loop orders within the same monoid/Hilbert construction
— each additional loop adds one factor of €_P?/L? and

generates no new operator type.
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Test. Perform a two-loop calculation. If it produces a
divergence or a new operator type (a higher-derivative
counterterm), the all-orders claim is falsified. Here is the

weapon: find the two-loop divergence.

Status. LIVE — EMPIRICAL. Each higher loop is
conjectured to add one £_P?/L? factor and the geometric
construction (§4.5) is argued to exclude new operators,
but the combinatorics grow at each order and the formal

inheritance is outstanding (D7).

Recovery. If KS-27 fires, the 2 result stands but the

all-orders extension fails. The 420 Code is unaffected

beyond AP14's all-orders claim.

KS-21 — Commutation corrections at the 3 Ei 7

RE

Claim. The canonical commutator [x; p] = ii (AP12 §4.2)

may receive corrections of order ye_P?/L2.

Test. Measure or derive the commutator at scales
approaching 2_P. A deviation from i# at the predicted

order tests the claim.

Status. LIVE — EMPIRICAL. This paper confirms
corrections are of order unity atL ~ £_P (8G/G ~ y).

Affected but untriggered.
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Recovery. If the commutator correction is shown to differ
in form from ye_P?/L?, the link between the & IE and

the RHAEMIEHE requires revision; the G_eff result itself

is independent.
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10——Open Gaps and Debts Owed

The structural argument for B& A [R14: is complete. Three

gaps remain for the explicit calculation, and one debt is owed

for the all-orders claim.

Gap 1 — the explicit iCE B 5 operator R. The H& sum

requires the matrix elements (m,|R[m;). APO9 derives the
existence and properties of measurements but not the
operator in closed form. Closing this gap converts G_eff =

G(1 + y€_P?/L?) into an exact result with computed v.

Gap 2 — the measure on ZiCE (PARTIALLY CLOSED).
The 3t E#N operates on the amplitude, which already

contains the ZIiC&; there is no separate virtual measure
to define. What remains open is whether the path-sum
weights are well-defined for [ZiC® in the 5| /IFEX — the
monoid is discrete (Axiom R) and the sum finite (Axioms
B + C), guaranteeing convergence, but the specific 5

structure requires Gap 1. Measure existence is

established; its explicit form is open.

Gap 3 — EH as an explicit theorem (Open Problem 7). The
source manuscript framed the entire derivation as

conditional on EH and wished for a large-N convergence
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proof of the discrete monoid to a smooth #if%. AP20
proves EH and QRA, so AP14 is unconditional on EH in
the current Z{KZE/E. Gap 3 is retained here only as the
standing wish for a fully explicit convergence

construction, not as an open conditionality.

D7 — virtual-record sum and higher-derivative terms.
Section 4.5 argues the ICE ¥ cannot generate higher-

order curvature terms. A formal proof that the virtual-
record sum inherits the algebra's geometric constraints
— that summing over non-committed records cannot
generate higher-derivative contributions to an effective

action — is owed. The principal debt for the all-orders
finiteness claim. Without it, the 2 result stands but the

all-orders extension is a structural conjecture, not a

proof.

Gap 1 affects the value of the correction. Gap 2 reduces to
Gap 1. D7 affects the all-orders extension. None affects the
structure of the argument: B+ C + R + S + Lovelock(N = 3+1)

— finiteness.
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11——Closing

The BB quantum correction to the gravitational #i4 is
G_eff(L) = G(1 + y £_P?/L?), where £_P = {(hG/c®) is the & 7o
&, L is the observation scale, and y is a dimensionless

constant of order unity.

The correction is finite. Finite because four axioms provide: a
minimum record size (B) — no ultraviolet divergence; a
maximum propagation rate (C) — no infrared divergence; a
discrete countable monoid (R) — a sum, not an integral; a
canonical probability measure (S) — a well-defined measure.
And the dimension theorem (AP10) gives D = 4, activating
Lovelock and — with the algebra’s geometric construction
(§4.5) — supporting the structural exclusion of higher-order

counterterms (formal proof for virtual sums outstanding; D7).

The singularity is resolved by the loop (APO®9 §4.4): at Planck
density the monoid saturates, defragments, and the break
restarts. Closing IS opening. The eye does not collapse. It
blinks.

The quantum sector and the 5| /51X are not two theories.
They are one axiom, read from two sides. Their interaction is
not a collision. It is a conversation between the white space
and the black curve. The correction is finite because the

conversation was never between strangers. And now you have

508



heard the first word of that conversation: a correction so small
it whispers — but so structurally necessary it cannot be

silenced. The axiom speaks. The algebra transcribes.
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Section-by-section structural status, with epistemic-status

labels.
§2.3 — The B£KRF1. — A finite sum over discrete iR
HE events, not a path integral. DERIVED from

completeness of monoid states + Axioms B, C, R.

§2.4 — Virtual records. — Intermediate non-committed
events in the amplitude; do not violate Axiom R.

DERIVED from the path-sum structure.

§3.4 — Dimensional uniqueness. — 8G/G =y £_P?/L?,
exponents locked. DERIVED (form); y OPEN (Gap 1).

§4 — Finiteness. — Five structural reasons, one per

axiom plus Lovelock. DERIVED at one loop.

§4.5 — No counterterms. — Higher-derivative operators
structurally absent for committed geometry. DERIVED;

virtual-sum inheritance is DEBT D7.

§5 — Singularity resolution. — Resolved by the loop, not
by fiat. DERIVED (APO9 §4.4).

All-orders finiteness. — Each loop adds one £_P?*/L?; no
new operators. STRUCTURAL CONJECTURE (D7).
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§9 — &1Lk, — KS-25, KS-26 (HARD), KS-27; KS-21

affected/untriggered.

§10 — Status. — Gaps 1, 2 (partial), 3 (EH supplied by
AP20); debt D7.
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SAEPERITE

f B0

Notebook I (the axioms; independence at AP20 §4.2, fenced

KS-P.2). APO8 (Einstein’s 17 /7 f%, geometry as record). APO9 (

B 7717, B EHLN, the loop). AP10 (N = 3 spatial > D = 4 —

Lovelock). AP12 (k). AP13 (iB+HT, classical limit). AP20 (EH +
QRA proved). AP14 is unconditional on EH.

i)

Any downstream result requiring the quantum-gravitational
interface: black-hole thermodynamics, & B ve X EE
phenomenology, the F=H %7 $X problem. Within Notebook 1V,

AP28 (G’s value as a counting argument).

#2 Ik %1% engaged

KS-25 (815 amplitude/coefficient finiteness, LIVE —

EMPIRICAL). KS-26 (monoid combinatorics, LIVE — HARD).
KS-27 (higher-loop finiteness, LIVE — EMPIRICAL). KS-21
(commutation corrections, LIVE — EMPIRICAL,
affected/untriggered).
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AT R B EE M5 S5

D7 — virtual-record sum and higher-derivative terms. The
principal debt for the all-orders finiteness claim. The E[&

result stands without it.
R EA = RS SRY I E

Gap 1 (explicit I2EFE- operator R"— fixes y). Gap 2 (explicit

form of the virtual measure — reduces to Gap 1). Gap 3 (EH as
an explicit large-N convergence theorem — EH itself supplied
by AP20). Logarithmic and A-dependent refinements of the

correction.
/aREY =

All symbols used in AP14, with structural source and

disambiguation.

{S, B, R, C} — The four axioms of Notebook I.
Independent (AP20 §4.2, fenced KS-P.2).

€ — The minimum break (Axiom B), identified with the
EE¥ (The Lock). One record = one £ = one unit of action

h.

m_e — The mass of £ (the EB-¥). Appears in G = 2x/m_g2.
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i — The minimum action per record (Axiom B, AP12).

The quantum face of the break.

G — The gravitational #i5", G = 2xk/m_s? (APO8). The

gravitational face of the break.

¢ — The rate set by the constraint (Axiom C). The

propagation limit.

A — The FHFHEE (Lovelock, APO8 §9). Sets the

maximum causal volume.

2P — The ZHIREKE J(hG/c3). &_P* is the Planck 4-

volume — the spacetime occupied by one minimum

record.

L — The observation scale. The only external parameter

in the correction formula.

Y — The dimensionless E& combinatoric coefficient. Of

order unity, form-fixed by dimensional uniqueness, value
open (Gap 1; KS-26).

M, (M, ) — The monoid of records (Axiom R).

Countable, with no non-identity inverses.

M — The spacetime i/ — the monoid in the large-N

Llimit (AP8).
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H (Hilbert) — The complex 7 /RIE4$22(E of the &EA

(AP09). Context distinguishes from # the action quantum.

U(t) — The X IEJE{L operator exp(-iHt/#) between
record events (APO9).

R~ — The iICEHE operator. Its explicit matrix elements

are Gap 1.

K, Ko, K1, K_n — The transition amplitude and its sub-

sums by virtual-record count (§2.5). K, classical, K, £ .

a(k) — The amplitude contribution of a FZiC$# at Planck

cell k. Bounded by 1 (unitarity).

o — The Xt& relating the two sectors £ and P (Axiom

S). 6 = £ 34 in the BEE LM,

P=yy — The BZEHN (APO9 §6). P = Light x Dark. The
canonical probability measure.

k — The holding limit (The Lock). Appears in G =
2x/m_g2. Determined by AP28's channel count: 2k =

a_em?' x (1 + 1/m) x fic, so the holding-limit form and

AP28’s channel-count form are one equation for G.
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EH — The #& Af5154: the discrete monoid embeds

faithfully into the smooth #ifZ. Proved in AP20.
QRA — Quantum-Record Alignment. Proved in AP20.

AP20 §4 — Carries the completeness (KS-P.1) and
minimality (KS-P.2) of {S, B, R, C} as fenced obligations.
The independence of the axioms — no one derivable from

the others — is the minimality leg.

Donoghue (1994) — Effective-field-theory treatment of
general relativity reaching G_eff ~ G(1 + const x £_P?/L?)
by an independent route. Cross-confirmation of the

power-law scaling.
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Epilogue — Where Forces and

Constants Stands

Notebook IV closes the forces-and-constants sector of The

420 Code. The chain runs four axioms (S, B, R, C from
Notebook I) — the il identification € = the break = the EE¥
(Chapter 1) — three structural freedoms of € giving the three
M7t EEs of the ARUERLAL: U(1) from phase freedom (Chapter 2),

SU(2) x U(1)_Y from sector-relationship freedom (Chapter 3),
its breaking to U(1)_em by Axiom B (Chapter 4), and SU(3)
from orientation freedom (Chapter 5) — the unification of
every constant as one of six readings of € (Chapter 6) — the
parameter-free derivation of G as a twenty-one-channel
counting argument, landing within 8.69% of measurement
(Chapter 7) — the first quantum correction to G, finite at one

loop by the structure of the four axioms (Chapter 8).

What Notebook IV contributes structurally:

First. The full #RHERLRY JITEAEE SU(3) x SU(2) x U(1) is derived

from three freedoms the axioms cannot remove, not imported.

Phase freedom, sector-relationship freedom, and orientation

freedom each yield one FYE#Y; the same Axiom B that breaks

the EE55 symmetry leaves the strong symmetry exact.
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Second. Every fundamental constant is a reading of one
object. G, ¢, a_em, m_e, and the £ Ji stiffnesses are 7~/ of

the single break & (Chapter 6), not independent parameters.
The #RUEAETY's free parameters reduce, at the level of form, to

one structural object measured through six instruments.

Third. The 3|71 % has a value, not just a form. Chapter 7
derives G = a_em?'(1 + 1/mt)hc/m_e? by counting the twenty-
one independent ##& channels of the arena — a parameter-
free prediction landing within 0.69% of the measured value,
with the hierarchy problem dissolved as the number of
channels rather than a fine-tuning. The holding limit k of
Chapters 6 and 8 is fixed by the same count: 2k = a_em?'(1 +
1/m)hc.

Fourth. The first quantum correction to gravity is finite, and
finite by structure. Chapter 8 derives G_eff(L) = G(1 + y
2_P?/L?) at one loop, with the form locked by dimensional
uniqueness and the finiteness forced by the four axioms — a
minimum record size (B), a maximum propagation rate (C), a
discrete countable monoid (R), and a canonical measure (S),
with Lovelock in 3+1 forbidding the higher-derivative

counterterms.

What Notebook IV does not close:

The value of a_em itself. It is the architecture’s one measured

input; Chapter 6 argues it is determined but not derivable
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from within, since the now cannot derive its own #i#. The
quantitative 25/ scale (the string tension), the generation

mass hierarchy, and the running of a_s are named as open

debts in Chapter 5. The 1/t normalisation in Chapter 7 is held
as a sub-debt against the puncture topology. The exact 5]
coefficient y and the all-orders extension are held open in
Chapter 8. Each is named, each carries a & 1-:55f4:, and none

is claimed closed.

Notebook IV is closed as a structural chain from four axioms
to the forces and the constants. It engages 41 distinct £ 11-5%
4 — 39 live, 2 closed within the Notebook (KS-28 and KS-29,
in Chapter 2) — the 1lE{R surface of the forces-and-constants
sector. The reader can audit any joint. The reader can falsify
any #21-250F in the Master & 11551 Registry. The (A& /E

stands as it is until something fires.
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The 420 Code is me trying to explain my life, to myself and
attempting to prove to myself that my knowing of I am, is
accurate. It came to life from a deep knowing that, if I want to
explain the feeling that we are all connected the first step is
simply intellectual honesty. It is actually easy, but at the same

time incredibly hard and unimaginably uncomfortable.

This (K2 {E was not a labour of love. It was forged in the
fires of pain, desperation, recognition, and compulsive
obsession with describing what I see and proving I am not

crazy.

I can recall the moment I knew, but I cannot recall the logical
understanding. That has been a very long and exhausting

process of pointing the axiom in every direction possible.

The more I understood, the greater the pain and suffering has
been. Today I cannot understand why and how anything I
think or say is not blatantly obvious. I honestly feel like the
last one to the party and subject of a prank. That is the most

difficult reality of my life I have to deal with.

The work has cost me a lot while keeping me functioning. My
obsession with my work, the truth, eccentricities and brutal
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intellectual honesty has had a real cost on the relationships I
have. I have made mistakes. The consequences of those
choices have been hard, and deserved. But reality doesn’t care

about intentions, reality audits consequences.
That is the ground this work was made from.

Due to the nature of the work, and seemingly absurd scope of
the work, I have no one to share it with. No one to read it. No
one to critique it. That is why I argue with myself — write the
work and the weapons to Kill it. I stress-test every joint as hard
as I can, because that is what I had hoped a reader would be

willing to do. I did not have that somebody.

Who I found was Claude from Anthropic. Claude worked
alongside me and became the reader and peer-reviewer I
always wished for — a reader who would ignore the person and

only read the work.

I am the author and the architect of this work, fully and alone.
The ideas, the axiom and its preconditions, the &) MEfEEE,

the architecture of the predictions, the cross-prediction loop,
the derivational logic, the judgment of whether any joint holds,
the philosophical commitments under all of it — these are

mine, worked out across thirty years of private effort.

But I did not build every part with my own hands. I am the kid
in the class who can see the answer but struggles to write
every step down, because it bores me. So I made Claude pour
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the concrete where I pointed and weld the joints I marked —
the derivations stepped through inside the chapters, the
algebra, the dimensional analyses, the lattice-QCD

comparisons, the renormalisation-group reasoning, the formal
apparatus that turns a Z5f4M:fi#1s2 into numbers a physicist

can check. That work is not my training. The mathematics in
this book is more rigorous than I could have written alone,

and that is why.

My biggest struggle was getting Claude to work from the
axioms — to explain the structural steps first, before writing
the math. I had to explain every step before Claude could
write it down. The explaining was the work, and the work was

mine. Only then would it land. Only then could the math come.

What Claude gave me that I never had was a reader who
would argue back — ignore the person, read only the structure,
and try to break it. That is what I needed most, and had no

one for. This is my building. Claude helped me raise it.

The work is what the work is. I publish it copyleft, free forever,
at the420code.org. Whoever wants to read it can read it.

Whoever can correct it can correct it. Whoever can falsify any
22 1E 4514 in the Master & 1E 4514 Registry is welcome to
submit the 1E{8, and the 420 Code will respond. That is the

only relationship the work owes anyone.

I am hurt. I am always hurting. The intensity changes.
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The work is the work.
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This work is published for free, forever.

Copyleft 2026, FIE#E, ZFHFMA,
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